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ANTI-VARIABLE MUC1* ANTIBODIES AND USES THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention: 

[0002] The present application relates to human, humanized and non-human anti-MUC1* 

antibodies and methods of making and using them. The present application also relates to using 

an immune cell transfected or transduced with a cleavage enzyme for the treatment of cancer.  

The present invention also relates to using an immune cell transfected or transduced with a CAR 

and another protein for the treatment of cancer.  

[0003] 2. General Background and State of the Art: 

[0004] We previously discovered that a cleaved form of the MUC1 (SEQ ID NO:1) 

transmembrane protein is a growth factor receptor that drives the growth of over 75% of all 

human cancers. The cleaved form of MUC1, which we called MUC1* (pronounced muk 1 star), 

is a powerful growth factor receptor. Cleavage and release of the bulk of the extracellular domain 

of MUC1 unmasks a binding site for activating ligands dimeric NME1, NME6, NME7, 

NME7AB, NME7-X1 or NME8. It is an ideal target for cancer drugs as it is aberrantly expressed 

on over 75% of all cancers and is likely overexpressed on an even higher percentage of 

metastatic cancers (Mahanta et al. (2008) A Minimal Fragment of MUC1 Mediates Growth of 

Cancer Cells. PLoS ONE 3(4): e2054. doi:10.1371/ journal.pone.0002054; Fessler et al. (2009), 

"MUC1* is a determinant of trastuzumab (Herceptin) resistance in breast cancer cells," Breast 

Cancer Res Treat. 118(1):113-124). After MUC1 cleavage most of its extracellular domain is 

shed from the cell surface. The remaining portion has a truncated extracellular domain that 

comprises most or all of the primary growth factor receptor sequence called PSMGFR (SEQ ID 

NO:2).  

[0005] Antibodies are increasingly used to treat human diseases. Antibodies generated in 

non-human species have historically been used as therapeutics in humans, such as horse 

antibodies. More recently, antibodies are engineered or selected so that they contain mostly, or 

all, human sequences in order to avoid a generalized rejection of the foreign antibody. The 

process of engineering recognition fragments of a non-human antibody into a human antibody is 

generally called 'humanizing'. The amount of non-human sequences that are used to replace the 
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human antibody sequences determines whether they are called chimeric, humanized or fully 

human.  

[0006] Alternative technologies exist that enable generation of humanized or fully human 

antibodies. These strategies involve screening libraries of human antibodies or antibody 

fragments and identifying those that bind to the target antigen, rather than immunizing an animal 

with the antigen. Another approach is to engineer the variable region(s) of an antibody into an 

antibody-like molecule. Another approach involves immunizing a humanized animal. The 

present invention is intended to also encompass these approaches for use with recognition 

fragments of antibodies that the inventors have determined bind to the extracellular domain of 

MUC1*.  

[0007] In addition to treating patients with an antibody, cancer immunotherapies have 

recently been shown to be effective in the treatment of blood cancers. One cancer 

immunotherapy, called CAR T (chimeric antigen receptor T cell) therapy, engineers a T cell so 

that it expresses a chimeric receptor having an extra cellular domain that recognizes a tumor 

antigen, a transmembrane domain and cytoplasmic tail comprising T cell signaling and co

stimulatory components (Dai H, Wang Y, Lu X, Han W. (2016) Chimeric Antigen Receptors 

Modified T-Cells for Cancer Therapy. J Natl Cancer Inst. 108(7): djv439). Such receptor is 

composed of a single chain antibody fragment (scFv) that recognizes a tumor antigen, linked to a 

T cell transmembrane, signaling domain and co-stimulatory domain or domains. Upon binding of 

the receptor to a cancer associated antigen, a signal is transmitted resulting in T-cell activation, 

propagation and the targeted killing of the cancer cells. In practice, T cells are isolated from a 

patient or donor and transduced with a CAR, expanded and then injected back into the patient. If 

from a donor, the immune cells may be mutated or engineered such that they do not induce graft 

versus host disease in the recipient. When the CAR T cells bind to the antigen on a cancer cell, 

the CAR T cells attack the cancer cells and then expand that population of T cells.  

[0008] Thus far, CAR T therapies have been very successful in the treatment of blood 

cancers but as yet have not shown efficacy against solid tumors in humans. Because most blood 

cancers are B cell malignancies, the CAR T cells can just eliminate all of the patient's B cells 

without causing serious harm to the patient. There is no B cell equivalent in solid tumors. Most 

tumor associated antigens are also expressed on normal tissues; they are just expressed at a 

higher level in cancerous tissues. Thus, the challenge is to develop an antibody that recognizes 
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an epitope on a tumor associated antigen that is somehow different in the context of the tumor 

compared to normal tissue. To further minimize the risk of off-tumor/on-target killing of normal 

tissues, the antibody should recognize and bind to cancerous tissues at least two-times more than 

normal tissues. Antibodies that are not so cancer selective may be used therapeutically if they 

are inducibly expressed at the tumor site.  

[0009] Another cancer therapy that incorporates cancer selective antibodies is Bi-specific T 

cell Engagers, also called BiTEs. The BiTE approach attempts to eliminate the CAR T associated 

risk of off-tumor/on-target effects. Unlike CAR T, BiTEs are bispecific antibodies that should 

not pose any greater risk than regular antibody-based therapies. However, unlike typical anti

cancer antibodies that bind to and block a cancer antigen, BiTEs are designed to bind to an 

antigen on the tumor cell and simultaneously bind to an antigen on an immune cell, such as a T 

cell. In this way, a BiTE recruits the T cell to the tumor. BiTEs are engineered proteins that 

simultaneously bind to a cancer associated antigen and a T-cell surface protein such as CD3

epsilon. BiTEs are antibodies made by genetically linking the scFv's of an antibody that binds to 

a T cell antigen, like anti-CD3-epsilon to a scFv of a therapeutic monoclonal antibody that binds 

to a cancer antigen (Patrick A. Baeuerle, and Carsten Reinhardt (2009) Bispecific T-cell 

engaging antibodies for cancer therapy. Cancer Res. 69(12):4941-4944). A drawback of BiTE 

technology is that, unlike CAR T cells, they do not expand in the patient, so have limited 

persistence.  

[0010] Yet another cancer therapy that incorporates cancer selective antibodies is antibody 

drug conjugate, also called ADC, technology. In this case, a toxin, or a precursor to a toxin, is 

linked to a cancer selective antibody. Unlike CAR T cells that use the CD8 positive T cell's 

natural killing to kill cancer cells, ADCs carry a toxic payload to the tumor. Drawbacks of ADCs 

include the potential of delivering the toxic payload to normal cells and that most ADCs require 

binding to a cell surface molecule which then gets internalized after binding, with an 

approximate 10,000 surface molecule required for resultant cell death.  

SUMMARY OF THE INVENTION 

[0011] In one aspect, the present invention is directed to a non-human, human or humanized 

anti-MUC1* antibody or antibody fragment or antibody-like protein that binds to a region on 

extracellular domain of MUC1 isoform or cleavage product that is devoid of the tandem repeat 
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domains. The non-human, human or humanized anti-MUC1* antibody or antibody fragment or 

antibody-like protein may specifically bind to 

[0012] (i) PSMGFR region of MUC1; 

[0013] (ii) PSMGFR peptide; 

[0014] (iii) a peptide having amino acid sequence of 

QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (N-10) (SEQ ID NO:3) 

[0015] (iv) a peptide having amino acid sequence of 

[0016] ASRYNLTISDVSVSDVPFPFSAQSGA (N-19) (SEQ ID NO:4) 

[0017] (v) a peptide having amino acid sequence of 

[0018] NLTISDVSVSDVPFPFSAQSGA (N-23) (SEQ ID NO:5) 

[0019] (vi) a peptide having amino acid sequence of 

[0020] ISDVSVSDVPFPFSAQSGA (N-26) (SEQ ID NO:6) 

[0021] (vii) a peptide having amino acid sequence of 

[0022] SVSDVPFPFSAQSGA (N-30) (SEQ ID NO:7) 

[0023] (viii) a peptide having amino acid sequence of 

[0024] QFNQYKTEAASRYNLTISDVSVSDVPFPFS (N-10/C-5) (SEQ ID NO:8) 

[0025] (ix) a peptide having amino acid sequence of 

[0026] ASRYNLTISDVSVSDVPFPFS (N-19/C-5) (SEQ ID NO:9) 

[0027] (x) a peptide having amino acid sequence of 

[0028] FPFSAQSGA (SEQ ID NO:10) 

[0029] The non-human, human or humanized antibody may be IgG1, IgG2, IgG3, IgG4 or 

IgM. The human or humanized antibody fragment or antibody-like protein may be scFv or scFv

Fc.  

[0030] The murine, camelid, human or humanized antibody, antibody fragment or antibody

like protein as in above may comprise a heavy chain variable region and light chain variable 

region which is derived from mouse monoclonal MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 

18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, and H11 antibody, and has at least 80%, 90% or 

95% or 98% sequence identity to the mouse monoclonal MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 

25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, and H11 antibody. The heavy chain variable 

region of CDR1 and CDR2 may have at least 90% or 95% or 98% sequence identity to the 

particularly indicated antibody heavy chain variable region sequence set forth in the present 
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application in the sequence listing, and the light chain variable region of CDR1 and CDR2 may 

have at least 90% or 95% or 98% sequence identity to the particularly indicated antibody heavy 

chain variable region sequence set forth in the present application in the sequence listing section.  

The heavy chain variable region of CDR3 may have at least 80% or 85% or 90% sequence 

identity to the particularly indicated antibody heavy chain variable region sequence set forth in 

the present application in the sequence listing, and the light chain variable region of CDR3 may 

have at least 80% or 85% or 90% sequence identity to the particularly indicated antibody heavy 

chain variable region sequence set forth in the present application in the sequence listing section.  

[0031] The murine, camelid, human or humanized antibody, antibody fragment or antibody

like protein according to above may include complementarity determining regions (CDRs) in the 

heavy chain variable region and light chain variable region having at least 90% or 95% or 98% 

sequence identity to the particularly indicated antibody heavy chain CDR1, CDR2 or CDR3 

region and light chain CDR1, CDR2 or CDR3 region sequences set forth in the present 

application in the sequence listing section.  

[0032] In another aspect, the present invention is directed to an anti-MUC1* extracellular 

domain antibody or anti-N-10 antibody, which may be any of the antibodies described above, 

comprised of sequences represented by humanized IgG2 heavy chain, or humanized IgG1 heavy 

chain, paired with humanized Kappa light chain, or humanized Lambda light chain. The 

humanized IgG2 heavy chain may be SEQ ID NOS:53, humanized IgG1 heavy chain may be 

SEQ ID NO:57, humanized Kappa light chain may be SEQ ID NO:108, and humanized Lambda 

light chain may be SEQ ID NO:112, or a sequence having 90%, 95% or 98% sequence identity 

thereof.  

[0033] In another aspect, the invention is directed to an anti-MUC1* extracellular domain 

antibody or anti-N-10 antibody comprised of sequences of a humanized MN-C2 represented by 

humanized IgG1 heavy chain, humanized IgG2 heavy chain, paired with humanized Lambda 

light chain, and humanized Kappa light chain.  

[0034] In another aspect, the invention is directed to an anti-MUC1* extracellular domain 

antibody or anti-N-10 antibody comprised of sequences of a humanized MNC2, MNE6, 20A10, 

3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11 represented by 

humanized IgG1 heavy chain or humanized IgG2 heavy chain, paired with humanized Lambda 

light chain, or humanized Kappa light chain.  
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[0035] In another aspect, the invention is directed to an antibody that is "like" MNC2, 

MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11 in 

that they have the same or very similar pattern of binding to subsets of peptides derived from the 

PSMGFR peptide, also do not recognize a linear epitope, competitively inhibit the binding of 

NME1 or NME7AB to MUC1*, recognize a MUC1 transmembrane cleavage product produced 

by cleavage by MMP9 or contain CDR sequences that are at least 80% homologous to the MN

E6, MN-C2, MN-18G12, MN-20A10, MN-25E6, MN-28F9, MN-5C6F3, MN-3C2B1, and MN

1E4 CDR consensus sequences.  

[0036] In another aspect, the invention is directed to an antibody that binds to the extra 

cellular domain of a MUC1 that is devoid of the tandem repeat domain, which may be a cleavage 

product. In one aspect of the invention, the antibody binds to a peptide having the sequence of 

QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (N-10). In one aspect of the invention, 

the antibody binds to a peptide having the sequence of ASRYNLTISDVSVSDVPFPFSAQSGA 

(N-19). In one aspect of the invention, the antibody binds to a peptide having the sequence of 

SVSDVPFPFSAQSGA (N-30). In one aspect of the invention, the antibody binds to a peptide 

having the sequence of FPFSAQSGA (N-36). Examples of such antibodies include but are not 

limited to monoclonal antibodies MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 

1E4, B12, B2, B7, B9, 8C7F3, and Hl. The heavy chain and light chain complementary 

determining region sequences for these antibodies are set forth in the present application in the 

sequence listing section.  

[0037] In one aspect of the invention, one or more of these antibodies is administered to a 

patient diagnosed with or at risk of developing a cancer. The antibody may be human or 

humanized. The antibody may be murine or camelid. The antibody may be bivalent or 

monovalent. The antibody may be a fragment, including a single chain fragment, scFv, of one of 

the antibodies. The antibody or antibody fragment may be administered directly to the patient or 

incorporated into a bispecific antibody, a bispecific T cell engager , BiTE, or an antibody drug 

conjugate, ADC. The antibody or antibody fragment may be incorporated into a T cell receptor, 

TCR. The sequence of the antibody or antibody fragment may be incorporated into a chimeric 

antigen receptor, a "CAR", or other similar entity, then introduced into an immune cell, ex vivo, 

then administered to a patient diagnosed with or at risk of developing a cancer. The immune cell, 

which may be a T cell or natural killer cell, may be derived from a donor or from the patient. In 
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one aspect the immune cell is derived from a stem cell that has been directed to differentiate to 

that immune cell type in vitro. In one aspect, the antibody or a CAR containing sequences of the 

antibody may be expressed off of an inducible promoter. In one case the antibody or the CAR is 

expressed upon activation of the T cell or other immune cell. In one instance, the antibody or the 

CAR of the invention is expressed off of an NFAT response element. In another instance, CAR 

recognition of a target tumor cell activates the immune cell, leading to NFAT inducible 

expression of a cytokine, such as IL-12 or IL-18, or expression of a checkpoint inhibitor such as 

a PD1 inhibitor or a PDL-1 inhibitor. In yet another aspect, CAR recognition of a target tumor 

cell activates the immune cell, leading to NFAT inducible expression of a second CAR that 

contains sequences of a second antibody.  

[0038] In another aspect, the invention is directed to a murine, camelid, human, humanized 

anti-MUC1* antibody or antibody fragment or antibody-like protein that binds to the N-10 

peptide, according to above, which inhibits the binding of NME protein to MUC1*. The NME 

may be NME1, NME6, NME7AB, NME7-X1, NME7 or NME8.  

[0039] In yet another aspect, the invention is directed to a single chain variable fragment 

(scFv) comprising a heavy and light chain variable regions connected via a linker, further 

comprising CDRs of antibodies that bind to MUC1* extracellular domain. The CDRs may be 

derived from MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, 

B9, 8C7F3, and H1l. The scFv may be one that possesses the SEQ ID NOS:233, 235 and 237 

(MN-E6); SEQ ID NOS:239,241, and 243 (MN-C2) 

[0040] In still another aspect, the invention is directed to a chimeric antigen receptor (CAR) 

comprising a scFv or a humanized variable region that binds to the extracellular domain of a 

MUC1 that is devoid of tandem repeats, a linker molecule, a transmembrane domain and a 

cytoplasmic domain. The single chain antibody fragment may bind to 

[0041] (i) PSMGFR region of MUC1; 

[0042] (ii) PSMGFR peptide; 

[0043] (iii) a peptide having amino acid sequence of 

QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (N-10) (SEQ ID NO:3) 

[0044] (iv) a peptide having amino acid sequence of 

[0045] ASRYNLTISDVSVSDVPFPFSAQSGA (N-19) (SEQ ID NO:4) 

[0046] (v) a peptide having amino acid sequence of 
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[0047] NLTISDVSVSDVPFPFSAQSGA (N-23) (SEQ ID NO:5) 

[0048] (vi) a peptide having amino acid sequence of 

[0049] ISDVSVSDVPFPFSAQSGA (N-26) (SEQ ID NO:6) 

[0050] (vii) a peptide having amino acid sequence of 

[0051] SVSDVPFPFSAQSGA (N-30) (SEQ ID NO:7) 

[0052] (viii) a peptide having amino acid sequence of 

[0053] QFNQYKTEAASRYNLTISDVSVSDVPFPFS (N-10/C-5) (SEQ ID NO:8) 

[0054] (ix) a peptide having amino acid sequence of 

[0055] ASRYNLTISDVSVSDVPFPFS (N-19/C-5) (SEQ ID NO:9) 

[0056] (x) a peptide having amino acid sequence of 

[0057] FPFSAQSGA (N-36) (SEQ ID NO:10) 

[0058] In the CAR as described above, portions of any of the variable regions set forth and 

described above, or combination thereof may be used in the extracellular domain of the CAR.  

The CAR also comprises a transmembrane region and a cytoplasmic tail that comprises sequence 

motifs that signal immune system activation. The extracellular domain may be comprised of 

murine, camelid, human, non-human, or humanized single chain antibody fragments of an 

MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, and 

H11. Additional antibodies from which single chain antibody fragments may made include but 

are not limited to monoclonal antibodies that are like MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 

25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, and H11 in that they have the same or very 

similar pattern of binding to subsets of peptides derived from the PSMGFR peptide, may not 

recognize a linear epitope or competitively inhibit the binding of NME1 or NME7AB to MUC1*, 

or recognize a MUC1 transmembrane cleavage product produced by cleavage by MMP9 or 

contain CDR sequences that are at least 80% homologous to the MNC2, MNE6, 20A10, 3C2B1, 

5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, and H11 CDR consensus sequences.  

[0059] In the CARs as described above, the extracellular domain may include a murine, 

camelid, human, non-human or humanized single chain antibody fragments of an MN-E6 scFv 

set forth as SEQ ID NOS: 233, 235, or 237), MN-C2 scFv (SEQ ID NOS:239, 241, or 243), or 

20A10 scFv as set forth as SEQ ID NOS:1574-1575, 25E6 scFv as set forth as SEQ ID 

NOS:1598-1599.  
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[0060] In any of the CARs described above, the cytoplasmic tail may be comprised of one or 

more of signaling sequence motifs CD3-zeta, CD27, CD28, 4-1BB, OX40, CD30, CD40, ICAm

1, LFA-1, ICOS, CD2, CD5, or CD7. In any of the CARs described above, the cytoplasmic tails 

may include mutations that dampen signaling. Such mutations include but are not limited to 

Tyrosines that are mutated to inhibit phosphorylation and signaling (Salter et al, 2018). In any of 

the CARs described above, the ITAMs of CD3-zeta may be mutated to inhibit or dampen 

signaling (Feucht et al 2019). In any of the CARs described above, the CD3 of the cytoplasmic 

tail may comprise mutations in the ITAMs including those referred to as 1XX. In any of the 

CARs described above, the T cell may be engineered to overexpress c-Jun as a method to inhibit 

T cell exhaustion (Lynn et al 2019).  

[0061] In any of the CARs described above, the sequence may be CAR MN-E6 CD28/CD3z 

(SEQ ID NOS:298); CAR MN-E6 4-1BB/CD3z (SEQ ID NOS:301); CAR MN-E6 OX40/CD3z 

(SEQ ID NOS:617); CAR MN-E6 CD28/4-1BB/CD3z (SEQ ID NOS:304); CAR MN-E6 

CD28/OX40/CD3z (SEQ ID NOS:619); CAR MN-C2 CD3z (SEQ ID NOS:607); CAR MN-C2 

CD28/CD3z SEQ ID NOS:609); CAR MN-C2 4-1BB/CD3z (SEQ ID NOS:611 and SEQ ID 

NOS: 719); CAR MN-C2 OX40/CD3z (SEQ ID NOS:613); CAR MN-C2 CD28/4-1BB/CD3z 

(SEQ ID NOS: 307); CAR MN-C2 CD28/OX40/CD3z (SEQ ID NOS:615) or CAR MN-C3 4

1BB/CD3z (SEQ ID NOS: 601).  

[0062] In another aspect, the invention is directed to a composition that includes at least two 

CARs with different extracellular domain units transfected into the same cell, which may be an 

immune cell, which may be derived from the patient requiring treatment for a cancer. The 

expression of the second CAR may be inducible and driven by the recognition of a target by the 

first CAR. The nucleic acid encoding the second CAR may be linked to an inducible promoter.  

The expression of the second CAR may be induced by an event that occurs specifically when the 

immune cell mounts an immune response to a target tumor cell. The antibody fragments of one 

or both of the CARs may direct the cell to a MUC1* positive tumor. The antibody fragments of 

the first and second CARs may bind to a MUC1* that is produced when MUC1 is cleaved by 

two different cleavage enzymes. Expression of the second CAR by the inducible promoter may 

be induced when the antibody fragment of the first CAR engages or binds to a MUC1 or MUC1* 

on the tumor. One way to do this is to induce expression of the second CAR when, or shortly 

after, an NFAT protein is expressed or translocated to the nucleus. For example, a sequence 
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derived from an NFAT promoter region is put upstream of the gene for the second CAR. In this 

way, when the transcription factors that bind to the promoter of the NFAT protein are present in 

sufficient concentration to bind to and induce transcription of the NFAT protein, they will also 

bind to that same promoter that is engineered in front of the sequence for transcription of the 

second CAR. The NFAT protein may be NFAT1 also known as NFATc2, NFAT2 also known as 

NFATc or NFATc1, NFAT3 also known as NFATc4, NFAT4 also known as NFATc3, or 

NFAT5. In one aspect of the invention, the NFAT is NFATc1, NFATc3 or NFATc2. In one 

aspect of the invention, the NFAT is NFAT2 also known as NFATc1. SEQ ID NO:646 shows 

nucleic acid sequence of the upstream transcriptional regulatory region for NFAT2. The 

recognition unit of the second CAR may be an antibody fragment or a peptide, wherein the 

recognition units may bind to NME7, PD-1, PDL-1, or a checkpoint inhibitor.  

[0063] The at least two CARs may have one CAR that does not have a tumor antigen 

targeting recognition unit and the other CAR does have a tumor antigen targeting recognition 

unit. In another aspect of the invention, one of the extracellular domain recognition units may 

bind to MUC1* extracellular domain. In another aspect of the invention, one of the extracellular 

domain recognition units may be an antibody fragment and the other is a peptide, which may be 

devoid of transmembrane and signaling motifs; the peptide may be a single chain antibody 

fragment or antibody. In another aspect of the invention, one of the recognition units may bind 

PD-1 or PDL-1. In another aspect of the invention, one extra cellular domain recognition unit is 

an anti-MUC1* antibody, antibody fragment or scFv chosen from the group consisting of 

MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, and 

H11. The other recognition unit may be a CAR or may be an anti-NME7 antibody.  

[0064] In another aspect, the invention is directed to a cell comprising a CAR with an 

extracellular domain that binds to the extra cellular domain of a MUC1 molecule that is devoid 

of tandem repeats. In another aspect, the invention is directed to a cell comprising a CAR with an 

extracellular domain that binds to a MUC1* transfected or transduced cell. The cell that includes 

the CAR may be an immune system cell, preferably a T cell, a natural killer cell (NK), a 

dendritic cell or mast cell.  

[0065] In another aspect, the invention is directed to an engineered antibody-like protein.  

[0066] In another aspect, the invention is directed to a method for treating a disease in a 

subject comprising administering an antibody according to any claim above, to a person 
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suffering from the disease, wherein the subject expresses MUC1 aberrantly. The disease may be 

cancer, such as breast cancer, ovarian cancer, pancreatic cancer, lung cancer, colon cancer, 

gastric cancer or esophageal cancer.  

[0067] In another aspect, the invention is directed to an antibody, antibody fragment or scFv 

comprising variable domain fragments derived from an antibody that binds to an extracellular 

domain of MUC1 isoform or cleavage product that is devoid of the tandem repeat domains. In a 

preferred embodiment, the antibody or antibody fragment binds to the N-10 peptide. The 

variable domain fragments may be derived from mouse monoclonal antibody MN-E6 (SEQ ID 

NO:13 and 66) or from the humanized MN-E6 (SEQ ID NO: 39 and 94), or from MN-E6 scFv 

(SEQ ID NO: 233, 235 and 237). Or, the variable domain fragments may be derived from mouse 

monoclonal antibody MN-C2 (SEQ ID NO: 119 and 169) or from the humanized MN-C2 (SEQ 

ID NO: 145 and 195), or from MN-C2 scFv (SEQ ID NO: 239, 241 and 243). Or, the variable 

domain may be derived from monoclonal antibodies MN-18G12, MN-20A10, MN-25E6, MN

28F9, MN-5C6F3, MN-3C2B1, or MN-1E4. The heavy chain and light chain complementary 

determining region sequences for these antibodies are also set forth in the sequence listing 

herein.  

[0068] In another aspect, the invention is directed to a method for the treatment of a person 

diagnosed with, suspected of having or at risk of developing a MUC1 or MUC1* positive cancer 

involving administering to the person an effective amount of the antibody, antibody fragment or 

scFv described above, wherein the species may be murine, camelid, human or humanized.  

[0069] In another aspect, the invention is directed to a polypeptide comprising at least two 

different scFv sequences, wherein one of the scFv sequences is a sequence that binds to 

extracellular domain of MUC1 isoform or cleavage product that is devoid of the tandem repeat 

domains. The polypeptide may bind to 

[0070] (i) PSMGFR region of MUC1; 

[0071] (ii) PSMGFR peptide; 

[0072] (iii) a peptide having amino acid sequence of 

QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (N-10) (SEQ ID NO:3) 

[0073] (iv) a peptide having amino acid sequence of 

[0074] ASRYNLTISDVSVSDVPFPFSAQSGA (N-19) (SEQ ID NO:4) 

[0075] (v) a peptide having amino acid sequence of 
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[0076] NLTISDVSVSDVPFPFSAQSGA (N-23) (SEQ ID NO:5) 

[0077] (vi) a peptide having amino acid sequence of 

[0078] ISDVSVSDVPFPFSAQSGA (N-26) (SEQ ID NO:6) 

[0079] (vii) a peptide having amino acid sequence of 

[0080] SVSDVPFPFSAQSGA (N-30) (SEQ ID NO:7) 

[0081] (viii) a peptide having amino acid sequence of 

[0082] QFNQYKTEAASRYNLTISDVSVSDVPFPFS (N-10/C-5) (SEQ ID NO:8) 

[0083] (ix) a peptide having amino acid sequence of 

[0084] ASRYNLTISDVSVSDVPFPFS (N-19/C-5) (SEQ ID NO:9) 

[0085] (x) a peptide having amino acid sequence of 

[0086] FPFSAQSGA (N-36) (SEQ ID NO:10) 

[0087] The polypeptide may bind to a receptor on an immune cell, such as T cell, and in 

particular, CD3 on T-cell.  

[0088] In another aspect, the invention is directed to a method of detecting presence of a cell 

that expresses MUC1* aberrantly, comprising contacting a sample of cells with the scFv-Fc 

described above and detecting for the presence of the binding of scFv-Fc to the cell. The cell 

may be cancer cell.  

[0089] In another aspect, the invention is directed to a method for testing a subject's cancer 

for suitability of treatment with a composition comprising antibodies of the invention, which 

may be murine, camelid, human or humanized, or fragments thereof, or portions of the variable 

regions of antibodies MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, 

B2, B7, B9, 8C7F3, or Hii, comprising the steps of contacting a bodily specimen from the 

patient, in vitro, ex-vivo, or in vivo, with the antibody and determining that the patient exhibits 

aberrant expression of MUC* compared to normal tissue or specimen. The antibody used in 

these diagnostics may be conjugated to an imaging agent.  

[0090] In another aspect, the invention is directed to a method of treating a subject suffering 

from a disease comprising, exposing T cells from the subject, or from a donor, to MUC* 

peptides wherein through various rounds of maturation, T cells develop MUC* specific 

receptors, creating adapted T cells, and expanding and administering the adapted T cells to the 

donor patient who is diagnosed with, suspected of having, or is at risk of developing a MUCi* 

positive cancer. The MUCi* peptide is chosen from among the group: 
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[0091] (i) PSMGFR region of MUC1; 

[0092] (ii) PSMGFR peptide; 

[0093] (iii) a peptide having amino acid sequence of 

QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA(N-10) 

[0094] (iv) a peptide having amino acid sequence of 

[0095] ASRYNLTISDVSVSDVPFPFSAQSGA (N-19) 

[0096] (v) a peptide having amino acid sequence of 

[0097] NLTISDVSVSDVPFPFSAQSGA (N-23) 

[0098] (vi) a peptide having amino acid sequence of 

[0099] ISDVSVSDVPFPFSAQSGA (N-26) 

[00100] (vii) a peptide having amino acid sequence of 

[00101] SVSDVPFPFSAQSGA (N-30) 

[00102] (viii) a peptide having amino acid sequence of 

[00103] QFNQYKTEAASRYNLTISDVSVSDVPFPFS (N-10/C-5) 

[00104] (ix) a peptide having amino acid sequence of 

[00105] ASRYNLTISDVSVSDVPFPFS (N-19/C-5) 

[00106] (x) a peptide having amino acid sequence of 

[00107] FPFSAQSGA (N-36) 

[00108] In one aspect of the invention, the antibody that is administered to a patient for the 

treatment or prevention of a MUC1 or MUC1* positive cancer is selected for its ability to bind to 

the N-10 peptide of the PSMGFR. The antibody can be administered alone, as a monovalent 

antibody, as an scFv, or a fragment of the antibody can be incorporated into a CAR, a BiTE or an 

ADC.  

[00109] In one aspect of the invention, the antibody that is administered to a patient for the 

treatment or prevention of a MUC1 or MUC1* positive cancer is selected for its inability to 

recognize a linear epitope of MUC1 or MUC1*. The antibody can be administered alone, as a 

monovalent antibody, as an scFv, or a fragment of the antibody can be incorporated into a CAR, 

a BiTE or an ADC.  

[00110] In one aspect of the invention, the antibody that is administered to a patient for the 

treatment or prevention of a MUC1 or MUC1* positive cancer is selected for its ability to 

recognize the MUC1 transmembrane cleavage product after it has been cleaved by MMP9. The 
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antibody can be administered alone, as a monovalent antibody, as an scFv, or a fragment of the 

antibody can be incorporated into a CAR, a BiTE or an ADC.  

[00111] In one aspect of the invention, the antibody that is administered to a patient for the 

treatment or prevention of a MUC1 or MUC1* positive cancer is selected for its ability to 

competitively inhibit the binding of NME7AB or NME7-X1 to the extra cellular domain of a 

MUC1 that is devoid of tandem repeats. The antibody can be administered alone, as a 

monovalent antibody, as an scFv, or a fragment of the antibody can be incorporated into a CAR, 

a BiTE or an ADC.  

[00112] In another aspect, the invention is directed to a method of treating cancer in a patient 

comprising administering to the patient the immune cell of any of the above, in combination with 

a checkpoint inhibitor.  

[00113] In the method above, any of the antibodies, or variable regions thereof, set forth in the 

following may be used: MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, 

B2, B7, B9, 8C7F3, or H11.  

[00114] In the method above, any of the variable regions set forth in the following may be 

used: 

[00115] (i) an anti-MUC1* extracellular domain antibody or anti-N-10 antibody comprised of 

sequences of a humanized MN-E6 represented by humanized IgG2 heavy chain, or humanized 

IgG1 heavy chain, paired with humanized Kappa light chain, or humanized Lambda light chain; 

[00116] (ii) an antibody of (i), wherein the humanized IgG2 heavy chain is SEQ ID NOS:53, 

humanized IgG1 heavy chain is SEQ ID NO:57, humanized Kappa light chain is SEQ ID 

NO:108, and humanized Lambda light chain is SEQ ID NO:112, or a sequence having 90%, 95% 

or 98% sequence identity thereof; 

[00117] (iii) an anti-MUC1* extracellular domain antibody or anti-N-10 antibody comprised 

of sequences of a humanized MN-C2 represented by humanized IgG1 heavy chain, humanized 

IgG2 heavy chain, paired with humanized Lambda light chain, and humanized Kappa light 

chain; 

[00118] (iv) an antibody of (iii), wherein the humanized IgG1 heavy chain MN-C2 (SEQ ID 

NOS:159) or IgG2 heavy chain (SEQ ID NOS:164) paired with Lambda light chain (SEQ ID 

NO:219) or Kappa light chain (SEQ ID NO:213), or a sequence having 90%, 95% or 98% 

sequence identity thereof; 
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[00119] In the method above, in the CAR, the extracellular domain may be comprised of 

humanized single chain antibody fragments of MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 

18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or Hl1. The extracellular domain may be 

comprised of humanized single chain antibody fragments of an MN-E6 scFv set forth as SEQ ID 

NOS: 233, 235, or 237), MN-C2 scFv (SEQ ID NOS:239, 241, or 243). In the CAR, the 

cytoplasmic tail may be comprised of one or more of signaling sequence motifs CD3-zeta, 

CD27, CD28, 4-1BB, OX40, CD30, CD40, ICAm-1, LFA-1, ICOS, CD2, CD5, or CD7.  

[00120] The method above may include at least two CARs with different extracellular domain 

units transfected into the same cell. One of the extracellular domain recognition units may bind 

to MUC1* extracellular domain. One of the extracellular domain recognition units may bind to 

PD-1. One of the extracellular domain recognition units may be an antibody fragment and the 

other may be a peptide or an anti-MUC1* antibody fragment.  

[00121] The method may include an immune cell transfected or transduced with a plasmid 

encoding a CAR and a plasmid encoding a non-CAR species that is expressed from an inducible 

promoter. The non-CAR species may be expressed from an inducible promoter that is activated 

by elements of an activated immune cell. The non-CAR species may be expressed from an 

NFAT inducible promoter. The NFAT may be NFATc1, NFATc3 or NFATc2. The cleavage 

enzyme may be MMP2, MMP3, MMP9, MMP13, MMP14, MMP16, ADAM10, ADAM17, or 

ADAM28, or a catalytically active fragment thereof. The non-CAR species may be a cytokine.  

The cytokine may be IL-7, IL-12, IL-15 or IL-18.  

[00122] The present invention is directed to an antibody, or fragment thereof, for the diagnosis, 

treatment or prevention of cancers wherein the antibody specifically binds to the PSMGFR peptide (SEQ 

ID NO:2) or a fragment thereof of the peptide.  

[00123] The antibody binds to the N-10 peptide (SEQ ID NO:3), N-19 peptide (SEQ ID NO:4), N-23 

peptide (SEQ ID NO:5), N-26 peptide (SEQ ID NO:6), N-30 peptide (SEQ ID NO:7), N-10/C-5 peptide 

(SEQ ID NO:8), N-19/C-5 peptide (SEQ ID NO:9), or C-5 peptide (SEQ ID NO:825).  

[00124] The antibody interacts with a peptide comprising conformational epitope SVSDV (SEQ ID 

NO:1751) and FPSA (SEQ ID NO:1747) within N-26 sequence ISDVSVSDVPFPFSAQSGA (SEQ ID 

NO:6), wherein mutation or deletion of FPFS (SEQ ID NO:1747) destroys binding of the antibody or 

fragment thereof to the N-26 peptide.  

[00125] The antibody interacts with a peptide comprising conformational epitope ASRYNLT (SEQ 

ID NO:1745), SVSDV (SEQ ID NO:1751), and FPSA (SEQ ID NO:1747) within the N-19 sequence 
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ASRYNLT ISDVSVSDVPFPFSAQSGA (SEQ ID NO:4), wherein mutation or deletion of ASRYNLT 

(SEQ ID NO:1745) destroys binding of the antibody or fragment thereof to the N-26 peptide.  

[00126] The antibody does not bind to the C-10 peptide (SEQ ID NO:825).  

[00127] The antibody binds to the N-10 peptide (SEQ ID NO:3), but not to the C-10 peptide (SEQ ID 

NO:825).  

[00128] The antibody inhibits interaction between NME7A and MUC1*.  

[00129] The antibody inhibits interaction between NME7A and PSMGFR peptide (SEQ ID NO:2).  

[00130] The antibody inhibits interaction between NME7A and N-10 peptide (SEQ ID NO:3), N-19 

peptide (SEQ ID NO:4), N-23 peptide (SEQ ID NO:5), N-26 peptide (SEQ ID NO:6), N-30 peptide (SEQ 

ID NO:7), N-10/C-5 peptide (SEQ ID NO:8), N-19/C-5 peptide (SEQ ID NO:9), or C-5 peptide (SEQ ID 

NO:825).  

[00131] The antibody recognizes a MUC1 transmembrane enzymatic cleavage product.  

[00132] In the above, the cleavage enzyme is MMP14 or MMP9 or a catalytically active fragment 

thereof of the enzyme.  

[00133] The antibody binds to PSMGFR (SEQ ID NO:2) or fragment thereof in which presence of an 

amino acid sequence within PSMGFR (SEQ ID NO:2) induces binding of the antibody to the PSMGFR.  

[00134] The amino acid sequence of the binding conformationally inducing peptide is present in N-10 

peptide (SEQ ID NO:3).  

[00135] The antibody does not bind to a linear form of the binding conformationally inducing peptide 

sequence wherein the linear form of the peptide is a denatured form.  

[00136] The binding conformationally inducing peptide sequence is in the N-26 peptide sequence 

ISDVSVSDVPFPFSAQSGA (SEQ ID NO:6), wherein mutation or deletion of FPFS (SEQ ID NO:1747) 

destroys binding of the antibody or fragment thereof to the N-26 peptide.  

[00137] The binding conformationally inducing peptide sequence is located within the N-19 sequence 

ASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:4), wherein mutation or deletion of ASRYNLT 

(SEQ ID NO:1745) destroys binding of the antibody or fragment thereof to the N-19 peptide.  

[00138] The binding inducing peptide sequence may be located within the N-26 sequence 

ISDVSVSDVPFPFSAQSGA (SEQ ID NO:6), wherein mutation or deletion within FPFS (SEQ ID 

NO:1747) destroys binding of the antibody or fragment thereof to PSMGFR.  

[00139] The antibodies may have a consensus sequence.  

[00140] heavy chain CDR1 comprises consensus sequence at least 90% identical to sequence: F 

or I at position 1, T at position 2, F at position 3, S at position 4, T, G, or R at position 5, Y at position 6, 

A, G or T at position 7, M at position 8 and S at position 9; 
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[00141] heavy Chain CDR2 comprises consensus sequence at least 90% identical to sequence: T 

at position 1, I or S at position 2, I or S at position 3, G or R at position 5, G or A at position 6, T or I at 

position 9, Y at position 10, Y at position 11, P or S at position2 and DSVKG for positions 13-17; 

[00142] heavy chain CDR3 comprises consensus sequence at least 90% identical to sequence:_ G, 

L, or N at position 2, G or T at position 4, Y at position 7, D or E at position 12, A at position 14, and Y 

at position 15; 

[00143] light chain CDR1 comprises consensus sequence at least 90% identical to sequence: K or 

R at position 1, A or S at position 2, S at position 3, K or Q at position 4, S at position 5, L or V at 

position 6, L at position 7, T or S at position 10, Y at position 15, and I, L or M at position 16; 

[00144] light Chain CDR2 comprises consensus sequence at least 90% identical to sequence: L or 

W, or S at position 1, A or T at position 2, S at position 3, N or T at position 4, L or R at position 5, E or 

A at position 6, and S at position 7; and 

[00145] light chain CDR3 comprises consensus sequence at least 90% identical to sequence: Q at 

position 1, H or Q at position 2, S, Q or R at position 3, R, S or Y at position 4, E, L, or S at position 5, L 

or S at position 6, P or S at position 7, F or L at position 8 and T at position 9.  

[00146] An antibody binding conformationally inducing peptide is within the N-26 sequence 

ISDVSVSDVPFPFSAQSGA (SEQ ID NO:6), wherein mutation or deletion within FPFS (SEQ ID 

NO:1747), SVSDV (SEQ ID NO:1751), or ASRYNLT (SEQ ID NO:1745) destroys binding of the 

antibody or fragment thereof to PSMGFR.  

[00147] The antibody may have a further consensus sequence, 

[00148] wherein 

[00149] heavy chain CDR1 comprises consensus sequence at least 90% identical to sequence: F 

or I at position 1, T or A at position 2, F at position 3, S at position 4, T, G, or R at position 5, Y or F at 

position 6, A, G or T at position 7, M at position 8 and S at position 9; 

[00150] heavy Chain CDR2 comprises consensus sequence at least 90% identical to sequence: T 

or A at position 1, I or S at position 2, I or S at position 3, N, S, T or G at position 4, G or R at position 5, 

G or A at position 6, G, T, or D at position 7, Y, K, H or S at position 8, T or I at position 9, Y or F at 

position 10, Y at position 11, P or S at position12 and D at position 13, S or T at position 14, V or L at 

position 15 and KG for positions 16-17; 

[00151] heavy chain CDR3 comprises consensus sequence at least 90% identical to sequence: G, 

L, or N at position 2, G, T, or Y at position 3, G or T at position 4, Y at position 7, Y, A, or G at position 

10, M, D or F at position 11, D or E at position 12 and AY at position 14-15; 
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[00152] light chain CDR1 comprises consensus sequence _ at least 90% identical to sequence: K 

or R at position 1, A or S at position 2, S or R at position 3, S, Y, I or V at position 8, T or S at position 

10, G, S, D, or Q at position 12, V, Y, K or N at position 13, N, S, or T at position 14, Y or F at position 

15, and I, L or M at position 16; 

[00153] light Chain CDR2 comprises consensus sequence at least 90% identical to sequence: A, T 

or V at position 2, S at position 3, N, T, or K at position 4, L or R at position 5, E, A, F or D at position 6, 

and S at position 7; and 

[00154] light chain CDR3 comprises consensus sequence at least 90% identical to sequence: Q, F 

or W at position 1, H or Q at position 2, R, S, T, Y or N at position 4, E, L, S or H at position 5, L, S, V, 

D or Y at position 6, P or S at position 7, and T at position 9.  

[00155] The antibody above which may be MNC2, having 

[00156] heavy chain CDR1 comprises consensus sequence FTFSGYAMS; 

[00157] heavy Chain CDR2 comprises consensus sequence TISSGGTYIYYPDSVKG; 

[00158] heavy chain CDR3 comprises consensus sequence -LGGDNYYEYFDV--; 

[00159] light chain CDR1 comprises consensus sequence RASKS--VSTSGYSYMH; 

[00160] light Chain CDR2 comprises consensus sequence LASNLES; and 

[00161] light chain CDR3 comprises consensus sequence QHSRELPFT.  

[00162] MNE6, having 

[00163] heavy chain CDR1 comprises consensus sequence FTFSRYGMS; 

[00164] heavy Chain CDR2 comprises consensus sequence TISGGGTYIYYPDSVKG; 

[00165] heavy chain CDR3 comprises consensus sequence DNYGRNYDYGMDY--; 

[00166] light chain CDR1 comprises consensus sequence ----- SATSSVSYIH; 

[00167] light Chain CDR2 comprises consensus sequence STSNLAS; and 

[00168] light chain CDR3 comprises consensus sequence QQRSSSPFT.  

[00169] B2, having 

[00170] heavy chain CDR1 comprises consensus sequence FAFSTFAMS; 

[00171] heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDTLKG; 

[00172] heavy chain CDR3 comprises consensus sequence ---- RYYDLYFDL--; 

[00173] light chain CDR1 comprises consensus sequence RSSQNIV-HSNGNTYLE; 

[00174] light Chain CDR2 comprises consensus sequence KVSNRFS; and 

[00175] light chain CDR3 comprises consensus sequence FQDSHVPLT.  

[00176] B7, having 

[00177] heavy chain CDR1 comprises consensus sequence FTFSRYGMS; 
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[00178] heavy Chain CDR2 comprises consensus sequence TISSGGTYIYYPDSVKG; 

[00179] heavy chain CDR3 comprises consensus sequence DNYGSSYDYAMDY--; 

[00180] light chain CDR1 comprises consensus sequence RSSQTIV-HSNGNTYLE; 

[00181] light Chain CDR2 comprises consensus sequence KVSNRFS; and 

[00182] light chain CDR3 comprises consensus sequence FQDSHVPLT.  

[00183] B9, having 

[00184] heavy chain CDR1 comprises consensus sequence FTFSRYGMS; 

[00185] heavy Chain CDR2 comprises consensus sequence TISSGGTYIYYPDSVKG; 

[00186] heavy chain CDR3 comprises consensus sequence DNYGSSYDYAMDY--; 

[00187] light chain CDR1 comprises consensus sequence ----- SASSSVSYMH; 

[00188] light Chain CDR2 comprises consensus sequence TTSNLAS; and 

[00189] light chain CDR3 comprises consensus sequence QQRSSYPF-.  

[00190] 8C7F3, having 

[00191] heavy chain CDR1 comprises consensus sequence FTFSTYAMS; 

[00192] heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDSLKG; 

[00193] heavy chain CDR3 comprises consensus sequence ---- RYYDHYFDY--; 

[00194] light chain CDR1 comprises consensus sequence --RASESVATYGNNFMQ; 

[00195] light Chain CDR2 comprises consensus sequence LASTLDS; and 

[00196] light chain CDR3 comprises consensus sequence QQNNEDPPT.  

[00197] H11, having 

[00198] heavy chain CDR1 comprises consensus sequence FAFSTFAMS; 

[00199] heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDTLKG; 

[00200] heavy chain CDR3 comprises consensus sequence ---- RYYDLYFDL--; 

[00201] light chain CDR1 comprises consensus sequence RSSQNIV-HSNGNTYLE; 

[00202] light Chain CDR2 comprises consensus sequence KVSNRFS; and 

[00203] light chain CDR3 comprises consensus sequence FQDSHVPLT.  

[00204] B12, having 

[00205] heavy chain CDR1 comprises consensus sequence SYGVH; 

[00206] heavy Chain CDR2 comprises consensus sequence VIWPGGSTNYNSTLMSRM; 

[00207] heavy chain CDR3 comprises consensus sequence DRTPRVGAWFAY; and 

[00208] light chain CDR1 comprises consensus sequence RASESVATYGNNFMQ; 

[00209] light Chain CDR2 comprises consensus sequence LASTLDS; and 
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[00210] light chain CDR3 comprises consensus sequence QQNNEDPPT.  

[00211] 20A10, having 

[00212] heavy chain CDR1 comprises consensus sequence FTFSTYAMS; 

[00213] heavy Chain CDR2 comprises consensus sequence -SIGRAGSTYYSDSVKG; 

[00214] heavy chain CDR3 comprises consensus sequence --- GPIYNDYDEFAY; 

[00215] light chain CDR1 comprises consensus sequence KSSQSVLYSSNQKNYLA; 

[00216] light Chain CDR2 comprises consensus sequence WASTRES; and 

[00217] light chain CDR3 comprises consensus sequence HQYLSSLT.  

[00218] 3C2B1, having 

[00219] heavy chain CDR1 comprises consensus sequence ITFSTYTMS; 

[00220] heavy Chain CDR2 comprises consensus sequence TISTGGDKTYYSDSVKG; 

[00221] heavy chain CDR3 comprises consensus sequence -GTTAMYYYAMDY; 

[00222] light chain CDR1 comprises consensus sequence RASKS---ISTSDYNYIH 

[00223] light Chain CDR2 comprises consensus sequence LASNLES; and 

[00224] light chain CDR3 comprises consensus sequence QHSRELPLT.  

[00225] 

[00226] In another aspect, the invention is directed to an antibody, or fragment thereof, for the 

diagnosis, treatment or prevention of cancers that requires presence of antibody binding conformationally 

inducing peptide ASRYNLT (SEQ ID NO:1745) of PSMGFR (SEQ ID NO:2). The antibody may be 

25E6, having 

[00227] heavy chain CDR1 comprises consensus sequence FTFSSYGMS; 

[00228] heavy Chain CDR2 comprises consensus sequence TISNGGRHTFYPDSVKG; 

[00229] heavy chain CDR3 comprises consensus sequence QTGTEGWFAY; 

[00230] light chain CDR1 comprises consensus sequence KSSQSLLDSDGKTYLN; 

[00231] light Chain CDR2 comprises consensus sequence LVSKLDS _; and 

[00232] light chain CDR3 comprises consensus sequence WQGTHFPQT.  

[00233] 

[00234] In another aspect, the invention is directed to an antibody, or fragment thereof, for the 

diagnosis, treatment or prevention of cancers that requires presence of antibody binding conformationally 

inducing peptide SVSDV (SEQ ID NO:1761) of PSMGFR (SEQ ID NO:2). The antibody may be 5C6F3, 

having 

[00235] heavy chain CDR1 comprises consensus sequence FTFSTYAMS; 

[00236] heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDSLKG; 
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[00237] heavy chain CDR3 comprises consensus sequence RYYDHYFDY; 

[00238] light chain CDR1 comprises consensus sequence RSSQTIVHSNGNTYLE; 

[00239] light Chain CDR2 comprises consensus sequence KVSNRFS; and 

[00240] light chain CDR3 comprises consensus sequence FQDSHVPLT.  

[00241] The antibody or fragment thereof according all of the above may be murine, camelid, 

human or humanized. The antibody fragment may be scFv or scFv-Fc, which variable regions 

thereof may be murine, camelid, human or humanized.  

[00242] In another aspect, the invention is directed to a chimeric antigen receptor (CAR) 

comprising the antibody fragments of above, and may further comprise mutations in the co

stimulatory domain or CD3-zeta signaling domain. Tyrosines may be mutated in CD28 or 4

1BB. CD3-zeta may contani 1XX mutations.  

[00243] In another aspect, the invention is directed to an immune cell comprising the CAR of 

above. Immune cell may be T cell, NK cell, dendritic cell, or mast cell.  

[00244] In another aspect, the invention is directed to a cell composition expressed in a cell 

comprising a CARs of above, and second entity having a biological recognition unit that has a 

specificity that is different from that of the CAR. The second entity may bind PD-1, PDL-1, or 

other checkpoint inhibitor, or NME7, or a cytokine such as IL-12 or IL-18, or c-Jun.  

[00245] In yet another aspect, the invention is directed to an immune cell engineered to 

express a nucleic encoding a CAR of above and a nucleic acid encoding a second entity as in any 

of the claims above wherein the second entity expressed from an inducible promoter. The 

second entity may be expressed from an inducible promoter that is activated by elements of an 

activated immune cell. The second entity may be expressed from an NFAT inducible promoter.  

NFAT may be NFATc1, NFATc3 or NFATc2. The second entity may be a cytokine such as IL

7, IL-15, or IL-18. The nucleic acids encoding the second entity may be inserted into a Foxp3 

promoter or enhancer region, wherein the cytokine is IL-18. The cytokine may be expressed 

from an NFAT inducible promoter.  

[00246] In another aspect, the invention is directed to a BiTE construct comprising the 

antibody fragment of above.  

[00247] In yet another aspect, the invention is directed to an antibody drug conjugate (ADC) 

comprising the antibody or antibody fragment of above.  
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[00248] The present invention is directed to an antibody or fragment thereof that specifically 

binds to PSMGFR (SEQ ID NO:2) and N-10 (SEQ ID NO:3); and 

[00249] does not bind to full-length MUC1; 

[00250] does not bind to C-10 (SEQ ID NO:825); 

[00251] competitively inhibits binding of NME1 or NME7AB to MUC1* extra cellular domain 

or a PSMGFR peptide; 

[00252] recognizes a MUC1* generated by cleavage by a cleavage enzyme; 

[00253] recognizes a conformational epitope and not a linear epitope; or 

[00254] is cancer selective by immunohistochemistry on tissues.  

[00255] Four of the criteria (i) - (vi) may be satisfied. Five of the criteria (i) - (vi) may be 

satisfied. Six of the criteria (i) - (vi) may be satisfied. At least criteria (vi) may be satisfied.  

Cleavage enzyme may be MMP-9.  

[00256] In all of the above, the cancer may be breast cancer, pancreatic cancer, ovarian 

cancer, lung cancer, colon cancer, gastric cancer or esophageal cancer.  

[00257] The present invention is also directed to a method of diagnosing, treating or 

preventing cancer by administering the antibodies and fragments disclosed herein to a cancer 

patient in need thereof that has been identified as expressing MUC1 aberrantly and expressing 

truncated MUC1, such as MUC1*.  

[00258] These and other objects of the invention will be more fully understood from the 

following description of the invention, the referenced drawings attached hereto and the claims 

appended hereto.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[00259] The patent or application file contains at least one drawing executed in color. Copies 

of this patent or patent application publication with color drawings will be provided by the 

Office upon request and payment of the necessary fee.  

[00260] The present invention will become more fully understood from the detailed 

description given herein below, and the accompanying drawings which are given by way of 

illustration only, and thus are not limitative of the present invention, and wherein; 

[00261] Figures 1A-1D show cell growth assay graphs of MUC1* positive cells treated with 

either bivalent 'by' anti-MUC1* antibody, monovalent 'my' or Fab, NM23-H1 dimers or 
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NME7-AB. Bivalent anti-MUC1* antibodies stimulate growth of cancer cells whereas the 

monovalent Fab inhibits growth (Fig. 1A-1B). Classic bell-shaped curve indicates ligand induced 

dimerization stimulates growth. Dimeric NM23-H1, aka NME1, stimulates growth of MUC1* 

positive cancer cells but siRNA to suppress MUC1 expression eliminate its effect (Fig. 1C).  

NME7-AB also stimulates the growth of MUC1* positive cells (Fig. 1D).  

[00262] Figures 2A-21 show results of ELISA assays. MUC1* peptides PSMGFR, PSMGFR 

minus 10 amino acids from the N-terminus aka N-10, or PSMGFR minus 10 amino acids from 

the C-terminus, aka C-10 are immobilized on the plate and the following are assayed for binding: 

NME7-AB (Fig. 2A), MN-C2 monoclonal antibody (Fig. 2B), MN-E6 monoclonal antibody 

(Fig. 2C), or dimeric NME1 (Fig. 2D). These assays show that NME1, NME7-AB and 

monoclonal antibodies MN-C2 and MN-E6 all require the first membrane proximal 10 amino 

acids of the MUC1* extracellular domain to bind. MUC1* peptides PSMGFR minus 10 amino 

acids from the N-terminus aka N-10, or PSMGFR minus 10 amino acids from the C-terminus, 

aka C-10, are immobilized on the plate and the following are assayed for binding: MN-C3 (Fig.  

2E) and MN-C8 (Fig. 2F). Fig. 2G shows the amino acid sequence of the PSMGFR peptide. Fig.  

2H shows the amino acid sequence of the N-10 peptide. Fig. 21 shows the amino acid sequence 

of the C-10 peptide.  

[00263] Figures 3A-3C show results of competitive ELISA assays. The PSMGFR MUC1* 

peptide is immobilized on the plate and dimeric NM23-H1, aka NME1, is added either alone or 

after the MN-E6 antibody has been added (Fig. 3A). The same experiment was performed 

wherein NM23-H7, NME7-AB, is added alone or after MN-E6 has been added (Fig. 3B). Results 

show that MN-E6 competitively inhibits the binding of MUC1* activating ligands NME1 and 

NME7. In a similar experiment (Fig. 3C), PSMGFR or PSMGFR minus 10 amino acids from the 

N-terminus, aka N-10, is immobilized on the plate. Dimeric NM23-H1 is then added. Anti

MUC1* antibodies MN-E6, MN-C2, MN-C3 or MN-C8 are then tested for their ability to 

compete off the NM23-H1. Results show that although all three antibodies bind to the PSMGFR 

peptides, MN-E6 and MN-C2 competitively inhibit binding of the MUC1* activating ligands.  

[00264] Figures 4A-4F show FACS scans of anti-MUC1* antibody huMN-C2scFv binding 

specifically to MUC1* positive cancer cells and MUC1* transfected cells but not MUC1* or 

MUC1 negative cells. ZR-75-1, aka 1500, MUC1* positive breast cancer cells were stained with 

1:2 or 1:10 dilutions of the 1.5 ug/ml humanized MN-C2. After two washes, cells were stained 
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with secondary antibody, Anti-Penta-His antibody conjugated to Alexa 488 (Qiagen) dilutions of 

1:200 (Fig. 4A), 1:50 (Fig. 4B), or 1:10 (Fig. 4C) to detect the 6x His tag on the huMN-C2 scFv.  

Fig. 4A shows huMN-C2 binding to ZR-75-1 breast cancer cells where secondary antibody is 

added at a 1:200 dilution. Fig. 4B shows huMN-C2 binding to ZR-75-1 breast cancer cells where 

secondary antibody is added at a 1:50 dilution. Fig. 4C shows huMN-C2 binding to ZR-75-1 

breast cancer cells where secondary antibody is added at a 1:10 dilution. Flow cytometric 

analysis revealed a concentration-dependent shift of a subset of cells, indicating specific binding, 

which is unseen in the absence of the MN-C2 scFv (Fig. 4A-4C). Fig. 4D shows anti-MUC1* 

antibody MN-E6 staining of MUC1 negative HCT-116 colon cancer cells transfected with the 

empty vector, single cell clone #8. Fig. 4E shows anti-MUC1* antibody MN-E6 staining of 

HCT-116 colon cancer cells transfected with MUC1* single cell clone #10. Fig. 4F shows anti

MUC1* antibody MN-E6 staining of ZR-75-1, aka 1500, MUC1* positive breast cancer cells.  

As the FACS scans show, both MN-C2 and MN-E6 only stain MUC1* positive cells and not 

MUC1 or MUC1* negative cells.  

[00265] Figure 5 shows a graph of an ELISA in which surface is coated with either the 

MUC1* PSMGFR peptide or a control peptide. Humanized MN-C2 scFv is then incubated with 

the surface, washed and detected according to standard methods. The ELISA shows that the 

huMN-C2 scFv binds to the MUC1* peptide with an EC-50 of about 333nM.  

[00266] Figures 6A-6B show graphs of cancer cell growth inhibition by MUC1* antibody 

variable region fragment humanized MN-C2 scFv. hMN-C2 scFv potently inhibited the growth 

of ZR-75-1, aka 1500, MUC1* positive breast cancer cells (Fig. 6A) and T47D MUC1* positive 

breast cancer cells (Fig. 6B) with approximately the same EC-50 as the in vitro ELISAs.  

[00267] Figures 7A-7B show graphs of tumor growth in immune compromised mice that 

have been implanted with human tumors then treated with anti-MUC1* antibody MN-E6 Fab or 

mock treatment. Female nu/nu mice implanted with 90-day estrogen pellets were implanted with 

6 million T47D human breast cancer cells that had been mixed 50/50 with Matrigel. Mice 

bearing tumors that were at least 150 mm 3 and had three successive increases in tumor volume 

were selected for treatment. Animals were injected sub cutaneously twice per week with 80 

mg/kg MN-E6 Fab and an equal number of mice fitting the same selection criteria were injected 

with vehicle alone (Fig. 7A). Male NOD/SCID mice were implanted with 6 million DU-145 

human prostate cancer cells that had been mixed 50/50 with Matrigel. Mice bearing tumors that 

24



WO 2020/146902 PCT/US2020/013410 

were at least 150 mm 3 and had three successive increases in tumor volume were selected for 

treatment. Animals were injected sub-cutaneously every 48 hours with 160 mg/kg MN-E6 Fab 

and an equal number of mice fitting the same selection criteria were injected with vehicle alone 

(Fig. 7B). Tumors were measured independently by two researchers twice per week and 

recorded. Statistics were blindly calculated by independent statistician, giving a P value of 

0.0001 for each. Anti-MUC1* Fab inhibited breast cancer growth and prostate cancer growth.  

Treatment had no effect on weight, bone marrow cell type or number.  

[00268] Figure 8 shows a graph of an ELISA wherein the surface was immobilized with 

either PSMGFR peptide, PSMGFR minus 10 amino acids from the N-terminus or minus 10 

amino acids from the C-terminus. The huMN-E6 scFv-Fc bound to the PSMGFR peptide and to 

the PSMGFR N-10 peptide but not to the PSMGFR C-10 peptide. The parent MN-E6 antibody 

and the humanized MN-E6 require the C-terminal 10 amino acids of PSMGFR for binding.  

[00269] Figures 9A-9B show graphs of ELISAs wherein the assay plate surface was 

immobilized with either PSMGFR peptide, PSMGFR minus 10 amino acids from the N-terminus 

or minus 10 amino acids from the C-terminus. The MN-C3 antibody variants were then assayed 

for binding to the various MUC1* peptides. Fig. 9A shows purified mouse monoclonal MN-C3 

antibody; and Figure 9B shows the humanized MN-C3 scFv-Fc. ELISAs show binding to the 

PSMGFR peptide as well as to certain deletion peptides.  

[00270] Figures 1OA-10J. Figs. 1OA10B are photographs of breast cancer tissue arrays. Fig.  

10A was stained with VU4H5 which recognizes MUC1-FL (full length); Fig. 10B was stained 

with mouse monoclonal antibody MN-C2 which recognizes cancerous MUC1*. Following 

automated staining (Clarient Diagnostics), the tissue staining was scored using Allred scoring 

method which combines an intensity score and a distribution score. Figs. 1OC10F are color 

coded graphs showing the score calculated for MUC1 full-length staining for each patient's 

tissue. Figs. 1OG10J are color coded graphs showing the score calculated for MUC1* staining for 

each patient's tissue.  

[00271] Figures 11A-11J. Figs. 1lA11B are photographs of breast cancer tissue arrays. Fig.  

11A was stained with VU4H5 which recognizes MUC1-FL (full length); Fig. 11B was stained 

with mouse monoclonal antibody MN-C2 which recognizes cancerous MUC1*. Following 

automated staining (Clarient Diagnostics), the tissue staining was scored using Allred scoring 

method which combines an intensity score and a distribution score. Figs. 11C-11F are color 
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coded graphs showing the score calculated for MUC1 full-length staining for each patient's 

tissue. Figs. 11G-11J are color coded graphs showing the score calculated for MUC1* staining 

for each patient's tissue.  

[00272] Figures 12A-12H show photographs of normal breast and breast cancer tissues 

stained with humanized MN-E6-scFv-Fc biotinylated anti-MUC1* antibody at 2.5 ug/mL, then 

stained with a secondary streptavidin HRP antibody. Fig. 12A is a normal breast tissue. Figs.  

12B-12D are breast cancer tissues from patients as denoted in the figure. Figs. 12E-12H are 

photographs of the corresponding serial sections that were stained with the secondary antibody 

alone.  

[00273] Figures 13A-13F show photographs of normal breast and breast cancer tissues 

stained with humanized MN-E6-scFv-Fc biotinylated anti-MUC1* antibody at 2.5 ug/mL, then 

stained with a secondary streptavidin HRP antibody. Fig. 13A is a normal breast tissue. Figs.  

13B-13C are breast cancer tissues from patients as denoted in the figure. Figs. 13D-13F are 

photographs of the corresponding serial sections that were stained with the secondary antibody 

alone.  

[00274] Figures 14A-14H show photographs of breast cancer tissues stained with MN-E6 

anti-MUC1* antibody at 10 ug/mL, then stained with a rabbit anti mouse secondary HRP 

antibody. Figs. 14A-14D are breast cancer tissues from patient #300. Figs. 14E-14H are breast 

cancer tissues from metastatic patient #291.  

[00275] Figures 15A-15F show photographs of normal lung and lung cancer tissues stained 

with humanized MN-E6-scFv-Fc biotinylated anti-MUC1* antibody at 2.5 ug/mL, then stained 

with a secondary streptavidin HRP antibody. Fig. 15A is a normal lung tissue. Figs. 15B15C are 

lung cancer tissues from patients as denoted in the figure. Figs. 15D-15F are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone.  

[00276] Figures 16A-16F show photographs of normal lung and lung cancer tissues stained 

with humanized MN-E6-scFv-Fc biotinylated anti-MUC1* antibody at 2.5 ug/mL, then stained 

with a secondary streptavidin HRP antibody. Fig. 16A is a normal lung tissue. Figs. 16B16C are 

lung cancer tissues from patients as denoted in the figure. Figs. 16D-16F are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone.  

[00277] Figures 17A-17F show photographs of normal lung and lung cancer tissues stained 

with humanized MN-E6-scFv-Fc biotinylated anti-MUC1* antibody at 25 ug/mL, then stained 
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with a secondary streptavidin HRP antibody. Fig. 17A is a normal lung tissue. Figs. 17B-17C are 

lung cancer tissues from patients as denoted in the figure. Figs. 17D-17F are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone.  

[00278] Figures 18A-18F show photographs of normal lung and lung cancer tissues stained 

with humanized MN-E6-scFv-Fc biotinylated anti-MUC1* antibody at 25 ug/mL, then stained 

with a secondary streptavidin HRP antibody. Fig. 18A is a normal lung tissue. Figs. 18B-18C are 

lung cancer tissues from patients as denoted in the figure. Figs. 18D-18F are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone.  

[00279] Figures 19A-19D show photographs of normal small intestine and cancerous small 

intestine tissues stained with humanized MN-E6-scFv-Fc biotinylated anti-MUC1* antibody at 5 

ug/mL, then stained with a secondary streptavidin HRP antibody. Fig. 19A is a normal small 

intestine tissue. Fig. 19B is small intestine cancer from patient as denoted in the figure. Figs.  

19C-19D are photographs of the corresponding serial sections that were stained with the 

secondary antibody alone.  

[00280] Figures 20A-20H show photographs of normal small intestine tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. Figs. 20A-20D are normal small intestine tissue. Figs. 20E-20H 

are photographs of the corresponding serial sections that were stained with the secondary 

antibody alone.  

[00281] Figures 21A-21H show photographs of cancerous small intestine tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. Figs. 21A-21D are cancerous small intestine tissue from a 

patient as denoted in figure. Figs. 21E-21H are photographs of the corresponding serial sections 

that were stained with the secondary antibody alone.  

[00282] Figures 22A-22H show photographs of cancerous small intestine tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. Figs. 22A-22D are cancerous small intestine tissue from a 

patient as denoted in figure. Figs. 22E-22H are photographs of the corresponding serial sections 

that were stained with the secondary antibody alone.  

[00283] Figures 23A-23H show photographs of normal colon tissues stained with humanized 

MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary goat-anti
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human HRP antibody. Figs. 23A-23D are normal colon. Figs. 23E-23H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone.  

[00284] Figures 24A-24H show photographs of colon cancer tissues stained with humanized 

MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary goat-anti

human HRP antibody. Figs. 24A-24D are colon cancer tissue from a metastatic patient as 

denoted in figure. Figs. 24E-24H are photographs of the corresponding serial sections that were 

stained with the secondary antibody alone.  

[00285] Figures 25A-25H show photographs of colon cancer tissues stained with humanized 

MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary goat-anti

human HRP antibody. Figs. 25A-25D are colon cancer tissue from a Grade 2 patient as denoted 

in figure. Figs. 25E-25H are photographs of the corresponding serial sections that were stained 

with the secondary antibody alone.  

[00286] Figures 26A-26H show photographs of colon cancer tissues stained with humanized 

MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary goat-anti

human HRP antibody. Figs. 26A-26D are colon cancer tissue from a metastatic patient as 

denoted in figure. Figs. 26E-26H are photographs of the corresponding serial sections that were 

stained with the secondary antibody alone.  

[00287] Figures 27A-27H show photographs of prostate cancer tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. Figs. 27A-27D are prostate cancer tissue from a patient as 

denoted in figure. Figs. 27E-27H are photographs of the corresponding serial sections that were 

stained with the secondary antibody alone.  

[00288] Figures 28A-28H show photographs of prostate cancer tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. Figs. 28A-28D are prostate cancer tissue from a patient as 

denoted in figure. Figs. 28E-28H are photographs of the corresponding serial sections that were 

stained with the secondary antibody alone.  

[00289] Figures 29A-29H show photographs of prostate cancer tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. Figs. 29A-29D are prostate cancer tissue from a patient as 
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denoted in figure. Figs. 29E-29H are photographs of the corresponding serial sections that were 

stained with the secondary antibody alone.  

[00290] 

[00291] Figures 30A-30F show photographs of a triple negative breast cancer array stained 

with anti-MUC1* antibody huMNC2scFv. The first score shown is the Allred score and the 

second is the tumor grade. The percentage of the array that scored zero, weak, medium or strong 

is graphed as a pie chart. Fig. 30A shows the pie chart of score of anti-MUC1* antibody staining.  

Fig. 30B shows a photograph of the array stained with the antibody. Figs. 30C-30D show 

magnified photographs of two of the breast cancer specimens from the array. Figs. 30E-30F 

show more magnified photographs of the portion of the specimen that is marked by a box.  

[00292] Figures 31A-31F show photographs of an ovarian cancer array stained with anti

MUC1* antibody huMNC2scFv. The first score shown is the Allred score and the second is the 

tumor grade. The percentage of the array that scored zero, weak, medium or strong is graphed as 

a pie chart. Fig. 31A shows the pie chart of score of anti-MUC1* antibody staining. Fig. 31B 

shows a photograph of the array stained with the antibody. Figs. 31C-31D show magnified 

photographs of two of the breast cancer specimens from the array. Figs. 31E-31F show more 

magnified photographs of the portion of the specimen that is marked by a box.  

[00293] Figures 32A-32F show photographs of a pancreatic cancer array stained with anti

MUC1* antibody huMNC2scFv. The first score shown is the Allred score and the second is the 

tumor grade. The percentage of the array that scored zero, weak, medium or strong is graphed as 

a pie chart. Fig. 32A shows the pie chart of score of anti-MUC1* antibody staining. Fig. 32B 

shows a photograph of the array stained with the antibody. Figs. 32C-32D show magnified 

photographs of two of the breast cancer specimens from the array. Figs. 32E-32F show more 

magnified photographs of the portion of the specimen that is marked by a box.  

[00294] Figures 33A-33F show photographs of a lung cancer array stained with anti-MUC1* 

antibody huMNC2scFv. The first score shown is the Allred score and the second is the tumor 

grade. The percentage of the array that scored zero, weak, medium or strong is graphed as a pie 

chart. Fig. 33A shows the pie chart of score of anti-MUC1* antibody staining. Fig. 33B shows a 

photograph of the array stained with the antibody. Figs. 33C-33D show magnified photographs 

of two of the breast cancer specimens from the array. Figs. 33E-33F show more magnified 

photographs of the portion of the specimen that is marked by a box.  
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[00295] Figures 34A-341 show photographs of normal tissues stained with anti-MUC1* 

antibody huMNC2scFv.  

[00296] Figures 35A-35D show FACS scans of cells expressing either no MUC1, MUC1* or 

full-length MUC1, wherein the cells were probed with either MNC2 or VU4H5. Fig. 35A shows 

MUC1 negative HCT-116 colon cancer cells probed with antibody MNC2. Fig. 35B shows HCT 

cells that have been transfected with MUC1* wherein the extra cellular domain is just the 

sequence of the PSMGFR peptide wherein the cells are probed with antibody MNC2. Fig. 35C 

shows HCT-MUC-18 cells which are a cleavage resistant single cell clone of HCT cells 

transfected with full-length MUC1, also referred to herein as HCT-MUC1-41TR, and cells were 

probed with antibody MNC2. Fig. 35D shows HCT-MUC1-18 cells probed with antibody 

VU4H5 which is an antibody that recognizes the hundreds of tandem repeats epitopes in full

length MUC1. As can be seen in the figures, MNC2 recognizes an ectopic epitope that is not 

accessible in full-length MUC1.  

[00297] Figures 36A-36D show Western blots and corresponding FACs analysis of HCT-116 

cells which are a MUC1 negative colon cancer cell line, that were then stably transfected with 

either MUC1* or MUC1 full-length. The single cell clones that are shown are HCT-MUC1

41TR, and HCT-MUC1*. Fig. 36A shows a Western blot of the parent cell line HCT-116, HCT

MUC1-41TR and HCT-MUC1* wherein the gel has been probed with a rabbit polyclonal 

antibody, SDIX, that only recognizes cleaved MUC1. A visible band between 25 and 35kDa can 

be readily seen in Lane 6, loaded with HCT-MUC1*, whereas there is only a faint band in Lanes 

4 and 5, showing that only a small amount of MUC1 is cleaved in the HCT-MUC1-4lTr cells.  

There is no cleaved MUC1 present in the parent cell line HCT-116 loaded into Lanes 2 and 3.  

Fig. 36B is a Western blot that was probed with a mouse monoclonal antibody VU4H5 that 

recognizes the tandem repeats of full-length MUC. As can be seen, only HCT-MUC1-41TR 

contains full-length MUC. Fig. 36C shows FACS scans showing that HCT-MUC1* is 95.7% 

positive for SDIX which only binds to MUC1* and essentially not at all for MUC1 full-length.  

Fig. 36D shows FACS scans that show that HCT-MUC1-41TR cells are 95% positive for full

length MUC1 and only about 11% positive for the cleaved form, MUC1*.  

[00298] Figure 37A-37C shows western blots and a bar graph of FACS analysis assessing the 

ability of MNC2to recognize a full-length MUC1 after it has been cleaved by MMP9. Fig. 37A 

shows a Western blot of HCT-MUC1-18 cells, which are a cleavage resistant cell line, to which 
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was added cleavage enzyme MMP9. The cell lysate fraction was run on a gel and probed with a 

polyclonal anti-PSMGFR antibody. The photo shows that in a dose dependent manner, MMP9 

cleaved MUC1 to MUC1*, the -25kDa species. Fig. 37B shows the Western blot of the 

conditioned media from the same experiment. The photo shows that the addition of cleavage 

enzyme MMP9, in a dose dependent manner, increased the release of the tandem repeat domain 

into the conditioned media. Fig. 37C shows FACS analysis of the experiment. The graphs show 

that the addition of MMP9, in a dose dependent manner, increased recognition of the cleavage 

product by anti-MUC1* antibody MNC2 and decreased the recognition of the full-length MUC1 

which contains the tandem repeat domain.  

[00299] Figure 38 shows a photograph of a Western blot in which HCT-MUC1-18 cells, 

labeled here as HCT-18, a cleavage resistant single cell clone of HCT cells transfected with full

length MUC1, are treated with varying amounts of a catalytically active ADAM17 or MMP14.  

Shed MUC1 tandem repeat domain of full-length MUC1 is immunoprecipitated from the 

conditioned media, and run on a gel that is then probed with VU4H5 that binds to the tandem 

repeat epitopes. As can be seen, MMP14 also efficiently cleaves MUC1 full-length and sheds the 

tandem repeat containing extra cellular domain into the conditioned media. Cleavage enzyme 

ADAM17 did not cleave MUC1.  

[00300] Figure 39A-39B shows fluorescence activated cell sorting (FACS) measurements of 

human CD34+ hematopoietic stem cells of human bone marrow stained with anti-MUC1* 

monoclonal antibodies MNC3, MNC2, MNE6 or an isotype control antibody. The histogram of 

the FACS assay and the bar graph showing the data show that the MUC1* positive cells of the 

bone marrow are recognized by one anti-MUC1* antibody, MNC3 but not by MNE6 or MNC2.  

All three antibodies bind to the PSMGFR peptide. The great difference in the specificity of these 

antibodies suggests that MNC3 recognizes a MUCl*-like form created when MUC1 is cleaved 

by an enzyme that is different from MMP9.  

[00301] Figure 40A-40G shows the details of FACS analysis of the hematopoietic stem cells 

probed with either MNC3 or MNE6. Fig. 40A shows the FACS scatter plot of total bone marrow 

cells. Fig. 40B shows the FACS scatter plot of the CD34+ cells. Fig. 40C shows the FACS 

histogram of the CD34+ cells. Fig. 40D shows the FACS scatter plot of the earliest 

hematopoietic stem cells, which are CD34+/CD38-, stained with either MNC3 or MNE6. Fig.  

40E shows the histogram of the experiment. Fig. 40F shows the histogram overlay of MNC3 
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binding to CD34+/CD38- cells versus MNE6. Fig. 40G shows the bar graph of that FACS 

experiment.  

[00302] Figure 41A-42H shows the details of FACS analysis of CD34+/CD38-/° 

hematopoietic stem cells probed with a polyclonal anti-PSMGFR antibody SDIX, MNE6 or 

MNC2. Fig. 41A shows the FACS scatter plot of the CD34+/CD38-4° population of cells. Fig.  

41E shows a table of the detailed analysis. Fig. 41B shows the FACS scatter plot of the 

CD34+/CD38-4o population of cells probed with the anti-PSMGFR polyclonal antibody SDIX.  

Fig. 41F shows a table of the detailed analysis. Fig. 41C shows the FACS scatter plot of the 

CD34+/CD38-/° population of cells probed with MNE6. Fig. 41G shows a table of the detailed 

analysis. Fig. 41D shows the FACS scatter plot of the CD34+/CD38-/° population of cells probed 

with MNC2. Fig. 41H shows a table of the detailed analysis.  

[00303] Figure 42A-42H shows photographs of DU145 prostate cancer cells or T47D breast 

cancer cells that have been treated with either the Fab of anti-MUC1* antibody MNC2, MNE6, 

MNC3 or MNC8. The images show that cancer specific antibodies MNC2 and MNE6 effectively 

kill prostate and breast cancer cells while the monoclonal antibodies MNC3 and MNC8 do not.  

[00304] Figure 43 shows a graph of a PCR experiment comparing expression of a wide range 

of cleavage enzymes expressed in different cells lines, wherein the values have been normalized 

to those expressed in breast cancer cell line T47D. Cell lines that are compared are prostate 

cancer cell line DU145, HCT-MUC1-41TR that is a MUC1 negative colon cancer cell line 

transfected with a MUC1 whose extracellular domain is truncated after 41 tandem repeat units 

and that is not cleaved to the MUC1* form, T47D breast cancer cell line and CD34+ bone 

marrow cells.  

[00305] Figure 43 shows a graph of a PCR experiment in which the expression levels of 

various cleavage enzymes are measured in DU145 prostate cancer cells, HCT116+MUC1FL, 

also known as HCT-MUC1-18 a cell line expressing full-length MUC1, T47D breast cancer 

cells, and CD34+ hematopoietic stem cells of the bone marrow. The fold expression is relative to 

the expression of each cleavage enzyme in T47D breast cancer cells, set as 1.  

[00306] Figure 44 shows the graph of the PCR experiment of Figure 43 but with the Y-axis 

maximum set to 5.  

[00307] Figures 45A-45P show photographs of a CAR T co-culture assay in which the 

targeting antibody fragment of the CAR is huMNC2scFv wherein CAR44 has a CD8 
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transmembrane domain, followed by 41BB-3zeta and CAR50 has a CD4 transmembrane 

domain, followed by 41BB-3zeta. The target cancer cells are: HCT-FLR which is HCT-116 cells 

transfected with MUC1* 45 and HCT-MUC1-41TR, which is a stable single cell clone HCT-116 

cell line that expresses MUC1 with an extracellular domain truncated after 41 tandem repeats 

and that does not get cleaved to the MUC1* form on its own. The HCT-MUC1-41TR cancer 

cells were also incubated with conditioned media from cells transfected with MMP9 or 

ADAM17 before co-culture with the CAR T cells. Conditioned media of the MMP9 or 

ADAM17 expressing cells were also incubated with APMA which is an activator of those 

cleavage enzymes. The images shown are an overlay of the 4X bright field image and the 

fluorescent image of the same showing cancer cells dyed with a red CMTMR lipophilic dye.  

Figs. 45A, 45E, 451, 45M show photographs of cells co-cultured with untransduced human T 

cells. Figs. 45B, 45F, 45J, 45N show photographs of cells co-cultured with human T cells 

transduced with anti-MUC1* CAR44 at an MOI of 10. Figs. 45C, 45G, 45K, 450 show 

photographs of cells co-cultured with human T cells transduced with anti-MUC1* CAR50 at an 

MOI of 10. Figs. 45D, 45H, 45L, 45P show photographs of cells co-cultured with human T cells 

transduced with anti-MUC1* CAR44 at an MOI of 50, which increases transduction efficiency.  

Figs. 45B, 45C, 45D show that both CAR44 and CAR50 transduced T cells recognized MUC1* 

expressed in these cancer cells, bound to them, induced clustering and killed many cancer cells.  

Figs. 45F, 45G, 45H show that neither CAR44 nor CAR50 transduced T cells recognize full

length MUC1 expressed in HCT-MUC1-41TR cancer cells. There is no T cell induced clustering 

and the number of cancer cells has not decreased. Figs. 45J, 45K, 45L show that activated 

MMP9 has cleaved full-length MUC1 to a MUC1* form that is recognized by both CAR44 and 

CAR50 transduced T cells. There is clearly visible CAR T cell induced clustering and a decrease 

in the number of cancer cells as they are killed. Figs. 45N, 450, 45P show that activated 

ADAM17 has either not cleaved MUC1 or cleaved it at a position not recognized by MNC2.  

Neither huMNC2-CAR44 nor huMNC2-CAR50 transduced T cells recognized these cancer 

cells.  

[00308] Figure 46A-46T shows photographs of a CAR T co-culture assay in which the 

targeting antibody fragment of the CAR is MNC2 scFv wherein CAR44 has a CD8 

transmembrane domain, followed by 41BB-3zeta and CAR50 has a CD4 transmembrane 

domain, followed by 41BB-3zeta. The target cancer cells are breast cancer T47D cells that were 
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also incubated with conditioned media from cells transfected with MMP2, MMP9 or ADAM17 

before co-culture with the MNC2-CAR T cells. In some cases, the conditioned media of the 

MMP2 and MMP9 expressing cells were also incubated with APMA, which is an activator of 

these cleavage enzymes. The images shown are an overlay of the 4X bright field image and the 

fluorescent image of the same showing cancer cells dyed with a red CMTMR lipophilic dye. As 

can be seen, the MNC2-CAR T cells only bind to and attack the target cancer cells that express 

the cleaved form, MUC1*.  

[00309] Figures 47A-471 show photographs of cancer cells co-cultured with anti-MUC1* 

CAR T cells, wherein some of the cancer cells were pre-incubated with activated MMP9 prior to 

co-culture with the CAR T cells. The cancer cells shown in Figs. 47A-47C are MUC1 negative 

colon cancer cell line HCT-116 that have been stably transfected to express MUC1*. The cancer 

cells shown in Figs. 47D-47F are MUC1 positive breast cancer cell line T47Ds that express high 

levels of both MUC1 full-length and MUC1*. The cancer cells shown in Figs. 47G-471 are 

MUC1 positive breast cancer cell line T47Ds that were pre-incubated with activated MMP9. The 

cells shown in Figs. 47A, 47D and 47G were co-cultured with untransduced human T cells and 

are the controls. The cells shown in Figs. 47B, 47E and 47H were co-cultured with human T 

cells that were transduced with huMNC2-CAR44 at an MOI of 10, wherein MOI stands for 

multiplicity of infection and the higher the MOI the more CARs are expressed on the T cells.  

The cells shown in Figs. 47C, 47F and 471 were co-cultured with human T cells that were 

transduced with huMNC2-CAR44 at an MOI of 50. As can be seen in the photographs, the 

CAR44 T cells bind to the target MUC1* positive cancer cells, surrounding and killing them.  

Comparing the photograph Fig. 471 with the others, it can be seen that the cells that were pre

incubated with MMP9 become much more susceptible to CAR T killing when the antibody 

targeting head of the CAR recognizes MUC1*. It also demonstrates that MUC1 cleaved by 

MMP9 is recognized by huMNC2scFv.  

[00310] Figure 48 shows an xCelligence graph of T47D breast cancer cells in co-culture with 

either untransduced T cells, as a control, or huMNC2-CAR44 T cells over a 45 hour period.  

After 18 hours of cancer cell growth, a catalytic sub-unit MMP9 was added to some of the cells.  

At 25 hours, T cells were added. As can be seen, huMNC2-CAR44 T cell killing is greatly 

improved when the T47D cells are pre-incubated with cleavage enzyme MMP9. In the 

xCelligence system, target cancer cells, which are adherent, are plated onto electrode array 
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plates. Adherent cells insulate the electrode and increase the impedance. The number of adherent 

cancer cells is directly proportional to impedance. T cells are not adherent and do not contribute 

to impedance. Therefore, increasing impedance reflects growth of cancer cells and decreasing 

impedance reflects killing of cancer cells.  

[00311] Figure 49 shows an xCelligence graph of DU145 prostate cancer cells in co-culture 

with either untransduced T cells, as a control, or huMNC2-CAR44 T cells over a 45 hour period.  

After 18 hours of cancer cell growth, a catalytic sub-unit MMP9 was added to some of the cells.  

At 25 hours, T cells were added. As can be seen, huMNC2-CAR44 T cell killing is not affected 

by pre-incubation with cleavage enzyme MMP9. DU145 cancer cells express a significantly 

lower amount of MUC1 which includes the full-length form as well as MUC1*. The lower 

density of MUC1 full-length does not sterically hinder T cell access to the membrane proximal 

MUC1*.  

[00312] Figure 50 shows a bar graph of a PCR experiment measuring the amount of MUC1 

expressed by a panel of cell lines and primary cells, comprised of normal cells as well as cancer 

cells.  

[00313] Figure 51A-51B shows a bar graph of an ELISA assay measuring the amount of 

interferon gamma, IFN-g, secreted by huMNC2-CAR44 human T cells after co-culture with the 

normal cells or the HCT-MUC1* cancer cells for 72 hours. Fig. 51A shows the results of the 

experiment where the CAR44 T cell to target cell ratio was 1:1. Fig. 51B shows the results of the 

experiment where the CAR44 T cell to target cell ratio was 0.5:1.  

[00314] Figure 52A-52B shows a bar graph of an ELISA assay measuring the amount of 

interleukin-2, IL-2, secreted by huMNC2-CAR44 human T cells after co-culture with the normal 

cells or the HCT-MUC1* cancer cells for 72 hours. Fig. 52A shows the results of the experiment 

where the CAR44 T cell to target cell ratio was 1:1. Fig. 52B shows the results of the experiment 

where the CAR44 T cell to target cell ratio was 0.5:1.  

[00315] Figure 53A-53J shows bar graphs of FACS analysis of live versus dead markers and 

photographs of normal cells versus cancer cells after co-culture with huMNC2-CAR44 T cells.  

Fig. 53A.1 shows the bar graph of FACS analysis of live versus dead cells after HCT-MUC1* 

cancer cells were co-cultured with huMNC2-CAR44 T cells. Fig. 53A.2 and Fig. 53A.3 show the 

photographs of the experiment described in Fig. 53A.1. Fig. 53B.1 shows the bar graph of FACS 

analysis of live versus dead cells after MCF-12A normal breast cells were co-cultured with 
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huMNC2-CAR44 T cells. Fig. 53B.2 and Fig. 53B.3 show the photographs of the experiment 

described in Fig. 53B.1. Fig. 53C.1 shows the bar graph of FACS analysis of live versus dead 

cells after THLE-3 normal liver cells were co-cultured with huMNC2-CAR44 T cells. Fig. 53C.2 

and Fig. 53C.3 show the photographs of the experiment described in Fig. 53C.1. Fig. 53D.1 

shows the bar graph of FACS analysis of live versus dead cells after T/G HA-HSMC normal 

heart cells were co-cultured with huMNC2-CAR44 T cells. Fig. 53D.2 and Fig. 53D.3 show the 

photographs of the experiment described in Fig. 53D.1. Fig. 53E.1 shows the bar graph of FACS 

analysis of live versus dead cells after Hsl.Tes normal testes cells were co-cultured with 

huMNC2-CAR44 T cells. Fig. 53E.2 and Fig. 53E.3 show the photographs of the experiment 

described in Fig. 53E.1. Fig. 53F.1 shows the bar graph of FACS analysis of live versus dead 

cells after HEK-293 MUC1 negative cells were co-cultured with huMNC2-CAR44 T cells. Fig.  

53F.2 and Fig. 53F.3 show the photographs of the experiment described in Fig. 53F.1. Fig.  

53G.1 shows the bar graph of FACS analysis of live versus dead cells after HRCE normal kidney 

cells were co-cultured with huMNC2-CAR44 T cells. Fig. 53G.2 and Fig. 53G.3 show the 

photographs of the experiment described in Fig. 53G.1. Fig. 53H.1 shows the bar graph of FACS 

analysis of live versus dead cells after CCD-18Lu normal lung cells were co-cultured with 

huMNC2-CAR44 T cells. Fig. 53H.2 and Fig. 53H.3 show the photographs of the experiment 

described in Fig. 53H.1. Fig. 531.1 shows the bar graph of FACS analysis of live versus dead 

cells after HBEC-5i normal brain cells were co-cultured with huMNC2-CAR44 T cells. Fig.  

531.2 and Fig. 531.3 show the photographs of the experiment described in Fig. 53.1. Fig. 53J.1 

shows the bar graph of FACS analysis of live versus dead cells after Hs.738.St/Int normal 

stomach and intestine cells were co-cultured with huMNC2-CAR44 T cells. Fig. 53J.2 and Fig.  

53J.3 show the photographs of the experiment described in Fig. 53J.1.  

[00316] Figure 54 shows photographs of a breast cancer tissue array (CB - insert array 

number) in which for each patient there is a specimen from the primary tumor plus a specimen 

from that patient's metastasis. As can be seen in the figure, most often the metastasis expresses 

more MUC1* than the primary tumor.  

[00317] Figures 55A-55H show the cytotoxic effect of huMNC2-CAR44 T cells on MUC1* 

positive DU145 prostate cancer cells as measured by a variety of assays. Fig. 55A is a 

fluorescent photograph of untransduced T cells co-cultured with the prostate cancer cells, 

wherein granzyme B is stained with a red fluorophore. Fig. 55B shows merging of DAPI and 
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granzyme B. Fig. 55C is a fluorescent photograph of huMNC2-CAR44 T cells co-cultured with 

the prostate cancer cells, wherein granzyme B is stained with a red fluorophore. Fig. 55D shows 

merging of DAPI and granzyme B. Fig. 55E is a FACS scan for fluorescently labeled granzyme 

B for untransduced T cells incubated with the cancer cells. Fig. 55F is a FACS scan showing a 

positive increase in fluorescently labeled granzyme B for huMNC2-CAR44 T cells incubated 

with the cancer cells. Fig. 55G is a graph of the mean fluorescent intensity. Fig. 55H is an 

xCELLigence scan tracking the real-time killing of DU145 cancer cells by huMNC2-CAR44 T 

cells (blue trace) but not by untransduced T cells (green).  

[00318] Figures 56A-56H show the cytotoxic effect of huMNC2-CAR44 T cells on MUC1* 

positive CAPAN-2 pancreatic cancer cells as measured by a variety of assays. Fig. 56A is a 

fluorescent photograph of untransduced T cells co-cultured with the pancreatic cancer cells, 

wherein granzyme B is stained with a red fluorophore. Fig. 56B shows merging of DAPI and 

granzyme B. Fig. 56C is a fluorescent photograph of huMNC2-CAR44 T cells co-cultured with 

the pancreatic cancer cells, wherein granzyme B is stained with a red fluorophore. Fig. 56D 

shows merging of DAPI and granzyme B. Fig. 56E is a FACS scan for fluorescently labeled 

granzyme B for untransduced T cells incubated with the cancer cells. Fig. 56F is a FACS scan 

showing a positive increase in fluorescently labeled granzyme B for huMNC2-CAR44 T cells 

incubated with the cancer cells. Fig. 56G is a graph of the mean fluorescent intensity. Fig. 56H is 

an xCELLigence scan tracking the real-time killing of CAPAN-2 cancer cells by huMNC2

CAR44 T cells (blue trace) but not by untransduced T cells (green).  

[00319] Figures 57A-57C show xCELLigence scans tracking the real-time killing of MUC1* 

positive cancer cells, but not MUC1* negative cells, by huMNC2-CAR44 T cells. Fig. 57A 

shows that huMNC2-CAR44 T cells effectively kill HCT colon cancer cells that have been 

stably transfected with MUC1*. Fig. 57B shows that huMNC2-CAR44 T cells have almost no 

effect on HCT-MUC1-41TR, which is a MUC1 negative cancer cell that has been stably 

transfected with a MUC1 full-length. In this cell line only about 10% of the cells have MUC1 

cleaved to MUC1*. Fig. 57C shows that huMNC2-CAR44 T cells have no effect on HCT-116 

cells, which is a MUC1 negative colon cancer cell line.  

[00320] Figure 58A- 58F shows photographs NOD/SCID/GAMMA mice in an IVIS 

instrument measuring photon emission from tumor cells after mice were treated with nothing, 

PBS, untransduced human T cells or huMNC2-CAR44 T cells. Mice had been injected sub
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cutaneously with HCT-MUC1* tumor cells that had been made Luciferase positive. Ten (10) 

minutes before the IVIS photographs were taken, the mice were injected into the intraperitoneal 

(ip) space with the Luciferase substrate, Luciferin. Fig. 58A shows the tumor bearing mice that 

had only been treated with phosphate buffered saline, PBS. Fig. 58B shows the tumor bearing 

mice that had only been treated with untransduced T cells. Fig. 58C shows the tumor bearing 

mice that had been treated with a single dose of huMNC2-CAR44 T cells. Fig. 58D shows color 

scale of the images. Fig. 58E shows Kaplan-Meier survival curves of the experiment. Fig. 58F 

shows a table detailing the molecular makeup of the human T cells that were isolated from the 

mouse blood after sacrifice.  

[00321] Figure 59A- 59C shows photographs NOD/SCID/GAMMA mice in an IVIS 

instrument measuring photon emission from tumor cells after mice were treated with nothing, 

PBS or huMNC2-CAR44 T cells. Mice had been injected sub-cutaneously with T47D-wt breast 

cancer cells or T47D+more MUC1*, which is a mixed population of cells wherein 95% of the 

cells were T47D cells that had been stably transfected with even more MUC1*. Both T47D-wt 

and T47D plus more MUC1* cells had been made Luciferase positive. Ten (10) minutes before 

the IVIS photographs were taken, the mice were injected into the intraperitoneal (ip) space with 

the Luciferase substrate, Luciferin. Fig. 59A shows the tumor bearing mice that had only been 

treated with phosphate buffered saline, PBS. Fig. 59B shows the T47D-wt tumor bearing mice 

that had been treated with two (2) doses of huMNC2-CAR44 T cells. Fig. T90.1C shows the 

T47D-MUC1* tumor bearing mice that had been treated with two (2) doses of huMNC2-CAR44 

T cells.  

[00322] Figure 60A- 60C shows photographs NOD/SCID/GAMMA mice in an IVIS 

instrument measuring photon emission from tumor cells after mice were treated with nothing, 

PBS, untransduced T cells or huMNC2-CAR44 T cells. Mice had been injected sub-cutaneously 

with a mixed population of 70% T47D-wt breast cancer cells and 30% T47D cells that had been 

transfected with even more MUC1*. Both cell types had been made Luciferase positive. Ten (10) 

minutes before the IVIS photographs were taken, the mice were injected into the intraperitoneal 

(ip) space with the Luciferase substrate, Luciferin. Fig. 60A shows the tumor bearing mice that 

had only been treated with phosphate buffered saline, PBS. Fig. 60B shows tumor bearing mice 

that had only been treated with untransduced T cells. Fig. 60C shows the tumor bearing mice that 

had been treated with two (2) doses of huMNC2-CAR44 T cells.  
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[00323] Figures 61A-61J show fluorescent photographs of mice taken on an IVIS instrument.  

NSG (NOD/SCID/GAMMA) immune compromised mice that on Day 0 were sub-cutaneously 

injected into the flank with 500K human BT-20 cells which are a MUC1* positive triple negative 

breast cancer cell line. The cancer cells had been stably transfected with Luciferase. Tumors 

were allowed to engraft. On Day 6 after IVIS measurement, animals were given a one-time 

injection of 10 million of either human T cells transduced with huMNC2-scFv-CAR44 or 

untransduced T cells. 5 million T cells were injected intra-tumor and 5 million were injected into 

the tail vein. 10 minutes prior to IVIS photographs, mice were IP injected with Luciferin, which 

fluoresces after cleavage by Luciferase, thus making tumor cells fluoresce. Figs. 61A, 61D, 61G 

show photographs of mice that were treated with huMNC2-scFv-CAR44 T cells that had been 

pre-stimulated by co-culturing for 24 hours with 4pm beads to which was attached a synthetic 

MUC1*, PSMGFR peptide 24 hours prior to administration: Protocol 1. Figs. 61B, 61E, 61H 

show photographs of mice that were treated with huMNC2-scFv-CAR44 T cells that had been 

pre-stimulated by twice co-culturing for 24 hours with MUC1* positive cancer cells 24 hours 

prior to administration: Protocol 2. Figs. 61C, 61F, 611 show photographs of mice that were 

treated with untransduced human T cells. Fig. 61J is a color scale relating fluorescence in 

photons/second to color.  

[00324] Figures 62A-62M show fluorescent photographs of mice taken on an IVIS 

instrument. NSG (NOD/SCID/GAMMA) immune compromised mice that on Day 0 were 

injected into the intraperitoneal cavity (IP) with 500K human SKOV-3 cells which are a MUC1* 

positive ovarian cancer cell line. The cancer cells had been stably transfected with Luciferase.  

Tumors were allowed to engraft. On Day 4, animals were injected into the intraperitoneal space 

with 10M either human T cells transduced with huMNC2-scFv-CAR44, untransduced T cells or 

PBS. On Day 11, animals were injected again except that half the cells were injected into the tail 

vein and the other half was IP injected. Animals were imaged by IVIS on Days 3, 7, 10 and 15.  

10 minutes prior to IVIS photographs, mice were IP injected with Luciferin, which fluoresces 

after cleavage by Luciferase, thus making tumor cells fluoresce. Figs. 62A, 62D, 62G, and 62J 

show photographs of mice that were treated with huMNC2-scFv-CAR44 T cells that had been 

pre-stimulated by co-culturing for 24 hours with 1pm beads to which was attached a synthetic 

MUC1*, PSMGFR peptide 24 hours prior to administration. Figs. 62B, 62E, 62H, and 62K show 

photographs of mice that were treated with untransduced human T cells. Figs. 62C, 62F, 621, and 
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62L show photographs of mice that were treated with PBS. Figs. 62A, 62B and 62C are IVIS 

images taken Day 3 prior to CAR T, T cell or PBS administration. Figs. 62D, 62E and 62F show 

IVIS images of animals on Day 7, just four (4) days after treatment. Figs. 62G, 62H, and 62 

show IVIS images of animals on Day 10. Figs. 62J, 62K, and 62L show IVIS images of animals 

on Day 15 Fig. 62M is the IVIS color scale relating fluorescence in photons/second to color.  

[00325] Figure 63 shows a graph of an ELISA binding assay in which various monoclonal 

antibodies are tested for their ability to bind to the PSMGFR peptide, the N-10, C-10, N+20/C

27, or the N+9/C-9 peptide, wherein the concentration of the antibody was at lOug/mL or 

lug/mL. Note that anti-MUC1* monoclonal antibodies C2 and E6, which have been 

demonstrated to be cancer specific, bind to the PSMGFR peptide, still bind if the 10 N-terminal 

amino acids are missing, but do not bind if the 10 or 9 C-terminal amino acids are missing.  

[00326] Figure 64A-64B shows a graph of an ELISA binding assay. The antibodies being 

tested were derived from animals immunized with the PSMGFR peptide. The first selection 

criteria was to confirm that the antibodies bound to the immunizing PSMGFR peptide. Fig. 64A 

shows a graph of an ELISA of selected antibodies that were further tested to determine their 

ability to bind to the PSMGFR peptide, the N-10, the C-10, N+20/C-27, or N+9/C-9 peptide. All 

the antibodies except 18B4 were able to bind to the N-10 peptide. 18B4 recognized N+20/C-27 

but not the N-10 peptide, implying that its cognate epitope lies within the GTINVHDVET 

sequence. All except 20A10 and C2 showed some binding to the C-10 and N+9/C-9 peptide, 

showing that both 20A10 and C2 require the 10 membrane proximal amino acids for binding.  

C2, which requires the 10 membrane proximal amino acids for binding has been demonstrated to 

be cancer specific. Fig. 64B shows the sequences of the various peptides. The color of the bars 

for each antibody in the ELISA graph are color coded to match the deductive cognate sequence, 

or a portion thereof, of that antibody.  

[00327] Figure 65A-65B shows a graph of an ELISA binding assay in which various 

monoclonal antibodies are tested for their ability to bind to the PSMGFR peptide, the N-10, the 

C-10, N+20/C-27, or N+9/C-9 peptide. The antibodies being tested were derived from animals 

immunized with the N+20/C-27 peptide. The first selection criteria was to confirm that the 

antibodies bound to the immunizing N+20/C-27 peptide. Fig. 65A shows a graph of ELISA 

binding assay that tests the ability of each antibody to bind to various peptides. Although these 

antibodies were raised against the N+20/C-27 peptide, all but one, 45C11, still bind to the 
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PSMGFR peptide. The binding of 45C11 is weak but deductive reasoning shows that the cognate 

epitope must lie within the SNIKFRPGSVV sequence. 1E4 was able to bind to the N+20/C-27 

peptide, the PSMGFR and the N-10 peptide, consistent with the idea that its epitope must lie 

within the QFNQYKTE sequence. Fig. 65B shows the sequences of the various peptides. The 

color of the bars for each antibody in the ELISA graph are color coded to match the deductive 

cognate sequence, or a portion thereof, of that antibody.  

[00328] Figure 66A-66B shows a graph of an ELISA binding assay in which various 

monoclonal antibodies are tested for their ability to bind to the PSMGFR peptide, the N-10, the 

C-10, N+20/C-27, or N+9/C-9 peptide. The antibodies being tested were derived from animals 

immunized with the N+9/C-9 peptide. The first selection criteria was to confirm that the 

antibodies bound to the immunizing N+9/C-9 peptide. Fig. 66A shows a graph of the ELISA 

assay. All but one, 39H5, were only able to bind to the immunizing peptide, N+9/C-9. 39H5 

showed very weak binding to the PSMGFR and N-10 peptide, consistent with the idea that at 

least a portion of its cognate epitope must lie within the QFNQYKTE sequence. Fig. 66B shows 

the sequences of the various peptides. The color of the bars for each antibody in the ELISA 

graph are color coded to match the deductive cognate sequence, or a portion thereof, of that 

antibody.  

[00329] Figure 67A-67D shows results of ELISA assays to further define antibody epitopes 

within the MUC1 or MUC1* extra cellular domain. The antibodies shown in this figure were all 

generated by immunizing animals with the PSMGFR peptide. Binding assays tested antibodies 

for their ability to bind to peptides N-19, N-26, N-30, N-10/C-5, N-19/C-5, PSMGFR, N-10 and 

C-10, which are all subsets of the PSMGFR peptide and numbering refers back to the PSMGFR 

peptide. Fig. 67A shows the binding of the various antibodies to the various peptides. Fig. 67B 

shows the sequence of the PSMGFR peptide that has been extended 20 amino acids at the N

terminus. Fig. 67C shows the sequences of the PSMGFR-derived subset peptides. Fig. 67D 

shows the sequences that comprise all or part of the epitope that is essential for antibody 

recognition.  

[00330] Figure 68A-68D shows results of ELISA assays to further define antibody epitopes 

within the MUC1 or MUC1* extra cellular domain. The antibodies shown in this figure were all 

generated by immunizing animals with the N+20/C-27 peptide. Binding assays tested antibodies 

for their ability to bind to peptides N-19, N-26, N-30, N-10/C-5, N-19/C-5, PSMGFR, N-10 and 
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C-10, which are all subsets of the PSMGFR peptide and numbering refers back to the PSMGFR 

peptide. Fig. 68A shows the binding of the various antibodies to the various peptides. Fig. 68B 

shows the sequence of the PSMGFR peptide that has been extended 20 amino acids at the N

terminus. Fig. 68C shows the sequences of the PSMGFR-derived subset peptides. Fig. 68D 

shows the sequences that comprise all or part of the epitope that is essential for antibody 

recognition.  

[00331] Figures 69A-69D show results of ELISA assays to further define antibody epitopes 

within the MUC1 or MUC1* extra cellular domain. The antibodies shown in this figure were all 

generated by immunizing animals with the N+9/C-9 peptide. Binding assays tested antibodies for 

their ability to bind to peptides N-19, N-26, N-30, N-10/C-5, N-19/C-5, PSMGFR, N-10 and C

10, which are all subsets of the PSMGFR peptide and numbering refers back to the PSMGFR 

peptide. Fig. 69A shows the binding of the various antibodies to the various peptides. Fig. 69B 

shows the sequence of the PSMGFR peptide that has been extended 20 amino acids at the N

terminus. Fig. 69C shows the sequences of the PSMGFR-derived subset peptides. Fig. 69D 

shows the sequences that comprise all or part of the epitope that is essential for antibody 

recognition.  

[00332] Figure 70 shows a graph of an ELISA displacement assay. In this experiment, a 

multi-well plate was coated with the PSMGFR peptide. Recombinant NME7Ba was allowed to 

bind to the surface-immobilized PSMGFR peptide. Various antibodies were added, followed by 

a wash step. The amount of NME7Ba that remained attached to the PSMGFR coated plate, after 

antibody competition, was measured by detecting a tag on the NME7a. As a control, anti

NME7Ba antibodies were also tested for their ability to displace NME7Ba from the PSMGFR.  

[00333] Figure 71A-71H shows photographs of Western blots in which antibodies are tested 

for their ability to bind to a linear epitope in full-length MUC1 or MUC1*. Fig. 71A-71D shows 

testing of antibodies for ability to bind to a MUC1 negative cell line, HCT-116, or engineered 

cell lines HCT-MUC1-18, which is a cleavage resistant clone that expresses full-length MUC1, 

or HCT-MUC1*, which is engineered to express only the PSMGFR sequence in its extra cellular 

domain. Fig. 71E-71H shows testing of antibodies for ability to bind to breast cancer cell lines 

T47D or 1500 aka ZR-75-1. Fig. 71A and Fig. 71E show MNC2, a monoclonal antibody raised 

against PSMGFR peptide that binds to N-10 but not C-10 variants of the PSMGFR peptide. Fig.  

71B and Fig. 71F show MNE6, a monoclonal antibody raised against PSMGFR peptide that 
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binds to N-10 but not C-10 variants of the PSMGFR peptide. Fig. 71C and Fig. 71G show SDIX, 

a polyclonal antibody raised against PSMGFR peptide and which binds to the PSMGFR peptide.  

Fig. 71D and Fig. 71H show VU4H5, a commercially available monoclonal antibody that binds 

to the tandem repeats of full-length MUC1. As can be seen, neither MNC2 nor MNE6 bind linear 

epitopes of MUC1 species.  

[00334] Figure 72A-72P shows photographs of Western blots in which antibodies are tested 

for their ability to bind to a linear epitope in full-length MUC1 or MUC1*. All these antibodies 

were raised against the PSMGFR peptide and bind to the PSMGFR peptide. Fig. 72A-72H shows 

testing of antibodies for ability to bind to a MUC1 negative cell line, HCT-116, or engineered 

cell lines HCT-MUC1-18, which is a cleavage resistant clone that expresses full-length MUC1, 

or HCT-MUC1*, which is engineered to express only the PSMGFR sequence in its extra cellular 

domain. Fig. 721-72P shows testing of antibodies for ability to bind to breast cancer cell lines 

T47D or 1500 aka ZR-75-1. Fig. 72A and Fig. 721 show 20A10. Fig. 72B and Fig. 72J show 

25E6. Fig. 72C and Fig. 72K show 18B4. Fig. 72D and Fig. 72L show 18G12. Fig. 72E and Fig.  

72M show 28F9. Fig. 72F and Fig. 72N show 3C2B1. Fig. 72G and Fig. 720 show 5C6F3. Fig.  

72H and Fig. 72P show 5C6F3 wherein the blot has been exposed for a longer time period to 

render more visible the MUC1* specific bands. As can be seen, antibodies 25E6, 18B4 and to a 

degree 5C6F3 recognize linear epitopes but 20A10, 3C2B1, 18G12 and 28F9 do not.  

[00335] Figure 73A-73J shows photographs of Western blots in which antibodies are tested 

for their ability to bind to a linear epitope in full-length MUC1 or MUC1*. All these antibodies 

were raised against the N+20/C-27 variant of the PSMGFR peptide and bind to the N+20/C-27 

peptide. Fig. 73A-73E shows testing of antibodies for ability to bind to a MUC1 negative cell 

line, HCT-116, or engineered cell lines HCT-MUC1-18, which is a cleavage resistant clone that 

expresses full-length MUC1, or HCT-MUC1*, which is engineered to express only the PSMGFR 

sequence in its extra cellular domain. Fig. 73F-73J shows testing of antibodies for ability to bind 

to breast cancer cell lines T47D or 1500 aka ZR-75-1. Fig. 73A and Fig. 73F show 1E4. Fig. 73B 

and Fig. 73G show 45C11. Fig. 73C and Fig. 73H show 31A1. Fig. 73D and Fig. 731 show 

32C1. Fig. 73E and Fig. 73J show 29H1. As can be seen, antibodies 31A1 and 32C1 recognize 

linear epitopes.  

[00336] Figure 74A-74H shows photographs of Western blots in which antibodies are tested 

for their ability to bind to a linear epitope in full-length MUC1 or MUC1*. All these antibodies 
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were raised against the N+9/C-9 variant of the PSMGFR peptide and bind to the N+9/C-9 

peptide. Fig. 74A-74D shows testing of antibodies for ability to bind to a MUC1 negative cell 

line, HCT-116, or engineered cell lines HCT-MUC1-18, which is a cleavage resistant clone that 

expresses full-length MUC1, or HCT-MUC1*, which is engineered to express only the PSMGFR 

sequence in its extra cellular domain. Fig. 74E-74H shows testing of antibodies for ability to 

bind to breast cancer cell lines T47D or 1500 aka ZR-75-1. Fig. 74A and Fig. 74E show 8A9.  

Fig. 74B and Fig. 74F show 17H6. Fig. 74C and Fig. 74G show 3C5. Fig. 74D and Fig. 74H 

show 39H5.  

[00337] Figure 75A-75P show graphs of FACS analysis. HCT-MUC1-18 cells, which 

express full-length MUC1, were incubated with a catalytically active MMP9 or MMP2 for 24 

hours, incubated with an antibody of the invention and then analyzed by FACS to see if the 

antibody bound to the MMP9 or the MMP2 cleaved form of MUC1. Note that the first bar of 

each graph shows that none of the antibodies binds to full-length MUC1 in the absence of 

cleavage. Each bar graph is labeled with both the name of the antibody used in that assay and its 

cognate epitope. The order of the graphs from right to left corresponds to the distance the from 

the cell surface of the antibody's cognate epitope. Fig. 75A shows antibody 1E4. Fig. 75B shows 

antibody 28F9. Fig. 75C shows antibody 18G12. Fig. 75D shows antibody 25E6. Fig. 75E shows 

antibody 20A10. Fig. 75F shows antibody 3C5. Fig. 75G shows antibody 29H1. Fig. 75H shows 

antibody 32C1. Fig. 751 shows antibody 31A1. Fig. 75J shows antibody 18B4. Fig. 75K shows 

antibody 45C11. Fig. 75L shows antibody 8A9. Fig. 75M shows antibody 17H6. Fig. 75N shows 

antibody 39H5. Fig. 750 shows antibody 3C2B1. Fig. 75P shows antibody 5C6F3.  

[00338] Figure 76A-76J show graphs of FACS analyses of reference antibodies MNC2, 

"C2", and VU4H5 binding to either the MUC1-negative cell line HCT-116, HCTs transfected 

with MUC1*, "HCT-MUC1*", a cleavage resistant single cell clone of HCTs transfected with 

MUC1 full-length, "HCT-MUC1-18", and MNC2 binding to breast cancer cells line T47D or 

breast cancer cell line 1500 also known as ZR-75-1. MNC2 binds to an ectopic binding site on 

the extra cellular domain of MUC1*, within the membrane proximal portion of the PSMGFR 

sequence. The MNC2 binding site is only available after cleavage and release of the bulk of the 

extra cellular domain comprising the tandem repeat domain. VU4H5 binds to hundreds of 

repeating epitopes in the tandem repeat domain. Fig. 76A-76E show percent binding and Fig.  

76F-76J show Mean Fluorescent Intensity or MFI.  
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[00339] Figure 77A-77N show graphs of FACS analyses of reference antibody MNC2, "C2", 

binding to a panel of cancer cell lines that are MUC1* positive, with the exception of MDA-MB

231, which expresses MUC1 and MUC1* at a level that is so low that it is often used as a 

negative control. MNC2 binds to an ectopic binding site on the extra cellular domain of MUC1*, 

within the membrane proximal portion of the PSMGFR sequence. The MNC2 binding site is 

only available after cleavage and release of the bulk of the extra cellular domain comprising the 

tandem repeat domain. Fig. 77A-77G show percent binding and Fig. 77H-77N show Mean 

Fluorescent Intensity or MFI. Fig. 77A and 77H show the antibodies binding to lung cancer cell 

line NCI-H292. Fig. 77B and 771 show the antibodies binding to lung cancer cell line NCI

H1975. Fig. 77C and 77J show the antibodies binding to ovarian cancer cell line SKOV-3. Fig.  

77D and 77K show the antibodies binding to pancreatic cancer cell line HPAF-II. Fig. 77E and 

77L show the antibodies binding to pancreatic cancer cell line Capan-1. Fig. 77F and 77M show 

the antibodies binding to prostate cancer cell line DU145. Fig. 77G and 77N show the antibodies 

binding to breast cancer cell line MDA-MB-231, which is nearly MUC1 and MUC1* negative.  

[00340] Figure 78A-78C shows a color coded schematic of the basic PSMGFR sequence that 

has been extended or deleted at both the N- and C-termini. Antibodies of the invention were 

tested against this subset of peptides to further refine the epitopes to which each antibody binds 

or the critical amino acids within the epitope to which each antibody binds. Fig. 78A is an 

aligned schematic of the various subsets of peptides. Fig. 78B lists the antibodies that bind to 

each of the color coded sequences. Fig. 78C lists the cancer cell lines that each antibody 

recognizes.  

[00341] Figure 79A-791 shows color coded graphs that resulted from FACS analyses of each 

antibody binding to T47D breast cancer cells and their respective cognate sequences within the 

N-terminally extended PSMGFR sequence. Fig. 79A-79D are FACS graphs showing the percent 

cells that were recognized by each antibody. Fig. 79E-79H are FACS graphs showing the Mean 

Fluorescence Intensity, MFI, of each antibody. Fig. 79A and Fig. 79E show the FACS graph of 

antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 79B and Fig. 79F 

show the FACS graph of antibodies that were generated by immunizing with the N+20/C-27 

peptide. Fig. 79C and Fig. 79G show the FACS graph of antibodies that were generated by 

immunizing with the N+9/C-9 peptide. Fig. 79D and Fig.79H also show the FACS graph of 
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antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 791 shows the 

PSMGFR sequence that is extended at the N-terminus by 20 amino acids.  

[00342] Figure 80A-801 shows color coded graphs that resulted from FACS analyses of each 

antibody binding to 1500, also known as ZR-75-1, breast cancer cells and their respective 

cognate sequences within the N-terminally extended PSMGFR sequence. Fig. 80A-80C are 

FACS graphs showing the percent cells that were recognized by each antibody. Fig. 80D-80F are 

FACS graphs showing the Mean Fluorescence Intensity, MFI, of each antibody. Fig. 80A, Fig.  

80E Fig. 80D and Fig. 80H show the FACS graph of antibodies that were generated by 

immunizing with the PSMGFR peptide. Fig. 80B and Fig. 80F show the FACS graph of 

antibodies that were generated by immunizing with the N+20/C-27 peptide. Fig. 80C and Fig.  

80G show the FACS graph of antibodies that were generated by immunizing with the N+9/C-9 

peptide. Fig. 801 shows the PSMGFR sequence that is extended at the N-terminus by 20 amino 

acids.  

[00343] Figure 81A-81G shows color coded graphs that resulted from FACS analyses of each 

antibody binding to NCI-H292 lung cancer cells and their respective cognate sequences within 

the N-terminally extended PSMGFR sequence. Fig. 81A-81C are FACS graphs showing the 

percent cells that were recognized by each antibody. Fig. 81D-81F are FACS graphs showing the 

Mean Fluorescence Intensity, MFI, of each antibody. Fig. 81A and Fig. 81D show the FACS 

graph of antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 81B and 

Fig. 81E show the FACS graph of antibodies that were generated by immunizing with the 

N+20/C-27 peptide. Fig. 81C and Fig. 81F show the FACS graph of antibodies that were 

generated by immunizing with the N+9/C-9 peptide. Fig. 81G shows the PSMGFR sequence that 

is extended at the N-terminus by 20 amino acids.  

[00344] Figure 82A-82G shows color coded graphs that resulted from FACS analyses of each 

antibody binding to NCI-H1975 lung cancer cells and their respective cognate sequences within 

the N-terminally extended PSMGFR sequence. Fig. 82A-82C are FACS graphs showing the 

percent cells that were recognized by each antibody. Fig. 82D-82F are FACS graphs showing the 

Mean Fluorescence Intensity, MFI, of each antibody. Fig. 82A and Fig. 82D show the FACS 

graph of antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 82B and 

Fig. 82E show the FACS graph of antibodies that were generated by immunizing with the 

N+20/C-27 peptide. Fig. 82C and Fig. 82F show the FACS graph of antibodies that were 
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generated by immunizing with the N+9/C-9 peptide. Fig. 82G shows the PSMGFR sequence that 

is extended at the N-terminus by 20 amino acids.  

[00345] Figure 83A-83G shows color coded graphs that resulted from FACS analyses of each 

antibody binding to SKOV-3 ovarian cancer cells and their respective cognate sequences within 

the N-terminally extended PSMGFR sequence. Fig. 83A-83C are FACS graphs showing the 

percent cells that were recognized by each antibody. Fig. 83D-83F are FACS graphs showing the 

Mean Fluorescence Intensity, MFI, of each antibody. Fig. 83A and Fig. 83D show the FACS 

graph of antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 83B and 

Fig. 83E show the FACS graph of antibodies that were generated by immunizing with the 

N+20/C-27 peptide. Fig. 83C and Fig. 83F show the FACS graph of antibodies that were 

generated by immunizing with the N+9/C-9 peptide. Fig. 83G shows the PSMGFR sequence that 

is extended at the N-terminus by 20 amino acids.  

[00346] Figure 84A-84G shows color coded graphs that resulted from FACS analyses of each 

antibody binding to DU145 prostate cancer cells and their respective cognate sequences within 

the N-terminally extended PSMGFR sequence. Fig. 84A-84C are FACS graphs showing the 

percent cells that were recognized by each antibody. Fig. 84D-84F are FACS graphs showing the 

Mean Fluorescence Intensity, MFI, of each antibody. Fig. 84A and Fig. 84D show the FACS 

graph of antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 84B and 

Fig. 84E show the FACS graph of antibodies that were generated by immunizing with the 

N+20/C-27 peptide. Fig. 84C and Fig. 84F show the FACS graph of antibodies that were 

generated by immunizing with the N+9/C-9 peptide. Fig. 84G shows the PSMGFR sequence that 

is extended at the N-terminus by 20 amino acids.  

[00347] Figure 85A-85G shows color coded graphs that resulted from FACS analyses of each 

antibody binding to HPAF-II pancreatic cancer cells and their respective cognate sequences 

within the N-terminally extended PSMGFR sequence. Fig. 85A-85C are FACS graphs showing 

the percent cells that were recognized by each antibody. Fig. 85D-85F are FACS graphs showing 

the Mean Fluorescence Intensity, MFI, of each antibody. Fig. 85A and Fig. 85D show the FACS 

graph of antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 85B and 

Fig. 85E show the FACS graph of antibodies that were generated by immunizing with the 

N+20/C-27 peptide. Fig. 85C and Fig. 85F show the FACS graph of antibodies that were 
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generated by immunizing with the N+9/C-9 peptide. Fig. 85G shows the PSMGFR sequence that 

is extended at the N-terminus by 20 amino acids.  

[00348] Figure 86A-86G shows color coded graphs that resulted from FACS analyses of each 

antibody binding to Capan-1 pancreatic cancer cells and their respective cognate sequences 

within the N-terminally extended PSMGFR sequence. Fig. 86A-86C are FACS graphs showing 

the percent cells that were recognized by each antibody. Fig. 86D-86F are FACS graphs showing 

the Mean Fluorescence Intensity, MFI, of each antibody. Fig. 86A and Fig. 86D show the FACS 

graph of antibodies that were generated by immunizing with the PSMGFR peptide. Fig. 86B and 

Fig. 86E show the FACS graph of antibodies that were generated by immunizing with the 

N+20/C-27 peptide. Fig. 86C and Fig. 86F show the FACS graph of antibodies that were 

generated by immunizing with the N+9/C-9 peptide. Fig. 86G shows the PSMGFR sequence that 

is extended at the N-terminus by 20 amino acids.  

[00349] Figure 87A-87G shows color coded graphs that resulted from FACS analyses of each 

antibody binding to MDA-MB-231 breast cancer cells, which are nearly MUC1 negative, and 

their respective cognate sequences within the N-terminally extended PSMGFR sequence. Fig.  

87A-87C are FACS graphs showing the percent cells that were recognized by each antibody. Fig.  

87D-87F are FACS graphs showing the Mean Fluorescence Intensity, MFI, of each antibody.  

Fig. 87A and Fig. 87D show the FACS graph of antibodies that were generated by immunizing 

with the PSMGFR peptide. Fig. 87B and Fig. 87E show the FACS graph of antibodies that were 

generated by immunizing with the N+20/C-27 peptide. Fig. 87C and Fig. 87F show the FACS 

graph of antibodies that were generated by immunizing with the N+9/C-9 peptide. Fig. 87G 

shows the PSMGFR sequence that is extended at the N-terminus by 20 amino acids.  

[00350] Figure 88A-88L show photographs of normal liver tissue specimens, each from the 

same donor but stained with a different antibody of the invention. Fig. 88A-88F show the entire 

tissue core. Fig. 88G-88L show the 40X magnification of a particular area of the tissue. The 

tissues are ordered from right to left with antibodies that bind to the most membrane proximal, 

that is to say most C-terminal portion of the PSMGFR peptide, on the right and antibodies that 

bind to the most N-terminal portions of the MUC1 extra cellular domain, even beyond the 

PSMGFR region, on the left. As can be seen in the figure, the most cancer-specific antibodies are 

those that bind to the more membrane proximal portions of the PSMGFR sequence and 
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antibodies that bind to the most distal, N-terminal portions lose cancer specificity, with those 

antibodies that bind to epitopes outside of the PSMGFR having lost all cancer specificity.  

[00351] Figure 89A-89H show photographs of normal heart tissue specimens, stained with 

different antibodies of the invention. Fig. 89A-89D show the entire tissue core. Fig. 89E-89HL 

show the 40X magnification of a particular area of the tissue. Fig. 89A and Fig. 89E show 

staining with MNC2-scFv. Fig. 89B and Fig. 89F show staining with MNE6. Fig. 89C and Fig.  

89G show staining with 20A10. Fig. 89D and Fig. 89H show staining with 3C2B1. These 

antibodies bind to an epitope that comprises all or part of the sequence FPFS or PFPFSAQSGA.  

All these antibodies are all able to bind to the PSMGFR peptide, bind to the N-10 peptide but do 

not bind to the C-10 peptide. In addition, these antibodies disrupt the binding of NME7AB to the 

MUC1* extra cellular domain as exemplified by the PSMGFR peptide. Further, these antibodies 

recognize a MUC1 cleavage product when the cleavage enzyme is MMP9. As can be seen in the 

figure, these antibodies show no binding to normal heart tissue.  

[00352] Figure 90A-90D show photographs of normal heart tissue specimens, stained with 

different antibodies of the invention. Fig. 90A-90B show the entire tissue core. Fig. 90C-90D 

show the 40X magnification of a particular area of the tissue. Fig. 90A and Fig. 90C show 

staining with MNC3. Fig. 90B and Fig. 90D show staining with 25E6. These antibodies bind to 

an epitope that comprises all or part of the sequence ASRYNLT. These antibodies are all able to 

bind to the PSMGFR peptide, bind to the N-10 peptide but also bind to the C-10 peptide.  

[00353] Figure 91A-91B show photographs of normal heart tissue specimens, stained with an 

antibody of the invention 1E4. Fig. 91A show the entire tissue core. Fig. 91B show the 40X 

magnification of a particular area of the tissue. Antibody 1E4 binds to an epitope that comprises 

all or part of the sequence QFNQYKTEA. Antibody 1E4 can bind to the N-10 peptide but also 

binds to the C-10 peptide. As can be seen in the figure, 1E4 binds to normal heart tissue.  

[00354] Figure 92A-92H show photographs of normal heart tissue specimens, stained with 

different antibodies of the invention. Fig. 92A-92D show the entire tissue core. Fig. 92E-92HL 

show the 40X magnification of a particular area of the tissue. Fig. 92A and Fig. 92E show 

staining with 18B4. Fig. 92B and Fig. 92F show staining with 31A1. Fig. 92C and Fig. 92G 

show staining with 32C1. Fig. 92D and Fig. 92H show staining with 29H1. These antibodies 

bind to an epitope that comprises all or part of the sequence GTINVHDVET, which is the most 

N-terminal part of the PSMGFR peptide. None of these antibodies are able to bind to the N-10 
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peptide. As can be seen in the figure, all of these antibodies except 18B4 show bind to normal 

heart tissue.  

[00355] Figure 93A-93D show photographs of normal heart tissue specimens, stained with 

antibodies of the invention. Fig. 93A-93B show the entire tissue core. Fig. 93C-93D show the 

40X magnification of a particular area of the tissue. Fig. 93A and Fig. 93C show staining with 

antibody 8A9. Fig. 93B and Fig 93D show staining with antibody 17H6. Both antibodies bind to 

an epitope that that is outside of the PSMGFR region and comprises all or part of the sequence 

VQLTLAFRE. As can be seen in the figure, both antibodies show strong binding to normal heart 

tissue.  

[00356] Figure 94A-94B show photographs of normal heart tissue specimens, stained with an 

antibody of the invention 45C11. Fig. 94A show the entire tissue core. Fig. 94B show the 40X 

magnification of a particular area of the tissue. Antibody 45C11 binds to an epitope that is 

outside of the PSMGFR region and comprises all or part of the sequence SNIKFRPGSVV.  

Antibody 45C11 cannot bind to the N-10 peptide. As can be seen in the figure, 45C11 binds 

strongly to normal heart tissue.  

[00357] Figure 95A-95H show photographs of normal liver tissue specimens, stained with 

different antibodies of the invention. Fig. 95A-95D show the entire tissue core. Fig. 95E-95HL 

show the 40X magnification of a particular area of the tissue. Fig. 95A and Fig. 95E show 

staining with MNC2-scFv. Fig. 95B and Fig. 95F show staining with MNE6. Fig. 95C and Fig.  

95G show staining with 20A10. Fig. 95D and Fig. 95H show staining with 3C2B1. These 

antibodies bind to an epitope that comprises all or part of the sequence FPFS or PFPFSAQSGA.  

All these antibodies are all able to bind to the PSMGFR peptide, bind to the N-10 peptide but do 

not bind to the C-10 peptide. In addition, these antibodies disrupt the binding of NME7AB to the 

MUC1* extra cellular domain as exemplified by the PSMGFR peptide. Further, these antibodies 

recognize a MUC1 cleavage product when the cleavage enzyme is MMP9. As can be seen in the 

figure, these antibodies show no binding to normal liver tissue.  

[00358] Figure 96A-96D show photographs of normal liver tissue specimens, stained with 

different antibodies of the invention. Fig. 96A-96B show the entire tissue core. Fig. 96C-96D 

show the 40X magnification of a particular area of the tissue. Fig. 96A and Fig. 96C show 

staining with MNC3. Fig. 96B and Fig. 96D show staining with 25E6. These antibodies bind to 
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an epitope that comprises all or part of the sequence ASRYNLT. These antibodies are all able to 

bind to the PSMGFR peptide, bind to the N-10 peptide but also bind to the C-10 peptide.  

[00359] Figure 97A-97B show photographs of normal liver tissue specimens, stained with an 

antibody of the invention 1E4. Fig. 97A show the entire tissue core. Fig. 97B show the 40X 

magnification of a particular area of the tissue. Antibody 1E4 binds to an epitope that comprises 

all or part of the sequence QFNQYKTEA. Antibody 1E4 can bind to the N-10 peptide but also 

binds to the C-10 peptide. As can be seen in the figure, 1E4 binds to normal liver tissue.  

[00360] Figure 98A-98H show photographs of normal liver tissue specimens, stained with 

different antibodies of the invention. Fig. 98A-98D show the entire tissue core. Fig. 98E-98H 

show the 40X magnification of a particular area of the tissue. Fig. 98A and Fig. 98E show 

staining with 18B4. Fig. 98B and Fig. 98F show staining with 31A1. Fig. 98C and Fig. 98G 

show staining with 32C1. Fig. 98D and Fig. 98H show staining with 29H1. These antibodies 

bind to an epitope that comprises all or part of the sequence GTINVHDVET, which is the most 

N-terminal part of the PSMGFR peptide. None of these antibodies are able to bind to the N-10 

peptide. As can be seen in the figure, 32C1 shows some binding to normal liver and 29H1 shows 

extremely strong binding to normal liver tissue.  

[00361] Figure 99A-99D show photographs of normal liver tissue specimens, stained with 

antibodies of the invention. Fig. 99A-99B show the entire tissue core. Fig. 99C-99D show the 

40X magnification of a particular area of the tissue. Fig. 99A and Fig. 99C show staining with 

antibody 8A9. Fig. 99B and Fig. 99D show staining with antibody 17H6. Both antibodies bind to 

an epitope that that is outside of the PSMGFR region and comprises all or part of the sequence 

VQLTLAFRE. As can be seen in the figure, 8A9 shows strong binding to normal liver tissue.  

17H6 is a weak antibody and it is possible that it was not used at a high enough concentration in 

this study.  

[00362] Figure 10OA-100B show photographs of normal liver tissue specimens, stained with 

an antibody of the invention 45C11. Fig. 100A show the entire tissue core. Fig. 100B show the 

40X magnification of a particular area of the tissue. Antibody 45C11 binds to an epitope that is 

outside of the PSMGFR region and comprises all or part of the sequence SNIKFRPGSVV.  

Antibody 45C11 cannot bind to the N-10 peptide. As can be seen in the figure, 45C11 binds 

strongly to normal liver tissue.  
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[00363] Figure 101A-101H show photographs of normal lung tissue specimens, stained with 

different antibodies of the invention. Fig. 101A-101D show the entire tissue core. Fig. 101E

101H show the 40X magnification of a particular area of the tissue. Fig. 101A and Fig. 101E 

show staining with MNC2-scFv. Fig. 101B and Fig. 101F show staining with MNE6. Fig. 101C 

and Fig. 101G show staining with 20A10. Fig. 101D and Fig. 101H show staining with 3C2B1.  

These antibodies bind to an epitope that comprises all or part of the sequence FPFS or 

PFPFSAQSGA. All these antibodies are all able to bind to the PSMGFR peptide, bind to the N

10 peptide but do not bind to the C-10 peptide. In addition, these antibodies disrupt the binding 

of NME7AB to the MUC1* extra cellular domain as exemplified by the PSMGFR peptide.  

Further, these antibodies recognize a MUC1 cleavage product when the cleavage enzyme is 

MMP9. As can be seen in the figure, these antibodies show no binding to normal lung tissue.  

[00364] Figure 102A-102D show photographs of normal lung tissue specimens, stained with 

different antibodies of the invention. Fig. 102A-102B show the entire tissue core. Fig. 102C

102D show the 40X magnification of a particular area of the tissue. Fig. 102A and Fig. 102C 

show staining with MNC3. Fig. 102B and Fig. 102D show staining with 25E6. These antibodies 

bind to an epitope that comprises all or part of the sequence ASRYNLT. These antibodies are all 

able to bind to the PSMGFR peptide, bind to the N-10 peptide but also bind to the C-10 peptide.  

[00365] Figure 103A-103B show photographs of normal lung tissue specimens, stained with 

an antibody of the invention 1E4. Fig. 103A show the entire tissue core. Fig. 103B show the 40X 

magnification of a particular area of the tissue. Antibody 1E4 binds to an epitope that comprises 

all or part of the sequence QFNQYKTEA. Antibody 1E4 can bind to the N-10 peptide but also 

binds to the C-10 peptide.  

[00366] Figure 104A-104H show photographs of normal lung tissue specimens, stained with 

different antibodies of the invention. Fig. 104A-104D show the entire tissue core. Fig. 104E

104H show the 40X magnification of a particular area of the tissue. Fig. 104A and Fig. 104E 

show staining with 18B4. Fig. 104B and Fig. 104F show staining with 31Al. Fig. 104C and Fig.  

104G show staining with 32C1. Fig. 104D and Fig. 104H show staining with 29H1. These 

antibodies bind to an epitope that comprises all or part of the sequence GTINVHDVET, which is 

the most N-terminal part of the PSMGFR peptide. None of these antibodies are able to bind to 

the N-10 peptide. As can be seen in the figure, all these antibodies show strong binding to 

normal lung tissue.  
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[00367] Figure 105A-105D show photographs of normal lung tissue specimens, stained with 

antibodies of the invention. Fig. 105A-105B show the entire tissue core. Fig. 105C-105D show 

the 40X magnification of a particular area of the tissue. Fig. 105A and Fig. 105C show staining 

with antibody 8A9. Fig. 105B and Fig. 105D show staining with antibody 17H6. Both antibodies 

bind to an epitope that that is outside of the PSMGFR region and comprises all or part of the 

sequence VQLTLAFRE. As can be seen in the figure, 8A9 shows strong binding to normal lung 

tissue. 17H6 is a weak antibody and it is possible that it was not used at a high enough 

concentration in this study.  

[00368] Figure 106A-106B show photographs of normal lung tissue specimens, stained with 

an antibody of the invention 45C11. Fig. 106A show the entire tissue core. Fig. 106B show the 

40X magnification of a particular area of the tissue. Antibody 45C11 binds to an epitope that is 

outside of the PSMGFR region and comprises all or part of the sequence SNIKFRPGSVV.  

Antibody 45C11 cannot bind to the N-10 peptide. As can be seen in the figure, 45C11 binds to 

normal lung tissue.  

[00369] Figure 107A-107H show photographs of normal bone marrow tissue specimens, 

stained with different antibodies of the invention. Fig. 107A-107D show the entire tissue core.  

Fig. 107E-107H show the 40X magnification of a particular area of the tissue. Fig. 107A and 

Fig. 107E show staining with MNC2-scFv. Fig. 107B and Fig. 107F show staining with MNE6.  

Fig. 107C and Fig. 107G show staining with 20A10. Fig. 107D and Fig. 107H show staining 

with 3C2B1. These antibodies bind to an epitope that comprises all or part of the sequence FPFS 

or PFPFSAQSGA. All these antibodies are all able to bind to the PSMGFR peptide, bind to the 

N-10 peptide but do not bind to the C-10 peptide. In addition, these antibodies disrupt the 

binding of NME7AB to the MUC1* extra cellular domain as exemplified by the PSMGFR 

peptide. Further, these antibodies recognize a MUC1 cleavage product when the cleavage 

enzyme is MMP9. As can be seen in the figure, these antibodies show no binding to normal bone 

marrow tissue.  

[00370] Figure 108A-108D show photographs of normal bone marrow tissue specimens, 

stained with different antibodies of the invention. Fig. 108A-108B show the entire tissue core.  

Fig. 108C-108D show the 40X magnification of a particular area of the tissue. Fig. 108A and 

Fig. 108C show staining with MNC3. Fig. 108B and Fig. 108D show staining with 25E6. These 

antibodies bind to an epitope that comprises all or part of the sequence ASRYNLT. These 
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antibodies are all able to bind to the PSMGFR peptide, bind to the N-10 peptide but also bind to 

the C-10 peptide.  

[00371] Figure 109A-109B show photographs of normal bone marrow tissue specimens, 

stained with an antibody of the invention 1E4. Fig. 109A show the entire tissue core. Fig. 109B 

show the 40X magnification of a particular area of the tissue. Antibody 1E4 binds to an epitope 

that comprises all or part of the sequence QFNQYKTEA. Antibody 1E4 can bind to the N-10 

peptide but also binds to the C-10 peptide. 1E4 binds to normal bone marrow.  

[00372] Figure 110A-110H show photographs of normal bone marrow tissue specimens, 

stained with different antibodies of the invention. Fig. 110A-110D show the entire tissue core.  

Fig. 110E-110H show the 40X magnification of a particular area of the tissue. Fig. 110A and 

Fig. 110E show staining with 18B4. Fig. 110B and Fig. 11OF show staining with 31A1. Fig.  

110C and Fig. 11OG show staining with 32C1. Fig. 110D and Fig. 110H show staining with 

29H1. These antibodies bind to an epitope that comprises all or part of the sequence 

GTINVHDVET, which is the most N-terminal part of the PSMGFR peptide. None of these 

antibodies are able to bind to the N-10 peptide. As can be seen in the figure, all these antibodies 

show strong binding to normal bone marrow tissue.  

[00373] Figure i11A-i11D show photographs of normal bone marrow tissue specimens, 

stained with antibodies of the invention. Fig. 111A-111B show the entire tissue core. Fig. 111C

111D show the 40X magnification of a particular area of the tissue. Fig. 111A and Fig. 111C 

show staining with antibody 8A9. Fig. 111B and Fig. 111D show staining with antibody 17H6.  

Both antibodies bind to an epitope that that is outside of the PSMGFR region and comprises all 

or part of the sequence VQLTLAFRE. As can be seen in the figure, 8A9 shows strong binding to 

normal bone marrow tissue. 17H6 is a weak antibody and it is possible that it was not used at a 

high enough concentration in this study.  

[00374] Figure 112A-112B show photographs of normal bone marrow tissue specimens, 

stained with an antibody of the invention 45C11. Fig. 112A show the entire tissue core. Fig.  

112B show the 40X magnification of a particular area of thetissue. Antibody45C11 binds to an 

epitope that is outside of the PSMGFR region and comprises all or part of the sequence 

SNIKFRPGSVV. Antibody 45C11 cannot bind to the N-10 peptide. As can be seen in the 

figure, 45C11 binds to normal bone marrow tissue.  
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[00375] Figure 113A-113C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL. Fig. 113A 

shows photographs of the tissue micro array. Fig. 113B shows map of the array with abbreviated 

tissue descriptors. Fig. 113C detailed description of the tissue micro array with non-identifying 

donor data.  

[00376] Figure 114A-114X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL, magnified to 6X and 

20X. Fig. 114A and Fig. 114E are adrenal gland. Fig. 114B and Fig. 114F are breast. Fig. 114C 

and Fig. 114G are fallopian tube. Fig. 114D and Fig. 114H are kidney. Fig. 1141 and Fig.  

114M are heart muscle. Fig. 114J and Fig. 114N are liver. Fig. 114K and Fig. 1140 are lung.  

Fig. 114L and Fig. 114P are ureter. Fig. 114Q and Fig. 114U are eye. Fig. 114R and Fig. 114V 

are cerebral cortex. Fig. 114S and Fig. 114W are bone marrow. Fig. 114T and Fig. 114X are 

skeletal muscle.  

[00377] Figure 115A-115C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL. Fig. 115A 

shows photographs of the tissue micro array. Fig. 115B shows map of the array with abbreviated 

tissue descriptors. Fig. 115C detailed description of the tissue micro array with non-identifying 

donor data.  

[00378] Figure 116A-116F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL, magnified to 6X and 

20X. Fig. 116A and Fig. 116D are photographs of a Grade 2 invasive ductal carcinoma. Fig.  

116B and Fig. 116E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 116C and Fig.  

116F are photographs of a Grade 2 invasive ductal carcinoma.  

[00379] Figure 117A-117C shows photographs, array map and description of pancreatic 

cancer tissue array PA805c stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL. Fig.  

117A shows photographs of the tissue micro array. Fig. 117B shows map of the array with 

abbreviated tissue descriptors. Fig. 117C detailed description of the tissue micro array with non

identifying donor data.  

[00380] Figure 118A-118F shows photographs of specific tissues from pancreatic cancer 

tissue array PA805c stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL, magnified to 

6X and 20X. Fig. 118A and Fig. 118D are photographs of a Grade 2 papillary adenocarcinoma.  
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Fig. 118B and Fig. 118E are photographs of a Grade 2-3 ductal carcinoma. Fig. 118C and Fig.  

118F are photographs of a Grade 3 invasive adenocarcinoma.  

[00381] Figure 119A-119C shows photographs, array map and description of esophageal 

cancer tissue array BC001113 stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL.  

Fig. 119A shows photographs of the tissue micro array. Fig. 119B shows map of the array with 

abbreviated tissue descriptors. Fig. 119C detailed description of the tissue micro array with non

identifying donor data.  

[00382] Figure 120A-120F shows photographs of specific tissues from esophageal cancer 

tissue array BC001113 stained with the anti-PSMGFR antibody 20A10 at 0.25ug/mL, magnified 

to 6X and 20X. Fig. 120A and Fig. 120D are photographs of the specimen at position Al. Fig.  

120B and Fig. 120E are photographs of the specimen at position A7. Fig. 120C and Fig. 120F 

are photographs of the specimen at position A8.  

[00383] Figure 121A-121C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL. Fig. 121A shows 

photographs of the tissue micro array. Fig. 121B shows map of the array with abbreviated tissue 

descriptors. Fig. 121C detailed description of the tissue micro array with non-identifying donor 

data.  

[00384] Figure 122A-122X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL, magnified to 6X and 

20X. Fig. 122A and Fig. 122E are adrenal gland. Fig. 122B and Fig. 122F are breast. Fig. 122C 

and Fig. 122G are fallopian tube. Fig. 122D and Fig. 122H are kidney. Fig. 1221 and Fig.  

122M are heart muscle. Fig. 122J and Fig. 122N are liver. Fig. 122K and Fig. 1220 are lung.  

Fig. 122L and Fig. 122P are ureter. Fig. 122Q and Fig. 122U are eye. Fig. 122R and Fig. 122V 

are cerebral cortex. Fig. 122S and Fig. 122W are bone marrow. Fig. 122T and Fig. 122X are 

skeletal muscle.  

[00385] Figure 123A-123C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL. Fig.  

123A shows photographs of the tissue micro array. Fig. 123B shows map of the array with 

abbreviated tissue descriptors. Fig. 123C detailed description of the tissue micro array with non

identifying donor data.  
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[00386] Figure 124A-124F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL, magnified to 

6X and 20X. Fig. 124A and Fig. 124D are photographs of a Grade 2 adenocarcinoma. Fig. 124B 

and Fig. 124E are photographs of a Grade 2 adenocarcinoma. Fig. 124C and Fig. 124F are 

photographs of a Grade 2 adenocarcinoma.  

[00387] Figure 125A-125C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL. Fig. 125A shows 

photographs of the tissue micro array. Fig. 125B shows map of the array with abbreviated tissue 

descriptors. Fig. 125C detailed description of the tissue micro array with non-identifying donor 

data.  

[00388] Figure 126A-126F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL, magnified to 6X and 

20X. Fig. 126A and Fig. 126D are photographs of a Grade 2 invasive ductal carcinoma. Fig.  

126B and Fig. 126E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 126C and Fig.  

126F are photographs of a Grade 2 invasive carcinoma.  

[00389] Figure 127A-127C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the anti-PSMGFR antibody 5C6F3 at lug/mL. Fig. 127A shows 

photographs of the tissue micro array. Fig. 127B shows map of the array with abbreviated tissue 

descriptors. Fig. 127C detailed description of the tissue micro array with non-identifying donor 

data.  

[00390] Figure 128A-128X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 5C6F3 at lug/mL, magnified to 6X and 20X.  

Fig. 128A and Fig. 128E are adrenal gland. Fig. 128B and Fig. 128F are breast. Fig. 128C and 

Fig. 128G are fallopian tube. Fig. 128D and Fig. 128H are kidney. Fig. 1281 and Fig. 128M 

are heart muscle. Fig. 128J and Fig. 128N are liver. Fig. 128K and Fig. 1280 are lung. Fig.  

128L and Fig. 128P are ureter. Fig. 128Q and Fig. 128U are eye. Fig. 128R and Fig. 128V are 

cerebral cortex. Fig. 128S and Fig. 128W are bone marrow. Fig. 128T and Fig. 128X are skeletal 

muscle.  

[00391] Figure 129A-129C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the anti-PSMGFR antibody 5C6F3 at 1-20ug/mL. Fig.  

129A shows photographs of the tissue micro array. Fig. 129B shows map of the array with 
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abbreviated tissue descriptors. Fig. 129C detailed description of the tissue micro array with non

identifying donor data.  

[00392] Figure 130A-130F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the anti-PSMGFR antibody 5C6F3 at lug/mL, magnified to 6X 

and 20X. Fig. 130A and Fig. 130D are photographs of a Grade 2 adenocarcinoma. Fig. 130B and 

Fig. 130E are photographs of a Grade 2 adenocarcinoma. Fig. 130C and Fig. 130F are 

photographs of a Grade 2 adenocarcinoma.  

[00393] Figure 131A-131C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 5C6F3 at lug/mL. Fig. 131A shows 

photographs of the tissue micro array. Fig. 131B shows map of the array with abbreviated tissue 

descriptors. Fig. 131C detailed description of the tissue micro array with non-identifying donor 

data.  

[00394] Figure 132A-132F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 5C6F3 at lug/mL, magnified to 6X and 20X.  

Fig. 132A and Fig. 132D are photographs of a Grade 2 invasive ductal carcinoma. Fig. 132B and 

Fig. 132E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 132C and Fig. 132F are 

photographs of a Grade 2 invasive carcinoma.  

[00395] Figure 133A-133C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the anti-PSMGFR antibody 18B4 at lOug/mL. Fig. 133A shows 

photographs of the tissue micro array. Fig. 133B shows map of the array with abbreviated tissue 

descriptors. Fig. 133C detailed description of the tissue micro array with non-identifying donor 

data.  

[00396] Figure 134A-134X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 18B4 at lOug/mL, magnified to 6X and 20X.  

Fig. 134A and Fig. 134E are adrenal gland. Fig. 134B and Fig. 134F are breast. Fig. 134C and 

Fig. 134G are fallopian tube. Fig. 134D and Fig. 134H are kidney. Fig. 1341 and Fig. 134M 

are heart muscle. Fig. 134J and Fig. 134N are liver. Fig. 134K and Fig. 1340 are lung. Fig.  

134L and Fig. 134P are ureter. Fig. 134Q and Fig. 134U are eye. Fig. 134R and Fig. 134V are 

cerebral cortex. Fig. 134S and Fig. 134W are bone marrow. Fig. 134T and Fig. 134X are skeletal 

muscle.  
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[00397] Figure 135A-135C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 18B4 at lOug/mL. Fig. 135A shows 

photographs of the tissue micro array. Fig. 135B shows map of the array with abbreviated tissue 

descriptors. Fig. 135C detailed description of the tissue micro array with non-identifying donor 

data.  

[00398] Figure 136A-136F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 18B4 at lOug/mL, magnified to 6X and 20X.  

Fig. 136A and Fig. 136D are photographs of a Grade 2 invasive ductal carcinoma. Fig. 136B and 

Fig. 136E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 136C and Fig. 136F are 

photographs of a Grade 2 invasive ductal carcinoma.  

[00399] Figure 137A-137C shows photographs, array map and description of esophageal 

cancer tissue array BC001113 stained with the anti-PSMGFR antibody 18B4 at lOug/mL. Fig.  

137A shows photographs of the tissue micro array. Fig. 137B shows map of the array with 

abbreviated tissue descriptors. Fig. 137C detailed description of the tissue micro array with non

identifying donor data.  

[00400] Figure 138A-138F shows photographs of specific tissues from esophageal cancer 

tissue array BCOO1113 stained with the anti-PSMGFR antibody 18B4 at 1Oug/mL, magnified to 

6X and 20X. Fig. 138A and Fig. 138D are photographs of the specimen at position Al. Fig.  

138B and Fig. 138E are photographs of the specimen at position A7. Fig. 138C and Fig. 138F 

are photographs of the specimen at position A8.  

[00401] Figure 139A-139C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the anti-PSMGFR antibody 18G12 at lOug/mL. Fig. 139A shows 

photographs of the tissue micro array. Fig. 139B shows map of the array with abbreviated tissue 

descriptors. Fig. 139C detailed description of the tissue micro array with non-identifying donor 

data.  

[00402] Figure 140A-140X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 18G12 at lOug/mL, magnified to 6X and 

20X. Fig. 140A and Fig. 140E are adrenal gland. Fig. 140B and Fig. 140F are breast. Fig. 140C 

and Fig. 140G are fallopian tube. Fig. 140D and Fig. 140H are kidney. Fig. 1401 and Fig.  

140M are heart muscle. Fig. 140J and Fig. 140N are liver. Fig. 140K and Fig. 1400 are lung.  

Fig. 140L and Fig. 140P are ureter. Fig. 140Q and Fig. 140U are eye. Fig. 140R and Fig. 140V 
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are cerebral cortex. Fig. 140S and Fig. 140W are bone marrow. Fig. 140T and Fig. 140X are 

skeletal muscle.  

[00403] Figure 141A-141C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 18G12 at 15ug/mL. Fig. 141A shows 

photographs of the tissue micro array. Fig. 141B shows map of the array with abbreviated tissue 

descriptors. Fig. 141C detailed description of the tissue micro array with non-identifying donor 

data.  

[00404] Figure 142A-142F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 18G12 at 15ug/mL, magnified to 6X and 

20X. Fig. 142A and Fig. 142D are photographs of a Grade 2 invasive ductal carcinoma. Fig.  

142B and Fig. 142E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 142C and Fig.  

142F are photographs of a Grade 2 invasive ductal carcinoma.  

[00405] Figure 143A-143C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the anti-PSMGFR antibody 18G12 at 15ug/mL. Fig.  

143A shows photographs of the tissue micro array. Fig. 143B shows map of the array with 

abbreviated tissue descriptors. Fig. 143C detailed description of the tissue micro array with non

identifying donor data.  

[00406] Figure 144A-144F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the anti-PSMGFR antibody 18G12 at 15ug/mL, magnified to 

6X and 20X. Fig. 144A and Fig. 144D are photographs of a Grade 2 adenocarcinoma. Fig. 144B 

and Fig. 144E are photographs of a Grade 2 adenocarcinoma. Fig. 144C and Fig. 144F are 

photographs of a Grade 2-3 adenocarcinoma with lymph node involvement.  

[00407] Figure 145A-145C shows photographs, array map and description of esophageal 

cancer tissue array BC001113 stained with the anti-PSMGFR antibody 18G12 at 30ug/mL. Fig.  

145A shows photographs of the tissue micro array. Fig. 145B shows map of the array with 

abbreviated tissue descriptors. Fig. 145C detailed description of the tissue micro array with non

identifying donor data.  

[00408] Figure 146A-146F shows photographs of specific tissues from esophageal cancer 

tissue array BCOO1113 stained with the anti-PSMGFR antibody 18G12 at 30ug/mL, magnified to 

6X and 20X. Fig. 146A and Fig. 146D are photographs of the specimen at position Al. Fig.  
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146B and Fig. 146E are photographs of the specimen at position A7. Fig. 146C and Fig. 146F 

are photographs of the specimen at position A8.  

[00409] Figure 147A-147C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the anti-PSMGFR antibody 25E6 at 5.Oug/mL. Fig. 147A shows 

photographs of the tissue micro array. Fig. 147B shows map of the array with abbreviated tissue 

descriptors. Fig. 147C detailed description of the tissue micro array with non-identifying donor 

data.  

[00410] Figure 148A-148X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 25E6 at 5.Oug/mL, magnified to 6X and 

20X. Fig. 148A and Fig. 148E are adrenal gland. Fig. 148B and Fig. 148F are breast. Fig. 148C 

and Fig. 148G are fallopian tube. Fig. 148D and Fig. 148H are kidney. Fig. 1481 and Fig.  

148M are heart muscle. Fig. 148J and Fig. 148N are liver. Fig. 148K and Fig. 1480 are lung.  

Fig. 148L and Fig. 148P are ureter. Fig. 148Q and Fig. 148U are eye. Fig. 148R and Fig. 148V 

are cerebral cortex. Fig. 148S and Fig. 148W are bone marrow. Fig. 148T and Fig. 148X are 

skeletal muscle.  

[00411] Figure 149A-149C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 25E6 at 5.Oug/mL. Fig. 149A shows 

photographs of the tissue micro array. Fig. 149B shows map of the array with abbreviated tissue 

descriptors. Fig. 149C detailed description of the tissue micro array with non-identifying donor 

data.  

[00412] Figure 150A-150F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 25E6 at 5.Oug/mL, magnified to 6X and 

20X. Fig. 150A and Fig. 150D are photographs of a Grade 2 invasive ductal carcinoma. Fig.  

150B and Fig. 150E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 150C and Fig.  

150F are photographs of a Grade 2 invasive ductal carcinoma.  

[00413] Figure 151A-151C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the anti-PSMGFR antibody 25E6 at 5.ug/mL. Fig.  

151A shows photographs of the tissue micro array. Fig. 151B shows map of the array with 

abbreviated tissue descriptors. Fig. 151C detailed description of the tissue micro array with non

identifying donor data.  
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[00414] Figure 152A-152F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the anti-PSMGFR antibody 25E6 at 5.ug/mL, magnified to 

6X and 20X. Fig. 152A and Fig. 152D are photographs of a Grade 2 adenocarcinoma. Fig. 152B 

and Fig. 152E are photographs of a Grade 1 adenocarcinoma. Fig. 152C and Fig. 152F are 

photographs of a Grade 1 adenocarcinoma.  

[00415] Figure 153A-153C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the anti-PSMGFR antibody 28F9 at 15.Oug/mL. Fig. 153A shows 

photographs of the tissue micro array. Fig. 153B shows map of the array with abbreviated tissue 

descriptors. Fig. 153C detailed description of the tissue micro array with non-identifying donor 

data.  

[00416] Figure 154A-154X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 28F9 at 15.Oug/mL, magnified to 6X and 

20X. Fig. 154A and Fig. 154E are adrenal gland. Fig. 154B and Fig. 154F are breast. Fig. 154C 

and Fig. 154G are fallopian tube. Fig. 154D and Fig. 154H are kidney. Fig. 1541 and Fig.  

154M are heart muscle. Fig. 154J and Fig. 154N are liver. Fig. 154K and Fig. 1540 are lung.  

Fig. 154L and Fig. 154P are ureter. Fig. 154Q and Fig. 154U are eye. Fig. 154R and Fig. 154V 

are cerebral cortex. Fig. 154S and Fig. 154W are bone marrow. Fig. 154T and Fig. 154X are 

skeletal muscle.  

[00417] Figure 155A-155C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 28F9 at 15.Oug/mL. Fig. 155A shows 

photographs of the tissue micro array. Fig. 155B shows map of the array with abbreviated tissue 

descriptors. Fig. 155C detailed description of the tissue micro array with non-identifying donor 

data.  

[00418] Figure 156A-156F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 28F9 at 15.Oug/mL, magnified to 6X and 

20X. Fig. 156A and Fig. 156D are photographs of a Grade 2 invasive ductal carcinoma. Fig.  

156B and Fig. 156E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 156C and Fig.  

156F are photographs of a Grade 2 invasive ductal carcinoma.  

[00419] Figure 157A-157C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+20/C-27 antibody 1E4 at 7.5ug/mL. Fig. 157A shows 

photographs of the tissue micro array. Fig. 157B shows map of the array with abbreviated tissue 
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descriptors. Fig. 157C detailed description of the tissue micro array with non-identifying donor 

data.  

[00420] Figure 158A-158X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+20/C-27 antibody 1E4 at 7.5ug/mL, magnified to 6X and 20X.  

Fig. 158A and Fig. 158E are adrenal gland. Fig. 158B and Fig. 158F are breast. Fig. 158C and 

Fig. 158G are fallopian tube. Fig. 158D and Fig. 158H are kidney. Fig. 1581 and Fig. 158M 

are heart muscle. Fig. 158J and Fig. 158N are liver. Fig. 158K and Fig. 1580 are lung. Fig.  

158L and Fig. 158P are ureter. Fig. 158Q and Fig. 158U are eye. Fig. 158R and Fig. 158V are 

cerebral cortex. Fig. 158S and Fig. 158W are bone marrow. Fig. 158T and Fig. 158X are skeletal 

muscle.  

[00421] Figure 159A-159C shows photographs, array map and description of breast cancer 

tissue array BR1007 stained with the N+20/C-27 antibody 1E4 at 10.ug/mL. Fig. 159A shows 

photographs of the tissue micro array. Fig. 159B shows map of the array with abbreviated tissue 

descriptors. Fig. 159C detailed description of the tissue micro array with non-identifying donor 

data.  

[00422] Figure 160A-160F shows photographs of specific tissues from breast cancer tissue 

array BR1007 stained with the N+20/C-27 antibody 1E4 at 10.Oug/mL, magnified to 6X and 

20X. Fig. 160A and Fig. 160D are photographs of a Grade 2 invasive ductal carcinoma with 

positive lymph nodes. Fig. 160B and Fig. 160E are photographs of a Grade 2 invasive ductal 

carcinoma. Fig. 160C and Fig. 160F are photographs of a Grade 2 invasive ductal carcinoma.  

[00423] Figure 161A-161C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+20/C-27 antibody 29H1 at 0.5ug/mL. Fig. 161A shows 

photographs of the tissue micro array. Fig. 161B shows map of the array with abbreviated tissue 

descriptors. Fig. 161C detailed description of the tissue micro array with non-identifying donor 

data.  

[00424] Figure 162A-162X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+20/C-27 antibody 29H1 at 0.5ug/mL, magnified to 6X and 20X.  

Fig. 162A and Fig. 162E are adrenal gland. Fig. 162B and Fig. 162F are breast. Fig. 162C and 

Fig. 162G are fallopian tube. Fig. 162D and Fig. 162H are kidney. Fig. 1621 and Fig. 162M 

are heart muscle. Fig. 162J and Fig. 162N are liver. Fig. 162K and Fig. 1620 are lung. Fig.  

162L and Fig. 162P are ureter. Fig. 162Q and Fig. 162U are eye. Fig. 162R and Fig. 162V are 
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cerebral cortex. Fig. 162S and Fig. 162W are bone marrow. Fig. 162T and Fig. 162X are skeletal 

muscle.  

[00425] Figure 163A-163C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the N+20/C-27 antibody 29H1 at 0.5ug/mL. Fig. 163A shows 

photographs of the tissue micro array. Fig. 163B shows map of the array with abbreviated tissue 

descriptors. Fig. 163C detailed description of the tissue micro array with non-identifying donor 

data.  

[00426] Figure 164A-164F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the N+20/C-27 antibody 29H1 at 0.5ug/mL, magnified to 6X and 20X.  

Fig. 164A and Fig. 164D are photographs of a Grade 2 invasive ductal carcinoma. Fig. 164B and 

Fig. 164E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 164C and Fig. 164F are 

photographs of a Grade 2 invasive ductal carcinoma.  

[00427] Figure 165A-165C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the N+20/C-27 antibody 29H1 at 0.5ug/mL. Fig. 165A 

shows photographs of the tissue micro array. Fig. 165B shows map of the array with abbreviated 

tissue descriptors. Fig. 165C detailed description of the tissue micro array with non-identifying 

donor data.  

[00428] Figure 166A-166F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the N+20/C-27 antibody 29H1 at 0.5ug/mL, magnified to 6X 

and 20X. Fig. 166A and Fig. 166D are photographs of a Grade 2 adenocarcinoma. Fig. 166B and 

Fig. 166E are photographs of a Grade 2 adenocarcinoma. Fig. 166C and Fig. 166F are 

photographs of a Grade 3 adenocarcinoma.  

[00429] Figure 167A-167C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+20/C-27 antibody 31A1 at 0.5ug/mL. Fig. 167A shows 

photographs of the tissue micro array. Fig. 167B shows map of the array with abbreviated tissue 

descriptors. Fig. 167C detailed description of the tissue micro array with non-identifying donor 

data.  

[00430] Figure 168A-168X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+20/C-27 antibody 31A1 at 0.5ug/mL, magnified to 6X and 20X.  

Fig. 168A and Fig. 168E are adrenal gland. Fig. 168B and Fig. 168F are breast. Fig. 168C and 

Fig. 168G are fallopian tube. Fig. 168D and Fig. 168H are kidney. Fig. 1681 and Fig. 168M 
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are heart muscle. Fig. 168J and Fig. 168N are liver. Fig. 168K and Fig. 1680 are lung. Fig.  

168L and Fig. 168P are ureter. Fig. 168Q and Fig. 168U are eye. Fig. 168R and Fig. 168V are 

cerebral cortex. Fig. 168S and Fig. 168W are bone marrow. Fig. 168T and Fig. 168X are skeletal 

muscle.  

[00431] Figure 169A-169C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the N+20/C-27 antibody 31A1 at 0.5ug/mL. Fig. 169A shows 

photographs of the tissue micro array. Fig. 169B shows map of the array with abbreviated tissue 

descriptors. Fig. 169C detailed description of the tissue micro array with non-identifying donor 

data.  

[00432] Figure 170A-170F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the N+20/C-27 antibody 31A1 at 0.5ug/mL, magnified to 6X and 20X.  

Fig. 170A and Fig. 170D are photographs of a Grade 2 invasive ductal carcinoma. Fig. 170B and 

Fig. 170E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 170C and Fig. 170F are 

photographs of a Grade 2 invasive ductal carcinoma.  

[00433] Figure 171A-171C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the N+20/C-27 antibody 31A1 at 0.5ug/mL. Fig. 171A 

shows photographs of the tissue micro array. Fig. 171B shows map of the array with abbreviated 

tissue descriptors. Fig. 171C detailed description of the tissue micro array with non-identifying 

donor data.  

[00434] Figure 172A-172F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the N+20/C-27 antibody 31A1 at 0.5ug/mL, magnified to 6X 

and 20X. Fig. 172A and Fig. 172D are photographs of a Grade 1 adenocarcinoma. Fig. 172B and 

Fig. 172E are photographs of a Grade 2 adenocarcinoma. Fig. 172C and Fig. 172F are 

photographs of a Grade 3 adenocarcinoma.  

[00435] Figure 173A-173C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+20/C-27 antibody 32C1 at 0.25ug/mL. Fig. 173A shows 

photographs of the tissue micro array. Fig. 173B shows map of the array with abbreviated tissue 

descriptors. Fig. 173C detailed description of the tissue micro array with non-identifying donor 

data.  

[00436] Figure 174A-174X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+20/C-27 antibody 32C1 at 0.25ug/mL, magnified to 6X and 20X.  
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Fig. 174A and Fig. 174E are adrenal gland. Fig. 174B and Fig. 174F are breast. Fig. 174C and 

Fig. 174G are fallopian tube. Fig. 174D and Fig. 174H are kidney. Fig. 1741 and Fig. 174M 

are heart muscle. Fig. 174J and Fig. 174N are liver. Fig. 174K and Fig. 1740 are lung. Fig.  

174L and Fig. 174P are ureter. Fig. 174Q and Fig. 174U are eye. Fig. 174R and Fig. 174V are 

cerebral cortex. Fig. 174S and Fig. 174W are bone marrow. Fig. 174T and Fig. 174X are skeletal 

muscle.  

[00437] Figure 175A-175C shows photographs, array map and description of breast cancer 

tissue array 1141 stained with the N+20/C-27 antibody 32C1 at 5.Oug/mL. Fig. 175A shows 

photographs of the tissue micro array. Fig. 175B shows map of the array with abbreviated tissue 

descriptors. Fig. 175C detailed description of the tissue micro array with non-identifying donor 

data.  

[00438] Figure 176A-176F shows photographs of specific tissues from breast cancer tissue 

array 1141 stained with the N+20/C-27 antibody 32C1 at 5.Oug/mL, magnified to 6X and 20X.  

Fig. 176A and Fig. 176D are photographs of a Grade 2 invasive ductal carcinoma. Fig. 176B and 

Fig. 176E are photographs of a Grade 2 invasive ductal carcinoma. Fig. 176C and Fig. 176F are 

photographs of a Grade 2 invasive ductal carcinoma.  

[00439] Figure 177A-177C shows photographs, array map and description of esophageal 

cancer tissue array ES1001 stained with the N+20/C-27 antibody 32C1 at 1.ug/mL. Fig. 177A 

shows photographs of the tissue micro array. Fig. 177B shows map of the array with abbreviated 

tissue descriptors. Fig. 177C detailed description of the tissue micro array with non-identifying 

donor data.  

[00440] Figure 178A-178F shows photographs of specific tissues from esophageal cancer 

tissue array BCOO1113 stained with the N+20/C-27 antibody 32C1 at 1.Oug/mL, magnified to 6X 

and 20X. Fig. 178A and Fig. 178D are photographs of a squamous cell carcinoma. Fig. 178B and 

Fig. 178E are photographs of an adenocarcinoma. Fig. 178C and Fig. 178F are photographs of a 

squamous cell carcinoma.  

[00441] Figure 179A-179C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+20/C-27 antibody 45C11 at 12.5ug/mL. Fig. 179A shows 

photographs of the tissue micro array. Fig. 179B shows map of the array with abbreviated tissue 

descriptors. Fig. 179C detailed description of the tissue micro array with non-identifying donor 

data.  
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[00442] Figure 180A-180X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+20/C-27 antibody 45C11 at 12.5ug/mL, magnified to 6X and 20X.  

Fig. 180A and Fig. 180E are adrenal gland. Fig. 180B and Fig. 180F are breast. Fig. 180C and 

Fig. 180G are fallopian tube. Fig. 180D and Fig. 180H are kidney. Fig. 1801 and Fig. 180M 

are heart muscle. Fig. 180J and Fig. 180N are liver. Fig. 180K and Fig. 1800 are lung. Fig.  

180L and Fig. 180P are ureter. Fig. 180Q and Fig. 180U are eye. Fig. 180R and Fig. 180V are 

cerebral cortex. Fig. 180S and Fig. 180W are bone marrow. Fig. 180T and Fig. 180X are skeletal 

muscle.  

[00443] Figure 181A-181C shows photographs, array map and description of breast cancer 

tissue array BR1007 stained with the N+20/C-27 antibody 45C11 at 10.ug/mL. Fig. 181A 

shows photographs of the tissue micro array. Fig. 181B shows map of the array with abbreviated 

tissue descriptors. Fig. 181C detailed description of the tissue micro array with non-identifying 

donor data.  

[00444] Figure 182A-182F shows photographs of specific tissues from breast cancer tissue 

array BR1007 stained with the N+20/C-27 antibody 45C11 at 10.Oug/mL, magnified to 6X and 

20X. Fig. 182A and Fig. 182D are photographs of a Grade 2 invasive ductal carcinoma with 

positive lymph nodes. Fig. 182B and Fig. 182E are photographs of a Grade 2 invasive ductal 

carcinoma. Fig. 182C and Fig. 182F are photographs of a Grade 2 invasive ductal carcinoma.  

[00445] Figure 183A-183C shows photographs, array map and description of pancreatic 

cancer tissue array PA805c stained with the N+20/C-27 antibody 45C11 at 12.5ug/mL. Fig.  

183A shows photographs of the tissue micro array. Fig. 183B shows map of the array with 

abbreviated tissue descriptors. Fig. 183C detailed description of the tissue micro array with non

identifying donor data.  

[00446] Figure 184A-184F shows photographs of specific tissues from pancreatic cancer 

tissue array PA805c stained with the N+20/C-27 antibody 45C11 at 12.5ug/mL, magnified to 6X 

and 20X. Fig. 184A and Fig. 184D are photographs of a Grade 2 papillary adenocarcinoma. Fig.  

184B and Fig. 184E are photographs of a Grade 2-3 ductal carcinoma. Fig. 184C and Fig. 184F 

are photographs of a Grade 3 invasive adenocarcinoma.  

[00447] Figure 185A-185C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+9/C-9 antibody 3C5 at 10.ug/mL. Fig. 185A shows 

photographs of the tissue micro array. Fig. 185B shows map of the array with abbreviated tissue 
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descriptors. Fig. 185C detailed description of the tissue micro array with non-identifying donor 

data.  

[00448] Figure 186A-186X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+9/C-9 antibody 3C5 at 10.Oug/mL, magnified to 6X and 20X. Fig.  

186A and Fig. 186E are adrenal gland. Fig. 186B and Fig. 186F are breast. Fig. 186C and Fig.  

186G are fallopian tube. Fig. 186D and Fig. 186H are kidney. Fig. 1861 and Fig. 186M are 

heart muscle. Fig. 186J and Fig. 186N are liver. Fig. 186K and Fig. 1860 are lung. Fig. 186L 

and Fig. 186P are ureter. Fig. 186Q and Fig. 186U are eye. Fig. 186R and Fig. 186V are cerebral 

cortex. Fig. 186S and Fig. 186W are bone marrow. Fig. 186T and Fig. 186X are skeletal muscle.  

[00449] Figure 187A-187C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the N+9/C-9 antibody 3C5 at 10.ug/mL. Fig. 187A 

shows photographs of the tissue micro array. Fig. 187B shows map of the array with abbreviated 

tissue descriptors. Fig. 187C detailed description of the tissue micro array with non-identifying 

donor data.  

[00450] Figure 188A-188F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the N+9/C-9 antibody 3C5 at 10.Oug/mL, magnified to 6X and 

20X. Fig. 188A and Fig. 188D are photographs of a Grade 2 adenocarcinoma. Fig. 188B and Fig.  

188E are photographs of a Grade 2 adenocarcinoma. Fig. 188C and Fig. 188F are photographs of 

a Grade 2-3 adenocarcinoma with lymph node involvement.  

[00451] Figure 189A-189C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+9/C-9 antibody 8A9 at 15.ug/mL. Fig. 189A shows 

photographs of the tissue micro array. Fig. 189B shows map of the array with abbreviated tissue 

descriptors. Fig. 189C detailed description of the tissue micro array with non-identifying donor 

data.  

[00452] Figure 190A-190X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+9/C-9 antibody 8A9 at 15.Oug/mL, magnified to 6X and 20X. Fig.  

190A and Fig. 190E are adrenal gland. Fig. 190B and Fig. 190F are breast. Fig. 190C and Fig.  

190G are fallopian tube. Fig. 190D and Fig. 190H are kidney. Fig. 1901 and Fig. 190M are 

heart muscle. Fig. 190J and Fig. 190N are liver. Fig. 190K and Fig. 1900 are lung. Fig. 190L 

and Fig. 190P are ureter. Fig. 190Q and Fig. 190U are eye. Fig. 190R and Fig. 190V are cerebral 

cortex. Fig. 190S and Fig. 190W are bone marrow. Fig. 190T and Fig. 190X are skeletal muscle.  
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[00453] Figure 191A-191C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the N+9/C-9 antibody 8A9 at 15.Oug/mL. Fig. 191A 

shows photographs of the tissue micro array. Fig. 191B shows map of the array with abbreviated 

tissue descriptors. Fig. 191C detailed description of the tissue micro array with non-identifying 

donor data.  

[00454] Figure 192A-192F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the N+9/C-9 antibody 8A9 at 15.Oug/mL, magnified to 6X and 

20X. Fig. 192A and Fig. 192D are photographs of a Grade 2 adenocarcinoma. Fig. 192B and Fig.  

192E are photographs of a Grade 2 adenocarcinoma. Fig. 192C and Fig. 192F are photographs of 

a Grade 2 adenocarcinoma.  

[00455] Figure 193A-193C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+9/C-9 antibody 17H6 at 30.ug/mL. Fig. 193A shows 

photographs of the tissue micro array. Fig. 193B shows map of the array with abbreviated tissue 

descriptors. Fig. 193C detailed description of the tissue micro array with non-identifying donor 

data.  

[00456] Figure 194A-194X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+9/C-9 antibody 17H6 at 30.Oug/mL, magnified to 6X and 20X.  

Fig. 194A and Fig. 194E are adrenal gland. Fig. 194B and Fig. 194F are breast. Fig. 194C and 

Fig. 194G are fallopian tube. Fig. 194D and Fig. 194H are kidney. Fig. 1941 and Fig. 194M 

are heart muscle. Fig. 194J and Fig. 194N are liver. Fig. 194K and Fig. 1940 are lung. Fig.  

194L and Fig. 194P are ureter. Fig. 194Q and Fig. 194U are eye. Fig. 194R and Fig. 194V are 

cerebral cortex. Fig. 194S and Fig. 194W are bone marrow. Fig. 194T and Fig. 194X are skeletal 

muscle.  

[00457] Figure 195A-195C shows photographs, array map and description of pancreatic 

cancer tissue array PA805c stained with the N+9/C-9 antibody 17H6 at 30.Oug/mL. Fig. 195A 

shows photographs of the tissue micro array. Fig. 195B shows map of the array with abbreviated 

tissue descriptors. Fig. 195C detailed description of the tissue micro array with non-identifying 

donor data.  

[00458] Figure 196A-196F shows photographs of specific tissues from pancreatic cancer 

tissue array PA805c stained with the N+9/C-9 antibody 17H6 at 30.Oug/mL, magnified to 6X 

and 20X. Fig. 196A and Fig. 196D are photographs of a Grade 2 papillary adenocarcinoma. Fig.  
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196B and Fig. 196E are photographs of a Grade 2-3 ductal carcinoma with lymph node 

involvement. Fig. 196C and Fig. 196F are photographs of a Grade 3 invasive adenocarcinoma.  

[00459] Figure 197A-197C shows photographs, array map and description of FDA normal 

tissue array 1021 stained with the N+9/C-9 antibody 39H5 at 5.ug/mL. Fig. 197A shows 

photographs of the tissue micro array. Fig. 197B shows map of the array with abbreviated tissue 

descriptors. Fig. 197C detailed description of the tissue micro array with non-identifying donor 

data.  

[00460] Figure 198A-198X shows photographs of specific tissues from FDA normal tissue 

array 1021 stained with the N+9/C-9 antibody 39H5 at 5.Oug/mL, magnified to 6X and 20X. Fig.  

198A and Fig. 198E are adrenal gland. Fig. 198B and Fig. 198F are breast. Fig. 198C and Fig.  

198G are fallopian tube. Fig. 198D and Fig. 198H are kidney. Fig. 1981 and Fig. 198M are 

heart muscle. Fig. 198J and Fig. 198N are liver. Fig. 198K and Fig. 1980 are lung. Fig. 198L 

and Fig. 198P are ureter. Fig. 198Q and Fig. 198U are eye. Fig. 198R and Fig. 198V are cerebral 

cortex. Fig. 198S and Fig. 198W are bone marrow. Fig. 198T and Fig. 198X are skeletal muscle.  

[00461] Figure 199A-199C shows photographs, array map and description of pancreatic 

cancer tissue array PA1003 stained with the N+9/C-9 antibody 39H5 at 5.Oug/mL. Fig. 199A 

shows photographs of the tissue micro array. Fig. 199B shows map of the array with abbreviated 

tissue descriptors. Fig. 199C detailed description of the tissue micro array with non-identifying 

donor data.  

[00462] Figure 200A-200F shows photographs of specific tissues from pancreatic cancer 

tissue array PA1003 stained with the N+9/C-9 antibody 39H5 at 5.Oug/mL, magnified to 6X and 

20X. Fig. 200A and Fig. 200D are photographs of a Grade 2 adenocarcinoma. Fig. 200B and Fig.  

200E are photographs of a Grade 2 adenocarcinoma. Fig. 200C and Fig. 200F are photographs of 

a Grade 2 adenocarcinoma.  

[00463] Figure 201A-201C show graphs of ELISA assays to determine the binding of another 

set of antibodies generated by immunizing animals with the PSMGFR peptide. Fig. 201A shows 

binding to the PSMGFR peptide. Fig. 201B shows binding to the N-10 peptide. Fig. 201C shows 

binding to the C-10 peptide. As can be seen, none of the antibodies bound to the C-10 peptide.  

F3, B12, B2, B7, B9,8C7F3 and H11 all bound to the PSMGFR peptide and to the N-10 peptide.  

[00464] Figure 202A-202C shows photographs of pancreatic cancer tissue array PA1003 that 

has been stained with monoclonal antibody 1E4, monoclonal antibody 18B4 or the polyclonal 
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anti-PSMGFR antibody SDIX. 18B4 binds to the GTINVHDVET epitope at the most N-terminal 

portion of the PSMGFR peptide, while the 1E4 antibody binds to the QFNQYKTEA epitope that 

is immediately adjacent and C-terminal to the 18B4 epitope.  

[00465] Figure 203A-203F shows magnified images of the tissue specimen at position A2 of 

the pancreatic cancer array PA1003. Fig. 203A and Fig. 203B show the specimen stained with 

antibody 1E4. Fig. 203C and Fig. 203D show the specimen stained with antibody 18B4. Fig.  

203E and Fig. 203F show the specimen stained with polyclonal antibody SDIX.  

[00466] Figure 204A-204D shows magnified images of the tissue specimen at position D4 of 

the pancreatic array PA1003. Fig. 204A and Fig. 204B show the specimen stained with antibody 

18B4. Fig. 204C and Fig. 204D show the specimen stained with polyclonal antibody SDIX.  

[00467] Figure 205A-205D shows magnified images of the tissue specimen at position El of 

the pancreatic cancer array PA1003. Fig. 205A and Fig. 205B show the specimen stained with 

antibody 18B4. Fig. 205C and Fig. 205D show the specimen stained with polyclonal antibody 

SDIX.  

[00468] Figure 206A-206D shows magnified images of the tissue specimen at position C3 of 

the pancreatic cancer array PA1003. Fig. 206A and Fig. 206B show the specimen stained with 

antibody 1E4. Fig. 206C and Fig. 206D show the specimen stained with polyclonal antibody 

SDIX.  

[00469] Figure 207A-207D shows magnified images of the tissue specimen at position D1 of 

the pancreatic cancer array PA1003. Fig. 207A and Fig. 207B show the specimen stained with 

antibody 1E4. Fig. 207C and Fig. 207D show the specimen stained with polyclonal antibody 

SDIX.  

[00470] Figure 208A-208C shows photographs of the pancreatic cancer array PA1003. Fig.  

208A shows the specimen stained with polyclonal antibody SDIX. Fig. 208B shows the 

specimen stained with antibody 20A10. Fig. 208C shows the specimen stained with antibody 

29H1.  

[00471] Figure 209A-209D shows photographs of the esophageal cancer array ES1001 

stained with various antibodies. Fig. 209A shows the array stained with polyclonal antibody 

SDIX. Fig. 209B shows the array stained with antibody 20A10. Fig. 209C shows the array 

stained with antibody 29H1. Fig. 209D shows the array stained with antibody 31Al.  
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[00472] Figure 210A-210C shows photographs of the pancreatic cancer array PA1003 stained 

with various antibodies. Fig. 210A shows the array stained with polyclonal antibody SDIX. Fig.  

210B shows the array stained with antibody 20A10. Fig. 210C shows the array stained with 

antibody 29H1.  

[00473] Figure 211A- 211C show graphs of an ELISA experiment measuring the amount of 

IL-18 secreted into the condition media of MUC1* positive cancer cells co-cultured with 

huMNC2-CAR44 T cells wherein the cells also bear an NFAT inducible IL-18. Fig. 211A shows 

the graph of IL-18 secreted into the supernatant of T47D breast cancer cells co-cultured with 

untransduced human T cells. Fig. 211B shows the graph of IL-18 secreted into the supernatant of 

T47D breast cancer cells co-cultured with huMNC2-CAR44 T cells that also bore an NFAT 

inducible IL-18 gene inserted into a portion of the Foxp3 enhancer. Fig. 211C shows the graph of 

IL-18 secreted into the supernatant of T47D breast cancer cells co-cultured with huMNC2

CAR44 T cells that also bore an NFAT inducible IL-18 gene inserted into a portion of the IL-2 

enhancer.  

[00474] Figure 212A- 212X shows photographs of T47D breast cancer cells (red) doped with 

varying percentages of T47D cells engineered to express more MUC1* (green). The target 

cancer cells have been co-cultured with huMNC2-CAR44 T cells with NFAT inducible IL-18 

wherein the IL-18 gene has been inserted into either the Foxp3 enhancer/promoter or the IL-2 

enhancer/promoter. Fig. 212A-212C, 2121-212K, and 212Q-212S show the cancer cells co

cultured with untranduced T cells. Fig. 212D-212F, 212L-212N, and 212T-212V show the 

cancer cells co-cultured with hiMNC2-CAR44 T cells with the NFAT inducible IL-18 gene 

inserted into the Foxp3 enhancer/promoter. Fig. 212G-212H, 2120-212P, and 212W-212X show 

the cancer cells co-cultured with hiMNC2-CAR44 T cells with the NFAT inducible IL-18 gene 

inserted into the IL-2 enhancer/promoter.  

[00475] Figure 213A- 213B shows graphs of ELISA experiments in which levels of IL-18 

secreted into the conditioned media are measured for huMNC1-CAR44 T cells with NFAT 

inducible IL-18 gene, inserted into the Foxp3 enhancer or promoter, co-cultured with either 

MUC1* positive cancer cells or MUC1 negative non-cancerous cells. Fig. 213A shows IL-18 

secretion from huMNC2-CAR44 T cells with NFAT inducible IL-18 in co-culture with T47D 

breast cancer cells where the population has been doped with 5%, 10% or 30% T47D cells that 

had been transfected with even more MUC1*. Fig. 213B shows IL-18 secretion from huMNC2
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CAR44 T cells with NFAT inducible IL-18 in co-culture with non-cancerous, MUC1 negaive 

HEK293 cells where the cell population has been doped with 5%, 10% or 30% T47D cells that 

had been transfected with more MUC1*.  

[00476] Figure 214A-214X shows photographs of T47D breast cancer cells (red) or non

cancerous HEK293 cells (also red), where both cell types have been doped with varying 

percentages of T47D cells engineered to express more MUC1* (green). These target cancer cells 

have been co-cultured with huMNC2-CAR44 T cells with NFAT inducible IL-18 wherein the 

IL-18 gene has been inserted into the Foxp3 enhancer/promoter. Fig. 214A-214F shows either 

T47D cells or HEK293 cells that have not been doped with T47D cells engineered to express 

high MUC1* density. Fig. 214G-214L shows either T47D cells or HEK293 cells that have been 

doped with 5% T47D cells engineered to express high MUC1* density. Fig. 214M-214R shows 

either T47D cells or HEK293 cells that have been doped with 10% T47D cells engineered to 

express high MUC1* density. Fig. 214S-214X shows either T47D cells or HEK293 cells that 

have been doped with 30% T47D cells engineered to express high MUC1* density. Fig. 214A-B, 

G-H, M-N, and S-T show T47D breast cancer cells. Fig. 214C-F, I-L, O-R, and U-X show 

HEK293 cells. As can be seen in the figures, the induced secretion of IL-18 resulted in low 

MUC1* density T47D cells being killed but did not induce non-specific killing of the MUC1* 

negative HEK293 cells.  

[00477] Figure 215A-215C shows the consensus sequences of the heavy chain CDRs wherein 

the consensus sequences were generated for each group of antibodies that bound to the same 

epitope in the PSMGFR and N-terminally extended PSMGFR peptide. Fig. 215A shows 

consensus sequences for heavy chain CDR1. Fig. 215B shows consensus sequences for heavy 

chain CDR2. Fig. 215C shows consensus sequences for heavy chain CDR3.  

[00478] Figure 216A-216C shows the consensus sequences of the light chain CDRs wherein 

the consensus sequences were generated for each group of antibodies that bound to the same 

epitope in the PSMGFR and N-terminally extended PSMGFR peptide. Fig. 216A shows 

consensus sequences for light chain CDR1. Fig. 216B shows consensus sequences for light chain 

CDR2. Fig. 216C shows consensus sequences for light chain CDR3.  
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[00479] In the present application, "a" and "an" are used to refer to both single and a plurality 

of objects.  

[00480] As used herein, occasionally, in short hand, a polypeptide is indicated as being 

"transduced or transfected" into a cell. In these occurrences, it is understood that the nucleic acid 

encoding the polypeptide sequence is transduced or transfected into the cell, as it is an 

impossibility that a polypeptide could be transduced or transfected into a cell.  

[00481] As used herein, occasionally when referring to number of cells injected into an animal 

or otherwise contextually wherein the number of cells is referred to, "M" refers to millions, and 

"K" refers to thousands.  

[00482] As used herein, interchangeable designations for various monoclonal antibodies are 

used, such as, "MN-C2", which is interchangeable with "C2", "Min-C2" and "MNC2"; "MN

E6", which is interchangeable with "E6", "Min-E6" and "MNE6"; "MN-C3", which is 

interchangeable with "C3", "Min-C3" and "MNC3"; and "MN-C8", which is interchangeable 

with "C8", "Min-C8" and "MNC8". The monoclonal antibodies provided herein follow the same 

convention.  

[00483] As used herein, "h" or "hu" placed before an antibody construct is short-hand for 

humanized.  

[00484] As used herein, the term "antibody-like" means a molecule that may be engineered 

such that it contains portions of antibodies but is not an antibody that would naturally occur in 

nature. Examples include but are not limited to CAR (chimeric antigen receptor) T cell 

technology and the Ylanthia* technology. The CAR technology uses an antibody epitope fused 

to a portion of a T cell so that the body's immune system is directed to attack a specific target 

protein or cell. The Ylanthia* technology consists of an "antibody-like" library that is a 

collection of synthetic human Fabs that are then screened for binding to peptide epitopes from 

target proteins. The selected Fab regions can then be engineered into a scaffold or framework so 

that they resemble antibodies.  

[00485] As used herein, "PSMGFR" is abbreviation for Primary Sequence of the MUC1 

Growth Factor Receptor which is identified by SEQ ID NO:2, and thus is not to be confused with 

a six amino acid sequence. "PSMGFR peptide" or "PSMGFR region" refers to a peptide or 
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region that incorporates the Primary Sequence of the MUC1 Growth Factor Receptor (SEQ ID 

NO:2).  

[00486] As used herein, the "MUC1*" extra cellular domain is defined primarily by the 

PSMGFR sequence (GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA 

(SEQ ID NO:2)). Because the exact site of MUC1 cleavage depends on the enzyme that clips it, 

and that the cleavage enzyme varies depending on cell type, tissue type or the time in the 

evolution of the cell, the exact sequence of the MUC1* extra cellular domain may vary at the N

terminus.  

[00487] Other clipped amino acid sequences may include 

SNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTEAASRY (SEQ ID NO:620); or 

SVVVQLTLAFREGTINVHDVETQFNQYKTEAASRY (SEQ ID NO:621).  

[00488] As used herein, the term "PSMGFR" is an acronym for Primary Sequence of MUC1 

Growth Factor Receptor as set forth as 

GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:2). In this 

regard, the "N-number" as in "N-10 PSMGFR" or simply "N-10", "N-15 PSMGFR" or simply 

"N-15", or "N-20 PSMGFR" or simply "N-20" refers to the number of amino acid residues that 

have been deleted at the N-terminal end of PSMGFR. Likewise "C-number" as in "C-10 

PSMGFR" or simply "C-10", "C-15 PSMGFR" or simply "C-15", or "C-20 PSMGFR" or 

simply "C-20" refers to the number of amino acid residues that have been deleted at the C

terminal end of PSMGFR. A mixture of deletions and additions is also possible. For instance, 

N+20/C-27 refers to a peptide fragment of wild-type MUC1 in which 20 amino acids are added 

to the PSMGFR at the N-terminus and 27 amino acids are deleted from the C-terminus.  

[00489] As used herein, the "extracellular domain of MUC1*" refers to the extracellular 

portion of a MUC1 protein that is devoid of the tandem repeat domain. In most cases, MUC1* is 

a cleavage product wherein the MUC1* portion consists of a short extracellular domain devoid 

of tandem repeats, a transmembrane domain and a cytoplasmic tail. The precise location of 

cleavage of MUC1 is not known perhaps because it appears that it can be cleaved by more than 

one enzyme. The extracellular domain of MUC1* will include most of the PSMGFR sequence 

but may have an additional 10-20 N-terminal amino acids.  

[00490] As used herein "sequence identity" means homology in sequence of a particular 

polypeptide or nucleic acid to a reference sequence of nucleic acid or amino acid such that the 
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function of the homologous peptide is the same as the reference peptide or nucleic acid. Such 

homology can be so close with the reference peptide such that at times the two sequences may be 

90%, 95% or 98% identical yet possess the same function in binding or other biological 

activities.  

[00491] As used herein, "MUC1 positive" cell refers to a cell that expresses a gene for 

MUC1, MUC1-Y or MUC1-Z or other MUC1 variant.  

[00492] As used herein, "MUC1 negative" cell refers to a cell that does not express a gene for 

MUC1.  

[00493] As used herein, "MUC1* positive" cell refers to a cell that expresses a gene for 

MUC1, wherein that gene's expressed protein is a transmembrane protein that is devoid of 

tandem repeats, which may be a consequence of post-translational modification, cleavage, 

alternative splicing, or transfecting or transducing a cell with a MUC1 protein that is devoid of 

tandem repeats.  

[00494] As used herein, "MUC1* negative" cell refers to a cell that may or may not express a 

gene for MUC1 but does not express a MUC1 transmembrane protein that is devoid of tandem 

repeats.  

[00495] As used herein, "MUC1 positive" cancer cell refers to a cancer cell that overexpresses 

the gene for MUC1, expresses MUC1 in an aberrant pattern, wherein its expression is not 

restricted to the apical border and/or expresses a MUC1 that is devoid of tandem repeats.  

[00496] As used herein, "MUC1 negative" cancer cell refers to a cancer cell that may or may 

not express a gene for MUC1 but does not overexpress MUC1 or does not overexpress a MUC1 

transmembrane protein that is devoid of tandem repeats.  

[00497] As used herein, "MUC1* positive" cancer cell refers to a cancer cell that 

overexpresses a MUC1 transmembrane protein that is devoid of tandem repeats.  

[00498] As used herein, "MUC1* negative" cancer cell refers to a cancer cell that may or may 

not express a gene for MUC1 but does not overexpress a MUC1 transmembrane protein that is 

devoid of tandem repeats.  

[00499] As used herein "conformational epitope" refers to a peptide sequence that is required 

to be present in a specific three-dimensional structure or conformation for an antibody to bind.  

However the antibody binds when the peptide sequence is in the three-dimensional structure or 

conformation and is not bound when linear. A common technique for determining whether an 
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antibody binds to a linear stretch or a conformational epitope is to use the antibody to probe a 

denaturing Western blot. Traveling through a denaturing gel linearizes proteins and peptides.  

Antibodies that do not work in a denaturing Western but do recognize the native target, for 

example expressed on an intact cell, are determined to recognize a conformational epitope. As 

used herein, the antibody may or may not actually bind to the "conformational epitope", however 

the presence of the "conformational epitope" sequence is required to render a three dimensional 

structure so that the MUC1* region on cancer cells is able to be bound by the antibody that is 

specific for cancer treatment. Thus, the conformational epitope is an amino acid sequence that 

induces the binding of the antibody to the MUC1* region on cancer cells. Thus, a term 

"conformational inducing peptide sequence" may be used, which indicates that a peptide 

sequence is present within a larger peptide not as a binding site but that induces binding of an 

antibody to the larger peptide by causing a three-dimensional structure to form that facilitates the 

binding of the antibody to the larger peptide.  

[00500] MUC1* antibodies (anti-PSMGFR) for treatment or prevention of cancers 

[00501] We discovered that a cleaved form of the MUC1 (SEQ ID NO:1) transmembrane 

protein is a growth factor receptor that drives the growth of over 75% of all human solid tumor 

cancers. The cleaved form of MUC1, which we called MUC1* (pronounced muk 1 star), is a 

powerful growth factor receptor. Enzymatic cleavage releases the bulk of the MUC1 

extracellular domain. It is the remaining portion comprising a truncated extracellular domain, 

transmembrane domain and cytoplasmic tail that is called MUC1*. Cleavage and release of the 

bulk of the extracellular domain of MUC1 unmasks a binding site for activating ligands dimeric 

NME1, NME6, NME8, NME7AB, NME7-X1 or NME7. Cell growth assays show that it is 

ligand-induced dimerization of the MUC1* extracellular domain that promotes growth (Fig. 1A

1D). MUC1* positive cells treated with either bivalent 'by' anti-MUC1* antibody, monovalent 

'my' or Fab, NM23-H1 dimers or NME7-AB. Bivalent anti-MUC1* antibodies stimulate growth 

of cancer cells whereas the monovalent Fab inhibits growth. Classic bell-shaped curve indicates 

ligand induced dimerization stimulates growth. Dimeric NM23-H1, aka NME1, stimulates 

growth of MUC1* positive cancer cells but siRNA to suppress MUC1 expression eliminate its 

effect (Fig. 1C). NME7-AB also stimulates the growth of MUC1* positive cells (Fig. 1D).  

[00502] MUC1* is an excellent target for cancer drugs as it is aberrantly expressed on over 

75% of all cancers and is likely overexpressed on an even higher percentage of metastatic 
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cancers. After MUC1 cleavage, most of its extracellular domain is shed from the cell surface.  

The remaining portion has a truncated extracellular domain that at least comprises the primary 

growth factor receptor sequence, PSMGFR (SEQ ID NO:2). Antibodies that bind to the 

PSMGFR sequence and especially those that competitively inhibit the binding of activating 

ligands such as NME proteins, including NME1, NME6, NME8, NME7a, NME7-X1 and 

NME7, are ideal therapeutics and can be used to treat or prevent MUC1 positive or MUC1* 

positive cancers, as stand-alone antibodies, antibody fragments or variable region fragments 

thereof incorporated into bispecific antibodies, or chimeric antigen receptors also called CARs, 

which are then transfected or transduced into immune cells, then administered to a patient.  

[00503] Therapeutic anti-MUC1* antibodies can be monoclonal, polyclonal, antibody mimics, 

engineered antibody-like molecules, full antibodies or antibody fragments. Examples of antibody 

fragments include but are not limited to Fabs, scFv, and scFv-Fc. Human or humanized 

antibodies are preferred for use in the treatment or prevention of cancers. In any of these 

antibody-like molecules, mutations can be introduced to prevent or minimize dimer formation.  

Anti-MUC1* antibodies that are monovalent or bispecific are preferred because MUC1* 

function is activated by ligand induced dimerization. Typical binding assays show that NME1 

and NME7Ba bind to the PSMGFR peptide portion of MUC1* (Fig. 2A, 2D). Further, they show 

that these activating growth factors bind to the membrane proximal portion of MUC1*, as they 

do not bind to the PSMGFR peptide if the 10 C-terminal amino acids are missing. Similarly, 

anti-MUC1* antibodies MN-C2 and MN-E6 bind to the PSMGFR peptide if an only if the 10 C

terminal amino acids are present (Fig. 2B, 2C). Antibodies MN-C3 and MN-C8 bind to epitopes 

that are different from MN-C2 and MN-E6, as they do not depend on the presence of the 10 C

terminal amino acids of the PSMGFR peptide (Fig. 2E, 2F). Antibodies MN-C2, MN-E6, or 

fragments derived from them, can be administered to a patient for the treatment or prevention of 

cancers, as stand-alone antibodies or incorporated into bispecific antibodies, BiTEs or chimeric 

antigen receptors also called CARs that have been transduced into immune cells. MNC2 and 

MNE6 and other anti-MUC1* antibodies that competitively inhibit the binding of NME1 and 

NME7Ba are preferred for use as stand alone antibody therapeutics.  

[00504] Therapeutic anti-MUC1* antibodies for use as a stand alone antibody therapeutic or 

for integration into a BiTE or a CAR can be selected based on specific criteria. The parent 

antibody can be generated using typical methods for generating monoclonal antibodies in 
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animals. Alternatively, they can be selected by screening antibody and antibody fragment 

libraries for their ability to bind to a MUC1* peptide, which can be: 

[00505] (i) PSMGFR region of MUC1; 

[00506] (ii) PSMGFR peptide; 

[00507] (iii) a peptide having amino acid sequence of 

QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA(N-10) 

[00508] (iv) a peptide having amino acid sequence of 

[00509] ASRYNLTISDVSVSDVPFPFSAQSGA (N-19) 

[00510] (v) a peptide having amino acid sequence of 

[005111 NLTISDVSVSDVPFPFSAQSGA (N-23) 

[00512] (vi) a peptide having amino acid sequence of 

[00513] ISDVSVSDVPFPFSAQSGA (N-26) 

[00514] (vii) a peptide having amino acid sequence of 

[00515] SVSDVPFPFSAQSGA (N-30) 

[00516] (viii) a peptide having amino acid sequence of 

[00517] QFNQYKTEAASRYNLTISDVSVSDVPFPFS (N-10/C-5) 

[00518] (ix) a peptide having amino acid sequence of 

[00519] ASRYNLTISDVSVSDVPFPFS (N-19/C-5) or 

[00520] (x) a peptide having amino acid sequence of 

[00521] FPFSAQSGA (N-36).  

[00522] Resultant antibodies or antibody fragments generated or selected in this way can then 

be further selected by passing additional screens. For example, antibodies or antibody fragments 

become more preferred based on their ability to bind to MUC1* positive cancer cells or tissues 

but not to MUC1 negative cancer cells or to normal tissues. Further, anti-MUC1* antibodies or 

antibody fragments may be de-selected as anti-cancer therapeutics if they bind to stem or 

progenitor cells. Anti-MUC1* antibodies or antibody fragments become more preferred if they 

have the ability to competitively inhibit the binding of activating ligands to MUC1*. Figs. 3A

3C shows that MN-E6 and MN-C2 competitively inhibit the binding of activating ligands NME1 

and NME7 to MUC1*.  

[00523] A process for selecting anti-MUC1* antibodies for use in treating a patient diagnosed 

with a MUC1 positive cancer, at risk of developing a MUC1 positive cancer or suspected of 

79



WO 2020/146902 PCT/US2020/013410 

having a MUC1 positive cancer comprises one or more of the following steps of selecting 

antibodies or antibody fragments that 1) bind to the PSMGFR peptide; 2) bind to the N-10 

PSMGFR peptide; 3) bind to cancer cells; 4) do not bind to stem or progenitor cells; and 5) 

competitively inhibited the binding of dimeric NME1 or NME7-AB to the PSMGFR peptide. For 

example, Figs. 3A-3C show that monoclonals MN-E6 and MN-C2 satisfy all five criteria, while 

monoclonals MN-C3 and MN-C8 do not competitively inhibit the binding of activating ligands 

NME1 and NME7 (Fig. 3C). Recall that the MUC1* growth factor receptor is activated by 

ligand-induced dimerization of its extracellular domain. Therefore, the ideal antibody therapeutic 

should not dimerize the MUC1* extracellular domain. Preferably, suitable antibodies in this 

regard include monovalent antibodies such as those generated in lamas and camels, Fabs, scFv's, 

single domain antibodies (sdAb), scFv-Fc as long as the Fc portion is constructed such that it 

does not homo-dimerize.  

[00524] FACS scans show that anti-MUC1* antibodies MN-C2 and MN-E6 specifically bind 

to MUC1* positive solid tumor cancer cells and MUC1* transfected cells but not MUC1* 

negative or MUC1 negative cells. In one example, a humanized MN-C2 scFv is shown to bind to 

ZR-75-1, aka 1500, MUC1* positive breast cancer cells (Fig. 4A-4C). MN-E6 was shown to 

bind to MUC1 negative HCT-116 colon cancer cells if an only if they were transfected with 

MUC1*. MN-E6 also bound to MUC1* positive cancer cells such as ZR-75-1, aka 1500, 

MUC1* positive breast cancer cells (Fig. 4D-4F). Binding assays such as ELISAs, 

immunofluorescence, and the like all confirm that MN-C2 and MN-E6 bind to the PSMGFR 

peptide and to live MUC1 positive cancer cells. Humanized anti-MUC1* antibodies are selected 

based on their ability to also bind to the PSMGFR peptide or to MUC1 positive cancer cells.  

Figure 5 shows that humanized MN-C2 scFv binds with high affinity to the MUC1* peptide 

PSMGFR with an EC-50 of about 333nM. Humanized MN-C2 scFv, like Fabs, potently inhibits 

the growth of MUC1* positive cancer cells as is shown in one example in Figs. 6A, 6B. Like the 

parent antibodies, humanized scFv's show the same binding pattern. huMNE6-scFv binds to the 

PSMGFR peptide, binds to the N-10 peptide but does not bind to the C-10 peptide (SEQ ID 

NO:825) (Fig. 8). Murine or humanized MNC3-scFv binds to the, PSMGFR peptide, binds to the 

N-10 peptide and binds to the C-10 peptide (Fig. 9).  

[00525] The Fabs of MN-E6 and MN-C2 or the comparable single chain variable regions 

derived from them potently inhibit the growth of MUC1* positive cancers in vitro and in vivo. In 
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several examples, the Fabs of Anti-MUC1* antibodies inhibited the growth of human MUC1* 

positive cancers in vivo. In one case, immune-compromised mice were implanted with human 

breast tumors then treated with MN-E6 Fab after tumor engraftment. Fig. 7A shows that MN-E6 

Fab potently inhibited the growth of MUC1* positive breast cancers. Female nu/nu mice 

implanted with 90-day estrogen pellets were implanted with 6 million T47D human breast cancer 

cells that had been mixed 50/50 with Matrigel. Mice bearing tumors that were at least 150 mm3 

and had three successive increases in tumor volume were selected for treatment. Animals were 

injected sub-cutaneously twice per week with 80 mg/kg MN-E6 Fab and an equal number of 

mice fitting the same selection criteria were injected with vehicle alone (Fig. 7A).  

[00526] In another aspect, MN-E6 was shown to halt the growth of prostate cancer. Fig. 7B 

shows that MN-E6 Fab potently inhibited the growth of MUC1* positive prostate cancers. Male 

NOD/SCID mice were implanted with 6 million DU-145 human prostate cancer cells that had 

been mixed 50/50 with Matrigel. Mice bearing tumors that were at least 150 mmA3 and had three 

successive increases in tumor volume were selected for treatment. Animals were injected sub

cutaneously every 48 hours with 160 mg/kg MN-E6 Fab and an equal number of mice fitting the 

same selection criteria were injected with vehicle alone (Fig. 7B). Tumors were measured 

independently by two researchers twice per week and recorded. Statistics were blindly calculated 

by independent statistician, giving a P value of 0.0001 for each. Anti-MUC1* Fab inhibited 

breast cancer growth and prostate cancer growth. Treatment had no effect on weight, bone 

marrow cell type or number. The MN-E6 Fab effectively inhibited the growth of the tumors, 

while the control group's tumors continued to grow until sacrifice. No adverse effects of 

treatment were observed or detected.  

[00527] Recombinant forms of MN-E6 and MNC2 were constructed that like the Fab are 

monomeric. In this case, MN-E6 was humanized and MN-C2 was humanized. There are a 

number of methods known to those skilled in the art for humanizing antibodies. In addition to 

humanizing, libraries of human antibodies can be screened to identify other fully human 

antibodies that bind to the PSMGFR.  

[00528] A single chain of the humanized MN-E6 variable region, called an scFv, was 

genetically engineered such that it was connected to the Fc portion of the antibody (SEQ ID 

NO:256 and 257). Fc regions impart certain benefits to antibody fragments for use as 

therapeutics. The Fc portion of an antibody recruits complement, which in general means it can 
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recruit other aspects of the immune system and thus amplify the anti-tumor response beyond just 

inhibiting the target. The addition of the Fc portion also increases the half-life of the antibody 

fragment (Czajkowsky DM, Hu J, Shao Z and Pleass RJ. (2012) Fc-fusion proteins: new 

developments and future perspectives. EMBO Mol Med. 4(10):1015-1028). However, the Fc 

portion of an antibody homo-dimerizes, which in the case of anti-MUC1* antibody based 

therapeutics is not optimal since ligand-induced dimerization of the MUC1* receptor stimulates 

growth. Therefore, mutations in the Fc region that resist dimer formation are preferred for anti

MUC1* anti-cancer therapeutics. Deletion of the hinge region and other mutations in the Fc 

region that make the Fc-mutant resistant to dimerization were made and could be used as 

therapeutics.  

[00529] A human or humanized MN-E6 antibody or antibody fragment, Fab, MN-E6 scFv or 

hu MN-E6 scFv-Fcmut are effective anti-cancer agents that can be administered to a person 

diagnosed with a MUC1 or MUC1* positive cancer, suspected of having a MUC1 or MUC1* 

positive cancer or is at risk of developing a MUC1 or MUC1* positive cancer.  

[00530] Humanizing 

[00531] Humanized antibodies or antibody fragments or fully human antibodies that bind to 

the extracellular domain of -MUC1* are preferred for therapeutic use. The techniques described 

herein for humanizing antibodies are but a few of a variety of methods known to those skilled in 

the art. The invention is not meant to be limited by the technique used to humanize the antibody.  

[00532] Humanization is the process of replacing the non-human regions of a therapeutic 

antibody (usually mouse monoclonal antibody) by human one without changing its binding 

specificity and affinity. The main goal of humanization is to reduce immunogenicity of the 

therapeutic monoclonal antibody when administered to human. Three distinct types of 

humanization are possible. First, a chimeric antibody is made by replacing the non-human 

constant region of the antibody by the human constant region. Such antibody will contain the 

mouse Fab region and will contain about 80-90% of human sequence. Second, a humanized 

antibody is made by grafting of the mouse CDR regions (responsible of the binding specificity) 

onto the variable region of a human antibody, replacing the human CDR (CDR-grafting method).  

Such antibody will contain about 90-95% of human sequence. Third and last, a full human 

antibody (100% human sequence) can be created by phage display, where a library of human 
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antibodies is screened to select antigen specific human antibody or by immunizing transgenic 

mice expressing human antibody.  

[00533] A general technique for humanizing an antibody is practiced approximately as 

follows. Monoclonal antibodies are generated in a host animal, typically in mice. Monoclonal 

antibodies are then screened for affinity and specificity of binding to the target. Once a 

monoclonal antibody that has the desired effect and desired characteristics is identified, it is 

sequenced. The sequence of the animal-generated antibody is then aligned with the sequences of 

many human antibodies in order to find human antibodies with sequences that are the most 

homologous to the animal antibody. Biochemistry techniques are employed to paste together the 

human antibody sequences and the animal antibody sequences. Typically, the non-human CDRs 

are grafted into the human antibodies that have the highest homology to the non-human 

antibody. This process can generate many candidate humanized antibodies that need to be tested 

to identify which antibody or antibodies has the desired affinity and specificity.  

[00534] Once a human antibody or a humanized antibody has been generated it can be further 

modified for use as an Fab fragment, as a full antibody, or as an antibody-like entity such as a 

single chain molecule containing the variable regions, such as scFv or an scFv-Fc. In some cases 

it is desirable to have Fc region of the antibody or antibody-like molecule mutated such that it 

does not dimerize.  

[00535] In addition to methods that introduce human sequences into antibodies generated in 

non-human species, fully human antibodies can be obtained by screening human antibody 

libraries with a peptide fragment of an antigen. A fully human antibody that functions like MN

E6 or MN-C2 is generated by screening a human antibody library with a peptide having the 

sequence of the PSMGFR N-10 peptide. Humanized anti-MUC1* antibodies were generated 

based on the sequences of the mouse monoclonal antibodies MN-E6 and MN-C2. In one aspect 

of the invention, a patient diagnosed with a MUCl* positive cancer is treated with an effective 

amount of a murine or camelid MNC2, MNE6, 20A10 (SEQ ID NOS:1574-1581), 3C2B1 (SEQ 

ID NOS:1572-1573), 5C6F3, 25E6 (SEQ ID NO:1598-1601), 18G12, 28F9, 1E4, B12, B2, B7, 

B9, 8C7F3, or Hi1. In another aspect of the invention, a patient diagnosed with a MUC1* 

positive cancer is treated with an effective amount of humanized MN-E6 or MN-C2. In a 

preferred embodiment, a patient diagnosed with a MUC1* positive cancer is treated with an 

effective amount of humanized MNC2 , MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 
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1E4, B12, B2, B7, B9, 8C7F3, or H11. In another aspect of the invention, a patient diagnosed 

with a MUC1* positive cancer is treated with an effective amount of humanized monovalent 

MNC2, MNE6, 20A10 (SEQ ID NOS:1574-1581) , 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, 

B12, B2, B7, B9, 8C7F3, or H11, wherein monovalent means the corresponding Fab fragment, 

the corresponding scFv or the corresponding scFv-Fc fusion. In a preferred embodiment, a 

patient diagnosed with a MUC1* positive cancer is treated with an effective amount of a 

humanized scFv or monomeric humanized scFv-Fc of MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 

25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or Hl1. Since the MUC1* growth factor 

receptor is activated by ligand induced dimerization of its extracellular domain, and because the 

Fc portion of an antibody homo-dimerizes, it is preferable that a construct that includes an Fc 

portion uses a mutated Fc region that prevents or minimizes dimerization.  

[00536] Antibodies that bind to PSMGFR (SEQ ID NO:2) peptide, and more specifically to 

the N-10 peptide, of the extracellular domain of the MUC1* receptor are potent anti-cancer 

therapeutics that are effective for the treatment or prevention of MUC1* positive cancers. They 

have been shown to inhibit the binding of activating ligands dimeric NME1 (SEQ ID NO:1781) 

and NME7AB (SEQ ID NOS:827) to the extracellular domain of MUC1*. Anti-MUC1* 

antibodies that bind to the PSMGFR sequence inhibit the growth of MUC1*-positive cancer 

cells, specifically if they inhibit ligand-induced receptor dimerization. Fabs of anti-MUC1* 

antibodies have been demonstrated to block tumor growth in animals. Thus, antibodies or 

antibody fragments that bind to the extracellular domain of MUC1* would be beneficial for the 

treatment of cancers wherein the cancerous tissues express MUC1*.  

[00537] Antibodies that bind to PSMGFR region of MUC1* or bind to a synthetic PSMGFR 

peptide are preferred. We have identified several monoclonal antibodies that bind to the 

extracellular domain of MUC1*. Among this group are mouse monoclonal antibodies MNC2 

(SEQ ID NOS:118-131, 144-158, 163-164, 168-181, 194-209), MNE6 (SEQ ID NOS:12-25, 39

59, 65-78, 93-114), 20A10 (SEQ ID NOS:988-1019, 1574-1597, 1659-1666); 3C2B1 (SEQ ID 

NOS:1386-1413, 1572-1573), 5C6F3 (SEQ ID NOS:1356-1385), 25E6 (SEQ ID NOS:1020

1051, 1598-1617, 1667-1674), 18G12 (SEQ ID NOS:956-987), 28F9 (SEQ ID NOS:1052-1083), 

1E4 (SEQ ID NOS:1116-1227), B12 (SEQ ID NOS:1414-1431, 1733-1742), B2 (SEQ ID 

NOS:1432-1459), B7 (SEQ ID NOS:1460-1487), B9 SEQ ID NOS:1544-1571), 8C7F3 (SEQ ID 

NOS:1488-1515), or H11 (SEQ ID NOS:1516-1543), the variable regions of which were 
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sequenced and are given as for MN-E6 SEQ ID NOS: 12-13 and 65-66, for MN-C2 SEQ ID 

NOS: 118-119 and 168-169. The CDRs of these antibodies make up the recognition units of the 

antibodies and are the most important parts of the mouse antibody that should be retained when 

grafting into a human antibody. The sequences of the CDRs for each mouse monoclonal are as 

follows, heavy chain sequence followed by light chain: MN-E6 CDR1 (SEQ ID NO:16-17 and 

69-70) CDR2 (SEQ ID NO:20-21 and 73-74) CDR3 (SEQ ID NO: 24-25 and 77-78), MN-C2 

CDR1 (SEQ ID NO:122-123 and 172-173) CDR2 (SEQ ID NO:126-127 and 176-177) CDR3 

(SEQ ID NO:130-131 and 180-181). In some cases, portions of the framework regions that by 

modeling are thought to be important for the 3-dimensional structure of the CDRs, are also 

imported from the mouse sequence.  

[00538] Monoclonal antibodies MN-E6 and MN-C2 have greater affinity for MUC1* as it 

appears on cancer cells. Monoclonal antibodies MN-C3 and MN-C8 have greater affinity for 

MUC1* as it appears on stem cells.  

[00539] All four antibodies have been humanized, which process has resulted in several 

humanized forms of each antibody. CDRs derived from the variable regions of the mouse 

antibodies were biochemically grafted into a homologous human antibody variable region 

sequence. Humanized variable regions of MN-E6 (SEQ ID NOS: 38-39 and 93-94), MN-C2 

(SEQ ID NOS: 144-145 and 194-195), MN-C3 (SEQ ID NOS: 439-440 and 486-487) and MN

C8 (SEQ ID NOS: 525-526 and 543-544) were generated by grafting the mouse CDRs into the 

variable region of a homologous human antibody. The humanized heavy chain variable 

constructs were then fused into constant regions of either human IgG1 heavy chain constant 

region (SEQ ID NOS:58-59) or human IgG2 heavy chain constant region (SEQ ID NO:54-55), 

which are then paired with either humanized light chain variable constructs fused to a human 

kappa chain (SEQ ID NO: 109-110) or human lambda chain (SEQ ID NO: 113-114) constant 

region. Other IgG isotypes could be used as constant region including IgG3 or IgG4.  

[00540] Examples of humanized MN-E6 variable region into an IgG2 heavy chain (SEQ ID 

NOS:52-53) and into an IgG1 heavy chain (SEQ ID NOS:56-57), humanized MN-C2 variable 

into an IgG1 heavy chain (SEQ ID NOS: 157-158) or into an IgG2 heavy chain (SEQ ID NOS: 

163-164) paired with either Lambda light chain (SEQ ID NO: 111-112 and 216-219) or Kappa 

chain (SEQ ID NO:107-108 and 210-213) and , humanized MN-C3 (SEQ ID NOS: 455-456, 

453-454 and 500-501, 502-503) and MN-C8 (SEQ ID NOS: 541-542, 539-540 and 579-580, 
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581-582) antibodies were generated. Which IgG constant region is fused to the humanized 

variable region depends on the desired effect since each isotype has its own characteristic 

activity. The isotype of the human constant region is selected on the basis of things such as 

whether antibody dependent cell cytotoxicity (ADCC) or complement dependent cytotoxicity 

(CDC) is desired but can also depend on the yield of antibody that is generated in cell-based 

protein expression systems. In a preferred embodiment, humanized anti-MUC1* antibodies or 

antibody fragments are administered to a person diagnosed with or at risk of developing a 

MUC1-positive cancer.  

[00541] One method for testing and selecting the humanized anti-MUC1* antibodies that 

would be most useful for the treatment of persons with cancer or at risk of developing cancers is 

to test them for their ability to inhibit the binding of activating ligands to the MUC1* 

extracellular domain. Dimeric NME1 can bind to and dimerize the MUC1* extracellular domain 

and in so doing stimulates cancer cell growth. Antibodies and antibody fragments that compete 

with NME1 for binding to the MUC1* extracellular domain are therefore anti-cancer agents.  

NME7Ba is another activating ligand of MUC1*. In some cases, it is preferable to identify 

antibodies that block the binding of NME7, or an NME7Ba truncation or cleavage product of 

NME7-X1, to the MUC1* extracellular domain. Antibodies and antibody fragments that 

compete with NME7 and NME7 variants for binding to the MUC1* extracellular domain are 

effective as anti-cancer therapeutics. These antibodies include but are not limited to MNC2, 

MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11 as 

well as single chain versions, such as scFv, of these antibodies and humanized version thereof.  

Other NME proteins also bind to MUC1 or MUC1* including NME6 and NME8. Antibodies 

that compete with these proteins for binding to MUC1* may also be useful as therapeutics. In a 

preferred embodiment, murine, camelid, human or humanized anti-MUC1* antibodies or 

antibody fragments are administered to a person diagnosed with or at risk of developing a 

MUC1-positive cancer. In a more preferred embodiment, single chain antibody fragments, or 

monomeric scFv-Fc fusions, derived from humanized sequences of MNC2, MNE6, 20A10, 

3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11 are administered to 

a person diagnosed with or at risk of developing a MUC1-positive cancer.  

[00542] Single chain variable fragments, scFv, or other forms that result in a monovalent 

antibody or antibody-like protein are also useful. In some cases it is desired to prevent 
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dimerization of the MUC1* extracellular domain. Single chain variable fragments, Fabs and 

other monovalent antibody-like proteins have been shown to be effective in binding to the 

extracellular domain of MUC1* and blocking MUC1* dimerization. These single chain variable 

fragments, Fabs and other monovalent antibody-like molecules effectively blocked cancer 

growth in vitro and in animals xenografted with human MUC1-positive cancer cells. Thus, 

humanized single chain variable fragments or monovalent anti-MUC1* antibodies or antibody

like molecules would be very effective as an anti-cancer therapeutic. Such humanized single 

chain antibodies, Fabs and other monovalent antibody-like molecules that bind to the MUC1* 

extracellular domain or to a PSMGFR peptide are therefore useful as anti-cancer therapeutics.  

Anti-MUC1* single chain variable fragments are generated by grafting non-human CDRs of 

antibodies, which bind to extracellular domain of MUC1* or bind to PSMGFR peptide, into a 

framework of a homologous variable region human antibody. The resultant humanized heavy 

and light chain variable regions are then connected to each other via a suitable linker, wherein 

the linker should be flexible and of length that it allows heavy chain binding to light chain but 

discourages heavy chain of one molecule binding to the light chain of another. For example a 

linker of about 10-15 residues. Preferably, the linker includes [(Glycine)4 (Serine)1]3 (SEQ ID 

NOS: 401-402), but is not limited to this sequence as other sequences are possible.  

[00543] In one aspect, the humanized variable regions of MN-E6 (SEQ ID NOS: 38-39 and 

93-94), MN-C2 (SEQ ID NOS: 144-145 and 194-195), or other antibodies of the invention are 

biochemically grafted into a construct that connects heavy and light chains via a linker.  

Examples of humanized single chain anti-MUC1* antibodies comprising humanized sequences 

from the variable regions of MN-E6 and MN-C2, were generated. Several humanized MN-E6 

single chain proteins were generated (SEQ ID NOS: 232-237). Several humanized MN-C2 single 

chain proteins were generated (SEQ ID NOS: 238-243). In a preferred embodiment, humanized 

anti-MUC1* antibody fragments, including variable fragments, scFv antibody fragments MN-E6 

scFv, MN-C2 scFv, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, 

or H1 scFv are administered to a person diagnosed with or at risk of developing a MUC1

positive cancer.  

[00544] One aspect of the invention is a method for treating a patient diagnosed with, 

suspected of having, or at risk of developing a MUC1 positive or MUC1* positive cancer, 

wherein the patient is administered an effective amount of a monomeric MN-E6 scFv, MN-C2 
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scFv, or MN-E6 scFv-Fc, MN-C2 scFv-Fc, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, 

B12, B2, B7, B9, 8C7F3, or H11, wherein the antibody variable fragment portions are human or 

have been humanized and wherein the Fc portion of the antibody-like protein has been mutated 

such that it resists dimer formation.  

[00545] CAR T and cancer immunotherapy techniques 

[00546] In another aspect of the invention, some or all of the single chain portions of anti

MUC1* antibody fragments are biochemically fused onto immune system molecules, using 

several different chimeric antigen receptor, 'CAR' strategies. The idea is to fuse the recognition 

portion of an antibody, typically as a single chain variable fragment, to an immune system 

molecule that has a transmembrane domain and a cytoplasmic tail that is able to transmit signals 

that activate the immune system. The recognition unit can be an antibody fragment, a single 

chain variable fragment, scFv, or a peptide. In one aspect, the recognition portion of the 

extracellular domain of the CAR is comprised of sequences from the humanized variable region 

of MN-E6 (SEQ ID NOS:38-39 and 93-94), MN-C2 (SEQ ID NOS:144-145 and 194-195), 

20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11. Examples 

of murine or humanized antibodies of the invention, or their single chain fragments, scFv's, 

which can be incorporated into CARs, BiTEs or ADCs are given as: 3C2B1 (SEQ ID NOS: 

1572-1573), 20A10 (SEQ ID NOS: 1574-1581), 25E6 (SEQ ID NOS:1598-1601). In another 

aspect, it is comprised of sequences from a single chain variable fragment. Examples of single 

chain constructs are given. Several humanized MN-E6 single chain proteins, scFv, were 

generated (SEQ ID NOS: 232-237). Several humanized MN-C2 single chain proteins, scFv, were 

generated (SEQ ID NOS: 238-243). The transmembrane region of the CAR can be derived from 

CD8, CD4, antibody domains or other transmembrane region, including the transmembrane 

region of the proximal cytoplasmic co-stimulatory domain, such as CD28, 4-1BB or other. The 

cytoplasmic tail of the CAR can be comprised of one or more motifs that signal immune system 

activation. This group of cytoplasmic signaling motifs, sometimes referred to as, co-stimulatory 

cytoplasmic domains, includes but is not limited to CD3-zeta, CD27, CD28, 4-1BB, OX40, 

CD30, CD40, ICAm-1, LFA-1, ICOS, CD2, CD5, CD7 and Fc receptor gamma domain. A 

minimal CAR may have the CD3-zeta or an Fc receptor gamma domain then one or two of the 

above domains in tandem on the cytoplasmic tail. In one aspect, the cytoplasmic tail comprises 

CD3-zeta, CD28, 4-1BB and/or OX40.  
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[00547] The extracellular domain recognition unit of a MUC1* targeting CAR can comprise 

variable regions of any non-human, humanized or human antibody that is able to bind to at least 

12 contiguous amino acids of the PSMGFR peptide (SEQ ID NO:2) or the N-10 peptide. In one 

aspect, the MUC1* targeting portion of the CAR comprises variable regions from non-human, 

humanized or human MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, 

B2, B7, B9, 8C7F3, or H1. Examples of a few antibodies of the invention, incorporated into 

CARs as either murine or humanized are given as 20A10 (SEQ ID NOS:1582-1597) and 25E6 

(SEQ ID NOS:1602-1617). In the humanization process, the antibody CDRs can be inserted into 

a number of different framework regions; as a demonstration we generated three versions of a 

humanized 20A10 which differ only in the framework regions. These have been incorporated 

into CARs (SEQ ID NOS:1675, 1678, 1685) that when transduced into human T cells are able to 

recognize target MUC1* expressing cells and kill them. In one aspect, the extracellular domain 

recognition unit of a CAR is comprised essentially of a humanized MNC2, MNE6, 20A10, 

3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11 single chain 

variable fragment scFv. The transmembrane region of the CAR can be derived from CD8 (SEQ 

ID NOS:363-364), or can be the transmembrane domain of CD3-zeta, CD28, 41bb, OX40 or 

other transmembrane region (SEQ ID NOS:361-372) and the cytoplasmic domain of a CAR with 

antibody fragment targeting MUC1* extracellular domain can be comprised of one or more 

selected from the group comprising an immune system co-stimulatory cytoplasmic domain. The 

group of immune system co-stimulatory domains includes but is not limited to CD3-zeta, CD27, 

CD28, 4-1BB, OX40, CD30, CD40, ICAm-1, LFA-1, ICOS, CD2, CD5, CD7 and Fc receptor 

gamma domain (SEQ ID NOS:373-382).  

[00548] The CARs described can be transfected or transduced into a cell of the immune 

system. In a preferred embodiment, a MUC1* targeting CAR is transfected or transduced into a 

T cell. In one aspect, the T cell is a CD3+/CD28+ T cell. In another case it is a dendritic cell. In 

another case it is a B cell. In another case it is a mast cell. In yet another case it is a Natural 

Killer, NK, cell. The recipient cell can be from a patient or from a donor. If from a donor, it can 

be engineered to remove molecules that would trigger rejection. Cells transfected or transduced 

with a CAR of the invention can be expanded ex vivo or in vitro then administered to a patient.  

Administrative routes are chosen from a group containing but not limited to bone marrow 

transplant, intravenous injection, in situ injection or transplant. In a preferred embodiment, the 
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MUC1* targeting CAR is administered to a person diagnosed with or at risk of developing a 

MUC1-positive cancer.  

[00549] There are many possible anti-MUC1* CAR constructs that can be transduced into T 

cells or other immune cells for the treatment or prevention of MUC1* positive cancers. CARs 

are made up of modules and the identity of some of the modules is relatively unimportant, while 

the identity of other modules is critically important.  

[00550] We and others have shown that intracellular signaling modules, such as CD3-zeta 

(SEQ ID NOS: 373-376), CD28 (SEQ ID NOS: 377-378) and 41BB (SEQ ID NOS: 379-380), 

alone or in combinations stimulate immune cell expansion, cytokine secretion and immune cell 

mediated killing of the targeted tumor cells (Pul6 MA, Straathof KC, Dotti G, Heslop HE, 

Rooney CM and Brenner MK (2005) A chimeric T cell antigen receptor that augments cytokine 

release and supports clonal expansion of primary human T cells. Mol Ther. 12(5):933-941; 

Hombach AA, Heiders J, Foppe M, Chmielewski M and Abken H. (2012) OX40 costimulation 

by a chimeric antigen receptor abrogates CD28 and IL-2 induced IL-10 secretion by redirected 

CD4(+) T cells. Oncoimmunology. 1(4):458-466; Kowolik CM, Topp MS, Gonzalez S, Pfeiffer 

T, Olivares S, Gonzalez N, Smith DD, Forman SJ, Jensen MC and Cooper U. (2006) CD28 

costimulation provided through a CD19-specific chimeric antigen receptor enhances in vivo 

persistence and antitumor efficacy of adoptively transferred T cells. Cancer Res. 66(22):10995

11004; Loskog A, Giandomenico V, Rossig C, Pule M, Dotti G and Brenner MK. (2006) 

Addition of the CD28 signaling domain to chimeric T-cell receptors enhances chimeric T-cell 

resistance to T regulatory cells. Leukemia. 20(10):1819-1828; Milone MC, Fish JD, Carpenito C, 

Carroll RG, Binder GK, Teachey D, Samanta M, Lakhal M, Gloss B, Danet-Desnoyers G, 

Campana D, Riley JL, Grupp SA and June CH. (2009) Chimeric receptors containing CD137 

signal transduction domains mediate enhanced survival of T cells and increased antileukemic 

efficacy in vivo. Mol Ther. 17(8):1453-1464; Song DG, Ye Q, Carpenito C, Poussin M, Wang 

LP, Ji C, Figini M, June CH, Coukos G, Powell DJ Jr. (2011) In vivo persistence, tumor 

localization, and antitumor activity of CAR-engineered T cells is enhanced by costimulatory 

signaling through CD137 (4-1BB). Cancer Res. 71(13):4617-4627). Antibodies of the invention 

including but not limited to fragments of MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 

28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11 can also be incorporated into CARs that have 

mutated cytoplasmic tails, such as mutated tyrosines or ITAMs. In any of the CARs described 
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above, the cytoplasmic tails may include mutations that dampen signaling. Such mutations 

include but are not limited to Tyrosines that are mutated to inhibit phosphorylation and signaling 

(Salter et al, 2018; ). In any of the CARs described above, the ITAMs of CD3-zeta may be 

mutated to inhibit or dampen signaling (Feucht et al 2019). In any of the CARs described above, 

the CD3 of the cytoplasmic tail may comprise mutations in the ITAMs including those referred 

to as 1XX. Examples of antibodies of the invention incorporated into CARs with 1XX mutations 

in ITAMs of CD3-zeta are given in the following sequences: MNC2 (SEQ ID NOS: 1618

1625), MNE6 (SEQ ID NOS:1626-1633), 20A10 (SEQ ID NOS:1590-1595), 25E6 (SEQ ID 

NOS:1610-1617). We note that the CDRs of antibodies can be inserted into a background of a 

number of different framework regions. As an example, 20A10 CDRs were inserted into three 

different sets of framework regions (SEQ ID NOS:1692, 1699 and 1706) and all were able to 

function when transduced into T cells. In any of the CARs described above, the T cell may be 

engineered to overexpress c-Jun as a method to inhibit T cell exhaustion (Lynn et al 2019). A 

variety of promoters can be used upstream of the genes for CARs and other compositions of the 

invention, including insertion into a naturally occurring promoter in the cell, such as the TRAC 

locus, using CRISPR, Sleeping Beauty or similar technology for site directed insertion of a gene.  

Among the promoters commonly used are the CMV promoter, or a mini CMV (SEQ ID NO: 

1634), a minimal IL-2 promoter (SEQ ID NO: 1635), or Minimal Promoter minip (SEQ ID NO: 

1636).  

[00551] Single chain antibody fragments that included the variable domain of the monoclonal 

anti-MUC1* antibodies called MN-E6 or MN-C2 were engineered into a panel of CARs. The 

MUC1* targeting CARs were then transduced, separately or in combinations, into immune cells.  

When challenged with surfaces presenting a MUC1* peptide, an antigen presenting cell 

transfected with MUC1*, or MUC1* positive cancer cells, the immune cells that were 

transduced with MUC1* targeting CARs elicited immune responses, including cytokine release, 

killing of the targeted cells and expansion of the immune cells.  

[00552] For example, the gene encoding the CARs and activated T cell induced genes 

described herein can be virally transduced into an immune cell using viruses, or inserted into a 

region downstream of one of the cell's promoters or enhancers, such as the TRAC (T cell 

receptor alpha chain) locus. Virus delivery systems and viral vectors including but not limited to 

retroviruses, including gamma-retroviruses, lentivirus, adenoviruses, adeno-associated viruses, 
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baculoviruses, poxvirus, herpes simplex viruses, oncolytic viruses, HF10, T-Vec and the like can 

be used. In addition to viral transduction, CARs and activated T cell induced genes described 

herein can be directly spliced into the genome of the recipient cell using methods such as 

CRISPR technology, CRISPR-Cas9 and -CPF1, TALEN, Sleeping Beauty transposon system, 

and SB 10OX.  

[00553] Similarly, the identity of molecules that make up the non-targeting portions of the 

CAR such as the extracellular domain, transmembrane domain and membrane proximal portion 

of the cytoplasmic domain, are not essential to the function of a MUC1*-targeting CAR. For 

example, the extracellular domain, transmembrane domain and membrane proximal portion of 

the cytoplasmic domain can be comprised of portions of CD8, CD4, CD28, or generic antibody 

domains such as Fc, CH2CH3, or CH3. Further, the non-targeting portions of a CAR can be a 

composite of portions of one or more of these molecules or other family members.  

[00554] One aspect of the invention is a method for treating a patient diagnosed with, 

suspected of having, or at risk of developing a MUC1 positive or MUC1* positive cancer, 

wherein the patient is administered an effective amount of immune cells that have been 

transduced with a MUC1* targeting CAR. In another aspect of the invention, the immune cells 

are T cells isolated from a patient, which are then transduced with CARs wherein the targeting 

head of the CAR binds to MUC1*, and after expansion of transduced T cells, the CAR T cells 

are administered in an effective amount to the patient. In yet another aspect of the invention, the 

immune cells are T cells isolated from a patient, which are then transduced with CARs wherein 

the targeting head of the CAR comprises portions of MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 

25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H1l, and after optional expansion of 

transduced T cells, the CAR T cells are administered in an effective amount to the patient.  

[00555] Specificity of anti-MUC1* targeting antibodies 

[00556] As these experiments demonstrate, the critical portion of a CAR is the antibody 

fragment that directs the immune cell to the tumor cell. As we will show in the following section, 

MN-E6 and MN-C2 are specific for the form of MUC1* that is expressed on tumor cells. The 

next most important part of a CAR is the cytoplasmic tail bearing immune system co-stimulatory 

domains. The identity of these domains modulates the degree of immune response but does not 

affect the specificity. As shown, the identity of the transmembrane portion of a CAR is the least 

important. It appears that as long as the transmembrane portion has some flexibility and is long 
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enough to allow the antibody fragment to reach its cognate receptor on the tumor cell, it will 

suffice. CARs comprising the MN-E6 targeting antibody fragment, and intracellular co

stimulatory domains 41BB and CD3-zeta but having a variety of different extracellular, 

transmembrane and short cytoplasmic tail all worked in that they specifically killed the targeted 

cells while stimulating the expansion of the host T cells.  

[00557] The most accurate way of demonstrating antibody specificity is testing the antibody 

on normal human tissue specimens compared to cancerous tissue specimens. MN-C2 and MN

E6 were shown to specifically bind to MUC1 or MUC1* positive cancer cells. Several breast 

tumor arrays were assayed using several anti-MUC1 or MUC1* antibodies. Essentially the 

studies involving serial sections of breast cancer tissue specimens from over 1,200 different 

breast cancer patients showed that very little full-length MUC1 remains on breast cancer tissues.  

The vast majority of the MUC1 expressed is MUC1* and is stained by MN-C2. The analysis was 

performed by Clarient Diagnostics and tissue staining was scored using the Allred method. For 

example, Fig. 10 shows serial sections of breast cancer tissue arrays that were stained with either 

VU4H5, a commercially available anti-MUC1 antibody that binds to the tandem repeats, or MN

C2 that binds to MUC1*. Figs. 10 and 11 are photographs of breast cancer tissue arrays stained 

with either VU4H5 which recognizes MUC1-FL (full length) or MN-C2 which recognizes 

cancerous MUC1*. Tissue staining was scored using Allred scoring method which combines an 

intensity score and a distribution score. Below the photographs of the tissue arrays are color

coded graphs displaying the results. As can be seen, the arrays stained with VU4H5 are very 

light and many tissues do not stain at all despite the published reports that MUC1 is aberrantly 

expressed on over 96% of all breast cancers as evidenced by nucleic acid based diagnostics. In 

contrast, the arrays stained with MN-C2 are very dark (red versus yellow or white in graph).  

Additionally, many tissues did not stain at all with anti-full-length MUC1 but stained very dark 

with MN-C2, (see green boxes in graph). Similarly, we stained normal or cancerous breast 

tissues with humanized MN-E6 scFv-Fc. The antibody fragment was biotinylated so it could be 

visualized by a secondary streptavidin based secondary. As can be seen in Fig. 12, hMN-E6 

scFv-Fc does not stain normal breast tissue but stains cancerous breast tissue. Further, the 

intensity and homogeneity of staining increases with tumor grade and/or metastatic grade of the 

patient (Fig. 12-13). Similarly, hMN-E6 scFv-Fc did not stain normal lung tissue but did stain 

lung cancer tissue (Fig. 14-18) and the intensity and distribution of staining increased as tumor 
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grade or metastatic grade increased. Fig. 19 shows photographs of normal small intestine and 

cancerous small intestine tissues stained with humanized MN-E6-scFv-Fc biotinylated anti

MUC1* antibody at 5 ug/mL, then stained with a secondary streptavidin HRP antibody. A) is a 

normal small intestine tissue. B) is small intestine cancer from patient as denoted in the figure.  

C,D are photographs of the corresponding serial sections that were stained with the secondary 

antibody alone. Fig. 20 shows photographs of normal small intestine tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. A-D are normal small intestine tissue. E-H are photographs of 

the corresponding serial sections that were stained with the secondary antibody alone. Fig. 21 

shows photographs of cancerous small intestine tissues stained with humanized MN-E6-scFv-Fc 

anti-MUC1* antibody at 50 ug/mL, then stained with a secondary goat-anti-human HRP 

antibody. A-D are cancerous small intestine tissue from a patient as denoted in figure. E-H are 

photographs of the corresponding serial sections that were stained with the secondary antibody 

alone. Fig. 22 shows photographs of cancerous small intestine tissues stained with humanized 

MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary goat-anti

human HRP antibody. A-D are cancerous small intestine tissue from a patient as denoted in 

figure. E-H are photographs of the corresponding serial sections that were stained with the 

secondary antibody alone. Fig. 23 shows photographs of normal colon tissues stained with 

humanized MN-E6-scFv-Fc anti-MUC1* antibody at 50 ug/mL, then stained with a secondary 

goat-anti-human HRP antibody. A-D are normal colon. E-H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone. Fig. 24 shows 

photographs of colon cancer tissues stained with humanized MN-E6-scFv-Fc anti-MUC1* 

antibody at 50 ug/mL, then stained with a secondary goat-anti-human HRP antibody. A-D are 

colon cancer tissue from a metastatic patient as denoted in figure. E-H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone. Fig. 25 shows 

photographs of colon cancer tissues stained with humanized MN-E6-scFv-Fc anti-MUC1* 

antibody at 50 ug/mL, then stained with a secondary goat-anti-human HRP antibody. A-D are 

colon cancer tissue from a Grade 2 patient as denoted in figure. E-H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone. Fig. 26 shows 

photographs of colon cancer tissues stained with humanized MN-E6-scFv-Fc anti-MUC1* 

antibody at 50 ug/mL, then stained with a secondary goat-anti-human HRP antibody. A-D are 
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colon cancer tissue from a metastatic patient as denoted in figure. E-H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone. Fig. 27 shows 

photographs of prostate cancer tissues stained with humanized MN-E6-scFv-Fc anti-MUC1* 

antibody at 50 ug/mL, then stained with a secondary goat-anti-human HRP antibody. A-D are 

prostate cancer tissue from a patient as denoted in figure. E-H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone. Fig. 28 shows 

photographs of prostate cancer tissues stained with humanized MN-E6-scFv-Fc anti-MUC1* 

antibody at 50 ug/mL, then stained with a secondary goat-anti-human HRP antibody. A-D are 

prostate cancer tissue from a patient as denoted in figure. E-H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone. Fig. 29 shows 

photographs of prostate cancer tissues stained with humanized MN-E6-scFv-Fc anti-MUC1* 

antibody at 50 ug/mL, then stained with a secondary goat-anti-human HRP antibody. A-D are 

prostate cancer tissue from a patient as denoted in figure. E-H are photographs of the 

corresponding serial sections that were stained with the secondary antibody alone.  

[00558] One aspect of the invention is a method for treating a patient diagnosed with, 

suspected of having, or at risk of developing a MUC1 positive or MUC1* positive cancer, 

wherein a specimen is obtained from the patient's cancer and is tested for reactivity with an 

antibody that binds to PSMGFR SEQ ID NO:2, or more specifically to the N-10 peptide. The 

patient is then treated with an scFv, scFv-Fc or CAR T that comprises antibody variable 

fragments from the antibody that reacted with their cancer specimen or can be chosen from 

among MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 

8C7F3, or Hi1. Another aspect of the invention is a method for treating a patient diagnosed 

with, suspected of having, or at risk of developing a MUC1 positive or MUC1* positive cancer, 

wherein a specimen is obtained from the patient's cancer and is tested for reactivity with MNC2, 

MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or H11; the 

patient is then treated with the antibody, antibody fragment, scFv, scFv-Fc-mut, BiTE or CAR T 

that comprises portions of the antibody that reacted with their cancer specimen.  

[00559] As we previously reported, it is MUC1*, the transmembrane cleavage product, not 

full-length MUC1, the is a growth factor receptor that drives tumor growth. The growth factors 

that activate MUC1* bind to ectopic sites that are only exposed after cleavage and release of the 

tandem repeat portion of MUC1. Antibodies of the invention, like the activating growth factors, 
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cannot bind to full-length MUC1. FACS analysis clearly shows that anti-MUC1* antibody 

MNC2 is unable to bind to HCT-116, MUC1 negative cells (Fig. 35A), binds robustly to those 

cells if they are transfected with MUC1* (Fig. 35B), but will not bind to HCT cells transfected 

with full-length MUC1 (Fig. 35C). A commercially available anti-tandem repeat antibody 

VU4H5 clearly recognizes full-length MUC1 (Fig. 35D).  

[00560] We discovered that MUC1 can be cleaved to MUC1* by more than one cleavage 

enzyme and that the site of cleavage affects its fold and consequently affects which monoclonal 

antibody is able to recognize that form of MUC1*. Different cancer cells or cancerous tissues 

express different cleavage enzymes. We tested various cleavage enzyme inhibitors on different 

cancer cell lines and found that an inhibitor that inhibits cleavage of MUC1 in one cancer cell 

line did not inhibit its cleavage in another cancer cell line. Similarly, PCR experiments showed 

that cleavage enzymes are expressed at different levels in different cells or cell lines. For 

example, hematopoietic stem cells of the bone marrow express a MUC1* that is recognized by 

monoclonal antibody MNC3 but not MNE6 or MNC2 (Fig. 39). The growth of DU145 prostate 

cancer cells and T47D breast cancer cells is inhibited by the Fabs of MNC2 and MNE6 but not 

by the Fabs of MNC3 or MNC8, indicating that the cancer cell lines express a MUC1* that is 

recognized by MNE6 and MNC2 but not by MNC3 or MNC8 (Fig. 42). PCR experiments show 

that CD34 positive cells of the bone marrow express about 2,500-times more MMP2 and about 

350-times more ADAM28 than T47D breast cancer cells, while DU145 prostate cancer cells 

express about 2,000-times more ADAM TS16, about 400-times more MMP14 and about 100

times more MMP1 than T47D breast cancer cells (Fig. 43 and Fig. 44). Conversely, T47D 

breast cancer cells express about 80-times more MMP9 than the bone marrow cells and about 

twice as much as DU145 prostate cancer cells. Various cleavage enzyme inhibitors were tested 

for their ability to inhibit cleavage in different kinds of cancer cells.  

[00561] General strategy for using antibodies, antibody fragments and CARs that target 

the extracellular domain of MUC1* 

[00562] In one aspect of the invention, a second factor, which may be a cleavage enzyme, an 

antibody, a cytokine, or a second CAR, and a CAR are transduced into the same T cell. In 

another aspect of the invention, the second factor is on an inducible promoter such that its 

expression is activated when the CAR engages the targeted cancer cells. In some cases, the 

expression of the second factor is controlled by an inducible promoter. In one aspect of the 
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invention, expression of the second factor is induced when the immune cell is activated, for 

example when it recognizes or engages its target. In one example, a T cell is transfected or 

transduced with a second factor whose expression is induced when the T cell recognizes a target 

cancer cell. One way to do this is to induce expression of the second factor when, or shortly 

after, an NFAT protein is expressed or translocated to the nucleus. For example, a sequence 

derived from an NFAT promoter region is put upstream of the gene for the second factor. In this 

way, when the transcription factors that bind to the promoter of the NFAT protein are present in 

sufficient concentration to bind to and induce transcription of the NFAT protein, they will also 

bind to that same promoter that is engineered in front of the sequence for transcription of the 

second factor. The NFAT protein may be NFAT1 also known as NFATc2, NFAT2 also known 

as NFATc or NFATc1, NFAT3 also known as NFATc4, NFAT4 also known as NFATc3, or 

NFAT5. In one aspect of the invention, the NFAT is NFATc1, NFATc3 or NFATc2. In one 

aspect of the invention, the NFAT is NFAT2 also known as NFATc1. SEQ ID NO:646 shows 

nucleic acid sequence of the upstream transcriptional regulatory region for NFAT2. The 

promoter sequence for NFAT gene may include the nucleic acid sequence of SEQ ID NO:781

783 or SEQ ID NO:815 as examples, but it can be seen that the optimal sequence or minimal 

sequence for expression of the second factor may be obtained by making fragments, extensions 

or mutations of the promoter and testing for the strength of the promoter with respect to 

expression of the second factor. In one aspect of the invention, the transcriptional regulatory 

region for NFAT2 is engineered upstream of the gene encoding the second factor, which if for 

cleavage enzyme MMP9 (SEQ ID NO:647) or the catalytic sub-unit of MMP9 (SEQ ID 

NO:648). In one aspect of the invention, the NFAT is NFATc3 and the promoter sequence of 

NFATc3 includes nucleic acid sequences from SEQ ID NO:816. In one aspect of the invention, 

the transcriptional regulatory region for NFATc3 is engineered upstream of the gene encoding 

the second factor, here as an example is MMP9. In another aspect of the invention, the NFAT is 

NFATc2. SEQ ID NO:817-818 shows nucleic acid sequence of the upstream transcriptional 

regulatory region for NFATc2. In one aspect of the invention, the transcriptional regulatory 

region for NFATc2 is engineered upstream of the gene encoding the second factor, which may 

be cleavage enzyme MMP9 (SEQ ID NO:647) or the catalytic sub-unit of MMP9 (SEQ ID 

NO:648).  
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[00563] Another method for having the expression of the second factor induced when the T 

cell or CAR T cell is activated is to have the gene for the second factor on an inducible promoter 

where the NFAT protein itself binds to and induces transcription of the second factor. In this 

case, an NFAT response element (NFAT RE) may be positioned upstream of the gene for the 

second factor or fragment of the second factor. The NFAT may bind to its responsive element 

upstream of the second factor alone or as part of a complex. The NFAT protein may be NFATc1, 

NFATc2, NFATc3, NFATc4, or NFAT5. In a preferred embodiment, the NFAT protein is 

NFAT2 aka NFATc1, aka NFATc. The gene of the second factor or fragment thereof is cloned 

downstream of an NFAT-response element (SEQ ID NO:649), which may be repeats of the 

response element (SEQ ID NO:650) and CMV minimal promoter (mCMV) (SEQ ID NO:651) to 

induce expression of second factor by NFAT protein. The NFAT response element may include 

nucleic acid sequence of NFAT consensus sequence (SEQ ID NO:804). The NFAT response 

element may include the nucleic acid sequence of SEQ ID NOS:805-814 as examples, but it can 

be seen that the optimal sequence or minimal sequence for expression of the second factor may 

be obtained by making fragments, extensions or mutations of the responsive element nucleic acid 

and testing for the strength of the responsive element with respect to expression of the second 

factor. The enhancer region of Foxp3 also contains NFAT response elements within the 120-bp 

from 2079 to 2098 (SEQ ID NO:821). The NFAT response element may include nucleic acid 

NFAT consensus sequence of (5'-cattttttccat-3') (SEQ ID NO:819) or (5'-tttttcca-3') (SEQ ID 

NO:820), which NFATcl specifically binds to (Xu et al., Closely related T-memory stem cells 

correlate with in vivo expansion of CAR. CD19-T cells and are preserved by IL-7 and IL-15, 

Blood 2014 123:3750-3759), or repeats thereof. The NFAT response elements may also be 

separated by nucleic acid spacer sequences. Other NFAT responsive elements may exist and may 

further be discovered, and a skilled artisan in the art when directed to determine NFAT 

responsive element may do so by carrying out molecular biological assays to obtain it given the 

guidance of at least the responsive elements as set forth as SEQ ID NOS: 804-814 albeit as only 

mere examples. In one aspect of the invention, the cleavage enzyme that is downstream of the 

NFAT-response element and CMV minimal promoter is MMP9 (SEQ ID NO:652). In another 

aspect of the invention, the cleavage enzyme is a catalytic sub-unit of MMP9 (SEQ ID NO:653).  

[00564] Because NFATs 1-4 are regulated by the calcineurin pathway, potential toxicities that 

may arise in a patient can be stopped by treatment with an immunosuppressive agent such as 
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FK506, Cyclosporin, Cyclosporin A, or Tacrolimus that block calcineurin activity and inhibit 

NFAT translocation to the nucleus. The T cell transduced or transfected with a cleavage enzyme 

on an inducible promoter may also be transfected or transduced with a CAR that recognizes a 

protein or molecule on the cancer cell. In a specific example, the cleavage enzyme is one that is 

able to cleave MUC1 full-length and the CAR bears an antibody fragment that directs it to 

MUC1* on the surface of cancer cells.  

[00565] To determine which cleavage enzymes cleave MUC1 on cancer cells, we tested a 

series of MMP and ADAM enzyme inhibitors. These experiments pointed to MMP9 as being an 

important cleavage enzyme in cancer cells. To confirm that MMP9 cleaves MUC1 on cancer 

cells, we transfected HCT-116 MUC1 negative colon cancer cells with a mimic of full-length 

MUC1 having 41 tandem repeat domains: HCT-MUC1-41TR. Through single cell cloning we 

were able to establish this cell line wherein MUC1 only minimally gets cleaved to MUC1*. Figs.  

36A-36D show Western blots and FACS analysis showing that HCT-MUC1-41TR is 95% 

positive for full-length MUC1 and only 5-10% positive for the cleaved form, MUC1*. HCT

MUC1-41TR cells were incubated with MMP9 at varying concentrations and then assayed by 

immunofluorescence to measure binding of MNC2 monoclonal antibody to the resultant cells.  

As can be seen in Figs. 37A-37C binding of MNC2 increased as the concentration of MMP9 

added to the cells increased. These experiments show that MMP9 cleaves MUC1 to a form that 

is recognized by MNC2. The human cancer tissue array studies we performed (Fig. 30A-30F, 

Fig. 31A-31F, Fig. 32A-32F, Fig. 33A-33F) show that MNC2 recognizes the form of cleaved 

MUC1 that is present on cancerous tissue but not on healthy cells or tissues (Fig. 34A-34).  

Importantly, MNC2 does not recognize the form of cleaved MUC1 that is expressed on healthy 

hematopoietic stem cells of the bone marrow (Figs. 39-41).  

[00566] In one aspect of the invention, an immune cell is transduced with both a CAR to 

target the immune cell to the tumor, and a cleavage enzyme. The CAR and the cleavage enzyme 

can be encoded on the same plasmid or on two different plasmids. In one aspect, the cleavage 

enzyme is on an inducible promoter. In another aspect, expression of the cleavage enzyme is 

induced by a protein that is expressed when the immune cell is activated. In one case, expression 

of the cleavage enzyme is induced by an NFAT protein. In another aspect, expression of the 

cleavage enzyme is induced by NFATc1. In another aspect, expression of the cleavage enzyme is 

induced when one of the NFAT proteins binds to an NFAT response element that is inserted 
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upstream of the gene for the cleavage enzyme or a catalytically active fragment thereof. In one 

aspect, the cleavage enzyme is MMP9 or a fragment of MMP9 that is catalytically active.  

[00567] In one aspect of the invention, the cleavage enzyme is MMP9 (SEQ ID NO:643).  

Some cleavage enzymes are naturally expressed as pro-enzymes that need to be activated. This 

can be accomplished by biochemical means, by expressing a co-enzyme that activates a cleavage 

enzyme or by engineering the enzyme in an activated form. The invention anticipates 

overcoming this problem by co-expressing the cleavage enzyme with its activator. In one aspect 

of the invention, the cleavage enzyme is MMP9 and the co-activator is MMP3. In another aspect 

of the invention, the cleavage enzyme is expressed in a form that is already active, for example 

by expressing a fragment of the cleavage enzyme that still has catalytic function. In one case, the 

cleavage enzyme is an MMP9 fragment that is catalytically active. One example of an MMP9 

catalytic fragment is given as SEQ ID NO:645.  

[00568] MMP9, which must be activated by MMP3, is overexpressed in a large percentage of 

solid tumors. Further, it is known that MNC2 anti-MUC1* monoclonal antibody recognizes 

MUC1 after it is cleaved by MMP9. The various breast, ovarian, pancreatic and lung cancer 

tissue arrays that were shown in Figs. 30-33 were probed with MNC2-scFv, further indicating 

that MUC1 in these cancers is being cleaved by MMP9. To see if cleavage of tumors by MMP9 

would increase T cell access to the tumor, we did a series of experiments using a cell line that 

expresses full-length MUC1, HCT-MUC1-41TR, a breast cancer cell line that is a high expresser 

of both full-length MUC1 and MUC1* and a MUC1 negative cell line that we transfect with 

MUC1* 45. We transfected cells with MMP9 and MMP3, which activates MMP9. We took the 

supernatant of those cells, which contained activated MMP9, and added it to the various cells, 

which were then co-cultured with T cells transduced with an anti-MUC1* CAR: huMNC2

CAR44. The result was greatly increased CAR T cell killing of the targeted MUC1/MUC1* 

positive cancer cells, compared to the control cells that were not incubated with a MUC1 

cleavage enzyme.  

[00569] APMA is a biochemical that activates MMPs. We used APMA along with the 

conditioned media of cells that we transfected with either MMP9 or ADAM17 to see if any of 

these cleavage enzymes would cleave MUC1 on the HCT-MUC1-41TR cell line that only 

expresses full-length MUC. As controls, we also tested the enzymes on HCT-MUC1* cells. The 

MUC1 and MUC1* expressing cells were stained with a red dye, CMTMR. Human T cells that 
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were transduced with an anti-MUC1* CARs, CAR44 or CAR50 were co-cultured with the 

cancer cells. Untransduced T cells were used as a control (Fig. 45A-45P). As can be seen in Fig.  

45B, Fig. 45C, and Fig. 45D, the anti-MUC1* CAR T cells effectively recognized and clustered 

the HCT-MUC1* cancer cells, which is a sign of T cell activation and killing. However, no CAR 

T cell induced clustering is visible in the wells containing HCT-MUC1-41TR, the full-length 

MUC1 expressing cells (Fig. 45F, Fig. 45G, and Fig. 45H). However, the cells that were 

incubated with activated MMP9 show dramatic increase in CAR T cell induced clustering (Fig.  

45J, Fig. 45K, and Fig. 45L), indicating that MMP9 cleaved the full-length MUC1 to a form of 

MUC1* that is recognized by MNC2 monoclonal antibody and more specifically by huMNC2

scFv. ADAM17 had no apparent effect. ADAM17 either did not cleave MUC1 or cleaved it at a 

position that is not recognized by MNC2, which is more likely (Fig. 45N-45P).  

[00570] We performed the same experiment, this time using T47D breast cancer cells that 

were hard to kill using anti-MUC1* CAR T cells presumably because they express high levels of 

full-length MUC1 as well as MUC1* (Fig. 46A-46T). As can be seen in Figs. 46B, 46C, and 

46D, anti-MUC1* CAR44 and CAR50 have little effect on the T47D cancer cells. Only in Fig.  

46D, which is CAR44 at the highest level of CAR expression in the T cells, do we see a small 

amount of CAR T cell induced clustering. However, the presence of activated MMP2 (Fig. 46J, 

46K, 46L) or activated MMP9 (Fig. 46R, 46S, 46T) shows a dramatic increase in CAR T cell 

recognition, clustering and killing, showing that cleavage of full-length MUC1 increases T cell 

access to the cancer cells. To ensure that the addition of the APMA was not inducing cleavage or 

anti-MUC1* CAR T recognition by some other mechanism, we made a catalytically active form 

of MMP9 and added it to T47D cells that were then co-cultured with MNC2-CAR44 T cells 

(Fig. 47A-471). As can be seen in the figure, MNC2-CAR T cells recognize and cluster cells 

transfected with MUC1* (Fig. 47B-47C), poorly cluster T47D breast cancer cells that express 

both full-length MUC1 and MUC1* (Fig. 47E-47F), but robustly bind to and cluster the T47D 

cells after the addition of the catalytically active MMP9 (Fig. 47H-471). This results supports the 

claim that MNC2 does not recognize full-length MUC1 but does recognize the growth factor 

receptor MUC1*. Note that the full-length MUC1 expressed on this cell line may sterically 

hinder the binding of CAR T cells near the cell membrane.  

[00571] In another example, T47D MUC1 positive tumor cells were incubated with a 

recombinant catalytic domain of MMP9 (Enzo Life Sciences, Inc., Farmingdale, NY) at either 
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lOOng/mL or 500ng/mL. Western blot analysis showed that the MUC1/MUC1* positive cancer 

cells underwent extensive cleavage of MUC1 to MUC1*. In another example, T47D breast 

cancer cells were pre-incubated with a human recombinant MMP9 catalytic domain protein then 

co-cultured with anti-MUC1* CAR44 T cells. The specific killing of the T47D cells by CAR44 

T cells was monitored in real-time on an xCelligence instrument that measures impedance as a 

function of time. This analysis uses electrode arrays upon which cancer cells are plated. The 

adherent cancer cells insulate the electrode and cause an increase in impedance as they grow.  

Conversely, T cells are not adherent and remain in suspension so do not increase or decrease 

impedance. However, if the T cells or CAR T cells kill the cancer cells on the electrode plate, the 

cancer cells ball up and float as they die, which causes the impedance to decrease. The addition 

of MMP9 catalytic domain dramatically increased the killing of T47D cancer cells. Fig. 48 

shows an xCelligence graph of T47D breast cancer cells in co-culture with either untransduced T 

cells, as a control, or huMNC2-CAR44 T cells over a 45 hour period. After 18 hours of cancer 

cell growth, a catalytic sub-unit MMP9 was added to some of the cells. At 25 hours, T cells were 

added. As can be seen, huMNC2-CAR44 T cell killing is greatly improved when the T47D cells 

are pre-incubated with cleavage enzyme MMP9. In the xCelligence system, target cancer cells, 

which are adherent, are plated onto electrode array plates. Adherent cells insulate the electrode 

and increase the impedance. The number of adherent cancer cells is directly proportional to 

impedance. T cells are not adherent and do not contribute to impedance. Therefore, increasing 

impedance reflects growth of cancer cells and decreasing impedance reflects killing of cancer 

cells. Prostate cancer cell line DU145 expresses both MUC1 and MUC1* but at a much lower 

level of expression than T47D cells. DU145 cells are efficiently killed by anti-MUC1* CAR T 

cells in the presence or absence of a cleavage enzyme.  

[00572] Fig. 49 shows an xCelligence graph of DU145 prostate cancer cells in co-culture with 

either untransduced T cells, as a control, or huMNC2-CAR44 T cells over a 45 hour period.  

After 18 hours of cancer cell growth, a catalytic sub-unit MMP9 was added to some of the cells.  

At 25 hours, T cells were added. As can be seen, huMNC2-CAR44 T cell killing of low density 

MUC1/MUC1* positive cancer cells is not affected by pre-incubation with cleavage enzyme 

MMP9. DU145 cancer cells express a significantly lower amount of MUC1 which includes the 

full-length form as well as MUC1*. The lower density of full-length MUC1 does not sterically 

hinder T cell access to the membrane proximal MUC1*. DU145 cells represent an early stage 
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cancer that expresses both full length and cleaved MUC1 but at lower levels so that T cell access 

is not sterically hindered. T47D cells represent mid-stage cancers that express high levels of both 

MUC1 and MUC1*, wherein the density of MUC1 full-length sterically hinders access of T cells 

to the tumor. HCT-MUC1* cells are a MUC1 negative cell line that has been stably transfected 

with MUC1* 45, and they represent late stage cancer cells. It is significant that MUC1 cleaved to 

MUC1* by MMP9 is recognized by the anti-MUC1* antibody MNC2, which is the targeting 

head of the CAR. Immune cell access to tumor antigens on the cancer cell surface can be 

sterically hindered by the presence of bulky extra cellular domain proteins or other obstructing 

elements also known as the tumor micro-environment. The aforementioned serve as an example 

that can be extended to improve the efficacy of CAR T therapies that target other tumor antigens.  

In one aspect of the invention, an immune cell is transfected or transduced with both a CAR 

comprising an antibody fragment that targets a tumor antigen and a cleavage enzyme. In another 

aspect of the invention, an immune cell is transfected or transduced with both a CAR comprising 

an antibody fragment that targets a tumor antigen and a cleavage enzyme that cleaves a tumor 

antigen to a form recognized by the antibody fragment of the CAR. In one aspect, an immune 

cell is transfected or transduced with both a CAR comprising an antibody fragment that targets a 

tumor antigen and a cleavage enzyme that cleaves a tumor antigen to a form recognized by the 

antibody fragment of the CAR, wherein the antibody fragment of the CAR recognizes MUC1* 

extra cellular domain and the cleavage enzyme cleaves MUC1 to MUC1*. In one aspect, an 

immune cell, which may be a T cell or an NK cell, is transfected or transduced with a CAR 

comprising an antibody fragment derived from MNC2, MNE6, MNC3 or MNC8 and a cleavage 

enzyme chosen from the group comprising MMP1, MMP2, MMP3, MMP7, MMP8, MMP9, 

MMP11, MMP12, MMP13, MMP14, MMP16, ADAM9, ADAM10, ADAM17, ADAM 19, 

ADAMTS16, ADAM28 or a catalytically active fragment thereof.  

[00573] In one aspect of the invention, a person diagnosed with cancer or at risk of developing 

cancer is administered a sufficient amount of an immune cell transduced with both a CAR and a 

cleavage enzyme. In another aspect of the invention, a person diagnosed with cancer or at risk of 

developing cancer is administered a sufficient amount of an immune cell transduced with both a 

CAR and a cleavage enzyme, wherein the cleavage enzyme is on an inducible promoter that is 

activated by proteins that are expressed when the immune cell becomes activated. In another 

aspect of the invention, a person diagnosed with cancer or at risk of developing cancer is 
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administered a sufficient amount of an immune cell transduced with both a CAR and a cleavage 

enzyme, wherein the cleavage enzyme is on an inducible promoter that is activated by one or 

more NFAT. In one case the NFAT is NFATc1. In another aspect, the NFAT is NFATc3. In 

another aspect, the NFAT is NFATc2. In any of the instances above, the extra cellular domain of 

the CAR comprises a fragment of an anti-MUC1* antibody. In one aspect, the anti-MUC1* 

antibody is MNC2scFv or a humanized form of MNC2scFv. In another aspect, the anti-MUC1* 

antibody is MNE6scFv or a humanized form of MNE6scFv. In any of the instances above, the 

immune cell can be a T cell, an NK cell, a mast cell, or a dendritic cell.  

[00574] It is not intended that the present invention be limited to one or two specific methods 

of having expression of a cleavage enzyme induced by an activated T cell. We have 

demonstrated specific expression of a cleavage enzyme only upon T cell activation by 

constructing a plasmid with the cleavage enzyme gene downstream of an NFAT promoter 

sequence or downstream of one or more repeats of NFAT response elements. In another aspect 

of the invention, expression of the cleavage enzyme is induced by constructing a plasmid where 

the cleavage enzyme gene is inserted downstream of an IL-2 promoter sequence or downstream 

of an IL-2 response element, then inserting the plasmid into an immune cell. In another aspect of 

the invention, expression of the cleavage enzyme is induced by constructing a plasmid where the 

cleavage enzyme gene is inserted downstream of a Calcineurin promoter sequence or 

downstream of a Calcineurin response element, then inserting the plasmid into an immune cell 

and then administering to a patient for the treatment or prevention of cancers. There are also 

drug-inducible plasmids that can be used to induce expression of the cleavage enzyme or used to 

stop expression induced by an element of an activated T cell. These drug inducible systems may 

include tetracycline-inducible systems, Tet-on, Tet-off, tetracycline response elements, 

doxycycline, tamoxifen inducible systems, ecdysone inducible systems and the like.  

[00575] It is not intended that the present invention be limited to one or two specific 

promoters used in the plasmids encoding the CARs or inducible cleavage enzymes. As is known 

by those skilled in the art, many promoters can be interchanged including SV40, PGK1, Ubc, 

CAG, TRE, UAS, Ac5, polyhedron, CaMKIa, GAL1, GAL10, TEF1, GDS, ADH1, CaMV35S, 

Ubi, H1 and U6.Another solution to the problem of steric hindrance of CAR T cell access, 

caused by bulky cell surface proteins such as MUC1-FL, is to increase the length of the linker 

region of the CAR that is expressed by the T cell. In standard design CARs, the length of the 
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extracellular linker region between the transmembrane portion and the antibody fragment is 

about 45-50 amino acids in length. We made long-arm CARs where the length of the 

extracellular linker is extended from about 50 amino acids to 217 - 290 amino acids. Co-culture 

assays show that CARs with longer extracellular linkers have improved access to the tumor

associated antigen on the target cancer cells.  

[00576] BiTEs 

[00577] Divalent (or bivalent) single-chain variable fragments (di-scFvs, bi-scFvs) can be 

engineered by linking two scFvs. This can be done by producing a single peptide chain with two 

VH and two V regions, yielding tandem scFvs. Another possibility is the creation of scFvs with 

linker peptides that are too short for the two variable regions to fold together (about five amino 

acids), forcing scFvs to dimerize. This type is known as diabodies. Diabodies have been shown 

to have dissociation constants up to 40-fold lower than corresponding scFvs, meaning that they 

have a much higher affinity to their target. Consequently, diabody drugs could be dosed much 

lower than other therapeutic antibodies and are capable of highly specific targeting of tumors in 

vivo. Still shorter linkers (one or two amino acids) lead to the formation of trimers, so

called triabodies or tribodies. Tetrabodies have also been produced. They exhibit an even higher 

affinity to their targets than diabodies.  

[00578] All of these formats can be composed from variable fragments with specificity for 

two different antigens, in which case they are types of bispecific antibodies. The furthest 

developed of these are bispecific tandem di-scFvs, known as bi-specific T-cell engagers (BiTE 

antibody constructs). BiTEs are fusion proteins consisting of two scFys of different antibodies, 

on a single peptide chain of about 55 kilodaltons. One of the scFs may bind to T cells such as 

via the CD3 receptor, and the other to a tumor cell via a tumor specific molecule, such aberrantly 

expressed MUCI*.  

[00579] Another aspect of the invention is a method for treating a patient diagnosed with, 

suspected of having, or at risk of developing a MUC1 positive or MUC1* positive cancer, 

wherein the patient is administered an effective amount of a BiTE wherein one antibody variable 

fragment of the BiTE binds to a T cell surface antigen and the other antibody variable fragment 

of the BiTE binds to PSMGFR (SEQ ID NO:2), or more specifically to N-10 peptide. In one 

case, the antibody variable fragment of the BiTE that binds to MUC1* comprises portions of 

105



WO 2020/146902 PCT/US2020/013410 

MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 8C7F3, or 

H1l.  

[00580] In another aspect of the invention, MUC1* peptides including PSMGFR (SEQ ID 

NO:2), or most or all of N-10 peptide are used in adoptive T cell approaches. In this case, a 

patient's T cells are exposed to the MUC1* peptides and through various rounds of maturation, 

the T cells develop MUC1* specific receptors. The adapted T cells are then expanded and 

administered to the donor patient who is diagnosed with, suspected of having, or is at risk of 

developing a MUC1* positive cancer.  

[00581] A series of CARs were also made that had MNC2 and humanized MNC2 as the extra 

cellular, targeting head of the CAR. The constructs for these CARs were inserted into a plasmid 

that was then inserted into a Lenti viral vector. Human T cells were then transduced with the 

lenti viral vector carrying the MNC2 CARs and huMNC2 CARs. MNC2-scFv-CARs that were 

mouse sequence or humanized were generated. In one aspect of the invention, the CAR 

comprised huMNC2-scFv-short hinge region-transmembrane domain derived from CD8-short 

intracellular piece-4-1BB-3zeta. In another aspect, the transmembrane domain was derived from 

CD4 transmembrane sequence. In another aspect, the intracellular co-stimulatory domain was 

CD28-3zeta. In yet another aspect, the intracellular co-stimulatory domain was CD28-4-1BB

3zeta.  

[00582] There are a variety of methods for assessing whether or not T cells recognize a target 

cell and are in the process of mounting an immune response. T cells cluster when they recognize 

a target or foreign cell. This can be readily seen with the naked eye or at low magnification. The 

appearance of CAR T cell clustering when co-cultured with target cancer cells is one measure of: 

a) whether or not they recognize the cells as target cells; and b) whether or not they are getting 

activated to attack the targeted cells, which in this case are cancer cells. Figures 45-47 show 

photographs of MUC1* positive T47D breast cancer cells that were either stably transfected with 

mCherry or dyed with CMTMR, so are red, which were co-cultured with either human T cells 

without a CAR or human T cells transduced with huMNC2-scFv-CAR44, or with huMNC2

scFv-CAR50. The CAR T cells are clear. As can be seen, there is no T cell induced clustering of 

the cancer cells when the T cell does not carry a CAR. However, when T cells carrying a 

MUC1* targeting CAR, there is dramatic clustering of the MUC1* positive cancer cells.  
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[00583] After T cells recognize and cluster target cells, they overexpress perforin and 

granzyme B. Together these two molecules activate a cell death pathway in the targeted cell. It is 

thought that the perforin makes a hole in the target cell into which the T cell injects granzyme B 

which then activates apoptotic proteases, causing the target cell to lyse. Figs. 55 and Fig. 56 

show huMNC2-scFV-CAR44 T cells binding to target MUC1* positive prostate cancer and 

pancreatic cancer cells and injecting granzyme B.  

[00584] Another measure of whether or not a T cell has recognized a target cell and is 

activated to kill that cell, is the upregulation and secretion of cytokines, interferon gamma (IFN

g) and interleukin-2 (IL-2), by the T cell. Activation of CAR T cells, as evidenced by IFN-g and 

IL-2 secretion, can be readily measured in vitro. CAR T cells are co-cultured with target cells 

and after an incubation period, the conditioned media is assayed by ELISA to detect secreted 

IFN-g and IL-2. In order to determine the cancer-specificity of CAR T cells wherein the 

targeting head of the CAR was either huMNC2 or huMNE6, these experiments were performed 

with huMNC2-CAR44 T cells and huMNE6-CAR44 T cells in co-culture with MUC1* positive 

cancer cells and normal cells. Table 1 details the MUC1 positive normal or primary cells that 

were tested.  

[00585] Table 1: Normal Cell Lines and Primary Cells 

[00586] 

A TCC 
Cell Line Designation Tissue Oii 

Hep.G2 Liver 
The THLE-2 (ATCC CRL-10149 and the 
THLE-3 (ATCC CRL-11233) cell lines were 
derived from primary normal liver cells by 
infection with SV40Olarge Tantigen. THLE-2 

THLE-3 CRL-11233 Liver and THLE-3 cells express phenotypic 
characteristics of normal adult liver epithelial 
cells. They are nontumorigenic when injected 
into athymic nude mice, have near-diploid 
karyotypes, and do not express alpha

__________ __________ ______________ fetoprotein.  
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A TCC 
Cell Line Designation Tissue Oii 

Male, Caucasian 
2.0 months old 
Induction Fold CYP1A2 (a) 14.0 
Induction Fold CYP2B6 (b) 13.0 
Induction Fold CYP3A4 (c) 44.0 
Basal Activity CYP1A2 2.6 

LonzaBasal Activity CYP2B6 0.7 Lonza Basal Activity CYP3A4 14.0 
Primary HUM181141 Liver Additional Information: 

Hepatocytes Inducer /Marker Metabolite 

(a) 0.05 mM Omeprazole /Acetaminophen 
(b) 1mM Phenobarbital /Hydroxybupropion 
(c) 0.01 mM Rifampicin /6-Beta
Hydroxytestosterone 
Basal activity is expressed as: pmol/million 
cells/minute 

T/G HA- CRL-1999 Aortic Smooth 11 months 
VSMC Muscle Female, Caucasian 

This fibroblast-like cell line was derived from 
the lung tissue of a 2month, 17-day-old 
Black female.  

CCD-18L CCL-25 LungThe donor had cerebral anoxia, cardiac 
CCDl8L CL-25 Lnganomaly, sepsis, endocardial cushion defect 

and fetal alcoholic syndrome.  
Female, Black 
2.5 months 

Brain Derived from small fragments of human 
HBEC-5i CRL-3245 endtheium cerebral cortex obtained from patients who 

endtheiumhad died of various causes.  
18 weeks gestation fetus 
Male, Caucasian 

Hs Part of the NBL Cell Line Collection. This 

738.St/Int RL-7869 Stomach/Intestine cell.line.is.neither.producednorfully 
characterized by ATCC. We donot guarantee 
that it will maintain aspecific morphology, 
purity, or any other property upon passage.  
The MCF-12A cell line is anon-tumorigenic 
epithelial cell line established from tissue 
taken at reduction mammoplasty from a 

MCF-12 CRL-0782 reast nulliparous patient with fibrocystic breast 
MCF-2A RL-078 Brast disease that contained focal areas of 

intraductal hyperplasia. The line was produced 
by long term culture in serum free medium 

________ ________ ____________with low Ca++ concentration. MCF-12A was 
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A TCC 
Cell Line Designation Tissue Oii 

derived from adherent cells in the population.  

Male, Caucasian 
second trimester 
Part of the NBL Cell Line Collection. This 

Hs 1.Tes CRL-7002 Testis cell line is neither produced nor fully 
characterized by ATCC. We donot guarantee 
that it will maintain aspecific morphology, 
purity, or any other property upon passage.  

Lonza: 
catalogue # Human Renal Cortical Cells (HRCE) are from 

HRCE CC-2554 Lot Kidney proximal and distal tubules.  
# ~Donorinfo: 49 year old female, passage 2, 

0000542104 95% viability, doubling time (hours) 24 hrs 

[00587] 

[00588] Figure50isagraphofPCRmeasurementofthevariouscelllinestested,wherein 

mRNA levels of MUC1 are measured. The cancer cell lines that were tested in these assays were 

HCT-MUC1* and T47D breast cancer cells. These cells were co-cultured with huMNC2-CAR44 

human Tcells. Co-culture of huMNC2-CAR44 Tcells with the cancer cells induced the CAR T 

cells to secrete large amounts ofJIFN-g andJIL-2 into the surrounding media, yet co-culture with 

the MUC1 positive normal cells induced no secretion of the cytokines (Fig. 51 and Fig. 52). In 

addition to testing forJIFN-g andJIL-2 secretion by the CAR Tcells, the normal cells were 

assayed for signs of cell death, which could have been induced by the CAR Tcells if the 

antibody targeting head were not extremely cancer-specific. After co-culture with huMNC2

CAR44 Tcells, the cells were incubated with acell death marker, then assayed by FACS.  

huMNC2-CAR44 Tcells induced no cell death in the normal cells (Fig. 53A-53J).  

[00589] In addition to FACS analysis, many researchers now use an xCELLigence instrument 

to measure CAR Tkilling of cancer cells. FACS is not the best method for tracking Tcell 

induced cell killing because the Tcells lyse the target cell. By FACS it isdifficult tomeasure 
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dead cells because they are excluded as cell debris, so one must infer an amount of cell killing 

and by various methods determine if the missing cells are T cells or cancer cells.  

[00590] The xCELLigence instrument uses electrode arrays upon which cancer cells are 

plated. The adherent cancer cells insulate the electrode and so cause an increase in impedance as 

they grow. Conversely, T cells are not adherent and remain in suspension so do not contribute to 

insulation of the electrode which would increase impedance. However, if the T cells or CAR T 

cells kill the cancer cells on the electrode plate, the cancer cells ball up and float off as they die, 

which causes the impedance to decrease. The xCELLigence instrument measures impedance as a 

function of time, which is correlated to cancer cell killing. In addition, the electrode plates also 

have a viewing window. When CAR T cells effectively kill the adsorbed target cancer cells, 

there is a decrease in impedance but also one can see that there are no cancer cells left on the 

plate surface.  

[00591] Figs. 55A-55H show the cytotoxic effect of huMNC2-CAR44 T cells on MUC1* 

positive DU145 prostate cancer cells as measured by a variety of assays. Fig. 55A is a 

fluorescent photograph of untransduced T cells co-cultured with the prostate cancer cells, 

wherein granzyme B is stained with a red fluorophore. Fig. 55C is a fluorescent photograph of 

huMNC2-CAR44 T cells co-cultured with the prostate cancer cells, wherein granzyme B is 

stained with a red fluorophore. Fig. 55D is the DAPI and granzyme B merge. Fig. 55E is a 

FACS scan for fluorescently labeled granzyme B for untransduced T cells incubated with the 

cancer cells. Fig. 55F is a FACS scan showing a positive increase in fluorescently labeled 

granzyme B for huMNC2-CAR44 T cells incubated with the cancer cells. Fig. 55G is a graph of 

the mean fluorescent intensity. Fig. 55H is an xCELLigence scan tracking the real-time killing of 

DU145 cancer cells by huMNC2-CAR44 T cells (blue trace) but not by untransduced T cells 

(green). Figs. 56A-56H show the cytotoxic effect of huMNC2-CAR44 T cells on MUC1* 

positive CAPAN-2 pancreatic cancer cells as measured by a variety of assays. Fig. 56A is a 

fluorescent photograph of untransduced T cells co-cultured with the pancreatic cancer cells, 

wherein granzyme B is stained with a red fluorophore. Fig. 56B is the DAPI and granzyme B 

merge. Fig. 56C is a fluorescent photograph of huMNC2-CAR44 T cells co-cultured with the 

pancreatic cancer cells, wherein granzyme B is stained with a red fluorophore. Fig. 56D is the 

DAPI and granzyme B merge. Fig. 56E is a FACS scan for fluorescently labeled granzyme B for 

untransduced T cells incubated with the cancer cells. Fig. 56F is a FACS scan showing a positive 
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increase in fluorescently labeled granzyme B for huMNC2-CAR44 T cells incubated with the 

cancer cells. Fig. 56G is a graph of the mean fluorescent intensity. Fig. 56H is an xCELLigence 

scan tracking the real-time killing of CAPAN-2 cancer cells by huMNC2-CAR44 T cells (blue 

trace) but not by untransduced T cells (green). Figs. 57A-57C show xCELLigence scans tracking 

the real-time killing of MUC1* positive cancer cells, but not MUC1* negative cells, by 

huMNC2-CAR44 T cells. Fig. 57A shows that huMNC2-CAR44 T cells effectively kill HCT 

colon cancer cells that have been stably transfected with MUC1*. Fig. 57B shows that huMNC2

CAR44 T cells have almost no effect on HCT-MUC1-41TR, which is a MUC1 negative cancer 

cell that has been stably transfected with a MUC1 full-length. In this cell line only about 10% of 

the cell have MUC1 cleaved to MUC1*. Fig. 57C shows that huMNC2-CAR44 T cells have no 

effect on HCT-116 cells, which is a MUC1 negative colon cancer cell line.  

[00592] These data demonstrate that T cells transduced with a CAR wherein the antibody 

fragment targeting head is MNC2, effectively kill MUC1* positive cancer cells. These data 

specifically show that huMNC2-scFV-CAR44 transduced into human T cells effectively kill 

MUC1* positive cancer cells. Because we and others have now demonstrated that the most 

important aspect of CAR T function is the targeting antibody fragment, it follows that an 

immune cell or a T cell transduced with any CAR having the antibody fragment MNC2-scFV or 

huMNC2-scFV would have similar efficacy against MUC1 or MUC1* positive tumors. For 

example, the hinge region that connects the scFv to the transmembrane portion could be any 

flexible linker. The intracellular co-stimulatory domains could be CD28-3zeta, CD28-4-1BB

3zeta or any combination of immune cell co-stimulatory domains.  

[00593] Figure 61 shows an experiment in which huMNC2-scFv-CAR44 transduced human T 

cell that were bead stimulated (Protocol 1) or cancer cell stimulated (Protocol 2) were tested for 

their ability to inhibit tumor growth in animals. Human cancer cells that had been stably 

transfected with Luciferase were injected into female NOD/SCID/GAMMA (NSG) mice 

between 11 and 15 weeks of age. 500,000 BT-20 breast cancer cells were injected sub

cutaneously into a rear flank. Tumor engraftment was verified by injecting the animals with 

Luciferin and then imaging the fluorescent cancer cells using an IVIS instrument. IVIS images 

taken Day 5 post implantation showed the presence of tumor cells. On Day 6 after IVIS 

measurement, animals were given a one-time injection of 10 million of either human T cells 

transduced with huMNC2-scFv-CAR44 or untransduced T cells. 5 million T cells were injected 
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intra-tumor and 5 million were injected into the tail vein. 10 minutes prior to IVIS photographs, 

mice were IP injected with Luciferin, which fluoresces after cleavage by Luciferase, thus making 

tumor cells fluoresce. Figs. 61A, 61D, 61G show photographs of mice that were treated with 

huMNC2-scFv-CAR44 T cells that had been pre-stimulated by co-culturing for 24 hours with 

4pm beads to which was attached a synthetic MUC1*, PSMGFR peptide 24 hours prior to 

administration, "Protocol 1". Figs. 61B, 61E, 61H show photographs of mice that were treated 

with huMNC2-scFv-CAR44 T cells that had been pre-stimulated by twice co-culturing for 24 

hours with MUC1* positive cancer cells 24 hours prior to administration, "Protocol 2". Ascan 

be seen in Figure 61, huMNC2-CAR44 T cells that were peptide-bead stimulated inhibited 

tumor growth better than cells pre-stimulated by incubation with live cancer cells, which likely 

contaminated the target cells and increased the tumor volume.  

[00594] huMNC2-scFv-CAR44 transduced human T cell that were bead stimulated (Protocol 

1) or cancer cell stimulated (Protocol 2) were also tested for their ability to inhibit tumor growth 

in animals. Human cancer cells that had been stably transfected with Luciferase were injected 

into female NOD/SCID/GAMMA (NSG) mice between 11 and 15 weeks of age. In another 

experiment, 500,000 BT-20 MUC1* positive triple negative breast cancer cells were injected 

sub-cutaneously into a rear flank. Tumor engraftment was verified by injecting the animals with 

Luciferin and then imaging the fluorescent cancer cells using an IVIS instrument. IVIS images 

taken Day 6 post implantation showed the presence of tumor cells. On Day 6, after IVIS 

imaging, 10M huMNC2-scFv-CAR44 T cells were administered to the animals. 5M of the CAR 

T cells were administered by intratumor injection and the other 5M were administered by tail 

vein injection. Control group was injected by same administration routes with the same number 

of untransduced T cells. IVIS measurements of tumor burden were taken on Days 6, 8, and 12.  

As can be seen in Figs. 61A-61J, both groups of mice treated with huMNC2-CAR44 T cells 

showed a decrease in tumor burden compared to the control group.  

[00595] huMNC2-scFv-CAR44 transduced human T cell that were bead stimulated (Protocol 

1) were also tested for their ability to inhibit ovarian cancer growth in animals. Human SKOV-3 

MUC1* positive ovarian cancer cells that had been stably transfected with Luciferase were 

injected into female NOD/SCID/GAMMA (NSG) mice between 11 and 15 weeks of age. In one 

experiment, 500,000 SKOV-3 cancer cells were injected into the intraperitoneal cavity to mimic 

metastatic ovarian cancer in humans. Tumor engraftment was verified by injecting the animals 
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with Luciferin and then imaging the fluorescent cancer cells using an IVIS instrument. IVIS 

images taken Day 3 post implantation showed the presence of tumor cells. On Day 4 and Day 11, 

post tumor implantation, 10M huMNC2-scFv-CAR44 T cells were IP administered to the 

animals. On Day 4, CAR T cells were IP injected. On Day 11 half the CAR T cells were injected 

into the intraperitoneal space and the other half was injected into the tail vein. Control groups 

were injected by same administration routes with either the same number of untransduced T cells 

or same volume of PBS. Subsequent IVIS measurements of tumor burden were taken on Day 7, 

Day 10 and Day 15. As can be seen in Figs. 62A-62L, control mice have tumors that are 

growing at a much faster rate than the huMNC2-CAR44 T cell treated mice. Fig. 62M shows the 

IVIS color bar correlating photons/second to color.  

[00596] One aspect of the invention is a method for treating a patient diagnosed with, 

suspected of having, or at risk of developing a MUC1 positive or MUC1* positive cancer, 

wherein the patient is administered an effective amount of immune cells that have been 

transduced with a MUC1* targeting CAR, wherein the CAR is chosen from among the group 

consisting of MN-E6-CD8-CD28-3z (SEQ ID NOS:297-298); MN-E6-CD4-CD28-3z (SEQ ID 

NOS:748-749); MN-E6-CD8-41BB-3z (SEQ ID NOS:300-301); MN-E6-CD4-41BB-3z (SEQ 

ID NOS:750-751); MN-E6-CD8-CD28-41BB-3z (SEQ ID NOS:303-304); MN-E6-CD4-CD28

41BB-3z (SEQ ID NOS:754-755); MN-E6scFv-Fc-8-41BB-CD3z (SEQ ID NOS:310-311); MN

E6scFv-IgD-Fc-8-41BB-CD3z (SEQ ID NOS:770-771); MN-E6scFv-FcH-8-41BB-CD3z (SEQ 

ID NOS:315-316); MN-E6scFv-IgD-FcH-8-41BB-CD3z (SEQ ID NOS:772-773); MN-E6scFv

Fc-4-41BB-CD3z (SEQ ID NOS:318-319); MN-E6scFv-FcH-4-41BB-CD3z (SEQ ID NOS:321

322); MN-E6scFv-IgD-8-41BB-CD3z (SEQ ID NOS:323-324); MN-E6scFv-IgD-4-41BB-CD3z 

(SEQ ID NOS:327-328); MN-E6scFv-X4-8-41BB-CD3z (SEQ ID NOS:330-331); MN-E6scFv

X4-4-41BB-CD3z (SEQ ID NOS:333-334); MN-E6scFv-8-4-41BB-CD3z (SEQ ID NOS:336

337), or any of the aforementioned CARs wherein the MN-E6 is replaced by fragment derived 

from MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 1E4, B12, B2, B7, B9, 

8C7F3, or Hi1. Another aspect of the invention is a method for treating a patient diagnosed 

with, suspected of having, or at risk of developing a cancer, wherein the patient is administered 

an effective amount of immune cells that have been transduced with one of the aforementioned 

CARs wherein the MN-E6 is replaced by a peptide comprising antibody variable domain 
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fragments that are specific for a cancer antigen. In any of the above methods, the immune cell 

may be a T cell and may further be isolated from the patient to be treated.  

[00597] Other MUCI cleavage sites 

[00598] It is known that MUC1 is cleaved to the growth factor receptor form, MUC1*, on 

some healthy cells in addition to cancer cells. For example, MUC1 is cleaved to MUC1* on 

healthy stem and progenitor cells. A large percentage of bone marrow cells are MUC1* positive.  

Portions of the intestine are MUC1* positive.  

[00599] The inventors have discovered that MUC1 can be cleaved at different positions that 

are relatively close to each other but the location of cleavage changes the fold of the remaining 

portion of the extracellular domain. As a result, monoclonal antibodies can be identified that bind 

to MUC1* cleaved at a first position but do not bind to MUC1* that has been cleaved at a second 

position. This discovery is disclosed in W02014/028668, filed August 14, 2013, the contents of 

which are incorporated by reference herein its entirety. We identified a set of anti-MUC1* 

monoclonal antibodies that bind to MUC1* as it appears on cancer cells but do not bind to 

MUC1* as it appears on stem and progenitor cells. Conversely, we identified a second set of 

monoclonal antibodies that bind to stem and progenitor cells but do not bind to cancer cells. One 

method used to identify stem specific antibodies is as follows: supernatants from monoclonal 

hybridomas were separately adsorbed onto 2 multi-well plates. Stem cells, which are non

adherent cells, were put into one plate and cancer cells which are adherent were put into an 

identical plate. After an incubation period, the plates were rinsed and inverted. If the non

adherent stem cells stuck to the plate, then the monoclonal antibody in that particular well 

recognizes stem cells and will not recognize cancer cells. Antibodies that did not capture stem 

cells or antibodies that captured cancer cells were identified as cancer specific antibodies. FACS 

analysis has confirmed this method works.  

[00600] Antibodies MN-E6 and MN-C2 are examples of cancer-specific antibodies.  

Antibodies MN-C3 and MN-C8 are examples of stem-specific antibodies. Although both sets of 

antibodies are able to bind to a peptide having the PSMGFR sequence, FACS analysis shows that 

the anti-MUC1* polyclonal antibody and MN-C3 bind to MUC1* positive bone marrow cells 

but MN-E6 does not. The MUC1* polyclonal antibody was generated by immunizing a rabbit 

with the PSMGFR peptide. Similarly, MN-C3 binds to stem cells of the intestinal crypts but 

MN-E6 does not. Conversely, MN-E6 antibody binds to cancerous tissue while the stem
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specific MN-C3 does not. Competition ELISA experiments indicate that the C-terminal 10 

amino acids of the PSMGFR peptide are required for MN-E6 and MN-C2 binding, but not for 

MN-C3 and MN-C8. Therefore, another method for identifying antibodies that are cancer 

specific is to immunize with a peptide having the sequence of the PSMGFR peptide minus the 10 

N-terminal amino acids or use that peptide to screen for antibodies or antibody fragments that 

will be cancer specific. Antibodies that bind to a peptide with a sequence of PSMGFR peptide 

minus the N-terminal 10 amino acids, referred to herein as N-10 peptide, but do not bind to a 

peptide with a sequence of PSMGFR peptide minus the C-terminal 10 amino acids, C-10 

peptide, are cancer specific antibodies for use in the treatment or prevention of cancers.  

[00601] The extracellular domain of MUC1 is also cleaved on stem cells and some progenitor 

cells, where activation of cleaved MUC1 by ligands NME1 in dimer form or NME7 promotes 

growth and pluripotency and inhibits differentiation. The transmembrane portion of MUC1 that 

remains after cleavage is called MUC1* and the extracellular domain is comprised essentially of 

the Primary Sequence of MUC1 Growth Factor Receptor (PSMGFR) sequence. However, the 

exact site of cleavage can vary depending on cell type, tissue type, or which cleavage enzyme a 

particular person expresses or overexpresses. In addition to the cleavage site that we previously 

identified which leaves the transmembrane portion of MUC1* comprising most or all of the 

PSMGFR (SEQ ID NO:2), other cleavage sites could possibly result in an extended MUC1* 

comprised of most or all of 

SNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTEAASRY (SEQ ID NO:620); or 

[00602] SVVVQLTLAFREGTINVHDVETQFNQYKTEAASRY (SEQ ID NO:621).  

[00603] To test this hypothesis, and to determine if antibodies to an N-terminally extended 

PSMGFR, would generated more cancer-specific antibodies than antibodies that bind to the 

PSMGFR, we generated monoclonal antibodies by immunization with peptides: 

[00604] (PSMGFR) GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA 

(SEQ ID NO:2), 

[00605] (N+20/C-27) SNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTE (SEQ ID 

NO:822), or 

[00606] (N+9/C-9) VQLTLAFREGTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVP 

(SEQ ID NO:824) 
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[00607] Monoclonal antibodies generated from immunization with the same peptide can also 

show differences in reactivity to the same cancerous tissue specimen. These results indicate that 

the monoclonal antibodies recognize different conformations of the truncated MUC1 extra 

cellular domain produced by immunizing with different length peptides, mimicking different 

cleavage sites, or from cleavage at different sites in the host animal. Antibodies that recognize 

different cleavage site conformations may be cancer sub-type specific or patient specific, 

depending on which cleavage enzyme their tumor expresses. In one aspect of the invention, a 

patient diagnosed with a certain type of cancer is treated with an antibody of the invention that 

recognizes a cleaved MUC1 wherein the antibody is specific for cleavage by a specific enzyme 

that is known to be typically expressed by that sub-type of cancer. In another aspect, a patient 

tumor is analyzed to determine which enzyme his or her tumor expresses and an antibody that 

recognizes a MUC1 cleaved by that enzyme is then administered to the patient for the treatment 

of their cancer. The antibody may be in the form of a CAR, a BiTE, an ADC, or a bispecific 

antibody.  

[00608] We previously reported that it is the MUC1 transmembrane cleavage product, called 

MUC1* (mukl star), that mediates tumor growth and not full-length MUC1 (Mahanta et al 

2008). MUC1* is a growth factor receptor that is activated by ligand induced dimerization of its 

short extra cellular domain (Fig. 1A). Dimerization of the MUC1* extra cellular domain 

activates the MAP kinase signaling cascade and stimulates growth and survival of cancer cells 

(Fessler et al 2009). Bivalent antibodies that dimerize the MUC1* extra cellular domain 

stimulate cancer cell growth while the monovalent Fab of the same antibody, which cannot 

dimerize, inhibits cancer cell growth. We demonstrated this in vitro (Fig. 1B) and in vivo (Fig.  

7A-7B ).  

[00609] We then identified the natural ligands that dimerize and activate MUC1* growth 

factor receptor function. Dimers of NME1 bind to and dimerize the MUC1* extra cellular 

domain and stimulate growth (Fig. 1C and Smagghe et al 2013). NME1 can turn its growth 

factor properties off. NME1 is secreted by MUC1* positive cells. Dimeric NME1 binds to 

MUC1* to stimulate growth. However, as the cell population grows, more and more NME1 is 

secreted from the cells. At high concentrations, the NME1 dimers multimerize and form 

hexamers, which do not bind to MUC1*, but likely bind to some unknown receptor, as the 

addition of NME1 hexamers turns off growth. NME1 is an adult form. The embryonic form is 
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NME7Ba (Carter et al 2016). Each NME7Ba monomer has two binding sites for MUC1* so as a 

monomer it dimerizes MUC1* (Fig. 1D), stimulates growth and cannot turn itself off. In the 

developing embryo, BRD4 turns off NME7 and its co-factor JMJD6 turns on the self-regulating 

form, NME1. However, in cancers, NME7, which should be silenced in adult life, is aberrantly 

expressed again, where is renders the MUC1* growth factor receptor constitutively active.  

[00610] In vitro, NME1 (SEQ ID NO:4) and NME7Ba (SEQ ID NO:827) bind to the 

PSMGFR portion of the MUC1* extra cellular domain. Both growth factors can bind to the 

PSMGFR peptide (SEQ ID NO:2) even if the 10 N-terminal amino acids are deleted, referred to 

herein as N-10 (SEQ ID NO:3). However, neither NME1 nor NME7Ba can bind to the PSMGFR 

peptide if the 10 membrane proximal amino acids are deleted (Fig. 2A-2D), referred to herein as 

C-10 (SEQ ID NO:825). In summary, the epitope to which NME1 and NME7Ba bind includes all 

or part of the 10 membrane proximal amino acids: PFPFSAQSGA (SEQ ID NO:1743). We 

tested various antibodies that were generated in animals by immunizing with the PSMGFR 

peptide for their ability to recognize cancer cells but not healthy cells. Among the most cancer 

selective were the MNC2 and MNE6 monoclonal anti-MUC1* antibodies. Two other 

monoclonal antibodies that were generated from immunizing animals with the PSMGFR peptide 

are MNC3 and MNC8. Although MNC2, MNE6, MNC3 and MNC8 all bind to the PSMGFR 

peptide, like NME1 and NME7a, MNC2 and MNE6 bind strongly to the N-10 peptide but not 

to the C-10 peptide (Fig. 2B-2C). In fact, MNC2 and MNE6 competitively inhibit the binding of 

NME1 and NME7Ba to PSMGFR (Fig. 3A-3C). Conversely, MNC3 and MNC8 bind to the C-10 

peptide, bind less well to the N-10 peptide and do not compete with NME1 nor NME7Ba for 

binding to MUC1* peptides, including PSMGFR (Fig. 2E-2F). MNC3 and MNC8 are far less 

cancer specific than MNC2 and MNE6. MNC3 and MNC8 recognize stem and progenitor cells, 

such as hematopoietic stem cells, whereas MNC2 and MNE6 do not (Fig. 39-41). Because 

hematopoietic stem cells are the progenitor cells for the blood cells, it would be problematic to 

have a cancer therapeutic that would also target such an important normal cell type.  

[00611] Because MUC1* is generated by enzymatic cleavage of MUC1, we researched which 

cleavage enzymes cleave MUC1 to a MUC1* and whether or not we could identify antibodies 

that would recognize a MUC1* generated by a first cleavage enzyme but not MUC1* generated 

by a second cleavage enzyme. We found that MNC2 and MNE6 recognized a MUC1* generated 

by cleavage of MUC1 by MMP9 but not by cleavage by other enzymes such as MMP2 (Fig. 37 
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and Fig. 75). We note that MMP9 is overexpressed in cancers and is a predictor of poor 

prognosis (vant Veer et al 2002; Dufour et al 2011) and has been implicated in metastasis 

(Owyong et al, 2019), whereas MMP2 is expressed in bone marrow. One antibody binding to a 

MUC1* generated by cleavage by a first enzyme but not by cleavage by a second enzyme 

implies that the antibody recognizes a conformational epitope rather than a linear epitope.  

[00612] We reasoned that the most cancer specific antibodies would be those antibodies that 

are characterized by some combination of most or all of the following: 

[00613] Antibody binds to PSMGFR peptide; 

[00614] Antibody does not bind to full-length MUC1; 

[00615] Antibody binds to N-10; 

[00616] Antibody does not bind to C-10; 

[00617] Antibody competitively inhibits binding of NME1 or NME7AB to MUC1* extra 

cellular domain or a PSMGFR peptide; 

[00618] Antibody recognizes a MUC1* generated by cleavage by MMP9; 

[00619] Antibody recognizes a conformational epitope not a linear epitope.  

[00620] MNC2 and MNE6 are cancer specific.  

[00621] Our experiments show that both MNC2 and MNE6: a) Bind to tumor cells; b) 

monovalent forms block tumor growth in vitro and in vivo; c) have minimal to no binding of 

normal tissue while having robust binding to a wide panel of tumor tissues; d) when incorporated 

into CAR T cells, MNC2 and MNE6 directed CAR T cells do not recognize full-length MUC1 

and do not kill cells that only express full-length MUC1; e) MNC2 and MNE6 directed CAR T 

cells cluster then kill tumor cells expressing MUC1*; and f) MNC2 and MNE6 recognize a 

MUC1 cleavage product when it is cleaved by MMP9.  

[00622] MNC2 directed CAR T cells do not recognize normal, healthy cells that are MUC1* 

positive. A panel of normal cell lines, as well as primary cells, were co-cultured with huMNC2

CAR44 T cells. The normal cell populations were analyzed to determine whether or not the 

MNC2 directed CAR T cells killed them. The CAR T cells were analyzed to see if co-culture 

with the MUC1 positive normal cells activated the killing function of the CAR T cells, as 

measured by secretion of IL-2 or interferon gamma. As Figures 50-52 show, the MNC2 directed 

CAR T cells did not kill the normal cells, nor was there cytokine secretion, indicative of T cell 

activation. In addition, over 2,000 human tissue specimens were analyzed. The results showed 
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that neither MNC2 nor MNE6 showed any significant binding to normal tissues but showed 

robust staining of a wide panel of cancerous tissues. For example, MNC2 stained 93% breast 

cancer specimens, 83% ovarian, 78% pancreatic and 71% lung cancer specimens. In addition, 

patient-matched primary tumors (Fig. 54) and subsequent metastases showed that the amount of 

MNC2-reactive MUC1* increased with tumor progression and metastases. In summary, MNC2 

is a highly cancer specific antibody.  

[00623] Characterization of MNC2 and MNE6 

[00624] Our gold standard, cancer-specific antibodies MNC2 and MNE6: 1) bind to N-10 

peptide but not to the C-10 peptide; 2) compete with NME7Ba and dimeric NME1 for the same 

binding site near the C-terminus of the PSMGFR peptide, which is the membrane proximal 

portion of MUC1* on cells; 3) do not work in a Western blot assay indicating that they recognize 

a conformational rather than linear epitope; 4) recognize a MUC1* generated when MUC1 is 

cleaved by MMP9; 5) do not bind to full-length MUC1 but only to the cleaved form, MUC1*, in 

model cell lines as well as cancer cell lines; 6) show little to no binding to normal tissues but 

robustly stain a wide variety of tumor tissues; and 7) share some consensus sequences in their 

Complementarity Determining Regions, CDRs.  

[00625] In an effort to identify other antibodies that are highly cancer-specific, like MNC2 

and MNE6, we subjected new antibodies to a set of seven (7) characterization experiments: 1) 

epitope binding assays; 2) functional assays such as the ability to displace activating growth 

factor NME7Ba or dimeric NME1 from binding to MUC1* peptides PSMGFR or N-10; 3) 

Western blots to determine whether or not the antibodies recognized a linear epitope versus a 

conformational epitope, in which case the antibodies would not work in a Western; 4) binding 

assays to see if the antibodies recognized a cleaved MUC1 that was dependent on cleavage by 

MMP9; 5) FACS analysis to measure the ability of the antibodies to recognize MUC1* positive 

cells but not full-length MUC1; and FACS analysis to measure the ability of the antibodies to 

recognize MUC1/MUC1* positive cancer cells; 6) immunohistochemistry, IHC, assays of 

normal tissues versus cancerous tissues to determine true cancer specificity; and 7) aligning 

antibody sequences to determine if subsets of antibodies shared consensus sequences that could 

predict their cancer specificity or lack thereof.  
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[00626] Monoclonal antibodies were produced by immunizing animals with peptides derived 

from a MUC1 that is devoid of tandem repeats. These antibodies included PSMGFR and 

peptides that were extended at the N-terminus of PSMGFR. Immunizing peptides were: 

[00627] PSMGFR (SEQ ID NO:2)) 

[00628] N+9/C-9 (9 amino acids added onto the N-terminus and 9 amino acids deleted from 

the C-terminus) (SEQ ID NO:824) 

[00629] N+20/C-27 (20 amino acids added onto the N-terminus and 27 amino acids deleted 

from the C-terminus) (SEQ ID NO:823) 

[00630] These monoclonal antibodies were then tested to determine which satisfied the seven 

(7) characterization criteria cited above, which we reasoned would identify the most cancer 

specific antibodies.  

[00631] Epitope binding assays 

[00632] ELISA assays were performed to determine if, in addition to recognizing their 

immunizing peptide, they recognized PSMGFR, N-10 or C-10. In addition, they were tested for 

their ability to bind to N+20/C-27, N+9/C-9. We first did the ELISA assay on our set of 

reference antibodies, MNC2, MNE6, which we know are cancer-specific plus MNC3, which we 

know recognizes stem cells and progenitor cells (Fig. 63A-63B). None of the reference 

antibodies bound to the N+20/C-27 peptide. MNC2 and MNE6 cannot bind to PSMGFR 

peptides with 27, 10 or 9 C-terminal deletions, however, MNC3 binds to C-10 and to N+9/C-9 

peptides.  

[00633] This same ELISA assay was performed on the antibodies of the invention (Fig. 64-66 

and Fig. 201). The binding patterns of the antibodies that were generated by immunizing with the 

PSMGFR peptide are shown in Fig. 64A-64B. Note that only 20A10 exactly matches the binding 

profile of MNC2 and MNE6. 25E6, 28F9 and 18G12 are all able to bind to the N-10 peptide.  

18B4 is the only antibody raised against the PSMGFR peptide that requires the 10 most N

terminal amino acids of the peptide. The color of the bars for each antibody in the ELISA graph 

are color coded to match the deductive cognate sequence, or a portion thereof, of that antibody.  

In addition, another set of antibodies was assayed by ELISA (Fig. 201). Of this set, B12, B2, B7, 

B9, 8C7F3, and H11 bound to the PSMGFR peptide, bound to the N-10 peptide, but not to the C

10 peptide (Fig. 201). The binding patterns of the antibodies that were generated by immunizing 

with the N+20/C-27 peptide are shown in Fig. 65A-65B. Although these antibodies were raised 
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against the N+20/C-27 peptide, all but one, 45C11, still bind to the PSMGFR peptide, albeit at 

the N-terminal portion of PSMGFR. The binding of 45C11 is weak but deductive reasoning 

shows that all or some of the cognate epitope must lie within SNIKFRPGSVV (SEQ ID 

NO:1744).  

[00634] Of the antibodies generated by immunizing with the N+9/C-9 peptide, 8A9 and 17H6 

do not bind to the PSMGFR peptide, so must bind to the 9 additional N-terminal amino acids.  

Antibodies 3C5 and 39H5 appear to bind to the 10 most N-terminal amino acids of the PSMGFR 

peptide.  

[00635] In order to further refine the epitopes to which each antibody binds, a series of 

smaller peptides derived from the PSMGFR sequence were synthesized: N-30 (SEQ ID NO:7), 

N-26 (SEQ ID NO:6), N-19 (SEQ ID NO:4), N-10/C-5 (SEQ ID NO:8), N-19/C-5 (SEQ ID 

NO:9). Each of the antibodies was tested in an ELISA assay for their ability to bind to this 

refined set of peptides, plus PSMGFR, N-10 and C-10 peptides (Fig. 67-69).  

[00636] In Fig. 67A-67D, antibodies generated by immunization with the PSMGFR peptide 

were assayed. As can be seen in the figure, amino acids ASRYNLT (SEQ ID NO:1745), which 

are essentially in the middle of the PSMGFR peptide, are important or essential for the binding 

of 28F9,18G12,25E6, and MNC3 antibodies. Amino acids GTINVHDVET (SEQ ID NO:1746), 

which comprise the most N-terminal part of the PSMGFR peptide are important or essential for 

the binding of the 18B4 antibody. Amino acids FPFS (SEQ ID NO:1747) are important or 

essential for the binding of 20A10, MNC2 and MNE6. We note that these three antibodies 

recognize a conformational epitope, not a linear epitope. Because the proline in the FPFS 

sequence significantly alters the conformation of nearby portions of the PSMGFR peptide, it is 

also possible that the antibodies do not bind directly to these four amino acids, but that the 

absence of the proline alters the fold of the remaining peptide such that the conformation to 

which20A10, MNC2 and MNE6 bind, is no longer present.  

[00637] In Fig. 68A-68D, antibodies generated by immunization with the N+20/C-27 peptide 

were assayed. As can be seen in the figure, amino acids GTINVHDVET, which comprise the 

most N-terminal part of the PSMGFR peptide are important or essential for the binding of the 

29H1, 32C1, and 31A1 antibodies. Amino acids SNIKFRPGSVVVQLTLAFRE (SEQ ID 

NO:1748), which is 20 additional amino acids N-terminal to the PSMGFR peptide and outside of 

the PSMGFR peptide, are important or essential for the binding of antibody 45C11. However, 
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referring back to Fig. 65, antibody 45C11 was not able to bind to the N+9/C-9 peptide, therefore 

we conclude that amino acids within the SNIKFRPGSVV sequence are essential for the binding 

of 45C11. Amino acids QFNQYKTEA (SEQ ID NO:1749), which are still within the sequence 

of PSMGFR, are important or essential for the binding of antibody 1E4.  

[00638] In Fig. 69A-69D, antibodies generated by immunization with the N+9/C-9 peptide 

were assayed. As can be seen in the figure, amino acids GTINVHDVET, which comprise the 

most N-terminal part of the PSMGFR peptide are important or essential for the binding of the 

39H5 and 3C5 antibodies. As can be seen in the figure, amino acids VQLTLAFRE (SEQ ID 

NO:1750), which is 9 additional amino acids N-terminal to the PSMGFR peptide and outside of 

the PSMGFR peptide, are important or essential for the binding of antibodies 17H6 and 8A9.  

Because the 17H6 and 8A9 antibodies do not bind to any of the smaller peptides shown in this 

figure, refer to Figure 66A-66C, which shows that these two antibodies only bind to the peptide 

that has 9 additional amino acids N-terminal to the PSMGFR peptide.  

[00639] Table 2 below lists antibodies of the invention and their cognate epitopes.  

Table 2 
Immunizing Peptide Antibody Name Cognate Sequence 

PSMGFR MNC2 FPFS or PFPFSAQSGA 
MNE6 FPFS or PFPFSAQSGA 
20A10 FPFSorPFPFSAQSGA 
3C2B1 FPFSorPFPFSAQSGA 
5C6F3 SVSDV 
MNC3 ASRYNLT 
25E6 ASRYNLT 
28F9 ASRYNLT 

18G12 ASRYNLT 
18B4 GTINVHDVET 

N+20/C-27 
45C11 SNIKFRPGSVV 
29H1 GTINVHDVET 
32C1 GTINVHDVET 
31A1 GTINVHDVET 
1E4 QFNQYKTEA 

N+9/C-9 
17H6 VQLTLAFRE 
8A9 VQLTLAFRE 

39H5 GTINVHDVET 
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3C5 GTINVHDVET 

[00640] Ability to displace NME7AB binding to the MUC1* extra cellular domain peptide 

PSMGFR 

[00641] We previously reported that dimeric NME1 dimerizes MUC1* extra cellular domain 

and stimulates growth. Monomeric NME7AB has two binding sites for MUC1* so that as a 

monomer it dimerizes MUC1* and mediates cancer cell growth. We showed that NME1 and 

NME7AB can bind to the MUC1* extra cellular domain. In vitro, NME1 and NME7AB bind to the 

PSMGFR peptide even if the 10 N-terminal amino acids are deleted, referred to herein as N-10 

(SEQ ID NO:3). However, neither NME1 nor NME7AB can bind to the PSMGFR peptide if the 

10 membrane proximal amino acids are deleted, referred to herein as C-10 (SEQ ID NO:825). In 

summary, the epitope to which NME1 and NME7AB bind includes all or part of the 10 membrane 

proximal amino acids: PFPFSAQSGA (SEQ ID NO:1743). We tested various antibodies that 

were generated in animals by immunizing with the PSMGFR peptide for their ability to 

recognize cancer cells but not healthy cells. Among the most cancer selective were the MNC2 

and MNE6 monoclonal anti-MUC1* antibodies. Two other monoclonal antibodies that were 

generated from immunizing animals with the PSMGFR peptide are MNC3 and MNC8. Although 

MNC2, MNE6, MNC3 and MNC8 all bind to the PSMGFR peptide, like NME1 and NME7AB, 

MNC2 and MNE6 bind strongly to the N-10 peptide but not to the C-10 peptide. In fact, MNC2 

and MNE6 competitively inhibit the binding of NME1 and NME7AB to PSMGFR. Conversely, 

MNC3 and MNC8 are able to bind to the C-10 peptide, bind less well to the N-10 peptide and do 

not compete with NME1 nor NME7AB for binding to MUC1* peptides, including PSMGFR (Fig.  

70). MNC3 and MNC8 are less cancer specific than MNC2 and MNE6. MNC3 and MNC8 

recognize stem and progenitor cells, such as hematopoietic stem cells, whereas MNC2 and 

MNE6 do not. Because hematopoietic stem cells are the progenitor cells for the blood cells, it 

would be problematic to have a cancer therapeutic that would also target such an important 

normal cell type.  

[00642] In this experiment, antibodies of the invention were tested for their ability to displace 

NME7AB from binding to the PSMGFR peptide. In this experiment, a multi-well plate was 

coated with the PSMGFR peptide. Recombinant NME7AB was allowed to bind to the surface
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immobilized PSMGFR peptide. Wash steps followed. Various antibodies were added, followed 

by wash steps. The amount of NME7AB that remained attached to the PSMGFR coated plate, 

after antibody competition, was measured by detecting a tag on the NME7AB. As a control, anti

NME7AB antibodies were also tested for their ability to displace NME7AB from the PSMGFR.  

Figure 70 shows a graph of an ELISA displacement assay. The bar graph is color coded to 

indicate the cognate epitope to which each antibody binds. As can be seen in the figure, the 

antibodies that bind to the more C-terminal portions of PSMGFR are the most potent at 

disrupting the binding of onco-embryonic growth factor NME7AB to the MUC1* extra cellular 

domain or the PSMGFR peptide. The rank order of potency for disrupting binding of NME7AB 

to PSMGFR according to their cognate epitope is as follows: FPFS> ASRYNLT> 

QFNQYKTEA>GTINVHDVET. Antibodies that bind to epitopes outside of the PSMGFR 

peptide, such as 45C11, 8A9 and 17H6 did not compete with NME7AB for binding.  

[00643] Western blot assay to determine linear versus conformational cognate epitope 

[00644] Antibodies were tested to determine whether they recognize a linear or a 

conformational epitope. Only antibodies that recognize a linear epitope work in Western blots 

when using denaturing gels. For comparison, known antibodies were tested for their ability to 

bind to HCT-116, a MUC1 negative cancer cell line, HCT-MUC1-18, which is a cleavage 

resistant clone of HCTs transfected with full-length MUC1, and HCTs transfected with MUC1*, 

wherein the extra cellular domain comprises only the PSMGFR sequence. The antibodies tested 

for comparison are MNC2 and MNE6, which were known to only recognize a conformational 

epitope, SDIX which is a polyclonal antibody raised against PSMGFR and VU4H5, which is a 

commercially available monoclonal antibody that recognizes the tandem repeats of full-length 

MUC1 (Fig. 71A-71D). As can be seen, neither MNC2 nor MNE6 recognize a MUC1 or 

MUC1* specific linear epitope. The SDIX polyclonal antibody recognizes HCT-MUC1* but not 

full-length MUC1 and VU4H5 only recognizes full-length MUC1. These same antibodies were 

also tested for their ability to work in Western blots of two breast cancer cell lines 1500, aka Zr

75-1, and T47D cells and show the same binding pattern (Fig. 71E-71H).  

[00645] Antibodies that were raised against the PSMGFR peptide were tested the same way in 

Western blots (Fig. 72A-72P). As can be seen, antibodies 25E6 and 18B4 recognize linear 

epitopes but 20A10, 3C2B1, 5C6F3, 18G12 and 28F9 do not, indicating that they bind to a 

conformational epitope. Antibodies that were raised against the N+20/C-27 peptide were tested 
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the same way in Western blots (Fig. 73A-73J). As can be seen, antibodies 31A1 and 32C1 

recognize linear epitopes. Antibodies 1E4 and 45C11 may recognize a conformational epitope.  

Antibodies that were raised against the N+9/C-9 peptide were tested the same way in Western 

blots (Fig. 74A-74H). As can be seen, none of these antibodies recognize linear MUC1 or 

MUC1* specific epitopes. These antibodies may recognize a conformational epitope. However, 

an alternative interpretation is that the lack of binding in a Western blot means that they do not 

specifically recognize MUC1 or a MUC1 cleavage product or that the concentration used in this 

assay was insufficient.  

[00646] Recognition of a MUC1 cleavage product after cleavage by MMP9 

[00647] We previously demonstrated that MNC2 recognizes a MUC1* that is generated when 

full-length MUC1 is cleaved by matrix metalloprotease 9, MMP9 (Fig. 37). MMP9 is expressed 

by tumor tissues and is a predictor of poor prognosis for breast cancers (vant Veer et al 2002; 

Dufour et al 2011). MMP9 has also been implicated in metastasis (Owyong et al 2019). Recall 

also that MNC2 competitively inhibits the binding of onco-embryonic growth factor NME7AB to 

the MUC1* extra cellular domain (Fig. 3). Therefore, it follows that onco-embryonic growth 

factor, which activates growth and survival functions of MUC1*, also recognizes a MUC1* 

generated by cleavage by MMP9. It then follows that the most cancer specific antibodies are 

those that recognize a conformational epitope formed when MUC1 is cleaved to MUC1* by 

MMP9.  

[00648] Antibodies generated by immunization with PSMGFR, N+20/C-27, or N+9/C-9 were 

tested for their ability to recognize MUC1 after it is cleaved by MMP9. To do this, we 

transfected HCT-116, a MUC1 negative colon cancer cell line, with full-length MUC1 and 

isolated a single cell clone that is cleavage resistant; this cleavage resistant cell line is called 

HCT-MUC1-18. To HCT-MUC-18 cells was added either a catalytically active MMP9 or 

MMP2. The enzymes, added over a range of concentrations, were incubated with the cells for 24 

hours. The resultant cells were then incubated with the various antibodies and analyzed by FACS 

to determine which bound to a MUC1 cleavage product produced by cleavage by MMP9 (Fig.  

75A-75N). Note that the first bar of each graph shows that none of the antibodies binds to full

length MUC1 in the absence of cleavage. Each bar graph is labeled with both the name of the 

antibody used in that assay and its cognate epitope. The order of the graphs from right to left 

corresponds to the distance from the cell surface of the antibody's cognate epitope. The 
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antibodies that bind to the more C-terminal epitopes within PSMGFR peptide, such as 20A10 

and 25E6, showed the most increased binding to a MUC1 cleavage product after cleavage by 

MMP9 but not MMP2. Antibody 45C11, which binds to the SNIKFRPGSVV epitope, which is 

outside of the PSMGFR portion of MUC1, does not recognize a MUC1 cleavage product after 

cleavage by MMP9 or MMP2 (Fig. 75K). Similarly, antibodies 8A9 and 17H6 bind to the 

VQLTLAFRE epitope, which is also outside of the PSMGFR sequence, and they do not bind to a 

MUC1 cleaved by MMP9 or MMP2. This result is consistent with the idea that MMP9 cleaves 

MUC1 such that the extra cellular domain of the remaining transmembrane cleavage product 

comprises essentially the amino acids of the PSMGFR peptide. For the greatest degree of cancer 

specificity, the antibody should recognize a conformational epitope of a MUC1 cleavage product 

created when MUC1 is cleaved by MMP9. Of the antibodies shown in Fig. 75A-75N, only 

20A10 recognizes the MUC1 cleavage product produced by cleavage by MMP9 and also does 

not work in a Western blot, indicating it recognizes a conformational epitope, as do MNC2 and 

MNE6. Cleavage and release of the massive tandem repeat domain of MUC1 unmasks the 

ectopic binding site on MUC1*; linear epitopes will be unmasked in addition to conformational 

epitopes.  

[00649] FACS analysis of binding to a panel of cancer cell lines 

[00650] Fluorescence Activated Cell Sorting, FACS, was performed on reference antibodies 

as well as new antibodies of the invention. FACS analyses of reference antibodies MNC2, "C2", 

and VU4H5 binding to either the MUC1-negative cell line HCT-116, HCTs transfected with 

MUC1*, "HCT-MUC1*", a cleavage resistant single cell clone of HCTs transfected with MUC1 

full-length, "HCT-MUC-18", and MNC2 binding to breast cancer cells line T47D or breast 

cancer cell line 1500 also known as ZR-75-1, was performed (Fig. 76A-76J). This analysis 

shows that MNC2 binds to an ectopic binding site on the extra cellular domain of MUC1*, 

which is only available after cleavage and release of the bulk of the extra cellular domain 

comprising the tandem repeat domain. VU4H5 binds to hundreds of repeating epitopes in the 

tandem repeat domain of full-length MUC1 and does not bind to MUC1*. Although we know 

that cancer cell lines express both full-length MUC1 and MUC1*, antibodies against full-length 

MUC1 have, as yet, been shown to have no therapeutic value. Stimuvax, ImMucin, IMGN242, 

SAR566658, PankoMab and AS1402 were all antibodies that bound to full-length MUC1 and all 

failed to show efficacy in clinical trials. MUC1*, and not full-length MUC1, is a potent growth 
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factor receptor that mediates the growth of cancer cells (Mahanta et al 2008) and their resistance 

to chemotherapy agents (Fessler et al 2009). These studies showed that full-length MUC1 had no 

tumor promoting activity. Further, IHC studies show that as tumor stage increases, the amount of 

MUC1* increases as the amount of full-length MUC1 decreases (Fig. 54). In fact, studies with 

tissue micro arrays of breast cancers show that nearly 30% of breast cancer specimens had no 

detectable full-length MUC1, compared to only 5% that were negative for MUC1* (Fig. 10-11).  

A point to consider for therapeutics that target full-length MUC1 is that if cells expressing full

length MUC1 are eliminated, that would simply enrich the tumor population for the more 

virulent MUC1* growth factor receptor expressing cells, which would make the cancers worse.  

[00651] Reference antibody MNC2, "C2", was analyzed by FACS for its ability to bind to a 

panel of cancer cell lines that are all MUC1* positive, with the exception of MDA-MB-231, 

which expresses MUC1 and MUC1* at a level that is so low that it is often used as a negative 

control (Fig. 77A-77N). The panel of cancer cells that was probed with MNC2 included T47D 

and 1500 breast cancer cells, NCI-H292 and NCI-H1975 lung cancer cells, SKOV-3 ovarian 

cancer cells, HPAF-II and Capan-1 pancreatic cancer cells, DU145 prostate cancer cells, and 

MDA-MB-231, breast cancer cells, which are nearly MUC1 and MUC1* negative. MNC2 

robustly recognized a wide range of cancer cell lines. We note that although MNC2 recognized 

HPAF-II pancreatic cells, it did not recognize another pancreatic cell line, Capan-1, as well.  

Similarly, MNC2 did not recognize prostate cancer cell line DU145 very well. In IHC tissue 

studies, we found that MNC2 recognized about 57% of prostate cancer tissues and 78% of 

pancreatic tissues, albeit with significant tumor heterogeneity.  

[00652] Figure 78A-78C shows a color coded schematic of the PSMGFR sequence that has 

been extended or deleted at both the N- and C-termini. Antibodies of the invention were tested 

against this subset of peptides to further refine the epitopes to which each antibody binds or the 

critical amino acids within the epitope to which each antibody binds. Fig. 78A is an aligned 

schematic of the various subsets of peptides. Fig. 78B lists the antibodies that bind to each of the 

color coded sequences. Fig. 78C lists the cancer cell lines that each antibody recognizes.  

[00653] Figures 80-87 show graphs of FACS analyses wherein antibodies of the invention are 

compared for their ability to specifically recognize different types of cancer cells. Percent cells 

recognized as well as the Mean Fluorescence Intensity, MFI, was measured. Considering only 

these FACS experiments, they show that only antibodies that recognize the PSMGFR peptide are 
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able to recognize cancer cell lines. Antibodies that bind to epitopes outside of the PSMGFR 

sequence do not specifically recognize these cancer cell lines.  

[00654] IHC tissue studies of normal versus cancerous tissues to determine true cancer 

specificity 

[00655] Immunohistochemistry, IHC, tissue studies of tissue micro arrays, "TMAs", are a 

more stringent test of the cancer specificity of antibodies than FACS analysis of a single cancer 

cell line. Cancer cell lines are a single cell from a single patient that have been expanded in a lab 

for decades. Cell lines are limited in that they are not representative of a cross section of the 

human population. Further, after culturing the cell line in vitro for decades it may no longer look 

like the original cell. Also, there are no real normal cell lines for comparison, as they have to be 

made immortal. Tissue studies are more informative because each tissue micro array comprises 

tissues from multiple donors and the cells are in their natural environment, without years of 

culturing under non-physiologic conditions. Additionally, tissues provide information regarding 

tumor heterogeneity as well as information regarding normal patterns of expression. Each 

antibody of the invention was used to probe a normal tissue micro array, FDA Normal Array 

1021. In addition the antibody was also used to probe a panel of cancerous tissue arrays. In some 

cases, antibodies that showed strong staining of normal tissues, especially of critical organs such 

as heart or lung, were tested on a limited number of cancerous tissue arrays, since their cross 

reactivity to normal tissues eliminated them from consideration as anti-cancer therapeutics.  

[00656] Figures 113-200 show photographs of the IHC staining of normal TMAs versus 

cancerous TMAs for each antibody of the invention.  

[00657] Figure 113-120 show photographs of tissues studies probed with antibody 20A10.  

Recall that 20A10 binds to the PSMGFR peptide, binds to the N-10 peptide, but does not bind to 

the C-10 peptide. Refined epitope mapping shows that like MNC2 and MNE6, the binding of 

20A10 depends on amino acids FPFS being present in the PSMGFR peptide. 20A10 binds to the 

most membrane proximal part of the MUC1* extra cellular domain. An overview of FDA 

Normal Tissue Array 1021 is shown in Figure 113. Figure 114A-114X show that there is little to 

no cross reactivity of 20A10 for normal tissues. We note that MNC2, MNE6 and 20A10 all react 

with the MUC1* that is expressed on the luminal edge of the terminal breast ducts, luminal edge 

of the fallopian tubes, luminal edge of about 10% of the distal collecting ducts of normal kidney, 

and luminal edge of ureter. Because the staining is strictly limited to the luminal edge of a subset 
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of ducts and glands, these antibodies are considered to be safe as therapeutics as the inside of 

ducts and glands are protected from large entities carried by blood, such as antibodies or CAR T 

cells. Importantly, MNC2, MNE6 and 20A10 show no staining of critical organs, such as heart, 

lung and brain. In stark contrast, 20A10, like MNC2 and MNE6, robustly binds to cancerous 

tissues. 20A10 stains nearly all specimens of the BR1141 breast cancer array (Fig. 115-116). In 

addition to robust staining of the breast cancer tissue, the staining is membrane staining, 

indicating that 20A10 recognizes an extra cellular portion of MUC1*, which is critical for an 

effective antibody-based anti-cancer therapeutic. 20A10 also showed robust and membranous 

staining of pancreatic cancer tissues (Fig. 117-118) and esophageal cancer tissues (Fig. 119-120).  

In summary, 20A10 shows great cancer specificity and as an anti-cancer therapeutic offers a 

large therapeutic window because of the vast difference between staining of normal tissues and 

cancerous tissues, in terms of the location and intensity of staining.  

[00658] Anti-MUC1* antibody 3C2B1 is an antibody that like MNC2, MNE6 and 20A10, 

binds to N-10 but not to C-10. More refined epitope mapping shows that like these three other 

highly cancer-specific antibodies, 3C2B1 requires the FPFS sequence for binding to a MUC1* 

extra cellular domain peptide. Figure 121 shows the photograph of the FDA normal array 1021.  

Figure 122A-122X shows photographs of specific tissues from FDA normal tissue array 1021 

stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL. As can be seen, there is no binding 

of 3C2B1 to any critical normal organs. Figure 123 shows photograph of pancreatic cancer 

tissue array PA1003 stained with the anti-PSMGFR antibody 3C2B1 at 1-20ug/mL. Figure 124 

shows photographs of specific tissues from pancreatic cancer tissue array PA1003 stained with 

the anti-PSMGFR antibody 3C2B1 at 20ug/mL. Figure 125 shows photograph of breast cancer 

tissue array 1141 stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL. Figure 126A

126F shows magnified photographs of specific tissues from breast cancer tissue array 1141 

stained with the anti-PSMGFR antibody 3C2B1 at 20ug/mL. As can be seen in the figure, 

3C2B1 robustly stains breast cancer tissues.  

[00659] Anti-MUC1* antibody 5C6F3 binds to the N-10 peptide, does bind to the C-10 

peptide, although binding is reduced somewhat. Its cognate epitope comprises all or some of the 

sequence SVSDV (SEQ ID NO:1751). Figure 127 shows photograph of FDA normal tissue 

array 1021 stained with the anti-PSMGFR antibody 5C6F3 at lug/mL. Figure 128 shows 

photographs of specific tissues from FDA normal tissue array 1021 stained with the anti
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PSMGFR antibody 5C6F3 at lug/mL. Figure 129 shows photograph of pancreatic cancer tissue 

array PA1003 stained with the anti-PSMGFR antibody 5C6F3 at 1-20ug/mL. Figure 130 shows 

photographs of specific tissues from pancreatic cancer tissue array PA1003 stained with the anti

PSMGFR antibody 5C6F3 at lug/mL. Figure 131 shows photograph of breast cancer tissue 

array 1141 stained with the anti-PSMGFR antibody 5C6F3 at lug/mL. Figure 132 shows 

photographs of specific tissues from breast cancer tissue array 1141 stained with the anti

PSMGFR antibody 5C6F3 at lug/mL. As can be seen in the figure 5C6F3 is a high affinity 

antibody that has great cancer-specificity and with the exception of adrenal, which may be an 

artefact of that tissue, did not show binding to normal tissues.  

[00660] In contrast to 20A10, which binds to the most membrane proximal part of the 

MUC1* extra cellular domain, 18B4 binds within the GTINVHDVET sequence, which is the 

most distal part of the PSMGFR sequence. Unlike antibodies MNC2, MNE6 or 20A10, 18B4 

cannot bind to the N-10 peptide but does bind to the C-10 peptide. Figure 133-134 show the 

binding of antibody 18B4 to normal tissues. In contrast to 20A10, antibody 18B4 shows strong 

binding to a wide range of normal tissues (Fig. 134), including lung (Fig. 134K). Figure 135-138 

show 18B4 staining of breast cancer tissues and esophageal cancer tissues. Because of the strong 

binding of 18B4 to normal tissues, there is less cancer specificity to this antibody.  

[00661] Figure 139-144 show the binding of PSMGFR antibody 18G12 to normal tissues, 

breast cancer tissues and esophageal cancer tissues. 18G12 is able to bind to the N-10 peptide, 

but is also able to bind to the C-10 peptide. 18G12 binds to the ASRYNLT epitope within the 

PSMGFR peptide. Antibody 18G12 binds to the luminal edge of many of the collecting ducts of 

normal kidney (Fig. 140D), binds to normal heart muscle (Fig. 1401) as well as to normal 

skeletal muscle (Fig. 140X). However, there is a clear cancer specificity in that 18G12 binds 

much more strongly to cancerous tissues than to the few normal tissues. In addition, 18G12 

stains the entire cancerous tissues rather than just a luminal edge here or there. Figure 141-146 

show 18G12 staining of breast cancer tissues, pancreatic cancer tissues and esophageal 

cancerous tissues. The contrast between the staining of the normal tissues and the cancer tissues 

clearly demonstrates cancer specificity.  

[00662] Figure 147-148 show the binding of PSMGFR antibody 25E6 to normal tissues.  

25E6 is able to bind to the N-10 peptide, but is also able to bind to the C-10 peptide. 25E6 binds 

to the ASRYNLT epitope within the PSMGFR peptide. Like MNC2, MNE6 and 20A10, 
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antibody 25E6 binds to the luminal edge of terminal breast ducts, luminal edge of fallopian 

tubes, to the luminal edge of a subset of the distal collecting ducts of normal kidney and to the 

luminal edge of ureter. Unlike MNC2, MNE6 and 20A10, 25E6 binds, albeit very weakly, to 

normal heart muscle (Fig. 1481) as well as to normal skeletal muscle (Fig. 148X). However, 

there is a clear cancer specificity in that 25E6 binds much more strongly to cancerous tissues 

than to the few normal tissues. In addition, 25E6 stains the entire cancerous tissues rather than 

just a luminal edge here or there. Figure 149-152 show 25E6 staining of breast cancer tissues and 

pancreatic cancerous tissues. The contrast between the staining of the normal tissues and the 

cancer tissues clearly demonstrates cancer specificity.  

[00663] Figure 153-156 show the binding of PSMGFR antibody 28F9 to normal tissues and 

breast cancer tissues. 28F9 is able to bind to the N-10 peptide, but is also able to bind to the C-10 

peptide. 28F9 binds to the ASRYNLT epitope within the PSMGFR peptide. Like MNC2, MNE6 

and 20A10, antibody 25E6 binds to the luminal edge of terminal breast ducts, luminal edge of 

fallopian tubes, to the luminal edge of a subset of the distal collecting ducts of normal kidney and 

to the luminal edge of ureter. Figure 155-156 show 28F9 staining of breast cancer tissues..  

[00664] Figure 157-158 show the binding of the N+20/C-27 antibody 1E4 to normal tissues.  

1E4 is able to bind to the N-10 peptide but also is able to bind to the C-10 peptide. 1E4 binds to 

the QFNQYKTEA sequence which is within the PSMGFR sequence. Examination of the entire 

normal tissue micro array (Fig. 157A) shows that antibody 1E4 binds to many normal tissues, 

including brain, cerebellum, all 3 liver specimens, pancreas, parathyroid, spinal cord and skeletal 

muscle. Magnified images show that 1E4 stains heart (Fig. 1581) as well. 1E4 staining of a breast 

cancer array (Fig. 159-160) shows that there is some cancer specificity.  

[00665] Figure 161-162 show the binding of the N+20/C-27 antibody 29H1 to normal tissues.  

29H1 binds within the GTINVHDVET sequence, which is the most distal part of the PSMGFR 

sequence. Unlike antibodies MNC2, MNE6 or 20A10, 29H1 cannot bind to the N-10 peptide but 

does bind to the C-10 peptide. Examination of the entire normal tissue micro array (Fig. 157A) 

shows that even at concentration as low as 0.5 ug/mL, antibody 29H1 strongly stains a wide 

range of normal tissues, including brain, heart, liver and lung. 29H1 staining of a breast cancer 

array (Fig. 163-164) and staining of a pancreatic cancer tissue array (Fig. 165-166) shows that 

there is no cancer specificity.  
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[00666] Antibody 31A1 is similar to 29H1 in that they are both N+20/C-27 antibodies that 

bind within the GTINVHDVET (SEQ ID NO:1746) sequence, which is the most distal part of 

the PSMGFR sequence. Unlike antibodies MNC2, MNE6 or 20A10, neither 31A1 nor 29H1 can 

bind to the N-10 peptide but do bind to the C-10 peptide. Examination of the entire normal tissue 

micro array and the magnified images (Fig. 167-168) shows that even at concentration as low as 

0.5 ug/mL, antibody 31A1 strongly stains a wide range of normal tissues, including brain, heart, 

lung, spleen, bone marrow, and skeletal muscle. 31A1 was used to stain a breast cancer array, 

(Fig. 169-170). 31A1 was used over a range of concentrations to stain a pancreatic cancer tissue 

array (Fig. 171-172). These figure shows that 31A1 has insufficient cancer specificity.  

[00667] Antibody 32C1 is similar to 29H1 and 31A1 in that they are all N+20/C-27 

antibodies that bind within the GTINVHDVET sequence, which is the most distal part of the 

PSMGFR sequence. Unlike antibodies MNC2, MNE6 or 20A10, none of 32C1, 31A1 or 29H1 

can bind to the N-10 peptide but all do bind to the C-10 peptide. Examination of the entire 

normal tissue micro array and the magnified images (Fig. 173-174) shows that even at 

concentration as low as 0.25 ug/mL, antibody 32C1 strongly stains a wide range of normal 

tissues, including brain, heart, lung, liver, spleen and bone marrow. 32C1 was also used to probe 

a breast cancer array (Fig. 175-176). 32C1 was used over a range of concentrations to stain an 

esophageal cancer tissue array (Fig. 177-178). Taken together, these figures show that 32C1 has 

insufficient cancer specificity.  

[00668] Antibody 45C11 is an N+20/C-27 antibody that binds to epitope SNIKFRPGSVV 

(SEQ ID NO:1744) that is 20 amino acids outside of the PSMGFR sequence at the N-terminal 

end. 45C11 does not bind to the N-10 peptide. Normal tissue array FDA 1021 was stained with 

45C11 at 12.5ug/mL (Fig. 179-180). As can be seen in the figures, 45C11 shows strong binding 

to many normal tissues, including brain, heart, lung, liver, spleen, skeletal muscle and bone 

marrow. 45C11 was used over a range of concentrations to stain a breast cancer tissue array (Fig.  

181-182). 45C11 was also used to stain a pancreatic cancer tissue array (Fig. 183-184). Taken 

together, these figures show that 45C11 has no cancer specificity.  

[00669] Antibody 3C5 is an N+9/C-9 antibody that binds to epitope GTINVHDVET. Like the 

other antibodies that bind to this epitope such as 32C1, 29H1 and 3lAb, they bind to the most 

distal, that is to say the most N-terminal, part of the PSMGFR sequence. Unlike antibodies 

MNC2, MNE6 or 20A10, none of 3C5,32C1, 31A1 or29H1 can bind to the N-10 peptide but all 
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do bind to the C-10 peptide. Examination of the entire normal tissue micro array, where 3C5 was 

used at lOug/mL, and the magnified images (Fig. 185-186) shows that antibody 3C5 strongly 

stains some normal tissues, including brain, heart, adrenal gland and bone marrow. 3C5 was also 

used to probe a pancreatic cancer array at lOug/mL, (Fig. 187-188). Taken together, these 

figures show that 3C5 has no cancer specificity.  

[00670] Antibody 8A9 is an N+9/C-9 antibody that binds to epitope VQLTLAFRE which is 

outside of the PSMGFR sequence. Antibody 8A9 cannot bind to the N-10 peptide. Normal tissue 

array FDA 1021 was stained with 8A9 (Fig. 189-190). As can be seen in the figures, like 

antibody 45C11, which also binds an epitope that is N-terminal beyond the PSMGFR sequence, 

antibody 8A9 shows strong binding to many normal tissues, including adrenal, brain, heart, lung, 

liver, spleen, skeletal muscle and bone marrow. A pancreatic cancer array stained with antibody 

8A9 showed weak binding to a subset of pancreatic cancer tissues (Fig. 191-192). Taken 

together, these figures show that 8A9 has no cancer specificity.  

[00671] Antibody 17H6 is an N+9/C-9 antibody that binds to epitope VQLTLAFRE, which is 

outside of the PSMGFR sequence. 17H6 was used to stain normal tissue array 1021.  

Examination of the entire normal tissue micro array and the magnified images (Fig. 193-194) 

shows that antibody 17H6 stains some normal tissues, including brain, heart, adrenal gland, bone 

marrow and skeletal muscle. 17H6 was used to probe a pancreatic cancer array and showed weak 

binding to most pancreatic cancer tissues (Fig. 195-196). However, the binding of 17H6 to 

several normal tissues of critical organs shows that 17H6 has little cancer specificity.  

[00672] Antibody 39H5 is an N+9/C-9 antibody that binds weakly to the intact PSMGFR 

peptide but not significantly to any of the subset peptides. 39H5 may bind to the 

GTINVHDVET, which is the most distal part of the PSMGFR sequence. Examination of the 

entire normal tissue micro array and the magnified images (Fig. 197-198) shows that antibody 

39H5 stains some normal tissues, including brain, heart, liver and bone marrow. 39H5 was used 

to probe a pancreatic cancer array, (Fig. 199-200). Although 39H5 stained a good percentage of 

the pancreatic cancer specimens, considering the normal tissues that 39H5 stained, 39H5 has 

little cancer specificity.  

[00673] Summary of FACS analysis 

[00674] Determining the cancer specificity of antibodies using cell lines is difficult, as these 

cells were obtained from a single patient's tumor decades ago, and then propagated in culture for 
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decades. Even if the patient's tumor was at one point heterogeneous, the decades of in vitro 

culture have essentially made the cell line a single cell clone. Antibodies of the invention were 

assayed by FACS to determine if they bound to MUC1 or MUC1* positive cancer cells but not 

MUC1 negative cells. The results of these experiments are shown in Figures 76-87. What is very 

clear is that antibodies that bind to epitopes of the MUC1 sequence that are outside of and N

terminal to PSMGFR sequence show no cancer specificity. Referring now to the readings of 

Mean Fluorescence Intensity (MFI) it appears that antibodies with cognate epitopes at the very 

N-terminus of the PSMGFR sequence, such as those that bind to an epitope within 

GTINVHDVET, show far less cancer specificity than the antibodies that recognize more C

terminal epitopes. For example, antibody MNC2 that will not bind to the C-10 peptide binds 

strongly to nearly every MUC1* positive cell line (Fig. 76-77). However, closer examination 

reveals that MNC2 binds lung cancer line NCI-H1975 much more strongly than NCI-H292.  

Similarly, MNC2 binds pancreatic cell line HPAF-II much better than Capan-1 or prostate cancer 

line DU145. PCR measurements show that the expression levels of cleavage enzymes varies 

greatly across a panel of cancer cell lines (Fig. 43 and Fig. 44 ). The fold of the MUC1* extra 

cellular domain can vary greatly depending on which cleavage enzyme clips it, which likely 

accounts for differences between cancer cell lines that a single antibody recognizes. This 

variation in antibody recognition of various cell lines, even within a cancer sub-type is apparent 

in the figures.  

[00675] Summary of IHC data 

[00676] IHC analysis of real tissues, including both normal and cancerous tissues, is more 

informative than the study of cultured cell lines, as is necessary in FACS analysis. Each antibody 

was first tested over a range of concentrations to determine optimal concentration. Antibody 

concentration was increased until the stroma also picked up stain, which indicates non-specific 

background binding. The optimal concentration for that particular antibody was then deemed to 

be just below the concentration at which the antibody stained the stroma.  

[00677] An overview of the IHC tissue studies is shown in Figure 88-112. Here, we focused 

on the binding of antibodies to critical organ tissues, since binding to certain normal tissues 

would likely eliminate therapeutic use of that antibody. In these figures, the antibodies were 

grouped according to their cognate epitope. What is evident from the tissue studies is that the 

further the epitope is from the cell membrane, the more it binds to normal MUC1 on normal 
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tissues. For example, binding to normal heart tissue by representative antibodies that recognize a 

specific epitope are shown in Figure 88A-88L. As the figure illustrates, antibodies that bind to 

epitopes that are N-terminal to the PSMGFR peptide such as epitope within SNIKFRPGSVV or 

VQLTLAFRE show such strong binding to normal heart that they could not be used in 

therapeutics. In addition, antibodies that bind to the more N-terminal portion of PSMGFR, such 

as 29H1, also show binding to normal heart. The antibodies with the least binding to normal 

tissues and the strongest binding to cancerous tissues bind to epitopes within the FPFS or 

PFPFSAQSGA. Some antibodies that bind to epitopes within the ASRYNLT portion may also 

be suitable as therapeutics. These antibodies and others that recognize the same epitopes are 

desirable as anti-cancer therapeutics because they have a large therapeutic window, meaning that 

because of the low binding to normal tissues, and low side effects, patients can be dosed with 

antibody levels high enough to effectively kill the tumor cells. More detailed photographs of 

antibodies of the invention binding, or not binding, to other critical tissues are also shown.  

Figures 89-94 show magnified photographs of each antibody binding to normal heart tissue, 

where the antibodies have been categorized according to which epitope they bind. Figures 95

100 show magnified photographs of each antibody binding to normal liver tissue, where the 

antibodies have been categorized according to which epitope they bind. Figures 101-106 show 

magnified photographs of each antibody binding to normal lung tissue, where the antibodies 

have been categorized according to which epitope they bind. Figures 107-112 show magnified 

photographs of each antibody binding to normal bone marrow, where the antibodies have been 

categorized according to which epitope they bind.  

[00678] The results of the IHC studies (Fig. 88-Fig. 200) are summarized in Table 3.  

Table 3: Summary of Antibody Cross-Reactivity to Normal Tissues 

antibody BONE SKELETAL 
ame HEART BRAIN LUNG LIVER SPLEEN MARROW KIDNEY MUSCLE ADRENAL 

iMGFR 

[NC2 

[NE6 

)A10 

5E6 ~ 
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BB4 +++ 

3G12 ++ +++ +++ 

3F9 

_2B1 

"6F3 + ~+++ ..  

E4 ++ ++ +++ ~+ 

Al ++ +++ ++ ++++ ++++ + 

2C1 +++ +++ +++ ++ +++ ++++ ++ 

)H1 + ++++ ++++ ++++ ++ ++++ 

5C1l ..... .... ++ ..... ++ ... + ..... + 

A9 +++++ +++++ +++ +++++ ++++ ++++ + ++++ ++ 

7H6 +++ ++++ +++ 

15 +++ ++++ + ++++++ 

)H5 ++++ +++++ + +++ +++ ++++ ++ 

[00679] As can be clearly seen in the table, the further away from the cell membrane that the 

antibody binds, the more non-specific binding there is. Although these antibodies were generated 

by immunizing with the PSMGFR peptide, N+20/C-27 peptide or the C+9/C-9 peptide, some of 

the antibodies generated by immunizing with an extended peptide still bind within the PSMGFR 

sequence, see Figures 63-69 for the details of epitope binding for each antibody. Some binding to 

normal tissues can be tolerated if the antibody is incorporated into an appropriate therapeutic 

format. For example, cellular therapies, such as CAR T, are carried by the blood and meet with 

physiological barriers including lamina propia and blood-brain barrier that limits the cell's access 

to luminal edge of ducts and glands. Other antibodies that bind much more strongly to cancerous 

tissues but do show some binding to normal tissues could also be safe and useful therapeutics if 

administered locally orif cancer-specificity is enhanced by incorporating into abi-specific 

antibody. However, widespread antibody binding to many normal organs orto essential organs 

for which there is nophysical barrier could be lethal to the patient.  

[00680] The most cancer-specific antibodies with little to nobinding to normal tissues are 

MNC2, MNE6, 20A10, 3C2B1 and 25E6. An ideal antibody therapeutic is one that stains no 

normal tissues but robustly stains cancer cells. Unfortunately, cancer antigens are also expressed 
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on normal tissues, so zero staining of normal tissue is not possible. The aim is to identify an 

antibody that binds much more strongly to tumor tissue than normal tissue and that either binds 

to non-critical normal tissues or binds to them in a way that would not be physiologically 

possible in an intact organ. For example, CAR T cells are carried by the blood and the lamina 

propia is a barrier to their getting to the luminal edge of a duct or gland. Similarly, the blood 

brain barrier prevents the passage of large molecules like antibodies from the blood into the 

brain. The usefulness of an antibody as a therapeutic also depends on the format of the 

therapeutic. As mentioned, cell based therapies have natural barriers that prevent the CAR T 

cells from getting to some normal tissues. Antibody Drug Conjugate (ADC) based therapies 

sometimes depend on a local, cancer-specific molecule to activate the toxin attached to the 

antibody, minimizing the importance of whether or not a naked antibody binds to some normal 

tissue. In another example, antibodies and antibody-based therapeutics can be administered 

locally, including intraperitoneally, to maximize the effect on tumor cells while minimizing their 

effect on normal tissues. In yet another example, an antibody that is not purely cancer-specific 

can be made more cancer-specific if it is incorporated into a bi-specific antibody where a first 

side of the molecule binds to a first cancer antigen and the second side of the molecule binds to a 

second antigen that may be a tissue specific antigen, another cancer specific antigen or even an 

antigen on a cell such as a T cell, which are called BiTES, bispecific T cell engagers. In yet 

another example, the less cancer-specific antibody can be incorporated into a cell-based therapy 

where its expression is induced only after the cell recognizes a tumor. In one aspect, a CAR T 

cell can express a first CAR that recognizes a first antigen which recognition induces expression 

of a second antibody, or CAR incorporating the second antibody. In one aspect the cell expresses 

a CAR directed by an antibody fragment that is cancer-specific and a second antibody or CAR 

expressing the second antibody is induced to be expressed in an NFAT inducible system. In one 

aspect the nucleic acids encoding the second antibody or second CAR are down stream of NFAT 

response elements. The NFAT inducible gene may be inserted into a Foxp3 enhancer or 

promoter.  

[00681] Figure 202 shows photographs of pancreatic cancer tissues, each from a different 

patient. As can be seen, the staining pattern of 1E4 is very different from that of 18B4 and the 

polyclonal antibody SDIX. 18B4 and SDIX antibodies were generated by immunizing animals 

with the same peptide (PSMGFR), while the 1E4 antibody was generated from immunization 
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with a different peptide (N+20). Figures 203-207 show magnified images of selected tissues 

from this array to highlight the differences between these antibodies. Figure 208 compares the 

staining of polyclonal antibody SDIX to monoclonal antibody 20A10, which were both 

generated from immunization with the PSMGFR peptide. Also shown is the difference in 

staining pattern for antibody 29H1 which was generated by immunization with an N+20 peptide.  

Although the antibody staining is lighter, antibody 29H1 recognizes more pancreatic cancer 

tissue specimens than the SDIX polyclonal or 20A10. Figure 209 shows that esophageal cancers 

are better recognized by antibodies that bind to a MUC1* peptide with an extended N-terminus, 

such as antibody 29H1 and antibody 31A1. Similarly, Figure 210 shows that prostate cancers are 

better recognized by antibodies that bind to a MUC1* peptide with an extended N-terminus, such 

as antibody 29H1.  

[00682] Below Table 4 shows a summary of the test criteria to determine the cancer

specificity of the various monoclonal antibodies.  

Table 4: Cancer-Specificity Test Criteria 

1 2 3 4 5 6 7 
mAb Name Binds Binds Does Displaces Does not Recognizes Cancer Cancer 

PSMGFR N-10 not NME7AB recognize MUCi selective selective 
bind from linear after by by IHC 
C-10 MUC1* epitope cleavage FACS 

by MMP9 
VQLTLAYFRTNVHDTh QFNQYKTEAASRYNLTISDVSVSDPPF\AQSGA 

MNC2 I RI I I I II 
MNE6 I I I I I I 0IIA 
20A10 I I I I I I 0IIA 
3C2B1 I R RI RI I 0I0I 
SVSD)V 
5C6F3 I 0 ~i I 0 0 0 00 
ASIRYNLT~ 
25E6 I 0 I? E 0 00 
MNC3 0 ~ I ND I 
18G12 0 0 I? 0 ~ 0 
28F9 0 0 I? 0 0' ~ 0 

QFNQYKTEA 
1E4 0 0 I? I? ~ 0 

18B4 0 ~ E I 0 
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29H1 
31A1 
32C1 
39H5 
3C5 

8A9 
17H6 
SNIKFRPGSVV 
45C11 1 

[00683] To summarize, we found that antibodies that bound to sequences that are N-terminal 

to the PSMGFR sequence had no cancer-specificity. Further, the closer to the cell membrane that 

the antibody binds, the more cancer-specific is the antibody. More importantly, test criteria 1-4 

or even 1-5 provide a set of rapid, multiplexed and inexpensive tests that can be performed on 

hundreds or thousands of impure hybridoma clone supernatants to identify antibodies that are 

highly selective for cancer-specific forms of MUC1*.  

[00684] Satisfies test criteria 

[00685] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on satisfying four (4) of the seven (7) criteria set out in Table 4. In a 

more preferred embodiment an antibody is chosen for the treatment, prevention or diagnosis of 

cancer based on satisfying five (5) of the seven (7) criteria set out in Table 4. In a yet more 

preferred embodiment an antibody is chosen for the treatment, prevention or diagnosis of cancer 

based on satisfying six (6) of the seven (7) criteria set out in Table 4. In a more preferred 

embodiment an antibody is chosen for the treatment, prevention or diagnosis of cancer based on 

satisfying all seven (7) of the criteria set out in Table 4.  

[00686] Bind to N-10 

[00687] We have demonstrated that a MUC1 transmembrane protein, devoid of tandem 

repeats and having an extra cellular domain of 45 amino acids of PSMGFR sequence, is 

sufficient to function as a growth factor receptor and confers oncogenic characteristics to the cell 

(Mahanta et al 2008). Antibodies that bind to the PSMGFR peptide or portion of a 

transmembrane MUC1 cleavage product can be cancer specific but may also bind to stem or 

progenitor cells. Antibodies that bind to the N-10 peptide are more cancer-specific. In a preferred 
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embodiment an antibody is chosen for the treatment, prevention or diagnosis of cancer based on 

the ability of the antibody to bind to the N-10 peptide.  

[00688] Do not bind to C-10 

[00689] We have demonstrated that the MUC1 extra cellular domain contains an ectopic 

binding site that is only exposed if the tandem repeat domain is missing, which can occur as a 

consequence of alternative splice variant or cleavage and release of the extra cellular domain.  

Cancer-specific antibodies MNC2 and MNE6 will not bind to full-length MUC1, but do bind to 

the remaining portion when MUC1 is cleaved and the tandem repeat domain is shed. MNC2 and 

MNE6 will bind to a MUC1*-ike protein if it is devoid of tandem repeats, for example if a 

MUC1 negative cell is transfected or transduced with an engineered MUC1 that is devoid of 

tandem repeats, especially if extra cellular domain comprises the PSMGFR. Thus, the ectopic 

site to which MNC2 and MNE6 bind is unmasked when tandem repeat domain is missing or 

removed. Both MNC2 and MNE6 require the 10 membrane proximal amino acids of a MUC1* 

extra cellular domain for binding; they do not bind to the C-10 peptide. That means that the 

ectopic binding site for MNC2 and MNE6 is within or contains all or part of the 10 C-terminal 

amino acids of the PSMGFR: PFPFSAQSGA. In a preferred embodiment an antibody is chosen 

for the treatment, prevention or diagnosis of cancer based on the inability of the antibody to bind 

to the C-10 peptide. In a preferred embodiment an antibody is chosen for the treatment, 

prevention or diagnosis of cancer based on the ability of the antibody to bind to the N-10 peptide 

and the inability of the antibody to bind to the C-10 peptide.  

[00690] Compete with NME7AB or NME7-X1 for binding to MUC1* positive cell, 

PSMGFR peptide or N-10 peptide 

We have demonstrated that cancer-specific antibodies MNC2 and MNE6 bind to an ectopic 

epitope that comprises all or part of the 10 C-terminal amino acids of the PSMGFR peptide: 

PFPFSAQSGA. We have shown that growth factors, dimeric NME1 and NME7AB, also bind to 

an ectopic epitope that comprises all or part of the 10 C-terminal amino acids of the PSMGFR 

peptide. MNC2 and MNE6 compete with dimeric NME1 or NME7AB for binding to the 

PSMGFR peptide and the N-10 peptide. In a preferred embodiment an antibody is chosen for the 

treatment, prevention or diagnosis of cancer based on the ability of the antibody to disrupt the 

binding of NME1, NME7AB, or NME7-X1 to the PSMGFR peptide, the N-10 peptide, or to the 

surface of a MUC1* positive cancer cell.  
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[00691] Recognize a conformational epitope rather than a linear epitope 

[00692] Antibodies that are cancer-specific will be chosen based on their ability to bind to a 

MUC1 that is devoid of tandem repeats and for their inability to bind to full-length MUC1. Most 

often, MUC1* is generated when MUC1 is cleaved by a cleavage enzyme and the tandem repeat 

domain is released from the cell surface. Cleavage and release of the tandem repeat domain may 

also unmask portions of MUC1*-like cleavage products that exist on normal tissues. However, 

antibodies that recognize a conformation, rather than a linear epitope, are more selective.  

Antibodies that recognize a conformational epitope rather than a linear epitope can be identified 

by a variety of means. In particular, antibodies that recognize a conformational epitope will not 

work in a denaturing Western blot assay. In a preferred embodiment an antibody is chosen for 

the treatment, prevention or diagnosis of cancer based on the ability of the antibody to recognize 

a conformational epitope.  

[00693] Recognize a MUC1* generated by cleavage by MMP9 or other tumor-associated 

cleavage enzyme 

[00694] The fold, or conformation, of the MUC1* truncated extra cellular domain differs 

depending on which enzyme cleaves MUC1. Cleaved MUC1* or MUC1*-like cleavage products 

can function as growth factor receptors on normal healthy tissues. More than one cleavage 

enzyme is able to cleave MUC1 to a MUC*-like form. Cleavage by first enzyme may produce a 

conformation or a fold that is not the same as that produced by cleavage by a second enzyme.  

Support for this can be found in this application and is illustrated in Figures 39-41. These figures 

show that although a polyclonal antibody that binds to PSMGFR recognizes a cleaved MUC1 on 

hematopoietic stem cells, some monoclonal antibodies that bind to the PSMGFR peptide can 

bind to this MUC1*-like form on hematopoietic stem cells while others cannot. For example, 

MNC3 readily recognizes this cleaved form of MUC1 on hematopoietic stem cells, but MNC2 

and MNE6 do not. We know that MNC2 and MNE6 recognize a MUC1* that is produced by 

cleavage by MMP9 but not when it is cleaved by MMP2. MNC2 and MNE6 are cancer-specific 

while MNC3 is not, as it recognizes stem and progenitor cells. We also know that MMP9 is 

overexpressed in cancers. Bone marrow, where hematopoietic stem cells are made expresses 

nearly 2,500-times more MMP2 than MMP9 (Fig. 65). MMP14 is another enzyme that cleaves 

MUC1 to a MUC1* growth factor receptor form (Fig. 38). In one aspect of the invention, an 

antibody is chosen for the treatment, prevention or diagnosis of cancer based on the ability of the 
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antibody to recognize a MUC1 cleavage product generated when MUC1 is cleaved by MMP14.  

In a preferred embodiment an antibody is chosen for the treatment, prevention or diagnosis of 

cancer based on the ability of the antibody to recognize a MUC1 cleavage product generated 

when MUC1 is cleaved by MMP9. In a preferred embodiment an antibody is chosen for the 

treatment, prevention or diagnosis of cancer based on the ability of the antibody to recognize a 

MUC1 cleavage product generated when MUC1 is cleaved by MMP9 and also recognizes a 

conformational epitope.  

[00695] Binds to cancer cells more than normal cells 

[00696] A traditional approach to identifying antibodies that are cancer-specific involves 

testing a panel of antibodies against a panel of different cancer cell lines and determining, by 

FACS, IF, immunoprecipitation or other method, if the antibody binds to cancer cells. Although 

this approach is traditional, it is sequential and time-consuming, and thus limits the analysis of 

large numbers of monoclonal antibody clones, which is required to find an ideal antibody 

suitable for cancer therapeutic or diagnostic. In addition, there are no real normal cell lines and 

the selection of normal primary cells is limited. The selection criteria presented above provide a 

rapid, multiplexed method for identifying monoclonal antibody clones that are specific for 

MUC1* positive cancers. For many of the selection criteria, hybridoma supernatants can be used.  

This provides a huge advantage over state of the art methods for identifying antibodies that are 

specific for MUC1* positive cancers. The ability to select antibodies from assay performed using 

the impure hybridoma supernatants means that much of the selection can be done on hundreds or 

thousands of clones rapidly and at very little cost. Methods such as FACS analysis ans IHC 

tissue studies require the use of purified antibodies which limits the number of clones that can be 

tested to tens, not even hundreds.  

[00697] However, selecting an antibody based on its ability to bind to cancer cells, or a cancer 

cell type or to a cell engineered to express a certain antigen is important for antibody selection.  

In a preferred embodiment an antibody is chosen for the treatment, prevention or diagnosis of 

cancer based on the ability of the antibody to bind to MUC1* positive cancer cells.  

[00698] Binds to tumor tissue more than normal tissue 

[00699] Immunohistochemistry, IHC, tissue studies of cancerous versus normal tissues is a 

more stringent test of the cancer specificity of antibodies than FACS analysis. Cancer cell lines 

are a single cell from a single patient that have been expanded in a lab for decades and are not 
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representative of a cross section of the human population. Further, analysis of cell lines is blind 

to the heterogeneity of actual tumors. Tissue studies require purified antibody, are very 

expensive, time-consuming and require a skilled pathologist to analyze each stained tissue 

specimen. However, antibody staining of tissues from normal tissues versus cancerous tissues 

can reveal which antibodies cannot be used as therapeutics or diagnostics because of their cross

reactivity with normal tissues. Our systematic studies of numerous antibodies with thousands of 

human normal tissues or cancerous tissues, across several cancer sub-types showed that 

antibodies that bind to N-10, not C-10, disrupt the binding of NME1 or NME7AB, or NME7-X1 

to the PSMGFR peptide, the N-10 peptide, or to the surface of a MUC1* positive cancer cell, 

recognize a conformational epitope, and recognize a conformational epitope created by cleavage 

by MMP9 are the most cancer-specific.  

[00700] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on the ability of the antibody to bind to MUC1* positive tumor tissue 

at least 2-times more than it binds to normal tissues. In a preferred embodiment an antibody is 

chosen for the treatment, prevention or diagnosis of cancer based on the ability of the antibody to 

bind to MUC1* positive tumor tissue at least 5-times more than it binds to normal tissues. In a 

preferred embodiment an antibody is chosen for the treatment, prevention or diagnosis of cancer 

based on the ability of the antibody to bind to MUC1* positive tumor tissue at least 10-times 

more than it binds to normal tissues.  

[00701] Antibodies that bind to refined epitopes 

[00702] In a preferred embodiment, an antibody, or fragments thereof, that binds to a peptide 

comprising the sequence QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA are 

incorporated into anti-cancer therapeutics or diagnostics.  

[00703] In a more preferred embodiment, an antibody, or fragments thereof, that binds to a 

peptide comprising the sequence ASRYNLTISDVSVSDVPFPFSAQSGA are incorporated into 

anti-cancer therapeutics or diagnostics.  

[00704] In a yet more preferred embodiment, an antibody, or fragments thereof, that binds to a 

peptide comprising the sequence SDVSVSDVPFPFSAQSGA are incorporated into anti-cancer 

therapeutics or diagnostics.  
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[00705] In a still more preferred embodiment, an antibody, or fragments thereof, that binds to 

a peptide comprising the sequence SVSDV are incorporated into anti-cancer therapeutics or 

diagnostics.  

[00706] In a yet still more preferred embodiment, an antibody, or fragments thereof, that binds 

to a peptide comprising some or all of the sequence PFPFSAQSGA are incorporated into anti

cancer therapeutics or diagnostics.  

[00707] Consensus Sequences 

[00708] Antibodies of the invention were categorized according to cognate epitope.  

Sequences of their respective heavy chain CDRs are shown in Table 5. Sequences of their 

respective light chain CDRs are shown in Table 6. Consensus sequences for CDR1, CDR2 and 

CDR3 for each epitope-specific set of antibodies were computer generated. Figure 215 and 

Figure 216 show how the CDR consensus sequences change as the position of the antibodies' 

cognate epitope moves from the membrane-proximal portion of PSMGFR toward the more distal 

portions.  

[00709] As can be seen in Table 5 and Table 6, the sequences for CDR1 and CDR2 for 

antibodies that bind to epitopes within the 10 membrane-proximal (C-terminal) portion of 

PSMGFR peptide closely adhere to the consensus sequence.  

[00710] Table 5: HEAVY CHAIN CDRs 

GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA 

Epitope Name CDR1 CDR2 CDR3 

FPFS MNC2 FTFSGYAMS TISSGGTYIYYPDSVKG -LGGDNYYEYFDV-

FPFS MNE6 FTFSRYGMS TISGGGTYIYYPDSVKG DNYGRNYDYGMDY-

FPFS 20A1 FTFSTYAMS -SIGRAGSTYYSDSVKG --- GPIYNDYDEFAY 

0 
FPFS 3C2B ITFSTYTMS TISTGGDKTYYSDSVKG -GTTAMYYYAMDY

1 
Consensus .  

F~ CN Sequence k11 W 
SVSDV 5C6F FTFSTYAMS AISNGGGYTYYPDSLKG RYYDHYFDY 

3 

ASRYNLT 25E6 FTFSSYGMS TISNGGRHTFYPDSVKG QTGTEGWFAY 

ASRYNLT MNC3 YRFTDYAMN VISTFSGNTNFNQKFKG SDYYGPYFDY 

ASRYNLT 18G1 YTFTGYFLY GINPDNGGIDFNEKFRN -- LIGNY--

2 
ASRYNLT 28F9 YTFTGYFLY GIHPSNGDTDFNEKFKN -- LIGVY--

Consensus KFM tt4an hI~_T 
Sequence iKUR 

QFNQYKTEA 1E4 YAFSTYWMN QIYPGDSDTNYNGKFKG GNHASMDY 
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GTINVHDVET 18B4 FTFNDAWMD EIRSTANIHTTYYAESVQ ----- LLYGFAY 

G 

GTINVHDVET 29H1 FTFSDAWMD EIRSKATNHATYYAESVK ----- LLYGFAY 
G 

GTINVHDVET 31A1 YTFTSYWMH -----AYIDY-

YINPSTGYTEYNQKFKD 

GTINVHDVET 32C1 FTFSNYWMN EIRLKSNNYAIHYAESVK VPGLDAY----

G 

GTINVHDVET 39H5 YTFTNYGMN -- GIHGYVDY-

WINTYTGEPTYVGDFKG 

GTINVHDVET 3C5 YTFTNYGMN -GGLDGYYGY

WINTYTGKPTYADDFKG 

Consensus F W 
Sequence 

Table 6: LIGHT CHAIN CDRs 

GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA 
Epitope Name CDR1 CDR2 CDR3 

FPFS MNC2 RASKS--VSTSGYSYMH LASNLES QHSRELPFT 

FPFS MNE6 ------- SATSSVSYIH STSNLAS QQRSSSPFT 

FPFS 20A10 KSSQSVLYSSNQKNYLA WASTRES -HQYLSSLT 

FPFS 3C2B1 RASKS--- LASNLES QHSRELPLT 

ISTSDYNYIH 

Consensus 
Sequence KAL 

SVSDV 5C6F3 RSSQTIVHSNGNTYLE KVSNRFS FQDSHVPLT 

ASRYNLT 25E6 KSSQSLLDSDGKTYLN LVSKLDS WQGTHFPQT 

ASRYNLT MNC3 RSSQTIVHSNGNTYLE KVSNRFS FQGSHVPFT 

ASRYNLT 18G12 KSSQSLLHSDGKTYLI LVSKLDS CQGTHFPWT 

ASRYNLT 28F9 KSSQSLLHSDGKTYLI LVSKLDS CQGTHFPWT 

Consensus A I 

Sequence N&Q"Y 

QFNQYKTEA 1E4 RSSQSLVHSNGNTYLH KVSNRFS SQKTHVPWT 

GTINVHDVET 18B4 RTSQSLVHSNGNTYLH KVSSRFS SQNTHVPYT 

GTINVHDVET 29H1 RSGQSLVHSNGHTYLH KVSNRFS SQTTHVPWT 

GTINVHDVET 31A1 RSSQSIVHSNGNTYLE KVSNRFS FQVSHFPWT 

GTINVHDVET 32C1 RSSQSLVHSNGNTYLH KVSNRFS SQITHVPYT 

GTINVHDVET 39H5 RSSQSIVHRNGNTYL- KVSNRFS FQGSHLPWT 

GTINVHDVET 3C5 KSSQSLLHSKGKTYLN LVSKLES LQTTHFPWT 

Consensus w 
Sequence 

[00711] Whereas Heavy Chain CDR1 for MNC2 is FTFSGYAMS, with the amino acids 

numbered from left to right 1 through 9, the consensus of other antibodies that bind to that 

portion of PSMGFR is: F or I at position 1, T at position 2, F at position 3, S at position 4, T, G, 

or R at position 5, Y at position 6, A, G or T at position 7, M at position 8 and S at position 9.  
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[00712] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a heavy chain CDR1 that is at least 90% identical to a 

CDR1 comprising the following amino acids at the specified positions: F or I at position 1, T at 

position 2, F at position 3, S at position 4, T, G, or R at position 5, Y at position 6, A, G or T at 

position 7, M at position 8 and S at position 9.  

[00713] Whereas Heavy Chain CDR2 for MNC2 is TISSGGTYIYYPDSVKG, with the 

amino acids numbered from left to right 1 through 17, the consensus of other antibodies that bind 

to that portion of PSMGFR is: T at position 1, I or S at position 2, I or S at position 3, G or R at 

position 5, G or A at position 6, T or I at position 9, Y at position 10, Y at position 11, P or S at 

positionl2 and DSVKG for positions 13-17.  

[00714] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a heavy chain CDR2 that is at least 90% identical to a 

CDR2 comprising the following amino acids at the specified positions: T at position 1, I or S at 

position 2, I or S at position 3, G or R at position 5, G or A at position 6, T or I at position 9, Y at 

position 10, Y at position 11, P or S at position2 and DSVKG for positions 13-17.  

[00715] Whereas Heavy Chain CDR3 for MNC2 is -LGGDNYYEYFDV--, with the amino 

acids numbered from left to right 1 through 15, the consensus of other antibodies that bind to that 

portion of PSMGFR is: G, L, or N at position 2, G or T at position 4, Y at position 7, D or E at 

position 12, A at position 14, and Y at position 15.  

[00716] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a heavy chain CDR3 that is at least 90% identical to a 

CDR3 comprising the following amino acids at the specified positions: G, L, or N at position 2, 

G or T at position 4, Y at position 7, D or E at position 12, A at position 14, and Y at position 15.  

[00717] Whereas Light Chain CDR1 for MNC2 is RASKS--VSTSGYSYMH, with the amino 

acids numbered from left to right 1 through 17, the consensus of other antibodies that bind to that 

portion of PSMGFR is: K or R at position 1, A or S at position 2, S at position 3, K or Q at 

position 4, S at position 5, V at position 6, L at position 7, T or S at position 10, Y at position 15, 

and I, L or M at position 16.  

[00718] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a light chain CDR1 that is at least 90% identical to a CDR1 

comprising the following amino acids at the specified positions: K or R at position 1, A or S at 
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position 2, S at position 3, K or Q at position 4, S at position 5, L or V at position 6, L at position 

7, T or S at position 10, Y at position 15, and I, L or M at position 16.  

[00719] Whereas Light Chain CDR2 for MNC2 is LASNLES, with the amino acids numbered 

from left to right 1 through 7, the consensus of other antibodies that bind to that portion of 

PSMGFR is: L or W, or S at position 1, A or T at position 2, S at position 3, N or T at position 4, 

L or R at position 5, E or A at position 6, and S at position 7.  

[00720] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a light chain CDR2 that is at least 90% identical to a CDR2 

comprising the following amino acids at the specified positions: L or W, or S at position 1, A or 

T at position 2, S at position 3, N or T at position 4, L or R at position 5, E or A at position 6, 

and S at position 7.  

[00721] Whereas Light Chain CDR3 for MNC2 is QHSRELPFT, with the amino acids 

numbered from left to right 1 through 9, the consensus of other antibodies that bind to that 

portion of PSMGFR is: Q at position 1, H or Q at position 2, S, Q or R at position 3, R, S or Y at 

position 4, E, L, or S at position 5, L or S at position 6, P or S at position 7, F or L at position 8 

and T at position 9.  

[00722] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a light chain CDR3 that is at least 90% identical to a CDR3 

comprising the following amino acids at the specified positions: Q at position 1, H or Q at 

position 2, S, Q or R at position 3, R, S or Y at position 4, E, L, or S at position 5, L or S at 

position 6, P or S at position 7, F or L at position 8 and T at position 9.  

[00723] Another set of antibodies was generated and resultant clones were tested for their 

ability to bind to PSMGFR, N-10 and C-10 peptides. Antibody clones that bound to PSMGFR 

and N-10 peptides, but not to the C-10 peptide were selected. These antibodies were sequenced.  

Table 7 shows the sequences of the heavy chain CDRs for cancer-specific antibodies MNC2, 

MNE6, 20A10, 3C2B1, plus new antibodies B2, B7, 8C7F3, H11 and B9. Table 8 shows the 

sequences of the light chain CDRs for cancer-specific antibodies MNC2, MNE6, 20A10, 3C2B1, 

plus new antibodies B2, B7, 8C7F3, H11 and B9. Consensus sequences for the heavy and light 

chain CRDs were generated and are shown in Table 7 and Table 8. Although antibodies 5C6F3 

and 25E6 showed great cancer specificity in IHC tissue studies and they both bound to the 

PSMGFR and N-10 peptides, but not to the C-10 peptide, epitope mapping showed that they 
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bound to epitopes that were a bit N-terminal to the epitopes to which MNC2, MNE6, 20A10 and 

3C2B1 bound. For this reason, consensus sequences were generated for MNC2, MNE6, 20A10, 

3C2B1 and the new antibodies plus consensus sequences were generated for all the antibodies 

that bound to N-10 but not to C-10.  

[00724] As can be seen in Table 7 and Table 8, the sequences for CDR1, CDR2 and CDR3 for 

antibodies that require for binding the 10 membrane-proximal (C-terminal) amino acids of 

PSMGFR peptide closely adhere to a common consensus sequence.  

[00725] Table 7: HEAVY CHAIN CDRs for antibodies that share broader epitope in 

that they cannot bind to the C-10 peptide 
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GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA 

Epitope Name CDR1 CDR2 CDR3 

FPFS MNC2 FTFSGYAMS TISSGGTYIYYPDS -LGGDNYYEYFDV-

VKG 

FPFS MNE6 FTFSRYGMS TISGGGTYIYYPDS DNYGRNYDYGMDY-

VKG 

FPFS 20A10 FTFSTYAMS --- GPIYNDYDEFAY 

SIGRAGSTYYSDSV 

KG 

FPFS 3C2B1 ITFSTYTMS TISTGGDKTYYSDS -GTTAMYYYAMDY-

VKG 

PFPFSAQS B2 FAFSTFAMS AISNGGGYTYYPDT ---- RYYDLYFDL-

GA LKG 
PFPFSAQS B7 FTFSRYGMS TISSGGTYIYYPDS DNYGSSYDYAMDY-

GA VKG 
PFPFSAQS 8C7F3 FTFSTYAMS AISNGGGYTYYPDS ---- RYYDHYFDY-

GA LKG 
PFPFSAQS H11 FAFSTFAMS AISNGGGYTYYPDT ---- RYYDLYFDL-

GA LKG 
PFPFSAQS B9 FTFSRYGMS TISSGGTYIYYPDS DNYGSSYDYAMDY-

GA VKG 
Consensu :Fd\M J d 
Sequence 
- all of 
antibodi 
es above 
SVSDV 5C6F3 FTFSTYAMS AISNGGGYTYYPDS RYYDHYFDY 

LKG 

ASRYNLT 25E6 FTFSSYGMS TISNGGRHTFYPDS QTGTEGWFAY 

VKG 

Consensu F d $g y 

Sequence 
- all 
antibodi 
es 

Table 8: LIGHT CHAIN CDRs for antibodies that share broader epitope in that they 

cannot bind to the C-10 peptide 

GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA 

Epitope Name CDR1 CDR2 CDR3 
FPFS MNC2 RASKS-- LASNLES QHSRELPFT 

VSTSGYSYMH 

FPFS MNE6 ------- STSNLAS QQRSSSPFT 

SATSSVSYIH 
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FPFS 20A10 KSSQSVLYSSNQKNYL WASTRES -HQYLSSLT 

A 

FPFS 3C2B1 RASKS--- LASNLES QHSRELPLT 

ISTSDYNYIH 

PFPFSAQSGA B2 RSSQNIV- KVSNRFS FQDSHVPLT 

HSNGNTYLE 

PFPFSAQSGA B7 RSSQTIV- KVSNRFS FQDSHVPLT 

HSNGNTYLE 

PFPFSAQSGA 8C7F3 LASTLDS QQNNEDPPT 

RASESVATYGNNFMQ 

PFPFSAQSGA H11 RSSQNIV- KVSNRFS FQDSHVPLT 

HSNGNTYLE 

PFPFSAQSGA B9 ------- TTSNLAS QQRSSYPF

SASSSVSYMH 

Consensus 
Sequence- Y_ '~i 

all of 
antibodies 
above 
SVSDV 5C6F3 RSSQTIVHSNGNTYLE KVSNRFS FQDSHVPLT 

ASRYNLT 25E6 KSSQSLLDSDGKTYLN LVSKLDS WQGTHFPQT 

Consensus 
Sequence -A- , 

all 
antibodies 

[00726] Whereas Heavy Chain CDR1 for MNC2 is FTFSGYAMS, with the amino acids 

numbered from left to right 1 through 9, the consensus sequence of MNC2, MNE6, 20A10, 

3C2B1 and new antibodies B2, B7, 8C7F3, H11 and B9 is: F or I at position 1, T or A at position 

2, F at position 3, S at position 4, T, G, or R at position 5, Y or F at position 6, A, G or T at 

position 7, M at position 8 and S at position 9. The underlined amino acids at positions 2 and 6 

are the only additional variants to the consensus sequence generated for cancer-specific 

antibodies MNC2, MNE6, 20A10, 3C2B1 alone.  

[00727] As can be seen in Table 7, the inclusion of antibodies 5C6F3 and 25E6 into the 

generation of consensus sequence did not change in any way the consensus sequence for heavy 

chain CDR1 that describes a cancer-specific anti-MUC1* antibody.  

[00728] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a heavy chain CDR1 that is at least 90% identical to a 

CDR1 comprising the following amino acids at the specified positions: F or I at position 1, T or 

A at position 2, F at position 3, S at position 4, T, G, or R at position 5, Y or F at position 6, A, G 

or T at position 7, M at position 8 and S at position 9.  
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[00729] Whereas Heavy Chain CDR2 for MNC2 is TISSGGTYIYYPDSVKG, with the 

amino acids numbered from left to right 1 through 17, the consensus sequence of MNC2, MNE6, 

20A10, 3C2B1 and new antibodies B2, B7, 8C7F3, H11 and B9 is: 

[00730] T or A at position 1, I or S at position 2, I or S at position 3, N, S, T or G at position 

4, G or R at position 5, G or A at position 6, G, T, or D at position 7, Y, K or S at position 8, T or 

I at position 9, Y at position 10, Y at position 11, P or S at positionl2 and D at position 13, S or 

T at position 14, V or L at position 15 and KG for positions 16-17. The underlined amino acids 

indicate how this more inclusive consensus sequence differs from the consensus sequence 

generated for MNC2, MNE6, 20A10 and 3C2B1 alone. Of the 17 amino acids in heavy chain 

CDR2, the consensus sequence for all nine antibodies differs from the consensus sequence for 

the original cancer-specific four by only 4 amino acids. Note that 2 of the 4 variants are 

homologous changes, T for S and L for V, which generally do not significantly impact the 

structure or specificity of a protein.  

[00731] As can be seen in Table 7, the inclusion of antibodies 5C6F3 and 25E6 into the 

generation of consensus sequence for heavy chain CDR2 only changed the consensus sequence 

by the addition of two other possible amino acids: a possible H at position 8, and a possible F at 

position 10, for a heavy chain CDR2 that describes a cancer-specific anti-MUC1* antibody. We 

note that the change of Y to F at position 10 is a homologous change, which generally does not 

significantly impact the structure or specificity of a protein.  

[00732] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a heavy chain CDR2 that is at least 90% identical to a 

CDR2 comprising the following amino acids at the specified positions: T or A at position 1, I or 

S at position 2, I or S at position 3, N, S, T or G at position 4, G or R at position 5, G or A at 

position 6, G, T, or D at position 7, Y, K, H or S at position 8, T or I at position 9, Y or F at 

position 10, Y at position 11, P or S at positionl2 and D at position 13, S or T at position 14, V 

or L at position 15 and KG for positions 16-17.  

[00733] Whereas Heavy Chain CDR3 for MNC2 is LGGDNYYEYFDV, with the amino acids 

numbered from left to right 2 through 13, the consensus sequence of MNC2, MNE6, 20A10, 

3C2B1 and new antibodies B2, B7, 8C7F3, H11 and B9 is: 

[00734] G, L, or N at position 2, G, T, or Y at position 3, G or T at position 4, A, D, P, R, or S 

at position 5, Y, M, I or S at position 6, Y at position 7, D, Y, or N at position 8, E, D, Y, L or 
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H at position 9, Y, A, or G at position 10, M, D or F at position 11, D or E at position 12, V, F, 

Y or L at position 13, and AY at position 14-15. The underlined amino acids indicate how this 

more inclusive consensus sequence differs from the consensus sequence generated for MNC2, 

MNE6, 20A10 and 3C2B1 alone. Of the 15 amino acids in heavy chain CDR3, the consensus 

sequence for all nine antibodies differs from the consensus sequence for the original cancer

specific four by 7 amino acids, with 3 of the 7 substitutions at position 6. For this reason, we 

conclude that the amino acid at position 6 can be varied without altering the specificity of the 

antibody.  

[00735] Analysis of the consensus sequence generated with the inclusion of antibodies 5C6F3 

and 25E6 highlighted which amino acids were conserved among all eleven antibodies. For this 

reason, our preferred consensus sequence for heavy chain CDR3 defines amino acids at positions 

2, 3, 4, 7, 10, 11, 12, 14 and 15, where for 11 antibodies, there were 3 or less variants at these 

positions.  

[00736] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a heavy chain CDR3 that is at least 90% identical to a 

CDR3 comprising the following amino acids at the specified positions: G, L, or N at position 2, 

G, T, or Y at position 3, G or T at position 4, Y at position 7, Y, A, or G at position 10, M, D or 

F at position 11, D or E at position 12 and AY at position 14-15.  

[00737] Whereas Light Chain CDR1 for MNC2 is RASKS--VSTSGYSYMH, with the amino 

acids numbered from left to right 1 through 17, the consensus sequence of MNC2, MNE6, 

20A10, 3C2B1 and new antibodies B2, B7, 8C7F3, H11 and B9 is: 

[00738] K or R at position 1, A or S at position 2, S or R at position 3, K, Q or A at position 4, 

S, N or T at position 5, V, I, E, or K at position 6, L, V or S at position 7, S, Y, I or V at position 

8, A, S, or H at position 9, T or S at position 10, N, S, or Y at position 11, G, S, D, or Q at 

position 12, V, Y, K or N at position 13, N, S, or T at position 14, Y or F at position 15, and I, L 

or M at position 16, and H, A, E or Q at position 17. The underlined amino acids indicate how 

this more inclusive consensus sequence differs from the consensus sequence generated for 

MNC2, MNE6, 20A10 and 3C2B1 alone. Of the 17 amino acids in light chain CDR1, the 

consensus sequence for all nine antibodies differs from the consensus sequence for the original 

cancer-specific four by 13 amino acids. 4 of the 13 are homologous substitutions, which in 

general do not significantly alter the structure or specificity of the protein. Of the remaining 9 
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substitutions, 1 is at position 4, 1 is at position 5, 3 are at position 6, 1 is at position 7, 1 is at 

position 11, and 2 are at is at position 17. The inclusion of the 5 new antibodies did not alter the 

amino acids, excluding homologous substitutions, at positions 1, 2, 3, 8, 9, 10, 12, 13, 14, 15 or 

16. For this reason, we conclude that the conserved consensus sequence for light chain CDR1 

that defines a MUC1* cancer-specific antibody comprises the amino acids given above for 

positions 1, 2, 3, 8, 10, 12, 13, 14, 15 and 16.  

[00739] Analysis of the consensus sequence generated with all the antibodies, including 

5C6F3 and 25E6 further altered the consensus sequence for light chain CDR1 with amino acid 

substitutions as follows: L at position 6; D at position 9; D at position 11 and N at position 17.  

We note that none of these substitutions were at positions that were invariant for the original four 

cancer-specific antibodies plus the five new antibodies. Thus, we conclude that a conserved 

consensus sequence for light chain CDR1 that defines at least 90% identity of a cancer-specific 

antibody comprises amino acids defined above at positions 1, 2, 3, 8, 10, 12, 13, 14, 15 and 16.  

[00740] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a light chain CDR1 that is at least 90% identical to a CDR1 

comprising K or R at position 1, A or S at position 2, S or R at position 3, S, Y, I or V at position 

8, T or S at position 10, G, S, D, or Q at position 12, V, Y, K or N at position 13, N, S, or T at 

position 14, Y or F at position 15, and I, L or M at position 16.  

[00741] Whereas Light Chain CDR2 for MNC2 is LASNLES, with the amino acids numbered 

from left to right 1 through 7, the consensus sequence of MNC2, MNE6, 20A10, 3C2B1 and new 

antibodies B2, B7, 8C7F3, H11 and B9 is: L, W, S, T or K at position 1, A, T or V at position 2, 

S at position 3, N or T at position 4, L or R at position 5, E, A, F or D at position 6, and S at 

position 7. The underlined amino acids indicate how this more inclusive consensus sequence 

differs from the consensus sequence generated for MNC2, MNE6, 20A10 and 3C2B1 alone.  

[00742] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a light chain CDR2 that is at least 90% identical to a CDR2 

comprising the following amino acids at the specified positions: L, W, S, T or K at position 1, A, 

T or V at position 2, S at position 3, N or T at position 4, L or R at position 5, E, A, F or D at 

position 6, and S at position 7. Of the 7 positions, the inclusion of the five new antibodies 

introduced 5 substitutions of which only 2 were not homologous substitutions.  
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[00743] Analysis of the consensus sequence generated with all the antibodies, including 

5C6F3 and 25E6 further altered the consensus sequence for light chain CDR2 with amino acid 

substitutions as follows: K at position 4, which is a substitution that is homologous to N.  

[00744] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a light chain CDR2 that is at least 90% identical to a CDR2 

comprising: A, T or V at position 2, S at position 3, N, T, or K at position 4, L or R at position 5, 

E, A, F or D at position 6, and S at position 7.  

[00745] Whereas Light Chain CDR3 for MNC2 is QHSRELPFT, with the amino acids 

numbered from left to right 1 through 9, t the consensus sequence of MNC2, MNE6, 20A10, 

3C2B1 and new antibodies B2, B7, 8C7F3, H11 and B9 is: Q or F at position 1, H or Q at 

position 2, S, Q, R, D or N at position 3, R, S, Y or N at position 4, E, L, S or H at position 5, L, 

S, V, D or Y at position 6, P or S at position 7, F, L or P at position 8 and T at position 9. The 

underlined amino acids indicate how this more inclusive consensus sequence differs from the 

consensus sequence generated for MNC2, MNE6, 20A10 and 3C2B1 alone.  

[00746] Analysis of the consensus sequence generated with all the antibodies, including 

5C6F3 and 25E6 further altered the consensus sequence for light chain CDR2 with amino acid 

substitutions as follows: W at position 1; G at position 3; T at position 4; F at position 5; Q at 

position 8.  

[00747] In a preferred embodiment an antibody is chosen for the treatment, prevention or 

diagnosis of cancer based on having a light chain CDR3 that is at least 90% identical to a CDR2 

comprising: Q, F or W at position 1, H or Q at position 2, R, S, T, Y or N at position 4, E, L, S or 

H at position 5, L, S, V, D or Y at position 6, P or S at position 7, and T at position 9.  

[00748] Other general strategy for using antibodies, antibody fragments and CARs that 

target the extracellular domain of MUC1* 

[00749] In another aspect, the invention is directed to a composition that includes at least two 

different plasmids transfected into the same immune cell, wherein the first encodes a CAR 

comprising an antibody fragment, scFv, or peptide that binds to a tumor antigen and the other 

encodes a gene that is not a CAR, wherein the gene that is not a CAR is expressed from an 

inducible promoter that is activated by elements of an activated immune cell. In one aspect, the 

immune cell is a T cell or an NK cell. In one aspect the CAR comprises an antibody fragment, 

scFv or peptide that binds to the extra cellular domain of MUC1*. In one aspect the CAR 
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comprises an scFv derived from MNC2, MNE6, 20A10, 3C2B1, 5C6F3, 25E6, 18G12, 28F9, 

1E4, B12, B2, B7, B9, 8C7F3, or H1l. In one aspect the non-CAR species is a cleavage 

enzyme. In one aspect the cleavage enzyme is MMP2, MMP3, MMP9, MMP13, MMP14, 

MMP16, ADAM10, ADAM17, ADAM28 or catalytically active fragments thereof. In another 

aspect the non-CAR species is a cytokine. In one aspect, the Cytokine is IL-7. In one aspect the 

cytokine is IL-15. In one aspect the cytokine is IL-12. In one aspect the cytokine is IL-18. The 

sequence of an activated IL-18 is given (SEQ ID NOS:1637-1638). Two examples of NFAT

inducible IL-18 embedded in the Foxp3 enhancer region are given (SEQ ID NOS:1639-1640).  

Two examples of NFAT-inducible IL-18 embedded in the IL-2 enhancer region are given (SEQ 

ID NOS:1641-1642). In one case, there are three (3) NFAT response elements and in the other 

acse there are six (6) NFAT response elements. The number of NFAT response elements can be 

varied in order to get the desired amount of IL-18 expressed upon CAR T cell recognition of the 

target. Examples of antibodies of the invention incorporated into CARS with inducible IL-18 are 

shown as: murine or human MNC2 in a CAR with a 4-1BB or CD28 co-stimulatory domain plus 

inducible IL-18 (SEQ ID NOS:1643-1646), or also with a 1XX mutated CD3-zeta (SEQ ID 

NOS:1647-1650); murine or human MNE6 in a CAR with a 4-1BB or CD28 co-stimulatory 

domain plus inducible IL-18 (SEQ ID NOS:1651-1654), or also with a 1XX mutated CD3-zeta 

(SEQ ID NOS:1655-1658); murine or human 20A10 in a CAR with a 4-1BB or CD28 co

stimulatory domain plus inducible IL-18 (SEQ ID NOS:1659-1662), or also with a 1XX mutated 

CD3-zeta (SEQ ID NOS:1663-1666); murine or human 25E6 in a CAR with a 4-1BB or CD28 

co-stimulatory domain plus inducible IL-18 (SEQ ID NOS:1667-1670), or also with a 1XX 

mutated CD3-zeta (SEQ ID NOS:1671-1674). In another aspect the cytokine is IL-7 and IL-15.  

In one case expression of the non-CAR species is induced by elements of an activated immune 

cell. In one aspect the element of an activated immune cell is an NFAT. In one aspect the NFAT 

is NFATc1, NFATc3 or NFATc2. Cytokines IL-7, IL-15, IL-12 and IL-18 are known to promote 

T cell persistence. In one aspect of the invention an immune cell described above is administered 

to a patient for the treatment or prevention of cancer. In one aspect of the invention, the cancer is 

a MUC1 positive cancer or a MUC1* positive cancer.  

[00750] In addition to making CAR T cells that also induce expression of a cleavage enzyme, 

we made CAR T cells that also induce local and transient expression of IL-18. Many of the T 

cell based inducible systems reported insert the gene to be inducibly expressed into an IL-2 
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promoter or enhancer. We compared inducible expression off an IL-2 promoter/enhancer to 

inducible expression off of a portion of the Foxp3 enhancer. In this particular example, human T 

cells were transduced with both huMNC2-CAR44 and an NFAT inducible IL-18, wherein the Il

18 gene was either inserted into an IL-2 promoter or the Foxp3 enhancer region. It is known in 

the field that a major problem with CAR Ts with inducible second factors is that the second 

factor is leaky, meaning that significant expression of the second factor occurs without activation 

of the CAR T cell. The other problem with existing inducible systems is the length of time that 

goes by between when the CAR T cell is activated and the second factor is induced is typically 

very long so that the cell secreting the second factor may be far away from the tumor by the time 

the second factor is expressed.  

[00751] Figure 211A- 211C show graphs of an ELISA experiment measuring the amount of 

IL-18 secreted into the condition media of huMNC2-CAR44 T cells, which also bear an NFAT 

inducible IL-18, co-cultured with MUC1* positive cancer cells. As a method of inducing varying 

levels of IL-18 expression, we co-cultured the CAR T cells with cancer cells doped with 

increasing amounts of cells that were engineered to express even more MUC1*. In these figures 

we show T47D cancer cells that are either wild-type, or doped with 5%, 10% or 30% of the 

T47D cells expressing more MUC1*. Fig. 211A shows the graph of IL-18 secreted into the 

supernatant of T47D breast cancer cells co-cultured with untransduced human T cells. Fig. 211B 

shows the graph of IL-18 secreted into the supernatant of T47D breast cancer cells co-cultured 

with huMNC2-CAR44 T cells that also bore an NFAT inducible IL-18 gene inserted into a 

portion of the Foxp3 enhancer. Fig. 211C shows the graph of IL-18 secreted into the supernatant 

of T47D breast cancer cells co-cultured with huMNC2-CAR44 T cells that also bore an NFAT 

inducible IL-18 gene inserted into a portion of the IL-2 enhancer. As can be seen in the figure, 

the Foxp3 system induces rapid and robust expression of IL-18, which is significantly faster and 

higher than that of the same construct in an IL-2 promoter. In this example, the IL-18 gene is 

inserted downstream of six (6) NFAT response elements, however one can attenuate the amount 

of the second factor by using a lesser number of response elements or enhance the amount by 

increasing the number of NFAT response elements.  

[00752] It has been reported that IL-18 increases persistence of CAR T cells in vivo.  

However, we observed an unexpected result. In a dose-dependent manner, secretion of IL-18 

increased the killing of low antigen density cells by the CAR T cells. We differentially labeled 
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the T47D-wt cells (red: mCherry) and those T47Ds that were transduced to express more 

MUC1* (green: GFP). Figure 212A- 212X shows photographs of T47D breast cancer cells (red) 

doped with varying percentages of T47D cells engineered to express more MUC1* (green). The 

target cancer cells have been co-cultured with huMNC2-CAR44 T cells with NFAT inducible 

IL-18 wherein the IL-18 gene has been inserted into either the Foxp3 enhancer/promoter or the 

IL-2 enhancer/promoter. Fig. 212A-212C, 2121-212K, and 212Q-212S show the cancer cells co

cultured with untransduced T cells. Fig. 212D-212F, 212L-212N, and 212T-212V show the 

cancer cells co-cultured with hiMNC2-CAR44 T cells with the NFAT inducible IL-18 gene 

inserted into the Foxp3 enhancer/promoter. Fig. 212G-212H, 2120-212P, and 212W-212X show 

the cancer cells co-cultured with hiMNC2-CAR44 T cells with the NFAT inducible IL-18 gene 

inserted into the IL-2 enhancer/promoter. As can be seen in the figure, the low antigen density 

T47D-wt type cells (red) are being killed when doped with higher percentages of cells that 

express more MUC1* and thus secrete more IL-18. The experiment shows that this is not just a 

bystander effect, because the cells expressing IL-18 off of the IL-2 promoter, which expresses 

much lower levels of IL-18, do not kill the low antigen density cells even when they are doped 

with 30% cells expressing more MUC1*.  

[00753] We then showed that the CAR T mediated killing is specific for the CAR T specific 

antigen. We performed a similar experiment, wherein control, MUC1/MUC1* negative cells 

were doped with 5%, 10% or 30% of the T47D cells expressing more MUC1*, and co-cultured 

with MUC1* specific CAR T cells. Figure 213A- 213B shows graphs of ELISA experiments in 

which levels of IL-18 secreted into the conditioned media are measured for huMNC1-CAR44 T 

cells with NFAT inducible IL-18 gene, inserted into the Foxp3 enhancer or promoter, co

cultured with either MUC1* positive cancer cells or MUC1 negative non-cancerous cells. Fig.  

213A shows IL-18 secretion from huMNC2-CAR44 T cells with NFAT inducible IL-18 in co

culture with T47D breast cancer cells where the population has been doped with 5%, 10% or 

30% T47D cells that had been transfected with even more MUC1*. Fig. 213B shows IL-18 

secretion from huMNC2-CAR44 T cells with NFAT inducible IL-18 in co-culture with non

cancerous, MUC1 negative HEK293 cells where the cell population has been doped with 5%, 

10% or 30% T47D cells that had been transfected with more MUC1*. As can be seen in the 

figure, the amount of IL-18 secreted into the media can be attributed to the MUC1* positive cells 

that the population was doped with. Time course fluorescent photographs of the experiment 
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show that even when doped with significant percentages of high antigen density MUC1* positive 

cells, the MUC1 negative cells are not killed by the MUC1* targeting CAR T cells. Figure 

214A-214X shows photographs of T47D breast cancer cells (red) or non-cancerous HEK293 

cells (also red), where both cell types have been doped with varying percentages of T47D cells 

engineered to express more MUC1* (green). These target cancer cells have been co-cultured 

with huMNC2-CAR44 T cells with NFAT inducible IL-18 wherein the IL-18 gene has been 

inserted into the Foxp3 enhancer/promoter. Fig. 214A-214F shows either T47D cells or HEK293 

cells that have not been doped with T47D cells engineered to express high MUC1* density. Fig.  

214G-214L shows either T47D cells or HEK293 cells that have been doped with 5% T47D cells 

engineered to express high MUC1* density. Fig. 214M-214R shows either T47D cells or 

HEK293 cells that have been doped with 10% T47D cells engineered to express high MUC1* 

density. Fig. 214S-214X shows either T47D cells or HEK293 cells that have been doped with 

30% T47D cells engineered to express high MUC1* density. Fig. 214A-B, G-H, M-N, and S-T 

show T47D breast cancer cells. Fig. 214C-F, I-L, O-R, and U-X show HEK293 cells. As can be 

seen in the figures, the induced secretion of IL-18 resulted in low MUC1* density T47D cells 

being killed but did not induce non-specific killing of the MUC1* negative HEK293 cells. Taken 

together these results show that the Foxp3 system is a superior system for the inducible 

expression of a second factor and especially useful in CAR T systems. Further we have 

demonstrated the unexpected result that IL-18 increases the killing of low antigen density cells 

without the unwanted effect of killing nearby MUC1/MUC1* negative cells.  

[00754] In another aspect, the invention is directed to a composition that includes at least two 

different plasmids transfected into the same immune cell, wherein the first encodes a CAR 

comprising an antibody fragment, scFv or peptide that binds to the extra cellular domain of an 

antigen on the surface of a B cell and the other encodes a gene that is not a CAR, wherein the 

gene that is not a CAR is expressed from an inducible promoter that is activated by elements of 

an activated immune cell. In one aspect, the immune cell is a T cell or an NK cell. In one aspect 

the CAR comprises an antibody fragment, scFv or peptide that binds to CD19. In another aspect 

the antibody fragment, scFv or peptide binds to a surface antigen of a B cell or a B cell 

precursor, or binds to CD19, CD20, CD22, BCMA, CD30, CD138, CD123, CD33 or LeY 

antigen. In one aspect the non-CAR species is a cleavage enzyme. In another aspect the non

CAR species is a cytokine. In one aspect, the Cytokine is IL-7. In one aspect the cytokine is IL
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15. In another aspect the cytokine is IL-7 and IL-15. In one case expression of the non-CAR 

species is induced by elements of an activated immune cell. In one aspect the element of an 

activated immune cell is an NFAT. In one aspect the NFAT is NFATc1, NFATc3 or NFATc2.  

that is not a CAR, wherein the gene that is not a CAR is expressed from an inducible promoter 

wherein expression is induced by elements of an activated immune cell. In one aspect the 

immune cell transfected or transduced with the composition is administered to a patient for the 

treatment or prevention of cancer. In one case the cancer is a leukemia, lymphoma or blood 

cancer.  

[00755] It is not intended for the invention to be limited by a specific method or technology 

for inserting the gene or plasmid comprising a sequence encoding a CAR or activated T cell 

inducible protein or peptide there encoded. For example, the gene encoding the CARs and 

activated T cell induced genes described herein can be virally transduced into an immune cell 

using viruses, which may or may not result in the CAR gene being integrated into the genome of 

the recipient cell. Virus delivery systems and viral vectors include but are not limited to 

retroviruses, including gamma-retroviruses, lentivirus, adenoviruses, adeno-associated viruses, 

baculoviruses, poxvirus, herpes simplex viruses, oncolytic viruses, HF10, T-Vec and the like. In 

addition to viral transduction, CARs and activated T cell induced genes decribed herein can be 

directly spliced into the genome of the recipient cell using methods such as CRISPR technology, 

CRISPR-Cas9 and -CPF1, TALEN, Sleeping Beauty transposon system, and SB 10OX.  

[00756] Bulky cell surface proteins such as MUC1-FL can also cause a steric hindrance 

problem for BiTEs. A BiTE is a two-headed bi-specific antibody wherein one head binds to a T 

cell and the other head binds to a tumor-associated antigen. In this way, the BiTE links together 

the T cell and the tumor cells. The antibody that binds to the T cell should be an antibody that 

activates the T cell, such as an antibody against CD3 or CD28. To solve the steric hindrance 

problem, the linker between the T cell specific antibody and the tumor specific antibody is 

lengthened.  

[00757] In another aspect of the invention, an anti-MUC1* single chain molecule is fused to a 

cleavage enzyme or a catalytically active fragment of a cleavage enzyme. In one aspect of the 

invention, the cleavage enzyme is MMP9 (SEQ ID NO:643). In another aspect of the invention, 

the enzyme is a catalytically active fragment of MMP9 (SEQ ID NO:645). In some cases, the 

antibody fragment of the CAR is chosen for its ability to recognize MUC1* when cleaved by that 
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specific cleavage enzyme. In one embodiment, the cleavage enzyme is MMP9, MMP3, MMP14, 

MMP2, ADAM17, ADAM TS16, and/or ADAM28. In one embodiment, the antibody or 

antibody fragment binds to a peptide having the sequence of (PSMGFR) 

GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA, PSMGFR N-10, 

QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA, or PSMGFR N+20 

SNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFS 

AQSGA. In another embodiment, cleavage enzymes MMP9 and MMP3 are transduced into a T 

cell that is also transduced with a CAR with an antibody fragment that is a fragment of MNC2.  

[00758] In many cases it is desirable to have the cleavage enzyme expressed only after an 

immune cell recognizes the tumor-associated target on a solid tumor. In this way, the cleavage 

enzyme will not freely move throughout the body, cleaving MUC1, MUC16 or other proteins, 

wherein their cleavage could actually promote cancer. However, there are cancers that are 

physically accessible to direct application of chemotherapy agents, CAR T cells and other anti

cancer agents. For example, types of brain cancers, prostate cancer and ovarian cancers have all 

shown the benefit of direct application of anti-cancer agents into the local vicinity of the cancer.  

CAR T cells have been injected directly into the brain and/or cerebral spinal fluid of 

glioblastoma patients. Radiation has been directed to the prostate area for the treatment of 

prostate cancers, including those that have metastasized. Hot chemo therapy agents have been 

directly injected into the intraperitoneal cavity for the treatment of ovarian cancers. In these and 

other cases, where the cancers that are physically accessible to direct application of 

chemotherapy agents, a cleavage enzyme is administered in the presence or absence of another 

anti-cancer agent, which could be a CAR T cell, an immune cell engineered to recognize a 

tumor-associated antigen, a BiTE, an ADC, a biological or a standard chemotherapy agent.  

Although ovarian cancer can metastasize to anywhere in the body, it usually stays in the 

abdomen as it spreads to adjacent organs, such as the intestines, liver and stomach. This makes 

ovarian cancer an ideal test case for improving the effect of anti-cancer agents by administering a 

cleavage enzyme in combination with other anti-cancer agents, including a platinum

based drug such as carboplatin (Paraplatin) or cisplatin, and/or a taxane such as paclitaxel 

(Taxol) or docetaxel (Taxotere). Alkeran (Melphalan), Avastin (Bevacizumab), Carboplatin, 

Clafen (Cyclophosphamide), and Cytoxan have all been approved for the treatment of ovarian 
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cancer. Other treatments that are being tested for the treatment of ovarian cancers include agents 

that target MUC1, MUC16 and as described herein, MUC1*.  

[00759] Other cleavage enzymes can be used in addition to or in place of MMP9. MMP14 for 

example, has been shown to efficiently cleave MUC1 to MUC1* (Fig. 38). In one aspect of the 

invention, MMP14 is expressed in an immune cell that is also engineered to express a CAR. In 

one case the CAR is an anti-MUC1* CAR. For example, it can be an MNC2-CAR44 transduced 

T cell. In another aspect of the invention, the MMP14 is directly administered to the patient 

either in the location of the tumor or by i.v.  

[00760] In yet another aspect of the invention, the cancer is an ovarian cancer and either 

MMP9 or MMP14 is directly injected into the abdominal area along with an anti-cancer agent, 

which can be a chemotherapy agent, a biological, an anti-MUC1* CAR T or an anti-MUC16 

CAR T.  

[00761] In addition to local administration of the cleavage enzyme, + iv administration alone 

or secreted from an immune cell, which may be a CAR T cell, which further may be expressed 

off of an inducible promoter is contemplated.  

[00762] Methods used in carrying out experimentation in relation to the present 

invention 

[00763] 1. Lentivirus production and viral transduction of immune cells 

[00764] HEK293 or HEK293T cells (ATCC) were used to produce lentivirus. The day prior 

transfection plates (6well plate) were coated with poly-D-lysine and cells seeded so that cell 

density reaches 90-95% at the time of transfection and cultures in a 5% C02 atmosphere. The 

next day cells were transfected with Lipofectamine 3000 (life technologies) and Opti-MEM@ I 

Reduced Serum Medium according to the manufacturer instructions (0.75ug of lentiviral 

expression vector and 2.25ug of pPACKH1 packaging mix was used). After 6h incubation, the 

media was changed and media containing lentivirus was harvested after 24 and 48 hours.  

Lentivirus was concentrated with Lenti-X concentrator (Clontech) and titer was calculated using 

the Lenti-X p@4 Rapid Titer Kit (Clontech). Lentivirus was store at -80C in single-use aliquots.  

[00765] Transduction of immune cells with constructs including CARs 

[00766] Human T cells, if frozen, were thawed and pre-warmed in 100-200 units IL-2 and 

TexMACS medium, 20 ml, and pelleted by centrifugation. Cells were resuspended in 10 ml of 
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medium and cultured at 37C, 5% CO2 at 1x10 6 cells/ml in complete medium with anti

CD3/anti-CD28 beads (TransAct kit).  

[00767] After 4 days in culture, cells were counted and 450 ul of cell suspension was placed 

in single well of a 24-well plate at a density of approximately 1x106 cells/ml. Cells were allowed 

to settle. 150 ul was carefully removed from the top of each well. To each well was added an 

appropriate dilution of lentiviral vector, diluted in plain TexMACS medium, along with 

protamine sulfate to a final concentration of 10 ug/ml, in a 150 ul volume, for a final total 

volume of 450 ul per well and incubated for 24 hrs. Transduced cells were removed, pelleted by 

centrifugation, and resuspended in fresh medium, adjusting cell density, not to exceed 1.0 x 106 

cells/ml. Transduced T cells can be expanded and frozen or used directly. Typically transduced T 

cells are used or frozen between Day 7 and Day 20 post activation with IL-2 and TransAct 

media.  

[00768] 2. Comparing anti-MUC1* CAR T cell activity in the presence or absence of 

exogenous cleavage enzymes 

[00769] Human T cells (ALLCELLS) were transduced with huMNC2-CAR44 or huMNC2

CAR50. CAR44 is huMNC2-scFv-CD8-CD8 (transmembrane-41BB-3z). CAR50 is the same as 

CAR44 except that CAR50 has a murine MNC2-scFv and a CD4 transmembrane domain. The 

CAR T cells were incubated for 18 hours with target and non-target cells that have been dyed red 

using CMTMR. When T cells recognize a target cell, they cluster the target cells and begin to 

kill them. As can be seen in Figures 45-47 the CAR T cells effectively cluster and kill the target 

MUC1* positive cancer cells. Figure 45 shows huMNC2-CAR44 or huMNC2-CAR50 T cells 

being co-cultured with HCT-116 cells transduced to express MUC1*, "HCT-MUC1*" or with 

HCT-116 cells transduced with a full-length MUC1, "HCT-MUC1-41TR". Recall that MNC2 

recognizes an ectopic epitope that is only revealed after cleavage and release of the MUC1 

tandem repeat domain. Neither huMNC2-CAR44 nor huMNC2-CAR50 T cells recognize the 

cells expressing full-length MUC1 (Fig. 45F-45H). However, when MMP9 plus activator APMA 

is added, the CAR T cells recognize the cells, cluster and kill them (Fig. 45J-45L). The addition 

of cleavage enzyme ADAM-17 did not affect the recognition of either CAR T cell for full-length 

MUC1 (Fig. 45N-45P). The reason could be that ADAM-17 doesn't cleave MUC1 or the 

cleavage product is not recognized by MNC2. A similar experiment was performed (Fig. 46) that 

showed that MMP2 was only weakly effective at either cleavage MUC1 or that the MMP2 
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cleavage product was only weakly recognized by MNC2. Figure 47 shows the contrast between 

huMNC2-CAR44 recognition of HCT-MUC1* cells, T47D-wt breast cancer cells, and T47D 

cells with added MMP9 which presumably cleaves the full-length MUC1 to an MNC2 

recognizable MUC1*.  

[00770] 3. Confocal imaging of CAR T cells giving the "kiss of death" to MUC1* positive 

cancer cells.  

[00771] Confocal images of Human T cells that were transduced with huMNC2-CAR44, co

cultured for 24 hours with MUC1* positive DU145 prostate cancer cells showed the CAR T cells 

inserting Granzyme B into the target cancer cells. Figure 55 shows fluorescent images of the 

huMNC2-CAR44 T cells secreting Granzyme B when co-cultured with the prostate cancer cells, 

FACS analysis showing increased expression of Granzyme B by the CAR T cells and an 

xCELLigence experiment showing that the target prostate cancer cells were in fact killed.  

[00772] 5. Analysis of CAR T cell induced killing of MUC1* positive cancer cells by 

FACS analysis 

[00773] We have demonstrated the killing effect of huMNC2-CAR44 T cells on T47D 

MUC1* positive breast cancer cells, wherein the breast cancer cells have been transfected with 

increasing amounts of additional MUC1*. The killing effect of the huMNC2-CAR44 T cells 

increases as the amount of target MUC1* expressed on the cells increases.  

[00774] IFN-y secretion in media was measured using a human IFN-y ELISA kit (Biolegend).  

Plates were coated with an anti- IFN-y antibody (capture antibody, 1X in coating buffer). After 

overnight incubation at 4°C, the plate was washed 4 times with PBS-T and blocking solution was 

added to block remaining binding site on the well. After lh at RT (shaking at 500rpm) the plate 

was washed 4 times with PBS-T and conditioned media (CM) and IFN-y standard, was added.  

After 2h at RT with shaking, the plate was washed 4 times with PBS-T and detection antibody 

(lx), was added. After lh at RT with shaking, the plate was washed 4 times with PBS-T and 

Avidin-HRP (lx) was added. After 30min at RT with shaking, the plate was washed 5 times with 

PBS-T (soak 1min each wash) and TMB substrate solution was added. The reaction was stopped 

after 20min by adding the stop solution and absorbance was read at 450nm (minus absorbance at 

570nm) within 15 min of stopping.  

[00775] 6. Analysis of CAR T cell induced killing of MUC1* positive cancer cells by 

xCELLigence 

163



WO 2020/146902 PCT/US2020/013410 

[00776] In addition to FACS analysis, many researchers now use an xCELLigence instrument 

to measure CAR T killing of cancer cells. The xCELLigence instrument uses electrode arrays 

upon which cancer cells are plated. The adherent cancer cells insulate the electrode and so cause 

an increase in impedance as they grow. Conversely, T cells are not adherent and remain in 

suspension so do not contribute to insulation of the electrode which would increase impedance.  

However, if the T cells or CAR T cells kill the cancer cells on the electrode plate, the cancer 

cells ball up and float off as they die, which causes the impedance to decrease. The 

xCELLigence instrument measures impedance as a function of time, which is correlated to 

cancer cell killing. In addition, the electrode plates also have a viewing window. When CAR T 

cells effectively kill the adsorbed target cancer cells, there is a decrease in impedance but also 

one can see that there are no cancer cells left on the plate surface.  

[00777] In most of the XCELLigence experiments, 5,000 cancer cells were plated per well of 

a 96-well electrode array plate. Cells were allowed to adhere and grow for 24 hours. CAR T cells 

were then added at an Effector to Target ratio (E:T) of 0.5:1, 1:1, 2:1, 5:1, 10:1 and sometimes 

20:1. The E:T ratio assumes 100% transduction of the CAR into the T cells, when the actual 

transduction efficiency is 40%.  

[00778] The xCELLigence instrument records impedance as a function of time and 

experiments can go on for up to 7 days.  

[00779] Fig. 48, Fig. 49, Fig. 55H, Fig. 56H, Figs. 57A-57C, all show results of CAR T and 

cancer cell experiments performed on an xCELLigence instrument.  

[00780] 7. Anti-MUC1* CAR T cell therapy in mice bearing human tumors 

[00781] Female NOD/SCID/GAMMA (NSG) mice between 8-12 weeks of age were 

implanted with 500,000 human cancer cells, wherein the cancer cells had previously been stably 

transfected with Luciferase. Mice bearing Luciferase positive cells can be injected with the 

enzyme's substrate Luciferin just prior to imaging, which makes the cancer cells fluoresce. The 

cancer cells are imaged in live mice within 10-15 minutes after injection with Luciferin on an 

IVIS instrument. The readout is flux or photons per second. Tumors were allowed to engraft 

until tumors were clearly visible by IVIS.  

[00782] Figures 58A-58F show fluorescent photographs of mice taken on an IVIS instrument.  

10 minutes prior to IVIS photographs, mice were injected intraperitoneally (IP) with Luciferin, 

which fluoresces after cleavage by Luciferase, thus making tumor cells fluoresce. NSG 
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(NOD/SCID/GAMMA) immune compromised mice that on Day 0 were subcutaneously 

implanted on the flank with 500,000 human MUC1* positive cancer cells that had been stably 

transfected with Luciferase. Tumors were allowed to engraft. On Day 7 after IVIS measurement, 

animals were tail vein injected with either PBS, 10 million untransduced human T cells or 8.5M 

huMNC2-scFv-CAR44 T cells. As can be seen in the figure, control mice had to be sacrificed on 

Day 20 due to excess tumor burden (Fig. 58A-58B). huMNC2-CAR44 T cell treated mice were 

tumor free after a single CAR T cell injection until Day 100 when they were sacrificed (Fig.  

58C). Figure 58E shows Kaplan-Meier survival curves that demonstrate the efficacy of T cell 

therapy guided by anti-MUC1* antibody. Figure 58F shows a table summarizing the 

characteristics of the human T cells that were collected from the test mice upon sacrifice. The 

starting Car T cell population was 50% CD4 positive helper T cells and 50% CD8 positive killer 

T cells. As can be seen in the table, the percent of CD8 positive cells has increased in the CAR T 

treated group, indicating in vivo expansion of that group of cells, which is an indicator of 

efficacy. We also note that in the treated group, the CAR T cells express higher levels of PD1 

which is a marker of T cell exhaustion.  

[00783] In another animal experiment, NSG mice were sub-cutaneously implanted into the 

flank with 500,000 tumor cells then injected on Day 7 and again on Day 14 with either saline 

solution, PBS, or 10M huMNC2-CAR44 T cells (Fig. 59A-59C). In this experiment the amount 

of MUC1* expressed on the tumor cells was varied. In one case, the tumor cells that were 

implanted were T47D-wildtype (Fig. 59B). In another case, the T47D cells were doped with 95% 

T47D cells that had been transfected to express even more MUC1* (Fig. 59C). As can be seen, 

the tumors comprised of cells expressing more MUC1* were eliminated more quickly and did 

not recur. In a similar experiment, the tumor cells were doped with a relatively small amount of 

cells that expressed more MUC1*. Figure 60A-60C shows NSG mice implanted with T47D-wt 

breast cancer cells that have been doped with 30% of T47D cells transfected to express more 

MUC1*. As can be seen, even a small percentage of cells expressing high levels of MUC1* is 

sufficient to trigger CAR T cell mediated killing of the entire tumor. Naturally occurring tumors 

are heterogeneous and are comprised of both high and low antigen expressing cells. This 

experiment indicates that huMNC2-CAR44 T cells would be effective in eradicating naturally 

occurring tumors.  
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[00784] Figures 61A-61J show fluorescent photographs of mice taken on an IVIS instrument.  

NSG (NOD/SCID/GAMMA) immune compromised mice that on Day 0 were subcutaneously 

injected into the flank with 500K human BT-20 cells which are a MUC1* positive triple negative 

breast cancer cell line. The cancer cells had been stably transfected with Luciferase. Tumors 

were allowed to engraft. On Day 6 after IVIS measurement, animals were given a one-time 

injection of 10 million of either human T cells transduced with huMNC2-scFv-CAR44 or 

untransduced T cells. 5 million T cells were injected intra-tumor and 5 million were injected into 

the tail vein. 10 minutes prior to IVIS photographs, mice were IP injected with Luciferin. In one 

case the huMNC2-CAR44 T cells were first incubated with beads to which was attached the 

PSMGFR peptide to pre-stimulate the T cells and in the figure is marked Protocol 1. In Protocol 

2, the huMNC2-CAR44 T cells were pre-stimulated with live tumor cells, which likely injected 

more tumor cells into the animals' circulation.  

[00785] Figures 62A-62M show fluorescent photographs of mice taken on an IVIS 

instrument. NSG (NOD/SCID/GAMMA) immune compromised mice that on Day 0 were 

injected into the intraperitoneal cavity (IP) with 500K human SKOV-3 cells which are a MUC1* 

positive ovarian cancer cell line. The cancer cells had been stably transfected with Luciferase.  

Tumors were allowed to engraft. On Day 3 after IVIS measurement, animals were IP injected 

with 10M either human T cells transduced with huMNC2-CAR44 T cells, untransduced T cells 

or PBS. Animals were IVIS imaged again on Day 7. 10 minutes prior to IVIS photographs, mice 

were IP injected with Luciferin. As can be seen in the figure the anti-MUC1* CAR T cells 

effectively reduced ovarian tumor volume by Day 15.  

[00786] 9. NFAT-induced IL-18 sequences and cloning 

[00787] Cloning of IL18 in pGL4-14 3xNFAT: 

[00788] An activated IL18 (SEQ ID NO:1644) was synthesized with the CD8 leader 

sequence. The pGL4-14 3xIL2 NFAT and pGL4-14 3xFoxP3 NFAT were digested with XhoI 

and HindIll restriction enzymes (New England Biolabs). The purified plasmids and the 

synthesized IL18 sequences were assembled using the Gibson assembly cloning kit (New 

England Biolab). The resulting constructs (pGL4-14 3xIL2NFAT-IL18 and pGL4-14 

3xFoxP3NFAT-IL18) contains 3 repeats of NFAT response element (IL2 or FoxP3) followed by 

a minimum promoter (mCMV: SEQ ID NO:1634) and IL18 (SEQ ID NOS:1752-1753) with 

CD8 leader sequence.  
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[00789] Cloning of MNC2 CAR with IL18 in pCDNA vector: 

[00790] MNC2 CAR sequence was amplified from previously made vector by polymerase 

chain reaction (PCR) using the following primers: 5'

agggagacccaagctggctagttaagcttggatggccttaccagtgaccgccttgc-3' (SEQ ID NO:1754) and 5'

taggccagagaaatgttctggcattatcagcgagggggcagggcctgc-3'(SEQIDNO:1755).  

[00791] IL18 sequence including NFAT response element was amplify from pGL4-14 

3xNFAT-IL18 by polymerase chain reaction (PCR) using the following primers: 5'

tgccagaacatttctctgg-3' (SEQ ID NO:1756) and 5'

acagtcgaggctgatcagcgggtttaaacttatcagtcctcgttctgcacgg-3' (SEQ ID NO: 1757). The purified PCR 

fragments and digested pCDNA 3.1 V5 (ThermoFisher scientific) were assembled using the 

Gibson assembly cloning kit (New England Biolab) to create the construct pCDNA MNC2CAR

3xIL2NFAT-IL18 and pCDNA MNC2CAR-3xFoxP3NFAT-IL18.  

[00792] Cloning of MNC2 CAR-NFAT-IL18 in lentivector: 

[00793] MNC2 CAR-NFAT-IL18 sequence was amplified from pCDNA MNC2CAR

3xIL2NFAT-IL18 and pCDNA MNC2CAR-3xFoxP3NFAT-IL18.by polymerase chain reaction 

(PCR) using the following primers: 5'

atgcaggccctgccccctcgctgataagtttaaactgccagaacatttctctggcctaac-3' (SEQ ID NO:1758) and 5'

accggagcgatcgcagatccttcgcggccgcttatcagtcctcgttctgcacggtgaac-3' (SEQ ID NO:1759). The 

purified PCR fragments and digested pCDH Dual Hygro (System Biosciences, CA) were 

assembled using the Gibson assembly cloning kit (New England Biolab) to create the construct 

pCDH MNC2CAR-3xIL2NFAT-IL18 and pCDH MNC2CAR-3xFoxP3NFAT-IL18.  

[00794] Creation of lentivector with MSCV promoter 

[00795] MSCV promoter sequence was amplified from pCDH-MSCV-MCS-EFla-GFP 

(System Biosciences).by polymerase chain reaction (PCR) using the following primers: 5'

attgcactagttgaaagaccccacctgtagg-3' (SED ID NO:1760) and 5'- aatgctctagaatacgggtatccagg-3' 

(SEQ ID NO:1761). After digestion with Spel and XbaI restriction enzymes (New England 

Biolabs), the purified fragment was cloned into pCDH CMV MCS (System Bioscience) digested 

with the same restriction enzymes to create the construct pCDH MSCV MCS.  

[00796] Cloning of MNC2 CAR-NFAT-IL18 in pCDH MSCV MCS: 

[00797] MNC2 CAR-IL2NFAT-IL18 sequence was amplified from pCDNA MNC2CAR

3xIL2NFAT-IL18 by polymerase chain reaction (PCR) using the following primers: 5' 
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atagcgaattcgtaccgagggccaccatgg-3' (SEQ ID NO:1762) and 5'

taggcctcccaccgtacacgcctaggtaccacgccttctgtatg-3' (SEQ ID NO:1763) MNC2 CAR-IL2NFAT

IL18 sequence was amplified from pCDNA MNC2CAR-3xFoxP3NFAT-IL18 by polymerase 

chain reaction (PCR) using the following primers: 5' atagcgaattcgtaccgagggccaccatgg -3' (SEQ 

ID NO:1762) and 5'- taggcctcccaccgtacacgcctaggtacctctgcagtaaatgg-3' (SEQ ID NO:1764).  

After digestion with EcoRI and KpnI restriction enzymes (New England Biolabs), the purified 

fragment was cloned into pCDH MSCV MCS digested with the same restriction enzymes to 

create the construct pCDH MSCV MNC2CAR-3xIL2NFAT-IL18 and pCDH MSCV 

MNC2CAR-3xFoxP3NFAT-IL18.  

[00798] Cloning of 6xNFAT response elements: 

[00799] 6xNFAT (IL2 and FoxP3) response element were synthesized followed by different 

minimal promoter: mCMV (SEQ ID NO:1634), mIL2P (SEQ ID NO:1635) and miniP (SEQ ID 

NO:1636). A total of six 6 sequences were synthesized: SEQ ID NOS: 1768-1779.  

[00800] 6xNFAT sequences were amplified by polymerase chain reaction (PCR) using the 

following primers: 5'-tgccagaacatttctctgg-3' (SEQ ID NO:1756) and 5'- taaggccatggtggctagc-3' 

(SEQ ID NO:1765). The purified PCR fragments and digested (KpnI and XhoI) pCDNA 

MNC2CAR 3XNFAT IL18 were assembled using the Gibson assembly cloning kit (New 

England Biolab) to create constructs with 6x NFAT response elements in place of the 3x NFAT 

response elements.  

[00801] 6xNFAT sequences were amplified, from the pCDNA vector created above, by 

polymerase chain reaction (PCR) using the following primers: 5'

aataagtttaaactgccagaacatttctctgg-3' (SEQ ID NO:1766) and 5'

atatagcggccgcttatcagtcctcgttctgcacgg-3' (SEQ ID NO:1767). After digestion with PmeI and NotI 

restriction enzymes (New England Biolabs), the purified fragments were cloned into pCDH 

MSCV MNC2CAR digested with the same restriction enzymes to create the construct pCDH 

MSCV MNC2CAR-6xIL2NFAT-IL18 and pCDH MSCV MNC2CAR-6xFoxP3NFAT-IL18.  

For each construct 3 minimal promoter were tested.  

[00802] Sequence Listing Free Text 

[00803] As regards the use of nucleotide symbols other than a, g, c, t, they 

follow the convention set forth in WIPO Standard ST.25, Appendix 2, Table 1, 

wherein k represents t or g; n represents a, c, t or g; m represents a or c; 
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r represents a or g; s represents c or g; w represents a or t and y 

represents c or t.  

MUC1 Receptor 
(Mucin 1 precursor, Genbank Accession number: P15941) 

MTPGTQSPFFLLLLLTVLTVVTGSGHASSTPGGEKETSATQRSSVPSSTEKNAVSMTSSVLSSHSPGSGSSTTQGQDV 

TLAPATEPASGSAATWGQDVTSVPVTRPALGSTTPPAHDVTSAPDNKPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAH 

GVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPP 

AHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTA 

PPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGS 

TAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAP 

GSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRP 

APGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDT 

RPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAP 

DTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTS 

APDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGV 

TSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAH 

GVTSAPDNRPALGSTAPPVHNVTSASGSASGSASTLVHNGTSARATTTPASKSTPFSIPSHHSDTPTTLASHSTKTDA 

SSTHHSSVPPLTSSNHSTSPQLSTGVSFFFLSFHISNLQFNSSLEDPSTDYYQELQRDISEMFLQIYKQGGFLGLSNI 

KFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGAGVPGWGIALLVLVCVL 

VALAIVYLIALAVCQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRYVPPSSTDRSPYEKVSAGNGGSSLSYTNPAV 

AAASANL (SEQ ID NO:1) 

PSMGFR 
GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO: 2) 

[00804] N-10 peptide 

[00805] QFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:3) 

[00806] N-19 

[00807] ASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:4) 

[00808] N-23 

[00809] NLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:5) 

[00810] N-26 

[00811] ISDVSVSDVPFPFSAQSGA (SEQ ID NO:6) 

[00812] N-30 

[00813] SVSDVPFPFSAQSGA (SEQ ID NO:7) 

[00814] N-10/C-5 

[00815] QFNQYKTEAASRYNLTISDVSVSDVPFPFS (SEQ ID NO:8) 

[00816] N-19/C-5 

[00817] ASRYNLTISDVSVSDVPFPFS (SEQ ID NO:9) 

[00818] N-36 

[00819] FPFSAQSGA (SEQ ID NO:10) 

Mouse E6 Heavy chain variable region sequence: 
(DNA) 
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gaggtgaaggtggtggagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctctgga 
ttcactttcagtagatatggcatgtcttgggttcgccagactccaggcaagaggctggagtgggtcgcaaccattagt 
ggtggcggtacttacatctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacacc 
ctgtacctgcaaatgagcagtctgaagtctgaggacacagccatgtatcactgtacaagggataactacggtaggaac 
tacgactacggtatggactactggggtcaaggaacctcagtcaccgtctcctca (SEQ ID NO:12) 

(amino acids) 
EVKVVESGGDLVKPGGSLKLSCVVSGFTFSRYGMSWVRQTPGKRLEWVATISGGGTYIYYPDSVKGRFTISRDNAKNT 
LYLQMSSLKSEDTAMYHCTRDNYGRNYDYGMDYWGQGTSVTVSS (SEQ ID NO:13) 

Mouse E6 heavy chain variable framework region 1 (FWR1) sequence: 
(DNA) 
gaggtgaaggtggtggagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctct 
(SEQ ID NO:14) 

(amino acids) 
EVKVVESGGDLVKPGGSLKLSCVVSGFTFS (SEQ ID NO:15) 

Mouse E6 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
ggattcactttcagtagatatggcatgtct (SEQ ID NO:16) 

(amino acids) 
RYGMS (SEQ ID NO:17) 

Mouse E6 heavy chain variable framework region 2 (FWR2) sequence: 
(DNA) 
tgggttcgccagactccaggcaagaggctggagtgggtcgca (SEQ ID NO:18) 

(amino acids) 
WVRQTPGKRLEWVA (SEQ ID NO:19) 

Mouse E6 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accattagtggtggcggtacttacatctactatccagacagtgtgaagggg (SEQ ID NO:20) 

(amino acids) 
TISGGGTYIYYPDSVKG(SEQ ID NO:21) 

Mouse E6 heavy chain variable framework region 3 (FWR3) acid sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatgagcagtctgaagtctgaggacacagc 
catgtatcactgtacaagg (SEQ ID NO:22) 

(amino acids) 
RFTISRDNAKNTLYLQMSSLKSEDTAMYHCTR (SEQ ID NO:23) 

Mouse E6 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
gataactacggtaggaactacgactacggtatggactac (SEQ ID NO:24) 

(amino acids) 
DNYGRNYDYGMDY (SEQ ID NO:25) 
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Humanized E6 heavy chain variable region sequence from IGHV3-21*03: 
(DNA) 

gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgg 
attcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccatta 
gtggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaac 
accctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccg 
caactatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagc (SEQ ID NO:38) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSS (SEQ ID NO:39) 

Humanized E6 heavy chain variable framework region 1 (FWR1) acid sequence: 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgg 
attcaccttcagt (SEQ ID NO:40) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFS (SEQ ID NO:41) 
Humanized E6 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 
aggtatggcatgagc (SEQ ID NO:42) 

(amino acids) 
RYGMS (SEQ ID NO:43) 

Humanized E6 heavy chain variable framework region 2 (FWR2) acid sequence: 
(DNA) 
tgggtccgccaggctccagggaagaggctggagtgggtctca (SEQ ID NO:44) 

(amino acids) 
WVRQAPGKRLEWVS (SEQ ID NO:45) 

Humanized E6 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accattagtggcggaggcacctacatatactacccagactcagtgaagggc (SEQ ID NO:46) 

(amino acids) 
TISGGGTYIYYPDSVKG (SEQ ID NO:47) 

Humanized E6 heavy chain variable framework region 3 (FWR3) acid sequence: 
(DNA) 
cgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatgaacagcctgagagccgaggacacggct 
gtgtattactgtaccaga (SEQ ID NO:48) 

(amino acids) 
RFTISRDNAKNTLYLQMNSLRAEDTAVYYCTR (SEQ ID NO:49) 

Humanized E6 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
gataactatggccgcaactatgattatggcatggattat (SEQ ID NO:50) 

(amino acids) 
DNYGRNYDYGMDY (SEQ ID NO:51) 
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Humanized E6 IgG2 heavy chain synthesized by Genescript: 
(DNA) 

gaattctaagcttgggccaccatggaactggggctccgctgggttttccttgttgctattttagaaggtgtccagtgt 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagt 
ggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacacc 
ctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaac 
tatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagcgcctccaccaagggcccatcggtc 
ttccccctggcgccctgctccaggagcacctccgagagcacagccgccctgggctgcctggtcaaggactacttcccc 
gaaccggtgacggtgtcgtggaactcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctca 
ggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcacccagacctacacctgcaacgtagat 
cacaagcccagcaacaccaaggtggacaagacagttgagcgcaaatgttgtgtcgagtgcccaccgtgcccagcacca 
cctgtggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgaggtc 
acgtgcgtggtggtggacgtgagccacgaagaccccgaggtccagttcaactggtacgtggacggcgtggaggtgcat 
aatgccaagacaaagccacgggaggagcagttcaacagcacgttccgtgtggtcagcgtcctcaccgttgtgcaccag 
gactggctgaacggcaaggagtacaagtgcaaggtctccaacaaaggcctcccagcccccatcgagaaaaccatctcc 
aaaaccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtc 
agcctgacctgcctggtcaaaggcttctaccccagcgacatcgccgtggagtgggagagcaatgggcagccggagaac 
aactacaagaccacacctcccatgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagc 
aggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctc 
tccctgtctccgggtaaatagtaagtttaaactctaga (SEQ ID NO:52) 

(amino acids) 
EF*AWATMELGLRWVFLVAILEGVQCEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTIS 
GGGTYIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSASTKGPSV 
FPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVD 
HKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVH 
NAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQV 
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL 
SLSPGK**V*TLX (SEQ ID NO:53) 

Human IgG2 heavy chain constant region sequence: 
(DNA) 
gcctccaccaagggcccatcggtcttccccctggcgccctgctccaggagcacctccgagagcacagccgccctgggc 
tgcctggtcaaggactacttccccgaaccggtgacggtgtcgtggaactcaggcgctctgaccagcggcgtgcacacc 
ttcccagctgtcctacagtcctcaggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcacc 
cagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaagacagttgagcgcaaatgttgtgtc 
gagtgcccaccgtgcccagcaccacctgtggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctc 
atgatctcccggacccctgaggtcacgtgcgtggtggtggacgtgagccacgaagaccccgaggtccagttcaactgg 
tacgtggacggcgtggaggtgcataatgccaagacaaagccacgggaggagcagttcaacagcacgttccgtgtggtc 
agcgtcctcaccgttgtgcaccaggactggctgaacggcaaggagtacaagtgcaaggtctccaacaaaggcctccca 
gcccccatcgagaaaaccatctccaaaaccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgg 
gaggagatgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctaccccagcgacatcgccgtggagtgg 
gagagcaatgggcagccggagaacaactacaagaccacacctcccatgctggactccgacggctccttcttcctctac 
agcaagctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcac 
aaccactacacgcagaagagcctctccctgtctccgggtaaatag (SEQ ID NO:54) 

(amino acids) 
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGT 
QTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNW 
YVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSR 
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH 
NHYTQKSLSLSPGK (SEQ ID NO:55) 

Humanized E6 IgG1 heavy chain sequence: 
(DNA) 
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gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagt 
ggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaaccca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtcccagagataactatggccgcaac 
tatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagcgctagcaccaagggcccatcggtc 
ttccccctggcaccctcctccaagagcacctctgggggcacagcggccctgggctgcctggtcaaggactacttcccc 
gaaccggtgacggtgtcgtggaactcaggcgccctgaccagcggcgtgcacaccttcccggctgtcctacagtcctca 
ggactctactccctcagcagcgtggtgacagtgccctccagcagcttgggcacccagacctacatctgcaacgtgaat 
cacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcacacatgcccaccgtgc 
ccagcacctgaactcctggggggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccgg 
acccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggc 
gtggaggtgcataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctcacc 
gtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcccccatcgag 
aaaaccatctccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgacc 
aagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatggg 
cagccggagaacaactacaagaccacgcctcccgtgctggactccgacggctccttcttcctctacagcaagctcacc 
gtggacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacg 
cagaagagcctctccctgtctccgggtaaatgataa (SEQ ID NO:56) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKNP 
LYLQMNSLRAEDTAVYYCPRDNYGRNYDYGMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFP 
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLT 
VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG 
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID NO:57) 

Human IgG1 heavy chain constant region sequence: 
(DNA) 
gctagcaccaagggcccatcggtcttccccctggcaccctcctccaagagcacctctgggggcacagcggccctgggc 
tgcctggtcaaggactacttccccgaaccggtgacggtgtcgtggaactcaggcgccctgaccagcggcgtgcacacc 
ttcccggctgtcctacagtcctcaggactctactccctcagcagcgtggtgacagtgccctccagcagcttgggcacc 
cagacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgac 
aaaactcacacatgcccaccgtgcccagcacctgaactcctggggggaccgtcagtcttcctcttccccccaaaaccc 
aaggacaccctcatgatctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtc 
aagttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagtacaacagcacg 
taccgtgtggtcagcgtcctcaccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaac 
aaagccctcccagcccccatcgagaaaaccatctccaaagccaaagggcagccccgagaaccacaggtgtacaccctg 
cccccatcccgggaggagatgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgacatc 
gccgtggagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcccgtgctggactccgacggctcc 
ttcttcctctacagcaagctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcat 
gaggctctgcacaaccactacacgcagaagagcctctccctgtctccgggtaaatgataa (SEQ ID NO:58) 

(amino acids) 
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT 
QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV 
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL 
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH 
EALHNHYTQKSLSLSPGK** (SEQ ID NO:59) 

Mouse E6 Light Chain variable region sequence: 
(DNA) 
caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgcagtgccacc 
tcaagtgtaagttacatacactggttccagcagaggccaggcacttctcccaaactctggatttatagcacatccaac 
ctggcttctggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccgaatggag 
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gctgaagatgctgccacttattactgccagcaaaggagtagttccccattcacgttcggctcggggacaaagttggaa 
ataaaa (SEQ ID NO:65) 

(amino acids) 
QIVLTQSPAIMSASPGEEVTLTCSATSSVSYIHWFQQRPGTSPKLWIYSTSNLASGVPVRFSGSGYGTSYSLTISRME 

AEDAATYYCQQRSSSPFTFGSGTKLEIK (SEQ ID NO:66) 

Mouse E6 light chain variable framework region 1 (FWR1) sequence: 
(DNA) 
caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgc (SEQ ID 
NO:67) 

(amino acids) 
QIVLTQSPAIMSASPGEEVTLTC (SEQ ID NO:68) 

Mouse E6 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
AGTGCCACCTCAAGTGTAAGTTACATACAC (SEQ ID NO:69) 

(amino acids) 
SATSSVSYIH (SEQ ID NO:70) 

Mouse E6 light chain variable framework region 2 (FWR2) sequence: 
(DNA) 
tggttccagcagaggccaggcacttctcccaaactctggatttat (SEQ ID NO:71) 

(amino acids) 
WFQQRPGTSPKLWIY (SEQ ID NO:72) 

Mouse E6 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
agcacatccaacctggcttct (SEQ ID NO:73) 

(amino acids) 
STSNLAS (SEQ ID NO:74) 

Mouse E6 light chain variable framework region 3 (FWR3) sequence: 
(DNA) 
ggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccgaatggaggctgaaga 
tgctgccacttattactgc (SEQ ID NO:75) 

(amino acids) 
GVPVRFSGSGYGTSYSLTISRMEAEDAATYYC (SEQ ID NO:76) 

Mouse E6 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cagcaaaggagtagttccccattcacg (SEQ ID NO:77) 

(amino acids) 
QQRSSSPFT (SEQ ID NO:78) 

Humanized E6 light chain variable region sequence from IGKV3-11*02: 
(DNA) 
gaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagcgccacc 
agcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacctccaac 
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ctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagcctagag 
cctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaagtggaa 
attaaa (SEQ ID NO:93) 

(amino acids) 
EIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSLE 

PEDFAVYYCQQRSSSPFTFGSGTKVEIK (SEQ ID NO:94) 

Humanized E6 light chain variable framework region 1 (FWR1) acid sequence: 
(DNA) 
gaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgc (SEQ 
ID NO:95) 

(amino acids) 
EIVLTQSPATLSLSPGERATLTC (SEQ ID NO:96) 

Humanized E6 light chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 
agcgccaccagcagtgttagctacatccac (SEQ ID NO:97) 

(amino acids) 
SATSSVSYIH (SEQ ID NO:98) 

Humanized E6 heavy light variable framework region 2 (FWR2) acid sequence: 
(DNA) 
tggtaccaacagaggcctggccagagccccaggctcctcatctat (SEQ ID NO:99) 

(amino acids) 
WYQQRPGQSPRLLIY (SEQ ID NO:100) 

Humanized E6 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
agcacctccaacctggccagc (SEQ ID NO:101) 

(amino acids) 
STSNLAS (SEQ ID NO:102) 

Humanized E6 light chain variable framework region 3 (FWR3) acid sequence: 
(DNA) 
ggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagcctagagcctgaagat 
tttgcagtttattactgt (SEQ ID NO:103) 

(amino acids) 
GIPARFSGSGSGSDYTLTISSLEPEDFAVYYC (SEQ ID NO:104) 

Humanized E6 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cagcagcgtagcagctcccctttcacc (SEQ ID NO:105) 

(amino acids) 
QQRSSSPFT (SEQ ID NO:106) 

Humanized E6 Kappa light chain synthesized by Genescript: 
(DNA) 
gaattctaagcttgggccaccatggaagccccagcgcagcttctcttcctcctgctactctggctcccagataccact 
ggagaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagcgcc 
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accagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacctcc 
aacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagccta 
gagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaagtg 
gaaattaaaaggacggtggctgcaccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcc 
tctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtggaaggtggataacgccctccaatcg 
ggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagcagcaccctgacgctgagc 
aaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagc 
ttcaacaggggagagtgttagtaagtttaaactctaga (SEQ ID NO:107) 

(amino acids) 
EF*AWATMEAPAQLLFLLLLWLPDTTGEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTS 
NLASGIPARFSGSGSGSDYTLTISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIKRTVAAPSVFIFPPSDEQLKSGTA 
SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS 
FNRGEC**V*TLX (SEQ ID NO:108) 

Human Kappa light chain constant region sequence: 
(DNA) 
aggacggtggctgcaccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaactgcctctgttgtg 
tgcctgctgaataacttctatcccagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcc 
caggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagac 
tacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacagg 
ggagagtgttag (SEQ ID NO:109) 

(amino acids) 
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKAD 
YEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:110) 

Humanized E6 lambda light chain sequence: 
(DNA) 
gaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagcgccacc 
agcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacctccaac 
ctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagcctagag 
cctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaagtggaa 
attaaaggtcagcccaaggctgccccctcggtcactctgttcccgccctcctctgaggagcttcaagccaacaaggcc 
acactggtgtgtctcataagtgacttctacccgggagccgtgacagtggcctggaaggcagatagcagccccgtcaag 
gcgggagtggagaccaccacaccctccaaacaaagcaacaacaagtacgcggccagcagctatctgagcctgacgcct 
gagcagtggaagtcccacagaagctacagctgccaggtcacgcatgaagggagcaccgtggagaagacagtggcccct 
acagaatgttcatagtaa (SEQ ID NO:111) 

(amino acids) 
EIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSLE 
PEDFAVYYCQQRSSSPFTFGSGTKVEIKGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVK 
AGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS** (SEQ ID NO:112) 

Humanized lambda light chain constant region sequence: 
(DNA) 
ggtcagcccaaggctgccccctcggtcactctgttcccgccctcctctgaggagcttcaagccaacaaggccacactg 
gtgtgtctcataagtgacttctacccgggagccgtgacagtggcctggaaggcagatagcagccccgtcaaggcggga 
gtggagaccaccacaccctccaaacaaagcaacaacaagtacgcggccagcagctatctgagcctgacgcctgagcag 
tggaagtcccacagaagctacagctgccaggtcacgcatgaagggagcaccgtggagaagacagtggcccctacagaa 
tgttcatagtaa (SEQ ID NO:113) 

(amino acids) 
GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ 
WKSHRSYSCQVTHEGSTVEKTVAPTECS** (SEQ ID NO:114) 
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Mouse C2 heavy chain variable region sequence: 
(DNA) 

gaggtccagctggaggagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgg 
attcactttcagtggctatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcaaccatta 
gtagtggtggtacttatatctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaac 
accctgtacctgcaaatgagcagtctgaggtctgaggacacggccatgtattactgtgcaagacttgggggggataa 
ttactacgaatacttcgatgtctggggcgcagggaccacggtcaccgtctcctccgccaaaacgacacccccatctg 
tctat (SEQ ID NO:118) 

(amino acids) 
EVQLEESGGGLVKPGGSLKLSCAASGFTFSGYAMSWVRQTPEKRLEWVATISSGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMSSLRSEDTAMYYCARLGGDNYYEYFDVWGAGTTVTVSSAKTTPPSVY (SEQ ID NO:119) 

Mouse C2 heavy chain variable framework region 1 (FWR1) sequence: 
(DNA) 
gaggtccagctggaggagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgg 
attcactttcagt (SEQ ID NO:120) 

(amino acids) 
EVQLEESGGGLVKPGGSLKLSCAASGFTFS (SEQ ID NO:121) 
Mouse C2 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
ggctatgccatgtct (SEQ ID NO:122) 

(amino acids) 
GYAMS (SEQ ID NO:123) 

Mouse C2 heavy chain variable framework region 2 (FWR2) sequence: 
(DNA) 
tgggttcgccagactccggagaagaggctggagtgggtcgca (SEQ ID NO:124) 

(amino acids) 
WVRQTPEKRLEWVA (SEQ ID NO:125) 

Mouse C2 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accattagtagtggtggtacttatatctactatccagacagtgtgaagggg (SEQ ID NO:126) 

(amino acids) 
TISSGGTYIYYPDSVKG (SEQ ID NO:127) 

Mouse C2 heavy chain variable framework region 3 (FWR3) sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatgagcagtctgaggtctgaggacacggcc 
atgtattactgtgcaaga (SEQ ID NO:128) 

(amino acids) 
RFTISRDNAKNTLYLQMSSLRSEDTAMYYCAR (SEQ ID NO:129) 

Mouse C2 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cttgggggggataattactacgaatacttcgatgtc (SEQ ID NO:130) 

(amino acids) 
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LGGDNYYEYFDV (SEQ ID NO:131) 

Humanized derived from IGHV3-21*04: 
Humanized C2 heavy chain variable region sequence: 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattac 
tacgaatacttcgatgtctggggcaaagggaccacggtcaccgtctcctcc (SEQ ID NO:144) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSS (SEQ ID NO:145) 

Humanized C2 heavy chain variable framework region 1 (FWR1) sequence: 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagt (SEQ ID NO:146) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFS (SEQ ID NO:147) 
Humanized C2 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 
ggctatgccatgagc (SEQ ID NO:148) 

(amino acids) 
GYAMS (SEQ ID NO:149) 

Humanized C2 heavy chain variable framework region 2 (FWR2) sequence: 
(DNA) 
tgggtccgccaggctccagggaaggggctggagtgggtctcaa (SEQ ID NO:150) 

(amino acids) 
WVRQAPGKGLEWVS (SEQ ID NO:151) 

Humanized C2 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accattagtagtggcggaacctacatatactaccccgactcagtgaagggc (SEQ ID NO:152) 

(amino acids) 
TISSGGTYIYYPDSVKG (SEQ ID NO:153) 

Humanized C2 heavy chain variable framework region 3 (FWR3) sequence: 
(DNA) 
cgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatgaacagcctgagagccgaggacacggcc 
gtgtattactgtgcgaga (SEQ ID NO:154) 

(amino acids) 
RFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR (SEQ ID NO:155) 

Humanized C2 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cttgggggggataattactacgaatacttcgatgtc (SEQ ID NO:156) 

178



WO 2020/146902 PCT/US2020/013410 

(amino acids) 
LGGDNYYEYFDV (SEQ ID NO:157) 

Humanized C2 IgG1 heavy chain sequence 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattac 
tacgaatacttcgatgtctggggcaaagggaccacggtcaccgtctcctccgctagcaccaagggcccatcggtcttc 
cccctggcaccctcctccaagagcacctctgggggcacagcggccctgggctgcctggtcaaggactacttccccgaa 
ccggtgacggtgtcgtggaactcaggcgccctgaccagcggcgtgcacaccttcccggctgtcctacagtcctcagga 
ctctactccctcagcagcgtggtgacagtgccctccagcagcttgggcacccagacctacatctgcaacgtgaatcac 
aagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcacacatgcccaccgtgccca 
gcacctgaactcctggggggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacc 
cctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggcgtg 
gaggtgcataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtc 
ctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcccccatcgagaaa 
accatctccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaag 
aaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatgggcag 
ccggagaacaactacaagaccacgcctcccgtgctggactccgacggctccttcttcctctacagcaagctcaccgtg 
gacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcag 
aagagcctctccctgtctccgggtaaatgataa (SEQ ID NO:157) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCP 
APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV 
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID NO:158) 

Humanized C2 IgG2 heavy chain sequence 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattac 
tacgaatacttcgatgtctggggcaaagggaccacggtcaccgtctcctccgcctccaccaagggcccatcggtcttc 
cccctggcgccctgctccaggagcacctccgagagcacagccgccctgggctgcctggtcaaggactacttccccgaa 
ccggtgacggtgtcgtggaactcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctcagga 
ctctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcacccagacctacacctgcaacgtagatcac 
aagcccagcaacaccaaggtggacaagacagttgagcgcaaatgttgtgtcgagtgcccaccgtgcccagcaccacct 
gtggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgaggtcacg 
tgcgtggtggtggacgtgagccacgaagaccccgaggtccagttcaactggtacgtggacggcgtggaggtgcataat 
gccaagacaaagccacgggaggagcagttcaacagcacgttccgtgtggtcagcgtcctcaccgttgtgcaccaggac 
tggctgaacggcaaggagtacaagtgcaaggtctccaacaaaggcctcccagcccccatcgagaaaaccatctccaaa 
accaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtcagc 
ctgacctgcctggtcaaaggcttctaccccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaac 
tacaagaccacacctcccatgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcagg 
tggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctcc 
ctgtctccgggtaaatagtaa (SEQ ID NO:163) 

(amino acids) 
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EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKNS 

LYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 

PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPP 

VAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQD 

WLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN 

YKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID NO:164) 

Mouse C2 light chain variable region sequence: 
(DNA) 

gacattgtgatcacacagtctacagcttccttaggtgtatctctggggcagagggccaccatctcatgcagggccagc 
aaaagtgtcagtacatctggctatagttatatgcactggtaccaacagagaccaggacagccacccaaactcctcatc 
tatcttgcatccaacctagaatctggggtccctgccaggttcagtggcagtgggtctgggacagacttcaccctcaac 
atccatcctgtggaggaggaggatgctgcaacctattactgtcagcacagtagggagcttccgttcacgttcggaggg 
gggaccaagctggagataaaacgggctgatgctgcaccaactgtatcc (SEQ ID NO:168) 

(amino acids) 
DIVITQSTASLGVSLGQRATISCRASKSVSTSGYSYMHWYQQRPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLN 
IHPVEEEDAATYYCQHSRELPFTFGGGTKLEIKRADAAPTVS (SEQ ID NO:169) 

Mouse C2 light chain variable framework region 1 (FWR1) sequence: 
(DNA) 

gacattgtgatcacacagtctacagcttccttaggtgtatctctggggcagagggccaccatctcatgc (SEQ ID 
NO:170) 

(amino acids) 
DIVITQSTASLGVSLGQRATISC (SEQ ID NO:171) 
Mouse C2 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 

agggccagcaaaagtgtcagtacatctggctatagttatatgcac (SEQ ID NO:172) 

(amino acids) 
RASKSVSTSGYSYMH (SEQ ID NO:173) 

Mouse C2 light chain variable framework region 2 (FWR2) sequence: 
(DNA) 
tggtaccaacagagaccaggacagccacccaaactcctcatctat (SEQ ID NO:174) 

(amino acids) 
WYQQRPGQPPKLLIY (SEQ ID NO:175) 

Mouse C2 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 

cttgcatccaacctagaatc (SEQ ID NO:176) 

(amino acids) 
LASNLES (SEQ ID NO:177) 

Mouse C2 light chain variable framework region 3 (FWR3) sequence: 
(DNA) 

tggggtccctgccaggttcagtggcagtgggtctgggacagacttcaccctcaacatccatcctgtggaggaggagga 
tgctgcaacctattactgt (SEQ ID NO:178) 

(amino acids) 
GVPARFSGSGSGTDFTLNIHPVEEEDAATYYC (SEQ ID NO:179) 
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Mouse C2 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 

cagcacagtagggagcttccgttcacg (SEQ ID NO:180) 

(amino acids) 
QHSRELPFT (SEQ ID NO:181) 

Humanized derived from IGKV7-3*01 
Humanized C2 light chain variable region sequence: 
(DNA) 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagccagt 
aagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctgatt 
tacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctcaca 
attaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggcgga 
gggaccaaggtggagatcaaacgaact (SEQ ID NO:194) 

(amino acids) 
DIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLT 
INPVEANDTANYYCQHSRELPFTFGGGTKVEIKRT (SEQ ID NO:195) 
Humanized C2 light chain variable framework region 1 (FWR1) acid sequence: 
(DNA) 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgc (SEQ ID 
NO:196) 

(amino acids) 
DIVLTQSPASLAVSPGQRATITC (SEQ ID NO:197) 
Humanized C2 light chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 
agagccagtaagagtgtcagtaccagcggatactcctacatgcac (SEQ ID NO:198) 

(amino acids) 
RASKSVSTSGYSYMH (SEQ ID NO:199) 

Humanized C2 heavy light variable framework region 2 (FWR2) acid sequence: 
(DNA) 
tggtatcagcagaaaccaggacaacctcctaaactcctgatttac (SEQ ID NO:200) 

(amino acids) 
WYQQKPGQPPKLLIY (SEQ ID NO:201) 

Humanized C2 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
ctggcatccaatctggagagc (SEQ ID NO:202) 

(amino acids) 
LASNLES (SEQ ID NO:203) 

Humanized C2 light chain variable framework region 3 (FWR3) acid sequence: 
(DNA) 
ggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctcacaattaatcctgtggaagctaatgat 
actgcaaattattactgt (SEQ ID NO:204) 

(amino acids) 
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GVPARFSGSGSGTDFTLTINPVEANDTANYYC (SEQ ID NO:205) 

Humanized C2 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cagcacagtagggagctgcctttcaca (SEQ ID NO:206) 

(amino acids) 
QHSRELPFT (SEQ ID NO:207) 

Humanized C2 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
ctgcagagtaagaattttcctcccaca (SEQ ID NO:208) 

(amino acids) 
LQSKNFPPT (SEQ ID NO:209) 

Murine Ig kappa chain leader sequence 
(DNA) 
atggagacagacacactcctgctatgggtactgctgctctgggttccaggttccactggtgac (SEQ ID NO:222) 

(amino acids) 
METDTLLLWVLLLWVPGSTGD (SEQ ID NO:223) 

Interleukin-2 (IL-2) leader sequence 
(DNA) 
atgtacaggatgcaactcctgtcttgcattgcactaagtcttgcacttgtcacaaacagt (SEQ ID NO:224) 

(amino acids) 
MYRMQLLSCIALSLALVTNS (SEQ ID NO:225) 

CD33 leader sequence 
(DNA) 
atgcctcttctgcttctgcttcctctgctttgggctggagctcttgct (SEQ ID NO:226) 

(amino acids) 
MPLLLLLPLLWAGALA (SEQ ID NO:227) 

IGHV3-21*03 leader sequence 
(DNA) 
atggaactggggctccgctgggttttccttgttgctattttagaaggtgtccagtgt (SEQ ID NO:228) 

(amino acids) 
MELGLRWVFLVAILEGVQC (SEQ ID NO:229) 

IGHV3-11*02 leader sequence 
(DNA) 
atggaagccccagcgcagcttctcttcctcctgctactctggctcccagataccactgga (SEQ ID NO:230) 

(amino acids) 
MEAPAQLLFLLLLWLPDTTG (SEQ ID NO:231) 
Humanized E6 single chain GS3 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagt 
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ggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacacc 
ctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaac 
tatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggc 
ggatccggcggtggcggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagcc 
accctcacctgcagcgccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctc 
ctcatctatagcacctccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacact 
ctcaccatcagcagcctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcaccttt 
ggcagcggcaccaaagtggaaattaaa (SEQ ID NO:232) 
(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGE 
RATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSLEPEDFAVYYCQQRSSSP 
FTFGSGTKVEIK (SEQ ID NO:233) 

Humanized E6 single chain IgGInoC 
(DNA) 

gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagt 
ggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacacc 
ctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaac 
tatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagcgataaaacccatactaaaccgcca 
aaaccggcgccggaactgctgggtggtcctggtaccggtgaaattgtgttgacacagtctccagccaccctgtctttg 
tctccaggggaaagagccaccctcacctgcagcgccaccagcagtgttagctacatccactggtaccaacagaggcct 
ggccagagccccaggctcctcatctatagcacctccaacctggccagcggcatcccagccaggttcagtggcagtggg 
tctgggagcgactacactctcaccatcagcagcctagagcctgaagattttgcagtttattactgtcagcagcgtagc 
agctcccctttcacctttggcagcggcaccaaagtggaaattaaa (SEQ ID NO:234) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSDKTHTKPPKPAPELLGGPGTGEIVLTQSPATL 
SLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSLEPEDFAVYYCQ 
QRSSSPFTFGSGTKVEIK (SEQ ID NO:235) 
Humanized E6 single chain X4 (linker is IgG1 and IgG2 modified hinge region) 
(DNA) 

gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagt 
ggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacacc 
ctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaac 
tatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagcgataaaacccatactaaaccgcca 
aaaccggcgccggaactgctgggtggtcctggtaccggtactggtggtccgactattaaacctccgaaacctccgaaa 
cctgctccgaacctgctgggtggtccggaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaa 
agagccaccctcacctgcagcgccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagcccc 
aggctcctcatctatagcacctccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgac 
tacactctcaccatcagcagcctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttc 
acctttggcagcggcaccaaagtggaaattaaa (SEQ ID NO:236) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSDKTHTKPPKPAPELLGGPGTGTGGPTIKPPKP 
PKPAPNLLGGPEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGS 
GSDYTLTISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIK (SEQ ID NO:237) 

Humanized C2 single chain GS3 
(DNA) 

gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
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ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattac 
tacgaatacttcgatgtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcgga 
tccggcggtggcggatccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccacc 
atcacctgcagagccagtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaa 
cctcctaaactcctgatttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctggg 
accgatttcaccctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctg 
cctttcacattcggcggagggaccaaggtggagatcaaacgaact (SEQ ID NO:238) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKN 
SLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGGGGSDIVLTQSPASLAVSPGQR 
ATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLTINPVEANDTANYYCQHS 
RELPFTFGGGTKVEIKRT (SEQ ID NO:239) 

Humanized C2 single chain X4 (linker is IgG1 and IgG2 modified hinge region) 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattac 
tacgaatacttcgatgtctggggcaaagggaccacggtcaccgtctcctccgataaaacccatactaaaccgccaaaa 
ccggcgccggaactgctgggtggtcctggtaccggtactggtggtccgactattaaacctccgaaacctccgaaacct 
gctccgaacctgctgggtggtccggacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagg 
gccaccatcacctgcagagccagtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaacca 
ggacaacctcctaaactcctgatttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtggg 
tctgggaccgatttcaccctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagg 
gagctgcctttcacattcggcggagggaccaaggtggagatcaaacgaact (SEQ ID NO:242) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKN 
SLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSDKTHTKPPKPAPELLGGPGTGTGGPTIKPPKPP 
KPAPNLLGGPDIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFS 
GSGSGTDFTLTINPVEANDTANYYCQHSRELPFTFGGGTKVEIKRT (SEQ ID NO:243) 

Humanized C3 single chain GS3 
(DNA) 
caggttcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggt 
tacacctttaccgactacgccatgaactgggtgcgacaggcccctggacaagggcttgagtggatgggagtgatcagc 
accttcagcggtaacacaaacttcaaccagaagttcaagggcagagtcaccatgaccacagacacatccacgagcaca 
gcctacatggagctgaggagcctgagatctgacgacacggccgtgtattactgtgcgagaagcgactactacggccca 
tacttcgactactggggccagggcaccaccctgaccgtgtccagcggcggtggcggatccggcggtggcggatccggc 
ggtggcggatccgatattgtgatgacccagactccactctctctgtccgtcacccctggacagccggcctccatctcc 
tgcaggtctagtcagaccattgtccatagtaatggaaacacctatttggagtggtacctgcagaagccaggccagtct 
ccacagctcctgatctataaggtttccaaccggttctctggagtgccagataggttcagtggcagcgggtcagggaca 
gatttcacactgaaaatcagccgggtggaggctgaggatgttggggtttattactgcttccaaggtagccacgtgcct 
ttcaccttcggcggagggaccaaggtggagatcaaacgaact (SEQ ID NO:244) 

(amino acids) 
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDYAMNWVRQAPGQGLEWMGVISTFSGNTNFNQKFKGRVTMTTDTSTST 
AYMELRSLRSDDTAVYYCARSDYYGPYFDYWGQGTTLTVSSGGGGSGGGGSGGGGSDIVMTQTPLSLSVTPGQPASI 
SCRSSQTIVHSNGNTYLEWYLQKPGQSPQLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCFQGSH 
VPFTFGGGTKVEIKRT (SEQ ID NO:245) 

Humanized C3 single chain X4 (linker is IgG1 and IgG2 modified hinge region) 
(DNA) 
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caggttcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggt 
tacacctttaccgactacgccatgaactgggtgcgacaggcccctggacaagggcttgagtggatgggagtgatcagc 
accttcagcggtaacacaaacttcaaccagaagttcaagggcagagtcaccatgaccacagacacatccacgagcaca 
gcctacatggagctgaggagcctgagatctgacgacacggccgtgtattactgtgcgagaagcgactactacggccca 
tacttcgactactggggccagggcaccaccctgaccgtgtccagcgataaaacccatactaaaccgccaaaaccggcg 
ccggaactgctgggtggtcctggtaccggtactggtggtccgactattaaacctccgaaacctccgaaacctgctccg 
aacctgctgggtggtccggatattgtgatgacccagactccactctctctgtccgtcacccctggacagccggcctcc 
atctcctgcaggtctagtcagaccattgtccatagtaatggaaacacctatttggagtggtacctgcagaagccaggc 
cagtctccacagctcctgatctataaggtttccaaccggttctctggagtgccagataggttcagtggcagcgggtca 
gggacagatttcacactgaaaatcagccgggtggaggctgaggatgttggggtttattactgcttccaaggtagccac 
gtgcctttcaccttcggcggagggaccaaggtggagatcaaacgaact (SEQ ID NO:248) 

(amino acids) 
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDYAMNWVRQAPGQGLEWMGVISTFSGNTNFNQKFKGRVTMTTDTSTST 
AYMELRSLRSDDTAVYYCARSDYYGPYFDYWGQGTTLTVSSDKTHTKPPKPAPELLGGPGTGTGGPTIKPPKPPKPA 
PNLLGGPDIVMTQTPLSLSVTPGQPASISCRSSQTIVHSNGNTYLEWYLQKPGQSPQLLIYKVSNRFSGVPDRFSGS 
GSGTDFTLKISRVEAEDVGVYYCFQGSHVPFTFGGGTKVEIKRT (SEQ ID NO:249) 

Humanized C8 single chain GS3 (linker is [Gly 4Ser1 3 ) 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccctgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagactgggcggcgataactat 
tatgaatattggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggt 
ggcggatccgacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgc 
agggccagcaagagtgttagcaccagcggctacagctacatgcactggtaccagcagaaaccaggacagcctcctaag 
ctgctcatttacctggtgtctaacctggaatccggggtccctgaccgattcagtggcagcgggtctgggacagatttc 
actctcaccatcagcagcctgcaggctgaagatgtggcagtttattactgtcaacacattcgggaactgaccaggagt 
gaattcggcggagggaccaaggtggagatcaaacgaact (SEQ ID NO:250) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKN 
SLYLQMNSLRAEDTAVYYCARLGGDNYYEYWGKGTTVTVSSGGGGSGGGGSGGGGSDIVMTQSPDSLAVSLGERATI 
NCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLVSNLESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQHIREL 
TRSEFGGGTKVEIKRT (SEQ ID NO:251) 

pSECTag2 E6 scFV-FC 
(DNA) 
atggagacagacacactcctgctatgggtactgctgctctgggttccaggttccactggtgacgcggcccagccggcc 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagt 
ggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacacc 
ctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaac 
tatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggc 
ggatccggcggtggcggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagcc 
accctcacctgcagcgccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctc 
ctcatctatagcacctccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacact 
ctcaccatcagcagcctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcaccttt 
ggcagcggcaccaaagtggaaattaaagagcccaaatcttgtgacaaaactcacacatgcccaccgtgcccagcacct 
gaactcctggggggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgag 
gtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtg 
cataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcac 
caggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcccccatcgagaaaaccatc 
tccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccag 
gtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggag 
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aacaactacaagaccacgcctcccgtgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaag 
agcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagc 
ctctccctgtctccgggtaaatgataa (SEQ ID NO:256) 

(amino acids) 
METDTLLLWVLLLWVPGSTGDAAQPAEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTI 
SGGGTYIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSG 
GGGSGGGGSEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGS 
DYTLTISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIKEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMIS 
RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP 
IEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS 
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID NO:257) 

Human IgG1 Fc sequence: 
(DNA) 
gagcccaaatcttgtgacaaaactcacacatgcccaccgtgcccagcacctgaactcctggggggaccgtcagtcttc 
ctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgaggtcacatgcgtggtggtggacgtgagc 
cacgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaagccgcgggag 
gagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcaccaggactggctgaatggcaaggagtac 
aagtgcaaggtctccaacaaagccctcccagcccccatcgagaaaaccatctccaaagccaaagggcagccccgagaa 
ccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtcagcctgacctgcctggtcaaaggc 
ttctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcccgtg 
ctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggcagcaggggaacgtcttc 
tcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtctccgggtaaatgataa 
(SEQ ID NO:272) 

(amino acids) 
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV 
KGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG 
K** (SEQ ID NO:273) 

Human IgG1 CH2-CH3 domain sequence: 
(DNA) 
ccgtgcccagcacctgaactcctggggggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatc 
tcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtg 
gacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtc 
ctcaccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagccccc 
atcgagaaaaccatctccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggag 
atgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagc 
aatgggcagccggagaacaactacaagaccacgcctcccgtgctggactccgacggctccttcttcctctacagcaag 
ctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccac 
tacacgcagaagagcctctccctgtctccgggtaaatgataa (SEQ ID NO:274) 

(amino acids) 
PCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS 
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW 
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID 
NO:275) 

Human IgG1 CH3 domain sequence: 
(DNA) 
gggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtcagcctgacc 
tgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaag 
accacgcctcccgtgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggcag 
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caggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtct 
ccgggtaaatgataa (SEQ ID NO:276) 

(amino acids) 
GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 
QQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID NO:277) 

CAR-T E6 CD8/CD8/CD28/CD3z sequence: 
N-CD81s-huMNE6scFv-CD8ecd fragment- CD8 transmembrane- CD28- CD3zeta-C 
(DNA) 
atggccctgcccgtgaccgctttgctgctccccctggcgctgctgctgcacgccgccaggccagaggtccagctggtt 
gagagtggcggtgggctggttaagcctggcggctccctgcggctgagctgcgccgcgagtggatttactttcagccga 
tatgggatgagttgggtgcggcaagctcccgggaagaggctggaatgggtctcaacaatctccggggggggcacttac 
atctattaccccgactcagtcaaggggagatttaccatttcacgagacaacgctaagaataccctgtatttgcagatg 
aattctctgagagcagaggacacagctgtttactattgtacccgcgacaactatggcaggaactacgactacggtatg 
gactattggggacaagggacattggttacagtgagcagtggcggcgggggcagcggaggaggaggcagcggtgggggg 
ggcagcgagatagtgctcacgcagtcacccgcgactctcagtctctcacctggggaacgagctaccctgacgtgctct 
gctacctcctcagtgtcatatattcactggtatcagcaacggcccgggcagtcccctagattgctcatttatagtacc 
tctaatctggcctcaggtatccctgcacgattttctggatctggttcaggttctgattacaccctcactatctctagc 
ctggagcctgaagactttgccgtttattactgccagcagaggtctagctccccattcacctttgggagtgggaccaag 
gttgaaattaaaacgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctg 
agaccagaagcctgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatt 
tgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcagaagcaagcggtct 
cggctcctgcattctgattacatgaacatgaccccaagaagaccaggccccaccaggaaacattaccagccctacgct 
ccgccacgcgacttcgctgcctaccggtcccgcgttaagttctcccgatcagccgacgcgcctgcttacaagcagggc 
cagaaccaactgtacaacgagctgaatctcggtagacgggaagagtacgacgtgttggacaaacggagaggccgcgac 
ccagaaatgggcggcaagcctcgcaggaaaaacccccaggagggactgtacaatgagttgcagaaagataagatggca 
gaagcttatagcgagatcggaatgaagggggaaaggagacgagggaaaggacacgacggcctttatcagggcctgtcc 
acagcaacaaaagatacgtatgacgccctccatatgcaggcacttccaccacggtgataa 
(SEQ ID NO:297) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGT 
YIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSG 
GGGSEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLT 
ISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC 
DIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAP 
AYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDG 
LYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:298) 

CAR-T E6 CD8/CD8/4-1BB/CD3z sequence: 
N-CD81s-huMNE6scFv-CD8ecd fragment- CD8 transmembrane- 4-1BB- CD3zeta-C 
(DNA) 
atggccctgcccgtgaccgctttgctgctccccctggcgctgctgctgcacgccgccaggccagaggtccagctggtt 
gagagtggcggtgggctggttaagcctggcggctccctgcggctgagctgcgccgcgagtggatttactttcagccga 
tatgggatgagttgggtgcggcaagctcccgggaagaggctggaatgggtctcaacaatctccggggggggcacttac 
atctattaccccgactcagtcaaggggagatttaccatttcacgagacaacgctaagaataccctgtatttgcagatg 
aattctctgagagcagaggacacagctgtttactattgtacccgcgacaactatggcaggaactacgactacggtatg 
gactattggggacaagggacattggttacagtgagcagtggcggcgggggcagcggaggaggaggcagcggtgggggg 
ggcagcgagatagtgctcacgcagtcacccgcgactctcagtctctcacctggggaacgagctaccctgacgtgctct 
gctacctcctcagtgtcatatattcactggtatcagcaacggcccgggcagtcccctagattgctcatttatagtacc 
tctaatctggcctcaggtatccctgcacgattttctggatctggttcaggttctgattacaccctcactatctctagc 
ctggagcctgaagactttgccgtttattactgccagcagaggtctagctccccattcacctttgggagtgggaccaag 
gttgaaattaaaacgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctg 
agaccagaagcctgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatt 
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tgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcaaaaggggccgcaaa 
aaactcctttacatttttaagcagccttttatgaggccagtacagacgactcaagaggaagacgggtgctcatgccgc 
tttcctgaggaggaggaaggagggtgcgaactgcgcgttaagttctcccgatcagccgacgcgcctgcttacaagcag 
ggccagaaccaactgtacaacgagctgaatctcggtagacgggaagagtacgacgtgttggacaaacggagaggccgc 
gacccagaaatgggcggcaagcctcgcaggaaaaacccccaggagggactgtacaatgagttgcagaaagataagatg 
gcagaagcttatagcgagatcggaatgaagggggaaaggagacgagggaaaggacacgacggcctttatcagggcctg 
tccacagcaacaaaagatacgtatgacgccctccatatgcaggcacttccaccacggtgataa 
(SEQ ID NO:300) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGT 

YIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSG 

GGGSEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLT 

ISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC 

DIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADA 

PAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHD 

GLYQGLSTATKDTYDALHMQALPPR** 

(SEQ ID NO:301) 

CAR-T E6 CD8/CD8/CD28/4-1BB/CD3z sequence: 
N-CD81s-huMNE6scFv-CD8ecd fragment- CD8 transmembrane- CD28- 4-1BB- CD3zeta-C 
(DNA) 
atggccctgcccgtgaccgctttgctgctccccctggcgctgctgctgcacgccgccaggccagaggtccagctggtt 
gagagtggcggtgggctggttaagcctggcggctccctgcggctgagctgcgccgcgagtggatttactttcagccga 
tatgggatgagttgggtgcggcaagctcccgggaagaggctggaatgggtctcaacaatctccggggggggcacttac 
atctattaccccgactcagtcaaggggagatttaccatttcacgagacaacgctaagaataccctgtatttgcagatg 
aattctctgagagcagaggacacagctgtttactattgtacccgcgacaactatggcaggaactacgactacggtatg 
gactattggggacaagggacattggttacagtgagcagtggcggcgggggcagcggaggaggaggcagcggtgggggg 
ggcagcgagatagtgctcacgcagtcacccgcgactctcagtctctcacctggggaacgagctaccctgacgtgctct 
gctacctcctcagtgtcatatattcactggtatcagcaacggcccgggcagtcccctagattgctcatttatagtacc 
tctaatctggcctcaggtatccctgcacgattttctggatctggttcaggttctgattacaccctcactatctctagc 
ctggagcctgaagactttgccgtttattactgccagcagaggtctagctccccattcacctttgggagtgggaccaag 
gttgaaattaaaacgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctg 
agaccagaagcctgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatt 
tgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcagaagcaagcggtct 
cggctcctgcattctgattacatgaacatgaccccaagaagaccaggccccaccaggaaacattaccagccctacgct 
ccgccacgcgacttcgctgcctaccggtccaaaaggggccgcaaaaaactcctttacatttttaagcagccttttatg 
aggccagtacagacgactcaagaggaagacgggtgctcatgccgctttcctgaggaggaggaaggagggtgcgaactg 
cgcgttaagttctcccgatcagccgacgcgcctgcttacaagcagggccagaaccaactgtacaacgagctgaatctc 
ggtagacgggaagagtacgacgtgttggacaaacggagaggccgcgacccagaaatgggcggcaagcctcgcaggaaa 
aacccccaggagggactgtacaatgagttgcagaaagataagatggcagaagcttatagcgagatcggaatgaagggg 
gaaaggagacgagggaaaggacacgacggcctttatcagggcctgtccacagcaacaaaagatacgtatgacgccctc 
catatgcaggcacttccaccacggtgataa 
(SEQ ID NO:303) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGT 

YIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSG 

GGGSEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLT 

ISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC 

DIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRGRKKLLYIF 

KQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG 

GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID 

NO:304) 
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CAR-T C2 CD8/CD8/CD28/4-1BB/CD3z sequence: 
N-CD81s-huMNC2scFv-CD8ecd fragment- CD8 transmembrane- CD28- 4-1BB- CD3zeta-C 
(DNA) 
atggccttgccagtgacggccctgctgctgccattggctcttctgttgcacgctgccaggcctgaagtgcagctcgta 
gagagtggcgggggactggtgaagcccggtggaagcctcagactcagttgcgccgcctcaggtttcactttttcaggt 
tacgccatgtcctgggtaagacaggcaccggggaaaggactcgagtgggtgtctactatcagctcaggaggcacttat 
atatattatcctgactctgtaaaaggccgatttacgatttctcgcgacaatgcaaagaactccctctacctccaaatg 
aacagtcttagggcagaagacactgctgtatactattgtgcacgcctcggcggcgacaactactacgagtactttgac 
gtgtgggggaaagggactaccgtgacagtttcaagcggaggaggtggctcaggtggaggcgggtcaggggggggagga 
agtgatattgtgctcacacaatccccagcctccctggctgtgtctcccggccaacgcgctacaattacatgtcgggcc 
tccaaaagcgtgagcaccagcggctacagctacatgcactggtatcaacagaaaccaggacaaccccccaaactgttg 
atttatctcgcttcaaacttggagtccggcgtgcctgcgcgcttttcagggagtgggagcggcacagattttacgctg 
actatcaaccccgtagaagcaaacgatacagcgaattattattgtcaacattcccgggaactcccctttacgttcggc 
gggggcacaaaggtcgaaattaagagaaccacgacaaccccggcccccagaccaccaacgccagcccccaccatcgcc 
agccaacccctgtctctgagaccagaagcctgtaggcctgccgccggtggagctgtgcacacaagaggactggatttc 
gcctgtgatatctacatttgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtac 
tgcagaagcaagcggtctcggctcctgcattctgattacatgaacatgaccccaagaagaccaggccccaccaggaaa 
cattaccagccctacgctccgccacgcgacttcgctgcctaccggtccaaaaggggccgcaaaaaactcctttacatt 
tttaagcagccttttatgaggccagtacagacgactcaagaggaagacgggtgctcatgccgctttcctgaggaggag 
gaaggagggtgcgaactgcgcgttaagttctcccgatcagccgacgcgcctgcttacaagcagggccagaaccaactg 
tacaacgagctgaatctcggtagacgggaagagtacgacgtgttggacaaacggagaggccgcgacccagaaatgggc 
ggcaagcctcgcaggaaaaacccccaggagggactgtacaatgagttgcagaaagataagatggcagaagcttatagc 
gagatcggaatgaagggggaaaggagacgagggaaaggacacgacggcctttatcagggcctgtccacagcaacaaaa 
gatacgtatgacgccctccatatgcaggcacttccaccacggtgataa (SEQ ID NO:306) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGGGGSDIVLTQSPASLAVSPGQRAT 
ITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLTINPVEANDTANYYCQHSREL 
PFTFGGGTKVEIKRTTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSL 
VITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR 
FPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM 
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:307) 

Humanized E6 scFV sequence in CAR: 
(DNA) 
gaggtccagctggttgagagtggcggtgggctggttaagcctggcggctccctgcggctgagctgcgccgcgagtgga 
tttactttcagccgatatgggatgagttgggtgcggcaagctcccgggaagaggctggaatgggtctcaacaatctcc 
ggggggggcacttacatctattaccccgactcagtcaaggggagatttaccatttcacgagacaacgctaagaatacc 
ctgtatttgcagatgaattctctgagagcagaggacacagctgtttactattgtacccgcgacaactatggcaggaac 
tacgactacggtatggactattggggacaagggacattggttacagtgagcagtggcggcgggggcagcggaggagga 
ggcagcggtggggggggcagcgagatagtgctcacgcagtcacccgcgactctcagtctctcacctggggaacgagct 
accctgacgtgctctgctacctcctcagtgtcatatattcactggtatcagcaacggcccgggcagtcccctagattg 
ctcatttatagtacctctaatctggcctcaggtatccctgcacgattttctggatctggttcaggttctgattacacc 
ctcactatctctagcctggagcctgaagactttgccgtttattactgccagcagaggtctagctccccattcaccttt 
gggagtgggaccaaggttgaaattaaa (SEQ ID NO:341) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGE 
RATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSLEPEDFAVYYCQQRSSSP 
FTFGSGTKVEIK (SEQ ID NO:342) 

CD8 leader sequence: 
(DNA) 
atggccctgcccgtgaccgctttgctgctccccctggcgctgctgctgcacgccgccaggcca (SEQ ID NO:343) 
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(amino acids) 
MALPVTALLLPLALLLHAARP (SEQ ID NO:344) 

CD8 hinge domain sequence: 
(DNA) 
acgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctgagaccagaagcc 
tgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgat (SEQ ID NO:345) 

(amino acids) 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID NO:346) 

CD4 hinge domain sequence: 
(DNA) 

tcgggacaggtcctgctggaatccaacatcaaggttctgcccacatggtccaccccggtgcagcca (SEQ ID 
NO:347) 

(amino acids) 
SGQVLLESNIKVLPTWSTPVQP (SEQ ID NO:348) 

CD28 hinge domain sequence: 
(DNA) 

aaacacctttgtccaagtcccctatttcccggaccttctaagccc (SEQ ID NO:349) 

(amino acids) 
KHLCPSPLFPGPSKP (SEQ ID NO:350) 

CD3 zeta transmembrane domain sequence: 
(DNA) 

ctctgctacctgctggatggaatcctcttcatctatggtgtcattctcactgccttgttcctg (SEQ ID 
NO:361) 

(amino acids) 
LCYLLDGILFIYGVILTALFL (SEQ ID NO:362) 

CD8 transmembrane domain sequence: 
(DNA) 

atctacatttgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgc (SEQ 
ID NO:363) 

(amino acids) 
IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO:364) 

CD4 transmembrane domain sequence: 
(DNA) 

atggccctgattgtgctggggggcgtcgccggcctcctgcttttcattgggctaggcatcttcttc (SEQ ID 
NO:365) 

(amino acids) 
MALIVLGGVAGLLLFIGLGIFF (SEQ ID NO:366) 

CD28 transmembrane domain sequence: 
(DNA) 

ttttgggtgctggtggtggttggtggagtcctggcttgctatagcttgctagtaacagtggcctttattattttctg 
ggtg (SEQ ID NO:367) 

(amino acids) 
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FWVLVVVGGVLACYSLLVTVAFIIFWV (SEQ ID NO:368) 

4-1BB transmembrane domain sequence: 
(DNA) 

atcatctccttctttcttgcgctgacgtcgactgcgttgctcttcctgctgttcttcctcacgctccgtttctctgt 
tgtt (SEQ ID NO:369) 

(amino acids) 
IISFFLALTSTALLFLLFFLTLRFSVV (SEQ ID NO:370) 

OX40 transmembrane domain sequence: 
(DNA) 
gttgccgccatcctgggcctgggcctggtgctggggctgctgggccccctggccatcctgctggccctgtacctgctc 
(SEQ ID NO:371) 

(amino acids) 
VAAILGLGLVLGLLGPLAILLALYLL (SEQ ID NO:372) 

CD3 zeta domain sequence: 
(DNA) 
cgcgttaagttctcccgatcagccgacgcgcctgcttacaagcagggccagaaccaactgtacaacgagctgaatctc 
ggtagacgggaagagtacgacgtgttggacaaacggagaggccgcgacccagaaatgggcggcaagcctcgcaggaaa 
aacccccaggagggactgtacaatgagttgcagaaagataagatggcagaagcttatagcgagatcggaatgaagggg 
gaaaggagacgagggaaaggacacgacggcctttatcagggcctgtccacagcaacaaaagatacgtatgacgccctc 
catatgcaggcacttccaccacgg (SEQ ID NO:373) 

(amino acids) 
RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKG 

ERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:374) 

CD3 zeta domain variant sequence: 
(DNA) 
agagtgaagttcagcaggagcgcagacgcccccgcgtaccagcagggccagaaccagctctataacgagctcaatct 
aggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatggggggaaagccgagaagga 
agaaccctcaggaaggcctgtacaatgaactgcagaaagataagatggcggaggcctacagtgagattgggatgaaa 
ggcgagcgccggaggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaaggacacctacgacgc 
ccttcacatgcaggccctgccccctcgc (SEQ ID NO:375) 

(amino acids) 
RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMK 

GERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:376) 

CD28 domain sequence: 
(DNA) 
agaagcaagcggtctcggctcctgcattctgattacatgaacatgaccccaagaagaccaggccccaccaggaaacat 
taccagccctacgctccgccacgcgacttcgctgcctaccggtcc (SEQ ID NO:377) 

(amino acids) 
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS (SEQ ID NO:378) 

4-1BB domain sequence: 
(DNA) 
aaaaggggccgcaaaaaactcctttacatttttaagcagccttttatgaggccagtacagacgactcaagaggaagac 
gggtgctcatgccgctttcctgaggaggaggaaggagggtgcgaactg (SEQ ID NO:379) 

(amino acids) 
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO:380) 
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HumanizeE6 scFV (VH-VL) sequence: 
(DNA) 

gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtaggtatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagt 
ggcggaggcacctacatatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacacc 
ctgtatctgcaaatgaacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaac 
tatgattatggcatggattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggc 
ggatccggcggtggcggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagcc 
accctcacctgcagcgccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctc 
ctcatctatagcacctccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacact 
ctcaccatcagcagcctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcaccttt 
ggcagcggcaccaaagtggaaattaaa (SEQ ID NO:391) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGE 
RATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSLEPEDFAVYYCQQRSSSP 
FTFGSGTKVEIK (SEQ ID NO:392) 

HumanizeE6 scFV (VL-VH) sequence: 
(DNA) 
gaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagcgccacc 
agcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacctccaac 
ctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagcctagag 
cctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaagtggaa 
attaaaggcggtggcggatccggcggtggcggatccggcggtggcggatccgaggtgcagctggtggagtctggggga 
ggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtaggtatggcatgagc 
tgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagtggcggaggcacctacatatactaccca 
gactcagtgaagggccgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatgaacagcctgaga 
gccgaggacacggctgtgtattactgtaccagagataactatggccgcaactatgattatggcatggattattggggc 
cagggcaccctggtgaccgtgagcagc (SEQ ID NO:393) 

(amino acids) 
EIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSL 
EPEDFAVYYCQQRSSSPFTFGSGTKVEIKGGGGSGGGGSGGGGSEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYG 
MSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMD 
YWGQGTLVTVSS(SEQ ID NO:394) 

HumanizeC2 scFV (VH-VL) sequence: 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattac 
tacgaatacttcgatgtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcgga 
tccggcggtggcggatccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccacc 
atcacctgcagagccagtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaa 
cctcctaaactcctgatttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctggg 
accgatttcaccctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctg 
cctttcacattcggcggagggaccaaggtggagatcaaacgaact (SEQ ID NO:395) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKN 
SLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGGGGSDIVLTQSPASLAVSPGQR 
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ATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLTINPVEANDTANYYCQHS 

RELPFTFGGGTKVEIKRT (SEQ ID NO:396) 

HumanizeE6 scFV (VL-VH) sequence: 
(DNA) 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagccagt 
aagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctgatt 
tacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctcaca 
attaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggcgga 
gggaccaaggtggagatcaaacgaactggcggtggcggatccggcggtggcggatccggcggtggcggatccgaggtg 
cagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcacc 
ttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggc 
ggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtat 
ctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaa 
tacttcgatgtctggggcaaagggaccacggtcaccgtctcctcc (SEQ ID NO:397) 

(amino acids) 
DIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTL 
TINPVEANDTANYYCQHSRELPFTFGGGTKVEIKRTGGGGSGGGGSGGGGSEVQLVESGGGLVKPGGSLRLSCAASG 
FTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARLGGDN 
YYEYFDVWGKGTTVTVSS (SEQ ID NO:398) 

G4 S 1 linker sequence: 
(DNA) 
ggcggtggcggatcc (SEQ ID NO:399) 

(amino acids) 
GGGGS (SEQ ID NO:400) 

[G4Si]x3 linker sequence: 
(DNA) 
ggcggtggcggatccggcggtggcggatccggcggtggcggatcc (SEQ ID NO:401) 

(amino acids) 
GGGGSGGGGSGGGGS (SEQ ID NO:402) 

8 aa GS linker sequence: 
(DNA) 
ggcggttccggcggtggatccgga (SEQ ID NO:403) 

(amino acids) 
GGSGGGSG (SEQ ID NO:404) 

12 aa GS linker sequence: 
(DNA) 
ggcggttccggcggtggatccggcggtggcggatccgga (SEQ ID NO:405) 

(amino acids) 
GGSGGGSGGGSG (SEQ ID NO:406) 

13 aa GS linker sequence: 
(DNA) 
ggcggtggatccggcggtggcggatccggcggtggatcc (SEQ ID NO:407) 

(amino acids) 
GGGSGGGGSGGGS (SEQ ID NO:408) 
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22 aa GS linker sequence: 
(DNA) 

ggcggtggaagcggcggtggcggatccggcagcggcggaagcggcggtggcggatccggcggtgga (SEQ ID 
NO:409) 

(amino acids) 
GGGSGGGGSGSGGSGGGGSGGG (SEQ ID NO:4110) 

24 aa GS linker sequence: 

(DNA) 

ggcggttccggcggtggatccggcggtggcggatccggaggcggttccggcggtggatccggcggtggcggatccgga 
(SEQ ID NO:411) 

(amino acids) 
GGSGGGSGGGSGGGSGGGSGGGSG (SEQ ID NO:412) 

Mouse C3 Heavy chain variable region sequence: 
(DNA) 

caggtccagctgcagcagtctgggcctgagctggtgaggcctggggtctcagtgaagatttcctgcaagggttccggc 
tacagattcactgattatgctatgaactgggtgaagcagagtcatgcaaagagtctagagtggattggagttattagt 
actttctctggtaatacaaacttcaaccagaagtttaagggcaaggccacaatgactgtagacaaatcctccagcaca 
gcctatatggaacttgccagattgacatctgaggattctgccatgtattactgtgcaagatcggattactacggccca 
tactttgactactggggccaaggcaccactctcacagtctcctca (SEQ ID NO:413) 

(amino acids) 
QVQLQQSGPELVRPGVSVKISCKGSGYRFTDYAMNWVKQSHAKSLEWIGVISTFSGNTNFNQKFKGKATMTVDKSSST 

AYMELARLTSEDSAMYYCARSDYYGPYFDYWGQGTTLTVSS (SEQ ID NO:414) 

Mouse C3 heavy chain variable framework region 1 (FWR1) sequence: 
(DNA) 

caggtccagctgcagcagtctgggcctgagctggtgaggcctggggtctcagtgaagatttcctgcaagggttccgg 
ctacagattcact (SEQ ID NO:415) 

(amino acids) 
QVQLQQSGPELVRPGVSVKISCKGSGYRFT (SEQ ID NO:416) 

Mouse C3 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 

gattatgctatgaac (SEQ ID NO:417) 

(amino acids) 
DYAMN (SEQ ID NO:418) 

Mouse C3 heavy chain variable framework region 2 (FWR2) sequence: 
(DNA) 

tgggtgaagcagagtcatgcaaagagtctagagtggattgga (SEQ ID NO:419) 

(amino acids) 
WVKQSHAKSLEWIG (SEQ ID NO:420) 

Mouse C3 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 

gttattagtactttctctggtaatacaaacttcaaccagaagtttaagggc (SEQ ID NO:421) 

(amino acids) 
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VISTFSGNTNFNQKFKG (SEQ ID NO:422) 

Mouse C3 heavy chain variable framework region 3 (FWR3) acid sequence: 
(DNA) 
aaggccacaatgactgtagacaaatcctccagcacagcctatatggaacttgccagattgacatctgaggattctgc 
catgtattactgtgcaaga (SEQ ID NO:423) 

(amino acids) 
KATMTVDKSSSTAYMELARLTSEDSAMYYCAR (SEQ ID NO:424) 

Mouse C3 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
tcggattactacggcccatactttgactac (SEQ ID NO:425) 

(amino acids) 
SDYYGPYFDY (SEQ ID NO:426) 

Humanized C3 heavy chain variable region sequence from IGHV-18*04: 
(DNA) 
caggttcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctgg 
ttacacctttaccgactacgccatgaactgggtgcgacaggcccctggacaagggcttgagtggatgggagtgatca 
gcaccttcagcggtaacacaaacttcaaccagaagttcaagggcagagtcaccatgaccacagacacatccacgagc 
acagcctacatggagctgaggagcctgagatctgacgacacggccgtgtattactgtgcgagaagcgactactacgg 
cccatacttcgactactggggccagggcaccaccctgaccgtgtccagc (SEQ ID NO:439) 

(amino acids) 
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDYAMNWVRQAPGQGLEWMGVISTFSGNTNFNQKFKGRVTMTTDTSTS 
TAYMELRSLRSDDTAVYYCARSDYYGPYFDYWGQGTTLTVSS (SEQ ID NO:440) 

Humanized C3 heavy chain variable framework region 1 (FWR1) acid sequence: 
(DNA) 
caggttcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctgg 
ttacacctttacc (SEQ ID NO:441) 

(amino acids) 
QVQLVQSGAEVKKPGASVKVSCKASGYTFT (SEQ ID NO:442) 
Humanized C3 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 
gactacgccatgaac (SEQ ID NO:443) 

(amino acids) 
DYAMN (SEQ ID NO:444) 

Humanized C3 heavy chain variable framework region 2 (FWR2) acid sequence: 
(DNA) 
tgggtgcgacaggcccctggacaagggcttgagtggatggga (SEQ ID NO:445) 

(amino acids) 
WVRQAPGQGLEWMG (SEQ ID NO:446) 

Humanized C3 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
gtgatcagcaccttcagcggtaacacaaacttcaaccagaagttcaagggc (SEQ ID NO:447) 
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(amino acids) 
VISTFSGNTNFNQKFKG (SEQ ID NO:448) 

Humanized C3 heavy chain variable framework region 3 (FWR3) acid sequence: 
(DNA) 
agagtcaccatgaccacagacacatccacgagcacagcctacatggagctgaggagcctgagatctgacgacacggcc 
gtgtattactgtgcgaga (SEQ ID NO:449) 

(amino acids) 
RVTMTTDTSTSTAYMELRSLRSDDTAVYYCAR (SEQ ID NO:450) 

Humanized C3 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
agcgactactacggcccatacttcgactac (SEQ ID NO:451) 

(amino acids) 
SDYYGPYFDY (SEQ ID NO:452) 

Humanized C3 IgG1 heavy chain sequence 
(DNA) 
caggttcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggt 
tacacctttaccgactacgccatgaactgggtgcgacaggcccctggacaagggcttgagtggatgggagtgatcagc 
accttcagcggtaacacaaacttcaaccagaagttcaagggcagagtcaccatgaccacagacacatccacgagcaca 
gcctacatggagctgaggagcctgagatctgacgacacggccgtgtattactgtgcgagaagcgactactacggccca 
tacttcgactactggggccagggcaccaccctgaccgtgtccagcgctagcaccaagggcccatcggtcttccccctg 
gcaccctcctccaagagcacctctgggggcacagcggccctgggctgcctggtcaaggactacttccccgaaccggtg 
acggtgtcgtggaactcaggcgccctgaccagcggcgtgcacaccttcccggctgtcctacagtcctcaggactctac 
tccctcagcagcgtggtgacagtgccctccagcagcttgggcacccagacctacatctgcaacgtgaatcacaagccc 
agcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcacacatgcccaccgtgcccagcacct 
gaactcctggggggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgag 
gtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtg 
cataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcac 
caggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcccccatcgagaaaaccatc 
tccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccag 
gtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggag 
aacaactacaagaccacgcctcccgtgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaag 
agcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagc 
ctctccctgtctccgggtaaatgataa (SEQ ID NO: 453) 

(amino acids) 
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDYAMNWVRQAPGQGLEWMGVISTFSGNTNFNQKFKGRVTMTTDTSTS 
TAYMELRSLRSDDTAVYYCARSDYYGPYFDYWGQGTTLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL 
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWES 
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK**(SEQ ID 
NO:454) 

Humanized C3 IgG2 heavy chain sequence 
(DNA) 
caggttcagctggtgcagtctggagctgaggtgaagaagcctggggcctcagtgaaggtctcctgcaaggcttctggt 
tacacctttaccgactacgccatgaactgggtgcgacaggcccctggacaagggcttgagtggatgggagtgatcagc 
accttcagcggtaacacaaacttcaaccagaagttcaagggcagagtcaccatgaccacagacacatccacgagcaca 
gcctacatggagctgaggagcctgagatctgacgacacggccgtgtattactgtgcgagaagcgactactacggccca 
tacttcgactactggggccagggcaccaccctgaccgtgtccagcgcctccaccaagggcccatcggtcttccccctg 
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gcgccctgctccaggagcacctccgagagcacagccgccctgggctgcctggtcaaggactacttccccgaaccggtg 
acggtgtcgtggaactcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctcaggactctac 
tccctcagcagcgtggtgaccgtgccctccagcaacttcggcacccagacctacacctgcaacgtagatcacaagccc 
agcaacaccaaggtggacaagacagttgagcgcaaatgttgtgtcgagtgcccaccgtgcccagcaccacctgtggca 
ggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgaggtcacgtgcgtg 
gtggtggacgtgagccacgaagaccccgaggtccagttcaactggtacgtggacggcgtggaggtgcataatgccaag 
acaaagccacgggaggagcagttcaacagcacgttccgtgtggtcagcgtcctcaccgttgtgcaccaggactggctg 
aacggcaaggagtacaagtgcaaggtctccaacaaaggcctcccagcccccatcgagaaaaccatctccaaaaccaaa 
gggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtcagcctgacc 
tgcctggtcaaaggcttctaccccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaag 
accacacctcccatgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggcag 
caggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtct 
ccgggtaaatagtaa (SEQ ID NO:455) 

(amino acids) 
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDYAMNWVRQAPGQGLEWMGVISTFSGNTNFNQKFKGRVTMTTDTSTS 

TAYMELRSLRSDDTAVYYCARSDYYGPYFDYWGQGTTLTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 

PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAP 

PVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVH 

QDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 

ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK**(SEQ ID NO:456) 

Mouse C3 Light Chain variable region sequence: 
(DNA) 

gatgttttgatgacccaaactccactctccctgcctgtcagtcttggagatcaagcctccatctcttgcagatctagt 
cagaccattgtacatagtaatggaaacacctatttagaatggtacctgcagaaaccaggccagtctccaaagctcctg 
atctacaaagtttccaaccgattttctggggtcccagacaggttcagtggcagtggatcagggacagatttcacactc 
aagatcaacagagtggaggctgaggatctgggagtttattactgctttcaaggttcacatgttccattcacgttcggc 
tcggggacaaagttggaaataaaa (SEQ ID NO:458) 

(amino acids) 
DVLMTQTPLSLPVSLGDQASISCRSSQTIVHSNGNTYLEWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTL 

KINRVEAEDLGVYYCFQGSHVPFTFGSGTKLEIK (SEQ ID NO:459) 

Mouse C3 light chain variable framework region 1 (FWR1) sequence 
(DNA) 

gatgttttgatgacccaaactccactctccctgcctgtcagtcttggagatcaagcctccatctcttgc (SEQ ID 
NO:460) 

(amino acids) 
DVLMTQTPLSLPVSLGDQASISC (SEQ ID NO:461) 

Mouse C3 light chain variable complementarity determining regions 1 (CDR1) 
sequence 
(DNA) 

agatctagtcagaccattgtacatagtaatggaaacacctatttagaa (SEQ ID NO:462) 

(amino acids) 
RSSQTIVHSNGNTYLE (SEQ ID NO:463) 

Mouse C3 light chain variable framework region 2 (FWR2) sequence: 
(DNA) 

tggtacctgcagaaaccaggccagtctccaaagctcctgatctac (SEQ ID NO:464) 

(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:465) 
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Mouse C3 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 

aaagtttccaaccgattttct (SEQ ID NO:466) 

(amino acids) 
KVSNRFS (SEQ ID NO:467) 

Mouse C3 light chain variable framework region 3 (FWR3) sequence: 
(DNA) 

ggggtcccagacaggttcagtggcagtggatcagggacagatttcacactcaagatcaacagagtggaggctgagga 
tctgggagtttattactgc (SEQ ID NO:468) 

(amino acids) 
GVPDRFSGSGSGTDFTLKINRVEAEDLGVYYC (SEQ ID NO:469) 

Mouse C3 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 

tttcaaggttcacatgttccattcacg (SEQ ID NO:470) 

(amino acids) 
FQGSHVPFT (SEQ ID NO:471) 

Humanized C3 light chain variable region sequence from IGKV2-29*03: 
(DNA) 

gatattgtgatgacccagactccactctctctgtccgtcacccctggacagccggcctccatctcctgcaggtctagt 
cagaccattgtccatagtaatggaaacacctatttggagtggtacctgcagaagccaggccagtctccacagctcctg 
atctataaggtttccaaccggttctctggagtgccagataggttcagtggcagcgggtcagggacagatttcacactg 
aaaatcagccgggtggaggctgaggatgttggggtttattactgcttccaaggtagccacgtgcctttcaccttcggc 
ggagggaccaaggtggagatcaaacgaact (SEQ ID NO:486) 

(amino acids) 
DIVMTQTPLSLSVTPGQPASISCRSSQTIVHSNGNTYLEWYLQKPGQSPQLLIYKVSNRFSGVPDRFSGSGSGTDFT 

LKISRVEAEDVGVYYCFQGSHVPFTFGGGTKVEIKRT (SEQ ID NO:487) 

Humanized C3 light chain variable framework region 1 (FWR1) acid sequence: 
(DNA) 

gatattgtgatgacccagactccactctctctgtccgtcacccctggacagccggcctccatctcctgc (SEQ ID 
NO:488) 

(amino acids) 
DIVMTQTPLSLSVTPGQPASISC (SEQ ID NO:489) 

Humanized C3 light chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 

ggtctagtcagaccattgtccatagtaatggaaacacctatttggag (SEQ ID NO:490) 

(amino acids) 
RSSQTIVHSNGNTYLE (SEQ ID NO:491) 

Humanized C3 light chain variable framework region 2 (FWR2) acid sequence: 
(DNA) 

tggtacctgcagaagccaggccagtctccacagctcctgatctat (SEQ ID NO:492) 

(amino acids) 

198



WO 2020/146902 PCT/US2020/013410 

WYLQKPGQSPQLLIY (SEQ ID NO:493) 

Humanized C3 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
aaggtttccaaccggttctct (SEQ ID NO:494) 

(amino acids) 
KVSNRFS (SEQ ID NO:495) 

Humanized C3 light chain variable framework region 3 (FWR3) acid sequence: 
(DNA) 
ggagtgccagataggttcagtggcagcgggtcagggacagatttcacactgaaaatcagccgggtggaggctgaggat 
gttggggtttattactgc (SEQ ID NO:496) 

(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC (SEQ ID NO:497) 

Humanized C3 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
ttccaaggtagccacgtgcctttcacc (SEQ ID NO:498) 

(amino acids) 
FQGSHVPFT (SEQ ID NO:499) 

Humanized C3 lambda light chain sequence 
(DNA) 
gatattgtgatgacccagactccactctctctgtccgtcacccctggacagccggcctccatctcctgcaggtctagt 
cagaccattgtccatagtaatggaaacacctatttggagtggtacctgcagaagccaggccagtctccacagctcctg 
atctataaggtttccaaccggttctctggagtgccagataggttcagtggcagcgggtcagggacagatttcacactg 
aaaatcagccgggtggaggctgaggatgttggggtttattactgcttccaaggtagccacgtgcctttcaccttcggc 
ggagggaccaaggtggagatcaaacgaactggtcagcccaaggctgccccctcggtcactctgttcccgccctcctct 
gaggagcttcaagccaacaaggccacactggtgtgtctcataagtgacttctacccgggagccgtgacagtggcctgg 
aaggcagatagcagccccgtcaaggcgggagtggagaccaccacaccctccaaacaaagcaacaacaagtacgcggcc 
agcagctatctgagcctgacgcctgagcagtggaagtcccacagaagctacagctgccaggtcacgcatgaagggagc 
accgtggagaagacagtggcccctacagaatgttcatagtaa (SEQ ID NO:500) 

(amino acids) 
DIVMTQTPLSLSVTPGQPASISCRSSQTIVHSNGNTYLEWYLQKPGQSPQLLIYKVSNRFSGVPDRFSGSGSGTDFT 
LKISRVEAEDVGVYYCFQGSHVPFTFGGGTKVEIKRTGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTV 
AWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS** (SEQ ID 
NO:501) 

Humanized C3 Kappa light chain 
(DNA) 
gatattgtgatgacccagactccactctctctgtccgtcacccctggacagccggcctccatctcctgcaggtctagt 
cagaccattgtccatagtaatggaaacacctatttggagtggtacctgcagaagccaggccagtctccacagctcctg 
atctataaggtttccaaccggttctctggagtgccagataggttcagtggcagcgggtcagggacagatttcacactg 
aaaatcagccgggtggaggctgaggatgttggggtttattactgcttccaaggtagccacgtgcctttcaccttcggc 
ggagggaccaaggtggagatcaaacgaactacggtggctgcaccatctgtcttcatcttcccgccatctgatgagcag 
ttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtggaaggtg 
gataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagc 
agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagc 
tcgcccgtcacaaagagcttcaacaggggagagtgttagtaa (SEQ ID NO:502) 

(amino acids) 
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DIVMTQTPLSLSVTPGQPASISCRSSQTIVHSNGNTYLEWYLQKPGQSPQLLIYKVSNRFSGVPDRFSGSGSGTDFT 

LKISRVEAEDVGVYYCFQGSHVPFTFGGGTKVEIKRTTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQW 

KVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC**(SEQ ID 
NO: 503) 

Mouse C8 heavy chain variable region sequence 
(DNA) 
gaagtgatggtcgtggaaagcggcggtggtctggtaaagccggggggatcccttaagctttcttgcgccgcatccggg 
ttcacgttctccggctatgccatgtcctgggtccgacagactcccgaaaagcgcttggaatgggtggccactatctcc 
tccggggggacgtacatctactaccccgacagtgtgaaaggaagatttacaatatctcgcgacaacgcaaaaaatacc 
ttgtatcttcaaatgagctccctgcggtcagaggacactgccatgtactattgcgcccgcctgggcggcgacaattac 
tatgagtat (SEQ ID NO:505) 

(amino acids) 
EVMVVESGGGLVKPGGSLKLSCAASGFTFSGYAMSWVRQTPEKRLEWVATISSGGTYIYYPDSVKGRFTISRDNAKNT 
LYLQMSSLRSEDTAMYYCARLGGDNYYEY (SEQ ID NO:506) 
Mouse C8 heavy chain variable complementarity determining region 1 (CDR1) 
sequence: 
(DNA) 
ggctatgccatgtcc (SEQ ID NO:507) 

(amino acids) 
GYAMS (SEQ ID NO:508) 

Mouse C8 heavy chain variable complementarity determining region 2 (CDR2) 
sequence: 
(DNA) 
actatctcctccggggggacgtacatctactaccccgacagtgtgaaagga (SEQ ID NO:509) 

(amino acids) 
TISSGGTYIYYPDSVKG (SEQ ID NO:510) 

Mouse C8 heavy chain variable complementarity determining region 3 (CDR3) 
sequence: 
(DNA) 
ctgggcggcgacaattactatgagtat (SEQ ID NO:511) 

(amino acids) 
LGGDNYYEY (SEQ ID NO:512) 

Humanized C8 heavy chain variable region sequence from IGHV3-21*04: 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccctgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagactgggcggcgataactat 
tatgaatattggggcaaagggaccacggtcaccgtctcctcc (SEQ ID NO: 525) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKN 

SLYLQMNSLRAEDTAVYYCARLGGDNYYEYWGKGTTVTVSS (SEQ ID NO: 526) 

Humanized C8 heavy chain variable framework region 1 (FWR1) sequence: 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagt (SEQ ID NO:527) 
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(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFS (SEQ ID NO:528) 

Humanized C8 heavy chain variable complementarity determining region 1 (CDR1) 
sequence: 
(DNA) 
ggctatgccatgagc (SEQ ID NO:529) 

(amino acids) 
GYAMS (SEQ ID NO:530) 

Humanized C8 heavy chain variable framework region 2 (FWR2) sequence: 
(DNA) 
tgggtccgccaggctccagggaaggggctggagtgggtctca (SEQ ID NO:531) 

(amino acids) 
WVRQAPGKGLEWVS (SEQ ID NO:532) 

Humanized C8 heavy chain variable complementarity determining region 2 (CDR2) 
sequence: 
(DNA) 
accattagtagtggcggaacctacatatactaccctgactcagtgaagggc (SEQ ID NO:533) 

(amino acids) 
TISSGGTYIYYPDSVKG (SEQ ID NO:534) 

Humanized C8 heavy chain variable framework region 3 (FWR3) sequence: 
(DNA) 
cgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatgaacagcctgagagccgaggacacggcc 
gtgtattactgtgcgaga (SEQ ID NO:535) 

(amino acids) 
RFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR (SEQ ID NO:536) 

Humanized C8 heavy chain variable complementarity determining region 3 (CDR3) 
sequence: 
(DNA) 
ctgggcggcgataactattatgaatat (SEQ ID NO:537) 

(amino acids) 
LGGDNYYEY (SEQ ID NO:538) 

Humanized C8 IgG1 heavy chain sequence 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccctgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagactgggcggcgataactat 
tatgaatattggggcaaagggaccacggtcaccgtctcctccgctagcaccaagggcccatcggtcttccccctggca 
ccctcctccaagagcacctctgggggcacagcggccctgggctgcctggtcaaggactacttccccgaaccggtgacg 
gtgtcgtggaactcaggcgccctgaccagcggcgtgcacaccttcccggctgtcctacagtcctcaggactctactcc 
ctcagcagcgtggtgacagtgccctccagcagcttgggcacccagacctacatctgcaacgtgaatcacaagcccagc 
aacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcacacatgcccaccgtgcccagcacctgaa 
ctcctggggggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgaggtc 
acatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcat 
aatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcaccag 
gactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagcccccatcgagaaaaccatctcc 
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aaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtc 
agcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggagaac 
aactacaagaccacgcctcccgtgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagc 
aggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctc 
tccctgtctccgggtaaatgataa (SEQ ID NO:539) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARLGGDNYYEYWGKGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE 
LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ 
DWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN 
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID NO:540) 

Humanized C8 IgG2 heavy chain sequence 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccctgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagactgggcggcgataactat 
tatgaatattggggcaaagggaccacggtcaccgtctcctccgcctccaccaagggcccatcggtcttccccctggcg 
ccctgctccaggagcacctccgagagcacagccgccctgggctgcctggtcaaggactacttccccgaaccggtgacg 
gtgtcgtggaactcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctcaggactctactcc 
ctcagcagcgtggtgaccgtgccctccagcaacttcggcacccagacctacacctgcaacgtagatcacaagcccagc 
aacaccaaggtggacaagacagttgagcgcaaatgttgtgtcgagtgcccaccgtgcccagcaccacctgtggcagga 
ccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatctcccggacccctgaggtcacgtgcgtggtg 
gtggacgtgagccacgaagaccccgaggtccagttcaactggtacgtggacggcgtggaggtgcataatgccaagaca 
aagccacgggaggagcagttcaacagcacgttccgtgtggtcagcgtcctcaccgttgtgcaccaggactggctgaac 
ggcaaggagtacaagtgcaaggtctccaacaaaggcctcccagcccccatcgagaaaaccatctccaaaaccaaaggg 
cagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaaccaggtcagcctgacctgc 
ctggtcaaaggcttctaccccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaagacc 
acacctcccatgctggactccgacggctccttcttcctctacagcaagctcaccgtggacaagagcaggtggcagcag 
gggaacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtctccg 
ggtaaatagtaa (SEQ ID NO:541) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARLGGDNYYEYWGKGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAG 
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLN 
GKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT 
TPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK** (SEQ ID NO:542) 

Mouse C8 light chain variable region sequence 
(DNA) 
gacatcgtcattacgcagacccctgccagtcttgccgtttctctgggccagagggccactatcagttacagggcgagt 
aagtctgtgagtaccagcggctatagttacatgcattggaaccagcagaaaccgggacagccaccacgcctgcttatt 
tatctggtgtctaatcttgagtccggggtgcccgccaggttcagcggcagcggctctgggaccgacttcacactcaac 
attcatccagtggaagaagaggacgctgctacatactactgtcaacacattcgggaactgaccaggagtgaa (SEQ 
ID NO:543) 
(amino acids) 
DIVITQTPASLAVSLGQRATISYRASKSVSTSGYSYMHWNQQKPGQPPRLLIYLVSNLESGVPARFSGSGSGTDFTLN 
IHPVEEEDAATYYCQHIRELTRSE (SEQ ID NO:544) 

Mouse C8 light chain variable complementarity determining region 1 (CDR1) 
sequence: 
(DNA) 
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agggcgagtaagtctgtgagtaccagcggctatagttacatgcat (SEQ ID NO:545) 

(amino acids) 
RASKSVSTSGYSYMH (SEQ ID NO: 546) 

Mouse C8 light chain variable complementarity determining region 2 (CDR2) 
sequence: 
(DNA) 
ctggtgtctaatcttgagtcc (SEQ ID NO:547) 

(amino acids) 
LVSNLES (SEQ ID NO:548) 

Mouse C8 light chain variable complementarity determining region 3 (CDR3) 
sequence: 
(DNA) 
caacacattcgggaactgaccaggagtgaa (SEQ ID NO:549) 

(amino acids) 
QHIRELTRSE (SEQ ID NO:550) 

Humanized C8 light chain variable region sequence from NCBI germline z00023: 
(DNA) 
gacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgcagggccagc 
aagagtgttagcaccagcggctacagctacatgcactggtaccagcagaaaccaggacagcctcctaagctgctcatt 
tacctggtgtctaacctggaatccggggtccctgaccgattcagtggcagcgggtctgggacagatttcactctcacc 
atcagcagcctgcaggctgaagatgtggcagtttattactgtcaacacattcgggaactgaccaggagtgaattcggc 
ggagggaccaaggtggagatcaaacgaact (SEQ ID NO:565) 

(amino acids) 
DIVMTQSPDSLAVSLGERATINCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLVSNLESGVPDRFSGSGSGTDFTL 

TISSLQAEDVAVYYCQHIRELTRSEFGGGTKVEIKRT (SEQ ID NO:566) 

Humanized C8 light chain variable framework region 1 (FWR1) sequence: 
(DNA) 
gacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgc (SEQ ID 
NO:567) 
(amino acids) 
DIVMTQSPDSLAVSLGERATINC (SEQ ID NO:568) 

Humanized C8 light chain variable complementarity determining region 1 (CDR1) 
sequence: 
(DNA) 
agggccagcaagagtgttagcaccagcggctacagctacatg (SEQ ID NO:569) 

(amino acids) 
RASKSVSTSGYSYM (SEQ ID NO:570) 

Humanized C8 light chain variable framework region 2 (FWR2) sequence: 
(DNA) 
cactggtaccagcagaaaccaggacagcctcctaagctgctcatttac (SEQ ID NO:571) 

(amino acids) 
HWYQQKPGQPPKLLIY (SEQ ID NO:572) 
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Humanized C8 light chain variable complementarity determining region 2 (CDR2) 
sequence: 
(DNA) 

ctggtgtctaacctggaatcc (SEQ ID NO:573) 

(amino acids) 
LVSNLES (SEQ ID NO:574) 

Humanized C8 light chain variable framework region 3 (FWR3) sequence: 
(DNA) 

ggggtccctgaccgattcagtggcagcgggtctgggacagatttcactctcaccatcagcagcctgcaggctgaagat 
gtggcagtttattactgt (SEQ ID NO:575) 

(amino acids) 
GVPDRFSGSGSGTDFTLTISSLQAEDVAVYYC (SEQ ID NO:576) 

Humanized C8 light chain variable complementarity determining region 3 (CDR3) 
sequence: 
(DNA) 

caacacattcgggaactgaccaggagtgaa (SEQ ID NO:577) 

(amino acids) 
QHIRELTRSE (SEQ ID NO:578) 

Humanized C8 Lambda light chain sequence 
(DNA) 

gacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgcagggccagc 
aagagtgttagcaccagcggctacagctacatgcactggtaccagcagaaaccaggacagcctcctaagctgctcatt 
tacctggtgtctaacctggaatccggggtccctgaccgattcagtggcagcgggtctgggacagatttcactctcacc 
atcagcagcctgcaggctgaagatgtggcagtttattactgtcaacacattcgggaactgaccaggagtgaattcggc 
ggagggaccaaggtggagatcaaacgaactggtcagcccaaggctgccccctcggtcactctgttcccgccctcctct 
gaggagcttcaagccaacaaggccacactggtgtgtctcataagtgacttctacccgggagccgtgacagtggcctgg 
aaggcagatagcagccccgtcaaggcgggagtggagaccaccacaccctccaaacaaagcaacaacaagtacgcggcc 
agcagctatctgagcctgacgcctgagcagtggaagtcccacagaagctacagctgccaggtcacgcatgaagggagc 
accgtggagaagacagtggcccctacagaatgttcatagtaa (SEQ ID NO:579) 

(amino acids) 
DIVMTQSPDSLAVSLGERATINCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLVSNLESGVPDRFSGSGSGTDFTLT 

ISSLQAEDVAVYYCQHIRELTRSEFGGGTKVEIKRTGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAW 

KADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS** (SEQ ID 

NO:580) 

Humanized C8 Kappa light chain sequence 
(DNA) 

gacatcgtgatgacccagtctccagactccctggctgtgtctctgggcgagagggccaccatcaactgcagggccagc 
aagagtgttagcaccagcggctacagctacatgcactggtaccagcagaaaccaggacagcctcctaagctgctcatt 
tacctggtgtctaacctggaatccggggtccctgaccgattcagtggcagcgggtctgggacagatttcactctcacc 
atcagcagcctgcaggctgaagatgtggcagtttattactgtcaacacattcgggaactgaccaggagtgaattcggc 
ggagggaccaaggtggagatcaaacgaactacggtggctgcaccatctgtcttcatcttcccgccatctgatgagcag 
ttgaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtggaaggtg 
gataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagc 
agcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcctgcgaagtcacccatcagggcctgagc 
tcgcccgtcacaaagagcttcaacaggggagagtgttagtaa (SEQ ID NO:581) 

(amino acids) 
DIVMTQSPDSLAVSLGERATINCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLVSNLESGVPDRFSGSGSGTDFTLT 

ISSLQAEDVAVYYCQHIRELTRSEFGGGTKVEIKRTTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKV 
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DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC** (SEQ ID 

NO:582) 

CAR-T E6 CD8 sequence: 
(DNA) 
gaggtccagctggttgagagtggcggtgggctggttaagcctggcggctccctgcggctgagctgcgccgcgagtgga 
tttactttcagccgatatgggatgagttgggtgcggcaagctcccgggaagaggctggaatgggtctcaacaatctcc 
ggggggggcacttacatctattaccccgactcagtcaaggggagatttaccatttcacgagacaacgctaagaatacc 
ctgtatttgcagatgaattctctgagagcagaggacacagctgtttactattgtacccgcgacaactatggcaggaac 
tacgactacggtatggactattggggacaagggacattggttacagtgagcagtggcggcgggggcagcggaggagga 
ggcagcggtggggggggcagcgagatagtgctcacgcagtcacccgcgactctcagtctctcacctggggaacgagct 
accctgacgtgctctgctacctcctcagtgtcatatattcactggtatcagcaacggcccgggcagtcccctagattg 
ctcatttatagtacctctaatctggcctcaggtatccctgcacgattttctggatctggttcaggttctgattacacc 
ctcactatctctagcctggagcctgaagactttgccgtttattactgccagcagaggtctagctccccattcaccttt 
gggagtgggaccaaggttgaaattaaaacgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagc 
caacccctgtctctgagaccagaagcctgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcc 
tgtgatatctacatttgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgc 
tgataa (SEQ ID NO:584) 
(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGTYIYYPDSVKGRFTISRDNAKN 
TLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGE 
RATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLTISSLEPEDFAVYYCQQRSSSP 
FTFGSGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVI 
TLYC** (SEQ ID NO:585) 

CAR-T C2 CD8 CD8 sequence: 
N-CD81s-huMNC2scFv-CD8ecd fragment- CD8 transmembrane-C 
(DNA) 
gaagtgcagctcgtagagagtggcgggggactggtgaagcccggtggaagcctcagactcagttgcgccgcctcaggt 
ttcactttttcaggttacgccatgtcctgggtaagacaggcaccggggaaaggactcgagtgggtgtctactatcagc 
tcaggaggcacttatatatattatcctgactctgtaaaaggccgatttacgatttctcgcgacaatgcaaagaactcc 
ctctacctccaaatgaacagtcttagggcagaagacactgctgtatactattgtgcacgcctcggcggcgacaactac 
tacgagtactttgacgtgtgggggaaagggactaccgtgacagtttcaagcggaggaggtggctcaggtggaggcggg 
tcaggggggggaggaagtgatattgtgctcacacaatccccagcctccctggctgtgtctcccggccaacgcgctaca 
attacatgtcgggcctccaaaagcgtgagcaccagcggctacagctacatgcactggtatcaacagaaaccaggacaa 
ccccccaaactgttgatttatctcgcttcaaacttggagtccggcgtgcctgcgcgcttttcagggagtgggagcggc 
acagattttacgctgactatcaaccccgtagaagcaaacgatacagcgaattattattgtcaacattcccgggaactc 
ccctttacgttcggcgggggcacaaaggtcgaaattaagagaaccacgacaaccccggcccccagaccaccaacgcca 
gcccccaccatcgccagccaacccctgtctctgagaccagaagcctgtaggcctgccgccggtggagctgtgcacaca 
agaggactggatttcgcctgtgatatctacatttgggccccgctcgcaggcacatgtggagtgctcctcctctccctg 
gtgattaccctgtactgctgataa (SEQ ID NO:586) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKN 
SLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGGGGSDIVLTQSPASLAVSPGQR 
ATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLTINPVEANDTANYYCQHS 
RELPFTFGGGTKVEIKRTTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVL 

LLSLVITLYC** (SEQ ID NO:587) 

CD8/4-1BB sequence 
N- CD8 transmembrane- 4-1BB-C 
(DNA) 
acgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctgagaccagaagcc 
tgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatttgggccccgctc 
gcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcaaaaggggccgcaaaaaactcctttac 
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atttttaagcagccttttatgaggccagtacagacgactcaagaggaagacgggtgctcatgccgctttcctgaggag 
gaggaaggagggtgcgaactgtgataa (SEQ ID NO:588) 

(amino acids) 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLL 
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL** (SEQ ID NO:589) 

CD8/CD28 sequence 
N- CD8 transmembrane- CD28-C 
(DNA) 
acgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctgagaccagaagcc 
tgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatttgggccccgctc 
gcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcagaagcaagcggtctcggctcctgcat 
tctgattacatgaacatgaccccaagaagaccaggccccaccaggaaacattaccagccctacgctccgccacgcgac 
ttcgctgcctaccggtcctgataa (SEQ ID NO: 590) 

(amino acids) 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLL 
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS** (SEQ ID NO:591) 

CD8/CD3z sequence: 
N- CD8 transmembrane- CD3zeta-C 
(DNA) 
acgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctgagaccagaagcc 
tgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatttgggccccgctc 
gcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgccgcgttaagttctcccgatcagccgac 
gcgcctgcttacaagcagggccagaaccaactgtacaacgagctgaatctcggtagacgggaagagtacgacgtgttg 
gacaaacggagaggccgcgacccagaaatgggcggcaagcctcgcaggaaaaacccccaggagggactgtacaatgag 
ttgcagaaagataagatggcagaagcttatagcgagatcggaatgaagggggaaaggagacgagggaaaggacacgac 
ggcctttatcagggcctgtccacagcaacaaaagatacgtatgacgccctccatatgcaggcacttccaccacggtga 
taa (SEQ ID NO:592) 

(amino acids) 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRVKFSRSA 
DAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG 

HDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:593) 

CD8/CD28/CD3z sequence: 
N- CD8 transmembrane- CD28- CD3zeta-C 
(DNA) 
acgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctgagaccagaagcc 
tgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatttgggccccgctc 
gcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcagaagcaagcggtctcggctcctgcat 
tctgattacatgaacatgaccccaagaagaccaggccccaccaggaaacattaccagccctacgctccgccacgcgac 
ttcgctgcctaccggtcccgcgttaagttctcccgatcagccgacgcgcctgcttacaagcagggccagaaccaactg 
tacaacgagctgaatctcggtagacgggaagagtacgacgtgttggacaaacggagaggccgcgacccagaaatgggc 
ggcaagcctcgcaggaaaaacccccaggagggactgtacaatgagttgcagaaagataagatggcagaagcttatagc 
gagatcggaatgaagggggaaaggagacgagggaaaggacacgacggcctttatcagggcctgtccacagcaacaaaa 
gatacgtatgacgccctccatatgcaggcacttccaccacggtgataa (SEQ ID NO:594) 

(amino acids) 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLL 
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE 
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ 

ID NO:595) 

CD8/4-1BB/CD3z sequence: 
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N- CD8 transmembrane- 4-1BB- CD3zeta-C 

(DNA) 

acgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctgagaccagaagcc 
tgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatttgggccccgctc 
gcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcaaaaggggccgcaaaaaactcctttac 
atttttaagcagccttttatgaggccagtacagacgactcaagaggaagacgggtgctcatgccgctttcctgaggag 
gaggaaggagggtgcgaactgcgcgttaagttctcccgatcagccgacgcgcctgcttacaagcagggccagaaccaa 
ctgtacaacgagctgaatctcggtagacgggaagagtacgacgtgttggacaaacggagaggccgcgacccagaaatg 
ggcggcaagcctcgcaggaaaaacccccaggagggactgtacaatgagttgcagaaagataagatggcagaagcttat 
agcgagatcggaatgaagggggaaaggagacgagggaaaggacacgacggcctttatcagggcctgtccacagcaaca 
aaagatacgtatgacgccctccatatgcaggcacttccaccacggtgataa (SEQ ID NO:596) 

(amino acids) 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLL 

YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDP 

EMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ 

ID NO:597) 

CD8/CD28/4-1BB/CD3z sequence: 
N- CD8 transmembrane- CD28- 4-1BB- CD3zeta-C 
(DNA) 
acgacaaccccggcccccagaccaccaacgccagcccccaccatcgccagccaacccctgtctctgagaccagaagcc 
tgtaggcctgccgccggtggagctgtgcacacaagaggactggatttcgcctgtgatatctacatttgggccccgctc 
gcaggcacatgtggagtgctcctcctctccctggtgattaccctgtactgcagaagcaagcggtctcggctcctgcat 
tctgattacatgaacatgaccccaagaagaccaggccccaccaggaaacattaccagccctacgctccgccacgcgac 
ttcgctgcctaccggtccaaaaggggccgcaaaaaactcctttacatttttaagcagccttttatgaggccagtacag 
acgactcaagaggaagacgggtgctcatgccgctttcctgaggaggaggaaggagggtgcgaactgcgcgttaagttc 
tcccgatcagccgacgcgcctgcttacaagcagggccagaaccaactgtacaacgagctgaatctcggtagacgggaa 
gagtacgacgtgttggacaaacggagaggccgcgacccagaaatgggcggcaagcctcgcaggaaaaacccccaggag 
ggactgtacaatgagttgcagaaagataagatggcagaagcttatagcgagatcggaatgaagggggaaaggagacga 
gggaaaggacacgacggcctttatcagggcctgtccacagcaacaaaagatacgtatgacgccctccatatgcaggca 
cttccaccacggtgataa (SEQ ID NO:598) 

(amino acids) 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLL 
HSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRV 
KFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGE 
RRRGKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO: 599) 

CAR-T C2 CD8/CD8/CD28/CD3z sequence: 
N-CD81s-huMNC2scFv-CD8ecd fragment- CD8 transmembrane- CD28- CD3zeta-C 
(DNA) 
atggccttgccagtgacggccctgctgctgccattggctcttctgttgcacgctgccaggcctgaagtgcagctcgta 
gagagtggcgggggactggtgaagcccggtggaagcctcagactcagttgcgccgcctcaggtttcactttttcaggt 
tacgccatgtcctgggtaagacaggcaccggggaaaggactcgagtgggtgtctactatcagctcaggaggcacttat 
atatattatcctgactctgtaaaaggccgatttacgatttctcgcgacaatgcaaagaactccctctacctccaaatg 
aacagtcttagggcagaagacactgctgtatactattgtgcacgcctcggcggcgacaactactacgagtactttgac 
gtgtgggggaaagggactaccgtgacagtttcaagcggaggaggtggctcaggtggaggcgggtcaggggggggagga 
agtgatattgtgctcacacaatccccagcctccctggctgtgtctcccggccaacgcgctacaattacatgtcgggcc 
tccaaaagcgtgagcaccagcggctacagctacatgcactggtatcaacagaaaccaggacaaccccccaaactgttg 
atttatctcgcttcaaacttggagtccggcgtgcctgcgcgcttttcagggagtgggagcggcacagattttacgctg 
actatcaaccccgtagaagcaaacgatacagcgaattattattgtcaacattcccgggaactcccctttacgttcggc 
gggggcacaaaggtcgaaattaagagaaccacgacaaccccggcccccagaccaccaacgccagcccccaccatcgcc 
agccaacccctgtctctgagaccagaagcctgtaggcctgccgccggtggagctgtgcacacaagaggactggatttc 
gcctgtgatatctacatttgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtac 
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tgcagaagcaagcggtctcggctcctgcattctgattacatgaacatgaccccaagaagaccaggccccaccaggaaa 
cattaccagccctacgctccgccacgcgacttcgctgcctaccggtcccgcgttaagttctcccgatcagccgacgcg 
cctgcttacaagcagggccagaaccaactgtacaacgagctgaatctcggtagacgggaagagtacgacgtgttggac 
aaacggagaggccgcgacccagaaatgggcggcaagcctcgcaggaaaaacccccaggagggactgtacaatgagttg 
cagaaagataagatggcagaagcttatagcgagatcggaatgaagggggaaaggagacgagggaaaggacacgacggc 
ctttatcagggcctgtccacagcaacaaaagatacgtatgacgccctccatatgcaggcacttccaccacggtgataa 
(SEQ ID NO:608) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGT 
YIYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGG 
GGSDIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTD 
FTLTINPVEANDTANYYCQHSRELPFTFGGGTKVEIKRTTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFS 
RSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRR 
GKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:609) 

CAR-T C2 CD8/CD8/4-1BB/CD3z sequence #13: 
N-CD81s-huMNC2scFv-CD8ecd fragment- CD8 transmembrane- 4-1BB- CD3zeta-C 
(DNA) 
atggccttgccagtgacggccctgctgctgccattggctcttctgttgcacgctgccaggcctgaagtgcagctcgta 
gagagtggcgggggactggtgaagcccggtggaagcctcagactcagttgcgccgcctcaggtttcactttttcaggt 
tacgccatgtcctgggtaagacaggcaccggggaaaggactcgagtgggtgtctactatcagctcaggaggcacttat 
atatattatcctgactctgtaaaaggccgatttacgatttctcgcgacaatgcaaagaactccctctacctccaaatg 
aacagtcttagggcagaagacactgctgtatactattgtgcacgcctcggcggcgacaactactacgagtactttgac 
gtgtgggggaaagggactaccgtgacagtttcaagcggaggaggtggctcaggtggaggcgggtcaggggggggagga 
agtgatattgtgctcacacaatccccagcctccctggctgtgtctcccggccaacgcgctacaattacatgtcgggcc 
tccaaaagcgtgagcaccagcggctacagctacatgcactggtatcaacagaaaccaggacaaccccccaaactgttg 
atttatctcgcttcaaacttggagtccggcgtgcctgcgcgcttttcagggagtgggagcggcacagattttacgctg 
actatcaaccccgtagaagcaaacgatacagcgaattattattgtcaacattcccgggaactcccctttacgttcggc 
gggggcacaaaggtcgaaattaagagaaccacgacaaccccggcccccagaccaccaacgccagcccccaccatcgcc 
agccaacccctgtctctgagaccagaagcctgtaggcctgccgccggtggagctgtgcacacaagaggactggatttc 
gcctgtgatatctacatttgggccccgctcgcaggcacatgtggagtgctcctcctctccctggtgattaccctgtac 
tgcaaaaggggccgcaaaaaactcctttacatttttaagcagccttttatgaggccagtacagacgactcaagaggaa 
gacgggtgctcatgccgctttcctgaggaggaggaaggagggtgcgaactgcgcgttaagttctcccgatcagccgac 
gcgcctgcttacaagcagggccagaaccaactgtacaacgagctgaatctcggtagacgggaagagtacgacgtgttg 
gacaaacggagaggccgcgacccagaaatgggcggcaagcctcgcaggaaaaacccccaggagggactgtacaatgag 
ttgcagaaagataagatggcagaagcttatagcgagatcggaatgaagggggaaaggagacgagggaaaggacacgac 
ggcctttatcagggcctgtccacagcaacaaaagatacgtatgacgccctccatatgcaggcacttccaccacggtga 
taa (SEQ ID NO:610) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGT 
YIYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGG 
GGSDIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTD 
FTLTINPVEANDTANYYCQHSRELPFTFGGGTKVEIKRTTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF 
SRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERR 
RGKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:611) 

MUC1 truncated extra cellular domain sequence 
(amino acids) 
SNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTEAASRY (SEQ ID NO:620) 

MUC1 truncated extra cellular domain sequence 
(amino acids) 
SVVVQLTLAFREGTINVHDVETQFNQYKTEAASRY (SEQ ID NO:621) 
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MUC1 truncated extra cellular domain sequence 
(amino acids) 
VQLTLAFREGTINVHDVETQFNQY (SEQ ID NO:622) 

MUC1 truncated extra cellular domain sequence 
(amino acids) 
SNIKFRPGSVVVQLTLAFREGTIN (SEQ ID NO:623) 

Primers 
attctaagcttgggccaccatggaactg (SEQ ID NO:624) 
tctagagtttaaacttactatttacccggagacagggagag (SEQ ID NO:625) 
agtatggcccagccggccgaggtgcagctggtggagtctgg (SEQ ID NO:626) 
tagaaggcacagtcgaggctgatcag (SEQ ID NO:627) 
attctaagcttgggccaccatggaagc (SEQ ID NO:628) 
tctagagtttaaacttactaacactctcccctgttgaagc (SEQ ID NO:629) 
agtatggcccagccggccgaaattgtgttgacacagtctccag (SEQ ID NO:630) 
tagaaggcacagtcgaggctgatcag (SEQ ID NO:631) 
actgtcatatggaggtgcagctggtggagtctg (SEQ ID NO:632) 
actgtctcgagtttaatttccactttggtgccgctgc (SEQ ID NO:633) 
actgtcatatggaggtgcagctggtggagtctg (SEQ ID NO:634) 
actgtaccggttttaatttccactttggtgccgctgc (SEQ ID NO:635) 
cttcttcctcaggagcaagctcaccgtgg (SEQ ID NO:636) 
gagccgtcggagtccagc (SEQ ID NO:637) 
gcacctgaactcctgggg (SEQ ID NO:638) 
tttaatttccactttggtgccg (SEQ ID NO:639) 
cgcggctagcttaagcttggtaccgagggcca (SEQ ID NO:640) 
cgcggcggccgcctgatcagcgggtttaaacttatc (SEQ ID NO:641) 

MMP9 
(DNA) 
atgagcctctggcagcccctggtcctggtgctcctggtgctgggctgctgctttgctgcccccagacagcgccagtcc 
acccttgtgctcttccctggagacctgagaaccaatctcaccgacaggcagctggcagaggaatacctgtaccgctat 
ggttacactcgggtggcagagatgcgtggagagtcgaaatctctggggcctgcgctgctgcttctccagaagcaactg 
tccctgcccgagaccggtgagctggatagcgccacgctgaaggccatgcgaaccccacggtgcggggtcccagacctg 
ggcagattccaaacctttgagggcgacctcaagtggcaccaccacaacatcacctattggatccaaaactactcggaa 
gacttgccgcgggcggtgattgacgacgcctttgcccgcgccttcgcactgtggagcgcggtgacgccgctcaccttc 
actcgcgtgtacagccgggacgcagacatcgtcatccagtttggtgtcgcggagcacggagacgggtatcccttcgac 
gggaaggacgggctcctggcacacgcctttcctcctggccccggcattcagggagacgcccatttcgacgatgacgag 
ttgtggtccctgggcaagggcgtcgtggttccaactcggtttggaaacgcagatggcgcggcctgccacttccccttc 
atcttcgagggccgctcctactctgcctgcaccaccgacggtcgctccgacggcttgccctggtgcagtaccacggcc 
aactacgacaccgacgaccggtttggcttctgccccagcgagagactctacacccaggacggcaatgctgatgggaaa 
ccctgccagtttccattcatcttccaaggccaatcctactccgcctgcaccacggacggtcgctccgacggctaccgc 
tggtgcgccaccaccgccaactacgaccgggacaagctcttcggcttctgcccgacccgagctgactcgacggtgatg 
gggggcaactcggcgggggagctgtgcgtcttccccttcactttcctgggtaaggagtactcgacctgtaccagcgag 
ggccgcggagatgggcgcctctggtgcgctaccacctcgaactttgacagcgacaagaagtggggcttctgcccggac 
caaggatacagtttgttcctcgtggcggcgcatgagttcggccacgcgctgggcttagatcattcctcagtgccggag 
gcgctcatgtaccctatgtaccgcttcactgaggggccccccttgcataaggacgacgtgaatggcatccggcacctc 
tatggtcctcgccctgaacctgagccacggcctccaaccaccaccacaccgcagcccacggctcccccgacggtctgc 
cccaccggaccccccactgtccacccctcagagcgccccacagctggccccacaggtcccccctcagctggccccaca 
ggtccccccactgctggcccttctacggccactactgtgcctttgagtccggtggacgatgcctgcaacgtgaacatc 
ttcgacgccatcgcggagattgggaaccagctgtatttgttcaaggatgggaagtactggcgattctctgagggcagg 
gggagccggccgcagggccccttccttatcgccgacaagtggcccgcgctgccccgcaagctggactcggtctttgag 
gagcggctctccaagaagcttttcttcttctctgggcgccaggtgtgggtgtacacaggcgcgtcggtgctgggcccg 
aggcgtctggacaagctgggcctgggagccgacgtggcccaggtgaccggggccctccggagtggcagggggaagatg 
ctgctgttcagcgggcggcgcctctggaggttcgacgtgaaggcgcagatggtggatccccggagcgccagcgaggtg 
gaccggatgttccccggggtgcctttggacacgcacgacgtcttccagtaccgagagaaagcctatttctgccaggac 
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cgcttctactggcgcgtgagttcccggagtgagttgaaccaggtggaccaagtgggctacgtgacctatgacatcctg 
cagtgccctgaggacgattacaaggatgacgacgataagtgataa (SEQ ID NO:642) 

(amino acids) 
MSLWQPLVLVLLVLGCCFAAPRQRQSTLVLFPGDLRTNLTDRQLAEEYLYRYGYTRVAEMRGESKSLGPALLLLQKQ 
LSLPETGELDSATLKAMRTPRCGVPDLGRFQTFEGDLKWHHHNITYWIQNYSEDLPRAVIDDAFARAFALWSAVTPL 
TFTRVYSRDADIVIQFGVAEHGDGYPFDGKDGLLAHAFPPGPGIQGDAHFDDDELWSLGKGVVVPTRFGNADGAACH 
FPFIFEGRSYSACTTDGRSDGLPWCSTTANYDTDDRFGFCPSERLYTQDGNADGKPCQFPFIFQGQSYSACTTDGRS 
DGYRWCATTANYDRDKLFGFCPTRADSTVMGGNSAGELCVFPFTFLGKEYSTCTSEGRGDGRLWCATTSNFDSDKKW 
GFCPDQGYSLFLVAAHEFGHALGLDHSSVPEALMYPMYRFTEGPPLHKDDVNGIRHLYGPRPEPEPRPPTTTTPQPT 
APPTVCPTGPPTVHPSERPTAGPTGPPSAGPTGPPTAGPSTATTVPLSPVDDACNVNIFDAIAEIGNQLYLFKDGKY 

WRFSEGRGSRPQGPFLIADKWPALPRKLDSVFEERLSKKLFFFSGRQVWVYTGASVLGPRRLDKLGLGADVAQVTGA 
LRSGRGKMLLFSGRRLWRFDVKAQMVDPRSASEVDRMFPGVPLDTHDVFQYREKAYFCQDRFYWRVSSRSELNQVDQ 
VGYVTYDILQCPEDDYKDDDDK** (SEQ ID NO:643) 

MMP9 catalytic domain 
(DNA) 
atgttccaaacctttgagggcgacctcaagtggcaccaccacaacatcacctattggatccaaaactactcggaagac 
ttgccgcgggcggtgattgacgacgcctttgcccgcgccttcgcactgtggagcgcggtgacgccgctcaccttcact 
cgcgtgtacagccgggacgcagacatcgtcatccagtttggtgtcgcggagcacggagacgggtatcccttcgacggg 
aaggacgggctcctggcacacgcctttcctcctggccccggcattcagggagacgcccatttcgacgatgacgagttg 
tggtccctgggcaagggcgtcgtggttccaactcggtttggaaacgcagatggcgcggcctgccacttccccttcatc 
ttcgagggccgctcctactctgcctgcaccaccgacggtcgctccgacggcttgccctggtgcagtaccacggccaac 
tacgacaccgacgaccggtttggcttctgccccagcgagagactctacacccaggacggcaatgctgatgggaaaccc 
tgccagtttccattcatcttccaaggccaatcctactccgcctgcaccacggacggtcgctccgacggctaccgctgg 
tgcgccaccaccgccaactacgaccgggacaagctcttcggcttctgcccgacccgagctgactcgacggtgatgggg 
ggcaactcggcgggggagctgtgcgtcttccccttcactttcctgggtaaggagtactcgacctgtaccagcgagggc 
cgcggagatgggcgcctctggtgcgctaccacctcgaactttgacagcgacaagaagtggggcttctgcccggaccaa 
ggatacagtttgttcctcgtggcggcgcatgagttcggccacgcgctgggcttagatcattcctcagtgccggaggcg 
ctcatgtaccctatgtaccgcttcactgaggggccccccttgcataaggacgacgtgaatggcatccggcacctctat 
ggtcctcgccctgaacctgattacaaggatgacgacgataagtgataa (SEQ ID NO:644) 

(amino acids) 
MFQTFEGDLKWHHHNITYWIQNYSEDLPRAVIDDAFARAFALWSAVTPLTFTRVYSRDADIVIQFGVAEHGDGYPFD 

GKDGLLAHAFPPGPGIQGDAHFDDDELWSLGKGVVVPTRFGNADGAACHFPFIFEGRSYSACTTDGRSDGLPWCSTT 

ANYDTDDRFGFCPSERLYTQDGNADGKPCQFPFIFQGQSYSACTTDGRSDGYRWCATTANYDRDKLFGFCPTRADST 

VMGGNSAGELCVFPFTFLGKEYSTCTSEGRGDGRLWCATTSNFDSDKKWGFCPDQGYSLFLVAAHEFGHALGLDHSS 

VPEALMYPMYRFTEGPPLHKDDVNGIRHLYGPRPEPDYKDDDDK** (SEQ ID NO:645) 

NFATcl Promoter (NFATc1P) 
(DNA) 
aggcaggaggaagaggaaaggggcgcagggcgctcggggagcagagccgggggcccgcggtggccgcagaggccgggc 
cggggcgcagaggccgggcgagctggccgcgctctgggccgccgcctccggaactccctgcgcctggcgcgcggcca 
ccgtggtcccggcaacggcattaaacagagggaaacagacccgggattccgtcacccgggcggggggataaggacgg 
ctttgagagcagacaggaaaagggagcttttctgcatggggtgaaaaaattatttattgaaggaggaggaggcggca 
gcggaggaaggggaggggcgggaggaggaggaagagccggccgcccccgccccggccccggctcctcaggagccaag 
ggcagcctcgccaggtcggtcccgggctcgaggaccgcggctggggtcgaggggctcagtctcccacgtgaccggct 
gggcgcgccccgccagacccggcctcgggattccctcctcccggcgagtctccgcccgccccgtcctggaggtgggg 
agaaggagggcggggcgggggggacggaaactctccccgccaaatcctggccccaggcctggggacactcgcggcgg 
gaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctggagtccccctgaccccccgaccccc 
gcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccggtgctctggggcgcgtgccacgcct 
ggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcgacgccgcaggagcgaggcggccacc 
accccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagccggggttccatttgtgctgagtcgg 
ggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgcgcaccttcgcgggctctgcagcgc 
ccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggcacagtgatccctgggggtctgcgg 
acctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaatcacataagggtgtcgtgcaatcga 
tttatggtttctacacaccagacactttaacctccaaccccccccatccaagccaacaagaaaatgcggtgccgtgt 
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tggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagtgtgagtggccggggggcctcccccc 
gtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctagggcaggtgagcgcgtccccgggcctcc 
ccacgccggcccctgccacagagccgtctaggtcgagcagatatttacagaataaaaatgacaataactcgacgtcc 
cgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttctagggcctgccagtgaagcgctttt 
ccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatgccgggctttctcgacacccctccc 
cggcccccggcccccgccccccgccccttttccagcagggccgggctccctccggacacccgcgtggactcaggcgt 
cccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgcccggcccccggattccccgttccc 
gcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctccccgtgcgccccccctccccgtgcg 
cccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgccccccctccccgtgcgcccccccctcc 
ccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccaggcgagcggctgccgcggcgcgggg 
aggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagcaggggcgtgatgtcacggcaggga 
gggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagctttaaaaaggcaggaggcagagcg 
cggccctgcgtcagagcgagactcagagg (SEQ ID NO:646) 

NFATc1P-MMP9 
(DNA) 
aggcaggaggaagaggaaaggggcgcagggcgctcggggagcagagccgggggcccgcggtggccgcagaggccgggc 
cggggcgcagaggccgggcgagctggccgcgctctgggccgccgcctccggaactccctgcgcctggcgcgcggcca 
ccgtggtcccggcaacggcattaaacagagggaaacagacccgggattccgtcacccgggcggggggataaggacgg 
ctttgagagcagacaggaaaagggagcttttctgcatggggtgaaaaaattatttattgaaggaggaggaggcggca 
gcggaggaaggggaggggcgggaggaggaggaagagccggccgcccccgccccggccccggctcctcaggagccaag 
ggcagcctcgccaggtcggtcccgggctcgaggaccgcggctggggtcgaggggctcagtctcccacgtgaccggct 
gggcgcgccccgccagacccggcctcgggattccctcctcccggcgagtctccgcccgccccgtcctggaggtgggg 
agaaggagggcggggcgggggggacggaaactctccccgccaaatcctggccccaggcctggggacactcgcggcgg 
gaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctggagtccccctgaccccccgaccccc 
gcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccggtgctctggggcgcgtgccacgcct 
ggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcgacgccgcaggagcgaggcggccacc 
accccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagccggggttccatttgtgctgagtcgg 
ggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgcgcaccttcgcgggctctgcagcgc 
ccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggcacagtgatccctgggggtctgcgg 
acctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaatcacataagggtgtcgtgcaatcga 
tttatggtttctacacaccagacactttaacctccaaccccccccatccaagccaacaagaaaatgcggtgccgtgt 
tggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagtgtgagtggccggggggcctcccccc 
gtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctagggcaggtgagcgcgtccccgggcctcc 
ccacgccggcccctgccacagagccgtctaggtcgagcagatatttacagaataaaaatgacaataactcgacgtcc 
cgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttctagggcctgccagtgaagcgctttt 
ccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatgccgggctttctcgacacccctccc 
cggcccccggcccccgccccccgccccttttccagcagggccgggctccctccggacacccgcgtggactcaggcgt 
cccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgcccggcccccggattccccgttccc 
gcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctccccgtgcgccccccctccccgtgcg 
cccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgccccccctccccgtgcgcccccccctcc 
ccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccaggcgagcggctgccgcggcgcgggg 
aggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagcaggggcgtgatgtcacggcaggga 
gggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagctttaaaaaggcaggaggcagagcg 
cggccctgcgtcagagcgagactcagaggtctagagccaccatgagcctctggcagcccctggtcctggtgctcctg 
gtgctgggctgctgctttgctgcccccagacagcgccagtccacccttgtgctcttccctggagacctgagaaccaat 
ctcaccgacaggcagctggcagaggaatacctgtaccgctatggttacactcgggtggcagagatgcgtggagagtcg 
aaatctctggggcctgcgctgctgcttctccagaagcaactgtccctgcccgagaccggtgagctggatagcgccacg 
ctgaaggccatgcgaaccccacggtgcggggtcccagacctgggcagattccaaacctttgagggcgacctcaagtgg 
caccaccacaacatcacctattggatccaaaactactcggaagacttgccgcgggcggtgattgacgacgcctttgcc 
cgcgccttcgcactgtggagcgcggtgacgccgctcaccttcactcgcgtgtacagccgggacgcagacatcgtcatc 
cagtttggtgtcgcggagcacggagacgggtatcccttcgacgggaaggacgggctcctggcacacgcctttcctcct 
ggccccggcattcagggagacgcccatttcgacgatgacgagttgtggtccctgggcaagggcgtcgtggttccaact 
cggtttggaaacgcagatggcgcggcctgccacttccccttcatcttcgagggccgctcctactctgcctgcaccacc 
gacggtcgctccgacggcttgccctggtgcagtaccacggccaactacgacaccgacgaccggtttggcttctgcccc 
agcgagagactctacacccaggacggcaatgctgatgggaaaccctgccagtttccattcatcttccaaggccaatcc 
tactccgcctgcaccacggacggtcgctccgacggctaccgctggtgcgccaccaccgccaactacgaccgggacaag 
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ctcttcggcttctgcccgacccgagctgactcgacggtgatggggggcaactcggcgggggagctgtgcgtcttcccc 
ttcactttcctgggtaaggagtactcgacctgtaccagcgagggccgcggagatgggcgcctctggtgcgctaccacc 
tcgaactttgacagcgacaagaagtggggcttctgcccggaccaaggatacagtttgttcctcgtggcggcgcatgag 
ttcggccacgcgctgggcttagatcattcctcagtgccggaggcgctcatgtaccctatgtaccgcttcactgagggg 
ccccccttgcataaggacgacgtgaatggcatccggcacctctatggtcctcgccctgaacctgagccacggcctcca 
accaccaccacaccgcagcccacggctcccccgacggtctgccccaccggaccccccactgtccacccctcagagcgc 
cccacagctggccccacaggtcccccctcagctggccccacaggtccccccactgctggcccttctacggccactact 
gtgcctttgagtccggtggacgatgcctgcaacgtgaacatcttcgacgccatcgcggagattgggaaccagctgtat 
ttgttcaaggatgggaagtactggcgattctctgagggcagggggagccggccgcagggccccttccttatcgccgac 
aagtggcccgcgctgccccgcaagctggactcggtctttgaggagcggctctccaagaagcttttcttcttctctggg 
cgccaggtgtgggtgtacacaggcgcgtcggtgctgggcccgaggcgtctggacaagctgggcctgggagccgacgtg 
gcccaggtgaccggggccctccggagtggcagggggaagatgctgctgttcagcgggcggcgcctctggaggttcgac 
gtgaaggcgcagatggtggatccccggagcgccagcgaggtggaccggatgttccccggggtgcctttggacacgcac 
gacgtcttccagtaccgagagaaagcctatttctgccaggaccgcttctactggcgcgtgagttcccggagtgagttg 
aaccaggtggaccaagtgggctacgtgacctatgacatcctgcagtgccctgaggacgattacaaggatgacgacgat 
aagtgataa (SEQ ID NO:647) 

NFATc1P-MMP9cat 
(DNA) 
aggcaggaggaagaggaaaggggcgcagggcgctcggggagcagagccgggggcccgcggtggccgcagaggccgggc 
cggggcgcagaggccgggcgagctggccgcgctctgggccgccgcctccggaactccctgcgcctggcgcgcggcca 
ccgtggtcccggcaacggcattaaacagagggaaacagacccgggattccgtcacccgggcggggggataaggacgg 
ctttgagagcagacaggaaaagggagcttttctgcatggggtgaaaaaattatttattgaaggaggaggaggcggca 
gcggaggaaggggaggggcgggaggaggaggaagagccggccgcccccgccccggccccggctcctcaggagccaag 
ggcagcctcgccaggtcggtcccgggctcgaggaccgcggctggggtcgaggggctcagtctcccacgtgaccggct 
gggcgcgccccgccagacccggcctcgggattccctcctcccggcgagtctccgcccgccccgtcctggaggtgggg 
agaaggagggcggggcgggggggacggaaactctccccgccaaatcctggccccaggcctggggacactcgcggcgg 
gaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctggagtccccctgaccccccgaccccc 
gcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccggtgctctggggcgcgtgccacgcct 
ggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcgacgccgcaggagcgaggcggccacc 
accccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagccggggttccatttgtgctgagtcgg 
ggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgcgcaccttcgcgggctctgcagcgc 
ccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggcacagtgatccctgggggtctgcgg 
acctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaatcacataagggtgtcgtgcaatcga 
tttatggtttctacacaccagacactttaacctccaaccccccccatccaagccaacaagaaaatgcggtgccgtgt 
tggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagtgtgagtggccggggggcctcccccc 
gtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctagggcaggtgagcgcgtccccgggcctcc 
ccacgccggcccctgccacagagccgtctaggtcgagcagatatttacagaataaaaatgacaataactcgacgtcc 
cgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttctagggcctgccagtgaagcgctttt 
ccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatgccgggctttctcgacacccctccc 
cggcccccggcccccgccccccgccccttttccagcagggccgggctccctccggacacccgcgtggactcaggcgt 
cccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgcccggcccccggattccccgttccc 
gcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctccccgtgcgccccccctccccgtgcg 
cccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgccccccctccccgtgcgcccccccctcc 
ccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccaggcgagcggctgccgcggcgcgggg 
aggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagcaggggcgtgatgtcacggcaggga 
gggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagctttaaaaaggcaggaggcagagcg 
cggccctgcgtcagagcgagactcagaggtctagagccaccatgttccaaacctttgagggcgacctcaagtggcac 
caccacaacatcacctattggatccaaaactactcggaagacttgccgcgggcggtgattgacgacgcctttgcccgc 
gccttcgcactgtggagcgcggtgacgccgctcaccttcactcgcgtgtacagccgggacgcagacatcgtcatccag 
tttggtgtcgcggagcacggagacgggtatcccttcgacgggaaggacgggctcctggcacacgcctttcctcctggc 
cccggcattcagggagacgcccatttcgacgatgacgagttgtggtccctgggcaagggcgtcgtggttccaactcgg 
tttggaaacgcagatggcgcggcctgccacttccccttcatcttcgagggccgctcctactctgcctgcaccaccgac 
ggtcgctccgacggcttgccctggtgcagtaccacggccaactacgacaccgacgaccggtttggcttctgccccagc 
gagagactctacacccaggacggcaatgctgatgggaaaccctgccagtttccattcatcttccaaggccaatcctac 
tccgcctgcaccacggacggtcgctccgacggctaccgctggtgcgccaccaccgccaactacgaccgggacaagctc 
ttcggcttctgcccgacccgagctgactcgacggtgatggggggcaactcggcgggggagctgtgcgtcttccccttc 
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actttcctgggtaaggagtactcgacctgtaccagcgagggccgcggagatgggcgcctctggtgcgctaccacctcg 
aactttgacagcgacaagaagtggggcttctgcccggaccaaggatacagtttgttcctcgtggcggcgcatgagttc 
ggccacgcgctgggcttagatcattcctcagtgccggaggcgctcatgtaccctatgtaccgcttcactgaggggccc 
cccttgcataaggacgacgtgaatggcatccggcacctctatggtcctcgccctgaacctgattacaaggatgacgac 
gataagtgataa (SEQ ID NO:648) 

NFAT response element 
(DNA) 

ggaggaaaaactgtttcatacagaaggcgt (SEQ ID NO:649) 

NFAT response element repeats 
(DNA) 

ggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttca 
tacagaaggcgt (SEQ ID NO:650) 

CMV minimal promoter 
(DNA) 

aggtaggcgtgtacggtgggaggtctatataagcagagctggtttagtgaaccgtcagatc (SEQ ID NO:651) 

NFATREmCMV-MMP9 
(DNA) 

ggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttca 
tacagaaggcgtagatctagactcaggtaggcgtgtacggtgggaggtctatataagcagagctggtttagtgaaccg 
tcagatctctagagccaccatgagcctctggcagcccctggtcctggtgctcctggtgctgggctgctgctttgctgc 
ccccagacagcgccagtccacccttgtgctcttccctggagacctgagaaccaatctcaccgacaggcagctggcaga 
ggaatacctgtaccgctatggttacactcgggtggcagagatgcgtggagagtcgaaatctctggggcctgcgctgct 
gcttctccagaagcaactgtccctgcccgagaccggtgagctggatagcgccacgctgaaggccatgcgaaccccacg 
gtgcggggtcccagacctgggcagattccaaacctttgagggcgacctcaagtggcaccaccacaacatcacctattg 
gatccaaaactactcggaagacttgccgcgggcggtgattgacgacgcctttgcccgcgccttcgcactgtggagcgc 
ggtgacgccgctcaccttcactcgcgtgtacagccgggacgcagacatcgtcatccagtttggtgtcgcggagcacgg 
agacgggtatcccttcgacgggaaggacgggctcctggcacacgcctttcctcctggccccggcattcagggagacgc 
ccatttcgacgatgacgagttgtggtccctgggcaagggcgtcgtggttccaactcggtttggaaacgcagatggcgc 
ggcctgccacttccccttcatcttcgagggccgctcctactctgcctgcaccaccgacggtcgctccgacggcttgcc 
ctggtgcagtaccacggccaactacgacaccgacgaccggtttggcttctgccccagcgagagactctacacccagga 
cggcaatgctgatgggaaaccctgccagtttccattcatcttccaaggccaatcctactccgcctgcaccacggacgg 
tcgctccgacggctaccgctggtgcgccaccaccgccaactacgaccgggacaagctcttcggcttctgcccgacccg 
agctgactcgacggtgatggggggcaactcggcgggggagctgtgcgtcttccccttcactttcctgggtaaggagta 
ctcgacctgtaccagcgagggccgcggagatgggcgcctctggtgcgctaccacctcgaactttgacagcgacaagaa 
gtggggcttctgcccggaccaaggatacagtttgttcctcgtggcggcgcatgagttcggccacgcgctgggcttaga 
tcattcctcagtgccggaggcgctcatgtaccctatgtaccgcttcactgaggggccccccttgcataaggacgacgt 
gaatggcatccggcacctctatggtcctcgccctgaacctgagccacggcctccaaccaccaccacaccgcagcccac 
ggctcccccgacggtctgccccaccggaccccccactgtccacccctcagagcgccccacagctggccccacaggtcc 
cccctcagctggccccacaggtccccccactgctggcccttctacggccactactgtgcctttgagtccggtggacga 
tgcctgcaacgtgaacatcttcgacgccatcgcggagattgggaaccagctgtatttgttcaaggatgggaagtactg 
gcgattctctgagggcagggggagccggccgcagggccccttccttatcgccgacaagtggcccgcgctgccccgcaa 
gctggactcggtctttgaggagcggctctccaagaagcttttcttcttctctgggcgccaggtgtgggtgtacacagg 
cgcgtcggtgctgggcccgaggcgtctggacaagctgggcctgggagccgacgtggcccaggtgaccggggccctccg 
gagtggcagggggaagatgctgctgttcagcgggcggcgcctctggaggttcgacgtgaaggcgcagatggtggatcc 
ccggagcgccagcgaggtggaccggatgttccccggggtgcctttggacacgcacgacgtcttccagtaccgagagaa 
agcctatttctgccaggaccgcttctactggcgcgtgagttcccggagtgagttgaaccaggtggaccaagtgggcta 
cgtgacctatgacatcctgcagtgccctgaggacgattacaaggatgacgacgataagtgataa (SEQ ID 
NO:652) 

NFATREmCMV-MMP9cat 
(DNA) 

ggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttca 
tacagaaggcgtagatctagactcaggtaggcgtgtacggtgggaggtctatataagcagagctggtttagtgaaccg 
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tcagatctctagagccaccatgttccaaacctttgagggcgacctcaagtggcaccaccacaacatcacctattggat 
ccaaaactactcggaagacttgccgcgggcggtgattgacgacgcctttgcccgcgccttcgcactgtggagcgcggt 
gacgccgctcaccttcactcgcgtgtacagccgggacgcagacatcgtcatccagtttggtgtcgcggagcacggaga 
cgggtatcccttcgacgggaaggacgggctcctggcacacgcctttcctcctggccccggcattcagggagacgccca 
tttcgacgatgacgagttgtggtccctgggcaagggcgtcgtggttccaactcggtttggaaacgcagatggcgcggc 
ctgccacttccccttcatcttcgagggccgctcctactctgcctgcaccaccgacggtcgctccgacggcttgccctg 
gtgcagtaccacggccaactacgacaccgacgaccggtttggcttctgccccagcgagagactctacacccaggacgg 
caatgctgatgggaaaccctgccagtttccattcatcttccaaggccaatcctactccgcctgcaccacggacggtcg 
ctccgacggctaccgctggtgcgccaccaccgccaactacgaccgggacaagctcttcggcttctgcccgacccgagc 
tgactcgacggtgatggggggcaactcggcgggggagctgtgcgtcttccccttcactttcctgggtaaggagtactc 
gacctgtaccagcgagggccgcggagatgggcgcctctggtgcgctaccacctcgaactttgacagcgacaagaagtg 
gggcttctgcccggaccaaggatacagtttgttcctcgtggcggcgcatgagttcggccacgcgctgggcttagatca 
ttcctcagtgccggaggcgctcatgtaccctatgtaccgcttcactgaggggccccccttgcataaggacgacgtgaa 
tggcatccggcacctctatggtcctcgccctgaacctgattacaaggatgacgacgataagtgataa (SEQ ID 
NO:653) 

C2 scFv 
(DNA) 
gaggtgcagctggtggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctgga 
ttcaccttcagtggctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagt 
agtggcggaacctacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactca 
ctgtatctgcaaatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattac 
tacgaatacttcgatgtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcgga 
tccggcggtggcggatccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccacc 
atcacctgcagagccagtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaa 
cctcctaaactcctgatttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctggg 
accgatttcaccctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctg 
cctttcacattcggcggagggaccaaggtggagatcaaacgaact (SEQ ID NO:654) 

(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGTYIYYPDSVKGRFTISRDNAKN 
SLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGGGGSDIVLTQSPASLAVSPGQR 
ATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLTINPVEANDTANYYCQHS 
RELPFTFGGGTKVEIKRT (SEQ ID NO:655) 

CD8 transmembrane domain 
(DNA) 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc (SEQ 
ID NO:656) 

(amino acids) 
IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO:657) 
4-1BB domain 
(DNA) 
aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagat 
ggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactg (SEQ ID NO:658) 

(amino acids) 
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO:659) 

CD3zeta domain 
(DNA) 

agagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaaccagctctataacgagctcaatcta 
ggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatggggggaaagccgagaaggaag 
aaccctcaggaaggcctgtacaatgaactgcagaaagataagatggcggaggcctacagtgagattgggatgaaaggc 
gagcgccggaggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaaggacacctacgacgccctt 
cacatgcaggccctgccccctcgc (SEQ ID NO:660) 
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(amino acids) 
RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMK 

GERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:661) 

CAR-T C2 CD8/CD8/4-1BB/CD3z #44 
N-CD8is-huMNC2scFv-CD8ecd fragment- CD8 transmembrane- 4-1BB- CD3zeta-C 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggt 
ggagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtg 
gctatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggcggaacc 
tacatatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgca 
aatgaacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaatact 
tcgatgtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggt 
ggcggatccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctg 
cagagccagtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctccta 
aactcctgatttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgat 
ttcaccctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgccttt 
cacattcggcggagggaccaaggtggagatcaaacgaactacaacaacccctgcccccagacctcctaccccagccc 
ctacaattgccagccagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccaga 
ggactggatttcgcctgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggt 
tatcaccctttactgcaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaa 
ctactcaagaggaagatggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttc 
agcaggagcgcagacgcccccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagaga 
ggagtacgatgttttggacaagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcagg 
aaggcctgtacaatgaactgcagaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccgg 
aggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgca 
ggccctgccccctcgctgataa (SEQ ID NO:718) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGT 
YIYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGG 
GGSDIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTD 
FTLTINPVEANDTANYYCQHSRELPFTFGGGTKVEIKRTTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF 
SRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERR 
RGKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:719) 

NFATc1P2-MMP9 
(DNA) 
caggcctggggacactcgcggcgggaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctgg 
agtccccctgaccccccgacccccgcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccgg 
tgctctggggcgcgtgccacgcctggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcga 
cgccgcaggagcgaggcggccaccaccccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagcc 
ggggttccatttgtgctgagtcggggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgc 
gcaccttcgcgggctctgcagcgcccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggc 
acagtgatccctgggggtctgcggacctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaat 
cacataagggtgtcgtgcaatcgatttatggtttctacacaccagacactttaacctccaaccccccccatccaaag 
ccaacaagaaaatgcggtgccgtgttggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagt 
gtgagtggccggggggcctccccccgtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctaggg 
caggtgagcgcgtccccgggcctccccacgccggcccctgccacaggccgtctaggtcgagcagatatttacagaat 
aaaaatgacaataactcgacgtcccgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttct 
agggcctgccagtgaagcgcttttccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatg 
ccgggctttctcgacacccctccccggcccccggcccccgccccccgccccttttccagcagggccgggctccctcc 
ggacacccgcgtggactcaggcgtcccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgc 
ccggcccccggattccccgttcccgcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctcc 
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ccgtgcgccccccctccccgtgcgcccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgcccc 
ccctccccgtgcgcccccccctccccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccag 
gcgagcggctgccgcggcgcggggaggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagc 
aggggcgtgatgtcacggcagggagggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagc 
tttaaaaaggcaggaggcagagcgcggccctgcgtcagagcgagactcagaggctccgaactcgccggcggagtcgc 
cgcgccagatcccagcagcagggcgcggaagcttctctcgacattcgtttctagagccaccatgagcctctggcagc 
ccctggtcctggtgctcctggtgctgggctgctgctttgctgcccccagacagcgccagtccacccttgtgctcttcc 
ctggagacctgagaaccaatctcaccgacaggcagctggcagaggaatacctgtaccgctatggttacactcgggtgg 
cagagatgcgtggagagtcgaaatctctggggcctgcgctgctgcttctccagaagcaactgtccctgcccgagaccg 
gtgagctggatagcgccacgctgaaggccatgcgaaccccacggtgcggggtcccagacctgggcagattccaaacct 
ttgagggcgacctcaagtggcaccaccacaacatcacctattggatccaaaactactcggaagacttgccgcgggcgg 
tgattgacgacgcctttgcccgcgccttcgcactgtggagcgcggtgacgccgctcaccttcactcgcgtgtacagcc 
gggacgcagacatcgtcatccagtttggtgtcgcggagcacggagacgggtatcccttcgacgggaaggacgggctcc 
tggcacacgcctttcctcctggccccggcattcagggagacgcccatttcgacgatgacgagttgtggtccctgggca 
agggcgtcgtggttccaactcggtttggaaacgcagatggcgcggcctgccacttccccttcatcttcgagggccgct 
cctactctgcctgcaccaccgacggtcgctccgacggcttgccctggtgcagtaccacggccaactacgacaccgacg 
accggtttggcttctgccccagcgagagactctacacccaggacggcaatgctgatgggaaaccctgccagtttccat 
tcatcttccaaggccaatcctactccgcctgcaccacggacggtcgctccgacggctaccgctggtgcgccaccaccg 
ccaactacgaccgggacaagctcttcggcttctgcccgacccgagctgactcgacggtgatggggggcaactcggcgg 
gggagctgtgcgtcttccccttcactttcctgggtaaggagtactcgacctgtaccagcgagggccgcggagatgggc 
gcctctggtgcgctaccacctcgaactttgacagcgacaagaagtggggcttctgcccggaccaaggatacagtttgt 
tcctcgtggcggcgcatgagttcggccacgcgctgggcttagatcattcctcagtgccggaggcgctcatgtacccta 
tgtaccgcttcactgaggggccccccttgcataaggacgacgtgaatggcatccggcacctctatggtcctcgccctg 
aacctgagccacggcctccaaccaccaccacaccgcagcccacggctcccccgacggtctgccccaccggacccccca 
ctgtccacccctcagagcgccccacagctggccccacaggtcccccctcagctggccccacaggtccccccactgctg 
gcccttctacggccactactgtgcctttgagtccggtggacgatgcctgcaacgtgaacatcttcgacgccatcgcgg 
agattgggaaccagctgtatttgttcaaggatgggaagtactggcgattctctgagggcagggggagccggccgcagg 
gccccttccttatcgccgacaagtggcccgcgctgccccgcaagctggactcggtctttgaggagcggctctccaaga 
agcttttcttcttctctgggcgccaggtgtgggtgtacacaggcgcgtcggtgctgggcccgaggcgtctggacaagc 
tgggcctgggagccgacgtggcccaggtgaccggggccctccggagtggcagggggaagatgctgctgttcagcgggc 
ggcgcctctggaggttcgacgtgaaggcgcagatggtggatccccggagcgccagcgaggtggaccggatgttccccg 
gggtgcctttggacacgcacgacgtcttccagtaccgagagaaagcctatttctgccaggaccgcttctactggcgcg 
tgagttcccggagtgagttgaaccaggtggaccaagtgggctacgtgacctatgacatcctgcagtgccctgaggacg 
attacaaggatgacgacgataagtgataa (SEQ ID NO:774) 

NFATc1P2-MMP9cat 
(DNA) 

caggcctggggacactcgcggcgggaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctgg 
agtccccctgaccccccgacccccgcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccgg 
tgctctggggcgcgtgccacgcctggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcga 
cgccgcaggagcgaggcggccaccaccccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagcc 
ggggttccatttgtgctgagtcggggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgc 
gcaccttcgcgggctctgcagcgcccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggc 
acagtgatccctgggggtctgcggacctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaat 
cacataagggtgtcgtgcaatcgatttatggtttctacacaccagacactttaacctccaaccccccccatccaaag 
ccaacaagaaaatgcggtgccgtgttggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagt 
gtgagtggccggggggcctccccccgtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctaggg 
caggtgagcgcgtccccgggcctccccacgccggcccctgccacaggccgtctaggtcgagcagatatttacagaat 
aaaaatgacaataactcgacgtcccgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttct 
agggcctgccagtgaagcgcttttccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatg 
ccgggctttctcgacacccctccccggcccccggcccccgccccccgccccttttccagcagggccgggctccctcc 
ggacacccgcgtggactcaggcgtcccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgc 
ccggcccccggattccccgttcccgcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctcc 
ccgtgcgccccccctccccgtgcgcccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgcccc 
ccctccccgtgcgcccccccctccccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccag 
gcgagcggctgccgcggcgcggggaggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagc 
aggggcgtgatgtcacggcagggagggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagc 
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tttaaaaaggcaggaggcagagcgcggccctgcgtcagagcgagactcagaggctccgaactcgccggcggagtcgc 
cgcgccagatcccagcagcagggcgcggaagcttctctcgacattcgtttctagagccaccatgagcctctggcagc 
ccctggtcctggtgctcctggtgctgggctgctgctttgctttccaaacctttgagggcgacctcaagtggcaccacc 
acaacatcacctattggatccaaaactactcggaagacttgccgcgggcggtgattgacgacgcctttgcccgcgcct 
tcgcactgtggagcgcggtgacgccgctcaccttcactcgcgtgtacagccgggacgcagacatcgtcatccagtttg 
gtgtcgcggagcacggagacgggtatcccttcgacgggaaggacgggctcctggcacacgcctttcctcctggccccg 
gcattcagggagacgcccatttcgacgatgacgagttgtggtccctgggcaagggcgtcgtggttccaactcggtttg 
gaaacgcagatggcgcggcctgccacttccccttcatcttcgagggccgctcctactctgcctgcaccaccgacggtc 
gctccgacggcttgccctggtgcagtaccacggccaactacgacaccgacgaccggtttggcttctgccccagcgaga 
gactctacacccaggacggcaatgctgatgggaaaccctgccagtttccattcatcttccaaggccaatcctactccg 
cctgcaccacggacggtcgctccgacggctaccgctggtgcgccaccaccgccaactacgaccgggacaagctcttcg 
gcttctgcccgacccgagctgactcgacggtgatggggggcaactcggcgggggagctgtgcgtcttccccttcactt 
tcctgggtaaggagtactcgacctgtaccagcgagggccgcggagatgggcgcctctggtgcgctaccacctcgaact 
ttgacagcgacaagaagtggggcttctgcccggaccaaggatacagtttgttcctcgtggcggcgcatgagttcggcc 
acgcgctgggcttagatcattcctcagtgccggaggcgctcatgtaccctatgtaccgcttcactgaggggcccccct 
tgcataaggacgacgtgaatggcatccggcacctctatggtcctcgccctgaacctgattacaaggatgacgacgata 
agtgataa (SEQ ID NO:775) 

NFAT response element 2 
(DNA) 

aagaggaaaatttgtttcatacagaaggcgtt (SEQ ID NO:776) 

NFAT response element 2 repeats 
(DNA) 

aagaggaaaatttgtttcatacagaaggcgttaagaggaaaatttgtttcatacagaaggcgttaagaggaaaatttg 
tttcatacagaaggcgttaagaggaaaatttgtttcatacagaaggcgtt (SEQ ID NO:777) 

CMV minimal promoter 2 
(DNA) 

taggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacg 
ctgttttgacctccatagaagacaccgggaccgatccagc (SEQ ID NO:778) 

NFATRE2mCMV2-MMP9 
(DNA) 

aagaggaaaatttgtttcatacagaaggcgttaagaggaaaatttgtttcatacagaaggcgttaagaggaaaatttg 
tttcatacagaaggcgttaagaggaaaatttgtttcatacagaaggcgttactagttaggcgtgtacggtgggaggcc 
tatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaaga 
caccgggaccgatccagcctctcgacattcgtttctagagccaccatgagcctctggcagcccctggtcctggtgctc 
ctggtgctgggctgctgctttgctgcccccagacagcgccagtccacccttgtgctcttccctggagacctgagaacc 
aatctcaccgacaggcagctggcagaggaatacctgtaccgctatggttacactcgggtggcagagatgcgtggagag 
tcgaaatctctggggcctgcgctgctgcttctccagaagcaactgtccctgcccgagaccggtgagctggatagcgcc 
acgctgaaggccatgcgaaccccacggtgcggggtcccagacctgggcagattccaaacctttgagggcgacctcaag 
tggcaccaccacaacatcacctattggatccaaaactactcggaagacttgccgcgggcggtgattgacgacgccttt 
gcccgcgccttcgcactgtggagcgcggtgacgccgctcaccttcactcgcgtgtacagccgggacgcagacatcgtc 
atccagtttggtgtcgcggagcacggagacgggtatcccttcgacgggaaggacgggctcctggcacacgcctttcct 
cctggccccggcattcagggagacgcccatttcgacgatgacgagttgtggtccctgggcaagggcgtcgtggttcca 
actcggtttggaaacgcagatggcgcggcctgccacttccccttcatcttcgagggccgctcctactctgcctgcacc 
accgacggtcgctccgacggcttgccctggtgcagtaccacggccaactacgacaccgacgaccggtttggcttctgc 
cccagcgagagactctacacccaggacggcaatgctgatgggaaaccctgccagtttccattcatcttccaaggccaa 
tcctactccgcctgcaccacggacggtcgctccgacggctaccgctggtgcgccaccaccgccaactacgaccgggac 
aagctcttcggcttctgcccgacccgagctgactcgacggtgatggggggcaactcggcgggggagctgtgcgtcttc 
cccttcactttcctgggtaaggagtactcgacctgtaccagcgagggccgcggagatgggcgcctctggtgcgctacc 
acctcgaactttgacagcgacaagaagtggggcttctgcccggaccaaggatacagtttgttcctcgtggcggcgcat 
gagttcggccacgcgctgggcttagatcattcctcagtgccggaggcgctcatgtaccctatgtaccgcttcactgag 
gggccccccttgcataaggacgacgtgaatggcatccggcacctctatggtcctcgccctgaacctgagccacggcct 
ccaaccaccaccacaccgcagcccacggctcccccgacggtctgccccaccggaccccccactgtccacccctcagag 
cgccccacagctggccccacaggtcccccctcagctggccccacaggtccccccactgctggcccttctacggccact 
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actgtgcctttgagtccggtggacgatgcctgcaacgtgaacatcttcgacgccatcgcggagattgggaaccagctg 
tatttgttcaaggatgggaagtactggcgattctctgagggcagggggagccggccgcagggccccttccttatcgcc 
gacaagtggcccgcgctgccccgcaagctggactcggtctttgaggagcggctctccaagaagcttttcttcttctct 
gggcgccaggtgtgggtgtacacaggcgcgtcggtgctgggcccgaggcgtctggacaagctgggcctgggagccgac 
gtggcccaggtgaccggggccctccggagtggcagggggaagatgctgctgttcagcgggcggcgcctctggaggttc 
gacgtgaaggcgcagatggtggatccccggagcgccagcgaggtggaccggatgttccccggggtgcctttggacacg 
cacgacgtcttccagtaccgagagaaagcctatttctgccaggaccgcttctactggcgcgtgagttcccggagtgag 
ttgaaccaggtggaccaagtgggctacgtgacctatgacatcctgcagtgccctgaggacgattacaaggatgacgac 
gataagtgataa (SEQ ID NO:779) 

NFATRE2mCMV2-MMP9cat 
(DNA) 

aagaggaaaatttgtttcatacagaaggcgttaagaggaaaatttgtttcatacagaaggcgttaagaggaaaatttg 
tttcatacagaaggcgttaagaggaaaatttgtttcatacagaaggcgttactagttaggcgtgtacggtgggaggcc 
tatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaaga 
caccgggaccgatccagcctcgagctctcgacattcgtttctagagccaccatgagcctctggcagcccctggtcctg 
gtgctcctggtgctgggctgctgctttgctttccaaacctttgagggcgacctcaagtggcaccaccacaacatcacc 
tattggatccaaaactactcggaagacttgccgcgggcggtgattgacgacgcctttgcccgcgccttcgcactgtgg 
agcgcggtgacgccgctcaccttcactcgcgtgtacagccgggacgcagacatcgtcatccagtttggtgtcgcggag 
cacggagacgggtatcccttcgacgggaaggacgggctcctggcacacgcctttcctcctggccccggcattcaggga 
gacgcccatttcgacgatgacgagttgtggtccctgggcaagggcgtcgtggttccaactcggtttggaaacgcagat 
ggcgcggcctgccacttccccttcatcttcgagggccgctcctactctgcctgcaccaccgacggtcgctccgacggc 
ttgccctggtgcagtaccacggccaactacgacaccgacgaccggtttggcttctgccccagcgagagactctacacc 
caggacggcaatgctgatgggaaaccctgccagtttccattcatcttccaaggccaatcctactccgcctgcaccacg 
gacggtcgctccgacggctaccgctggtgcgccaccaccgccaactacgaccgggacaagctcttcggcttctgcccg 
acccgagctgactcgacggtgatggggggcaactcggcgggggagctgtgcgtcttccccttcactttcctgggtaag 
gagtactcgacctgtaccagcgagggccgcggagatgggcgcctctggtgcgctaccacctcgaactttgacagcgac 
aagaagtggggcttctgcccggaccaaggatacagtttgttcctcgtggcggcgcatgagttcggccacgcgctgggc 
ttagatcattcctcagtgccggaggcgctcatgtaccctatgtaccgcttcactgaggggccccccttgcataaggac 
gacgtgaatggcatccggcacctctatggtcctcgccctgaacctgattacaaggatgacgacgataagtgataa 
(SEQ ID NO :780) 

NFATcl Promoter fragment (P1) 
(DNA) 

aggcaggaggaagaggaaaggggcgcagggcgctcggggagcagagccgggggcccgcggtggccgcagaggccgggc 
cggggcgcagaggccgggcgagctggccgcgctctgggccgccgcctccggaactccctgcgcctggcgcgcggcca 
ccgtggtcccggcaacggcattaaacagagggaaacagacccgggattccgtcacccgggcggggggataaggacgg 
ctttgagagcagacaggaaaagggagcttttctgcatggggtgaaaaaattatttattgaaggaggaggaggcggca 
gcggaggaaggggaggggcgggaggaggaggaagagccggccgcccccgccccggccccggctcctcaggagccaag 
ggcagcctcgccaggtcggtcccgggctcgaggaccgcggctggggtcgaggggctcagtctcccacgtgaccggct 
gggcgcgccccgccagacccggcctcgggattccctcctcccggcgagtctccgcccgccccgtcctggaggtgggg 
agaaggagggcggggcgggggggacggaaactctccccgccaaatcctggccccaggcctggggacactcgcggcgg 
gaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctggagtccccctgaccccccgaccccc 
gcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccggtgctctggggcgcgtgccacgcct 
ggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcgacgccgcaggagcgaggcggccacc 
accccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagccggggttccatttgtgctgagtcgg 
ggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgcgcaccttcgcgggctctgcagcgc 
ccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggcacagtgatccctgggggtctgcgg 
acctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaatcacataagggtgtcgtgcaatcga 
tttatggtttctacacaccagacactttaacctccaaccccccccatccaagccaacaagaaaatgcggtgccgtgt 
tggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagtgtgagtggccggggggcctcccccc 
gtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctagggcaggtgagcgcgtccccgggcctcc 
ccacgccggcccctgccacagagccgtctaggtcgagcagatatttacagaataaaaatgacaataactcgacgtcc 
cgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttctagggcctgccagtgaagcgctttt 
ccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatgccgggctttctcgacacccctccc 
cggcccccggcccccgccccccgccccttttccagcagggccgggctccctccggacacccgcgtggactcaggcgt 
cccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgcccggcccccggattccccgttccc 
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gcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctccccgtgcgccccccctccccgtgcg 
cccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgccccccctccccgtgcgcccccccctcc 
ccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccaggcgagcggctgccgcggcgcgggg 
aggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagcaggggcgtgatgtcacggcaggga 
gggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagctttaaaaaggcaggaggcagagcg 
cggccctgcgtcagagcgagactcagaggctccgaactcgccggcggagtcgccgcgccagatcccagcagcagggc 
gcgg (SEQ ID NO:781) 

NFATcl Promoter fragment (P2) 
(DNA) 
aggcaggaggaagaggaaaggggcgcagggcgctcggggagcagagccgggggcccgcggtggccgcagaggccgggc 
cggggcgcagaggccgggcgagctggccgcgctctgggccgccgcctccggaactccctgcgcctggcgcgcggcca 
ccgtggtcccggcaacggcattaaacagagggaaacagacccgggattccgtcacccgggcggggggataaggacgg 
ctttgagagcagacaggaaaagggagcttttctgcatggggtgaaaaaattatttattgaaggaggaggaggcggca 
gcggaggaaggggaggggcgggaggaggaggaagagccggccgcccccgccccggccccggctcctcaggagccaag 
ggcagcctcgccaggtcggtcccgggctcgaggaccgcggctggggtcgaggggctcagtctcccacgtgaccggct 
gggcgcgccccgccagacccggcctcgggattccctcctcccggcgagtctccgcccgccccgtcctggaggtgggg 
agaaggagggcggggcgggggggacggaaactctccccgccaaatcctggccccaggcctggggacactcgcggcgg 
gaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctggagtccccctgaccccccgaccccc 
gcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccggtgctctggggcgcgtgccacgcct 
ggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcgacgccgcaggagcgaggcggccacc 
accccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagccggggttccatttgtgctgagtcgg 
ggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgcgcaccttcgcgggctctgcagcgc 
ccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggcacagtgatccctgggggtctgcgg 
acctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaatcacataagggtgtcgtgcaatcga 
tttatggtttctacacaccagacactttaacctccaaccccccccatccaagccaacaagaaaatgcggtgccgtgt 
tggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagtgtgagtggccggggggcctcccccc 
gtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctagggcaggtgagcgcgtccccgggcctcc 
ccacgccggcccctgccacagagccgtctaggtcgagcagatatttacagaataaaaatgacaataactcgacgtcc 
cgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttctagggcctgccagtgaagcgctttt 
ccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatgccgggctttctcgacacccctccc 
cggcccccggcccccgccccccgccccttttccagcagggccgggctccctccggacacccgcgtggactcaggcgt 
cccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgcccggcccccggattccccgttccc 
gcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctccccgtgcgccccccctccccgtgcg 
cccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgccccccctccccgtgcgcccccccctcc 
ccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccaggcgagcggctgccgcggcgcgggg 
aggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagcaggggcgtgatgtcacggcaggga 
gggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagctttaaaaaggcaggaggcagagcg 
cggccctgcgtcagagcgagactcagagg (SEQ ID NO:782) 

NFATcl Promoter fragment (P3) 
(DNA) 
caggcctggggacactcgcggcgggaagatttggaggggaggggagggggaggggcgtgggggcgcggcctcgctgg 
agtccccctgaccccccgacccccgcccaccggcctgggcgtcctcccgcggcccctcctcccctcccggcgcccgg 
tgctctggggcgcgtgccacgcctggctcggcgccgtaggggcccccgcaggtagagacccctggaaatggcctcga 
cgccgcaggagcgaggcggccaccaccccgctaatccgggcacgtctctccaggccgaggcctgcggtggaaaagcc 
ggggttccatttgtgctgagtcggggcggccgaatggagccaggcctcgggacgcgggacggacgggctctggccgc 
gcaccttcgcgggctctgcagcgcccgaccgcctcccccggcagggaggaggcgcttgtggggggcacccacggggc 
acagtgatccctgggggtctgcggacctcctgggccccgcagcagacacgagtttagcctttgggtttagtttaaat 
cacataagggtgtcgtgcaatcgatttatggtttctacacaccagacactttaacctccaaccccccccatccaaag 
ccaacaagaaaatgcggtgccgtgttggcagctgagctgcgcccgaagagacgcagggagacgtaagagaggaaagt 
gtgagtggccggggggcctccccccgtcagaagtcgcgcagtcgcgcccataaaacgccccctccgggcggctaggg 
caggtgagcgcgtccccgggcctccccacgccggcccctgccacaggccgtctaggtcgagcagatatttacagaat 
aaaaatgacaataactcgacgtcccgggacggccacgcaatctgttagtaatttagcgggatgggaatttcctttct 
agggcctgccagtgaagcgcttttccaaatttccacagcgggggaagcctgcgattttacataatgacttcagcatg 
ccgggctttctcgacacccctccccggcccccggcccccgccccccgccccttttccagcagggccgggctccctcc 
ggacacccgcgtggactcaggcgtcccgtctggcccgttcgcccccgtttcccccgccagccccagcgcccccctgc 
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ccggcccccggattccccgttcccgcccctacgcccccatcccctccccgtgcgcccctccccgtgcgcccccctcc 
ccgtgcgccccccctccccgtgcgcccccctccccgtgcgccccccctccccgggcgcccccctccccgggcgcccc 
ccctccccgtgcgcccccccctccccgtgcgccccccctccccgtgcgcgccccgcctcttgcgcccctgcccccag 
gcgagcggctgccgcggcgcggggaggggcgggcgctcggcgactcgtccccggggccccgcgcgggcccgggcagc 
aggggcgtgatgtcacggcagggagggggcgcgggagccgccgggccggcggggaggcgggggaggtgttttccagc 
tttaaaaaggcaggaggcagagcgcggccctgcgtcagagcgagactcagaggctccgaactcgccggcggagtcgc 
cgcgccagatcccagcagcagggcgcgg (SEQ ID NO:783) 

pNFAT-MMP9cat-1 gBLOCK sequence 
(DNA) 

aagaggaaaatttgtttcatacagaaggcgttactagttaggcgtgtacggtgggaggcctatataagcagagctcgt 
ttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagc 
ctctcgacattcgtttctagagccaccatgagcctctggcagcccctggtcctggtgctcctggtgctgggctgctgc 
tttgctttccaaacctttgagggcgacctcaagtggcaccaccacaacatcacctattggatccaaaactactcggaa 
gacttgccgcgggcggtgattgacgacgcctttgcccgcgccttcgcactgtggagcgcggtgacgccgctcaccttc 
actcgcgtgtacagccgggacgcagacatcgtcatccagtttggtgtcgcggagcacggagacgggtatcccttcgac 
gggaaggacgggctcctggcacacgcctttcctcctggccccggcattcagggagacgcccatttcgacgatgacgag 
ttgtggtccctgggcaagggcgtcgtggttccaactcggtttggaaacgcagatggcgcggcctgccacttccccttc 
atcttcgagggccgctcctactctgcctgcaccaccgacggtcgctccgacggcttgccctggtgcagtaccacggcc 
aactacgacaccgacgaccggtttggcttctgccccagcgagagactctacacccaggacggcaatgctgatgggaaa 
ccctgccagtttccattcatcttccaaggccaatcctactccgcctgcaccacggacggtcgctccgacggctaccgc 
tggtgcgccaccaccgccaactacgaccgggacaagctcttcggcttctgcccgacccgagctgactcg (SEQ ID 
NO:784) 

NFAT consensus sequence: 
(A/T)GGAAA(A/N)(A/T/C)N (SEQ ID NO:804) 

Current NFAT RE (Form System Biosciences. The sequence is from the mouse IL2 
promoter 
(DNA) 

aagaggaaaatttgtttcatacagaaggcgtt (SEQ ID NO:805) 

Mouse IL2 Promoter (highlighted in green the NFAT RE used, highlighted in 
yellow is the start codon) 
(DNA) 

aactagagacatataaaataacaccaacatccttagatacaacccttcctgagaatttattggacatcatactcttt 
ttaaaaagcataataaacatcaagacacttacacaaaatatgttaaattaaatttaaaacaacaacgacaaaatagt 
acctcaagctcaacaagcattttaggtgtccttagcttactatttctctggctaactgtatgaagccatctatcacc 
ctgtgtgcaattagctcattgtgtagataagaaggtaaaaccatcttgaaacaggaaaccaatatccttcctgtcta 
atcaacaaatctaaaagatttattcttttcatctatctcctcttgcgtttgtccaccacaacaggctgcttacaggt 
tcaggatggttttgacaaagagaacattttcatgagttacttttgtgtctccaccccaaagaggaaaatttgtttca 
tacagaaggcgttcattgtatgaattaaaactgccacctaagtgtgggctaacccgaccaagagggatttcacctaa 
atccattcagtcagtgtatgggggtttaaagaaattccagagagtcatcagaagaggaaaaacaaaaggtaatgctt 
tctgccacacaggtagactctttgaaaatatgtgtaatatgtaaaacatcgtgacacccccatattatttttccagc 
attaacagtataaattgcctcccatgctgaagagctgcctatcacccttgctaatcactcctcacagtgacctcaag 
tcctgcaggcatgtacagcatgcagctcgcatcctgtgtcac (SEQ ID NO:806) 

NFAT RE (Form PRomega. The sequence is from the humane IL2 promoter 
(DNA) 

ggaggaaaaactgtttcatacagaaggcgt (SEQ ID NO:807) 

Possible NFAT RE from ET-1 promoter 
(DNA) 

tccagggaaaatcggagtagaacaagagggatg (SEQ ID NO:808) 

Possible NFAT RE from ET-1 promoter 
(DNA) 
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actgttggaaaacgtaaacacgttattaaacggt (SEQ ID NO:809) 

Possible NFAT RE from human CD3y 
(DNA) 

tccttaacggaaaaacaaaa (SEQ ID NO:810) 

Possible NFAT RE from human CD3y 
(DNA) 

aaaggaaaaagtatatgttc (SEQ ID NO:811) 

Possible NFAT RE from human IL3 promoter 
(DNA) 

atgccatggaaagggtg (SEQ ID NO:812) 

Possible NFAT RE from human GPC6 
(DNA) 

aaggggaaatgttgagtctaga (SEQ ID NO:813) 

Possible NFAT RE from human growth hormone-releasing hormone 
(L'INA) 

AzCTGGAAAACATAC (SEQ ID NO:814) 

NFATcl promoter large 
(DNA) 

ttatgccgtctagaggagacatactttctactcaaagctacacacatagactacaacgatgggaaaagacgacacac 
caacagcgacttcaggaaagctggagtggctgctaatgttagacaaaataggctttttaaaaaaggttttattaaag 
aggaatgtttcgtaatgataaaagcactaatctgtgagaaagatacaacaatgataaacatacgtgcagctaataag 
agagctccaaaatctatgaagcaaaaactcacagaatgaggggagaagcagttctacaacagagaatggggacttcg 
atactccactttcaataatggatacaacaaccaggcagataacaaggcaacagaaggcctgaacaacagtataaacc 
aattagacctaccagatatctatagctagcacactccacccaacgacagcagaatacacattcttctcaagcgcaca 
agtaacatcctccaggatgggccatgttctaggccatcaaacaaactcaggtggtttgaggccagaggcctctcttt 
taaccaccacactagggccttcggaggaggcaagcagagagttgtcaaagaggccctcaggactgggtgcagtggct 
catgactgtaatcccagcactttagaaggctgaggcacaaggatcttttgagctcaggagttcaagaaatgagcact 
tatccactgggcgcggtggctcacgccagtaatccagcactttgggaggcttaggcgggcggatcaagaggtcagaa 
gctcaagaccagcctgaccaacatggtgaaaccccgtctctactaaaagtacaaaaattagccgggcgtggtggcgc 
acacctgtaatcccagctacttgggaggctgaggcaggagaatcacttgaacccgggaggtggaggttgcagtgagt 
ggagatcacaccattgcaccccagcctgggcaacagagcgagactccgtctcaaaaaaaaaaaaaaaaaaaaagaaa 
gaaagaaaaagaaaaaaaaagtgagcatgtattttgccagagtctggagattagaattaaattagcaaaccagaatt 
atagaaaaagctatttacttttaagtaaacagctgagatttttttttttaagtcagtgtgaatgaagctcacagcca 
tggttggagctgagaaagaaggatttccctttagttatgcacctgtgtcagcaccttctgactttccttctaaagtc 
tggggtgttcctgaggatccgtaagtttggggttcagggtttctacagcatgctgttacttgtgaaacatctcttta 
accatgtcccagagttgcccaggagtttaagaccagcctgagcaacatagcaagacctcatctcaacaacaacaaaa 
attagaaataaattagccaggtgtggtgacatgtgcctgtagtcccagctactcagaaggctgaggcatgaggatca 
cttgggcccaggaagttggggctgcagggagccctgttcatgccgctgcactccagcctgcaagacagagcagaaaa 
aaagaatcaggatcctgggcagagggaggagaggggaccggggtccagcaagcacttggggattgactgaatggcgt 
tggggagagatgactccaaagtcctggagtgggtgagaatgactgcgagtggcttttaggtggggaggttcctgcct 
ggccactccgggaggggacgtggggctgaagggtatcaggtgccgtgctgagcagtttggccttgatcctaatgccc 
tggacacacgtctagggtaggaaagttgactgatccattggtgatctgagtttttagacatggtggtagtccatgag 
gtgggtgttcatgctaagagtttagacagggaaacctatgaagcccttagcaaccctccagggaaggggcgtggtta 
aagagatgtttcataagtaacagcatggtatagaaactctgaaccccaaatgtatgggtcctcaggaacaccccaga 
ctttagaaggaaagtcagaaggtgctgacacgggtgtataactaaagggaaatccttctttctcagctccaaccatg 
gctgtgaggttcattcacactgacttaaaaaaaaaaatctcagtttacttaaaagtaaatagctttttctataattc 
tggtttgctaatttaatcctagtctccagaccctggctaaataaatgcccatttctccagatggtctcaagagtctc 
tggacatcgtgggggcccttccctgttggttggaaggtgcctcaggaagaagggggtggattctgagttgagtcaaa 
acctcaaagacccctgatgggaaaagctctcaagtgaccaccgctgtgggccagaatgcaaaactgcaggaacagaa 
cattcgcaggaacagaacacagtcgtattaagtgattttcccgagcaggaagtggcatctggcctgcggttcagtag 
ggggaggaaagggtgggcgcacctgcccctggctggcgcacctgccaggtagccccacgcggcaccgcgtgtgccga 
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gcgcccctgaggatggaaagccccacgcggggcaggtggcacccaccctccgaagacgggacgggatggagcgttga 
gcttcggggcagctccggcccggcccgcgctggagacgcccgcatctgccaggatggcgtctcatagccctggtgct 
cacacatgacgccaggaagccccagcaacagtgaccgcccaggctctagaaaatattggacggggtggatgaacacc 
caagtgcgctccaggagaagggatttggcaccccaaggggcttttaaaacggtaagcttctaggggtgtctttgccc 
ccaataatccatagaaacaacagtcatctaaaaatagtcttgttttctgtcctaagctccttttaactttgttagtc 
atcaccaatcctaaaataaaacccgtgtaacgtctcccctagtagcggctataaacaaacctacgaggaggcaggag 
gaagaggaaaggggcgcagggcgctcggggagcagagccgggggcccgcggtggccgcagaggccgggccggggcgc 
agaggccgggcgagctggccgcgctctgggccgccgcctccggaactccctgcgcctggcgcgcggccaccgtggtc 
ccggcaacggcattaaacagagggaaacagacccgggattccgtcacccgggcggggggataaggacggctttgaga 
gcagacaggaaaagggagcttttctgcatggggtgaaaaaattatttattgaaggaggaggaggcggcagcggagga 
aggggaggggcgggaggaggaggaagagccggccgcccccgccccggccccggctcctcaggagccaagggcagcct 
cgccaggtcggtcccgggctcgaggaccgcggctggggtcgaggggctcagtctcccacgtgaccggctgggcgcgc 
cccgccagacccggcctcgggattccctcctcccggcgagtctccgcccgccccgtcctggaggtggggagaaggag 
ggcggggcgggggggacggaaactctccccgccaaatcctggccccaggcctggggacactcgcggcgggaagattt 
ggaggggaggggagggggaggggcgtgggggcgcggcctcgctggagtccccctgaccccccgacccccgcccaccg 
gcctgggcgtcctcccgcggcccctcctcccctcccggcgcccggtgctctggggcgcgtgccacgcctggctcggc 
gccgtaggggcccccgcaggtagagacccctggaaatggcctcgacgccgcaggagcgaggcggccaccaccccgct 
aatccgggcacgtctctccaggccgaggcctgcggtggaaaagccggggttccatttgtgctgagtcggggcggccg 
aatggagccaggcctcgggacgcgggacggacgggctctggccgcgcaccttcgcgggctctgcagcgcccgaccgc 
ctcccccggcagggaggaggcgcttgtggggggcacccacggggcacagtgatccctgggggtctgcggacctcctg 
ggccccgcagcagacacgagtttagcctttgggtttagtttaaatcacataagggtgtcgtgcaatcgatttatggt 
ttctacacaccagacactttaacctccaaccccccccatccaaagccaacaagaaaatgcggtgccgtgttggcagc 
tgagctgcgcccgaagagacgcagggagacgtaagagaggaaagtgtgagtggccggggggcctccccccgtcagaa 
gtcgcgcagtcgcgcccataaaacgccccctccgggcggctagggcaggtgagcgcgtccccgggcctccccacgcc 
ggcccctgccacaggccgtctaggtcgagcagatatttacagaataaaaatgacaataactcgacgtcccgggacgg 
ccacgcaatctgttagtaatttagcgggatgggaatttcctttctagggcctgccagtgaagcgcttttccaaattt 
ccacagcgggggaagcctgcgattttacataatgacttcagcatgccgggctttctcgacacccctccccggccccc 
ggcccccgccccccgccccttttccagcagggccgggctccctccggacacccgcgtggactcaggcgtcccgtctg 
gcccgttcgcccccgtttcccccgccagccccagcgcccccctgcccggcccccggattccccgttcccgcccctac 
gcccccatcccctccccgtgcgcccctccccgtgcgcccccctccccgtgcgccccccctccccgtgcgcccccctc 
cccgtgcgccccccctccccgggcgcccccctccccgggcgccccccctccccgtgcgcccccccctccccgtgcgc 
cccccctccccgtgcgcgccccgcctcttgcgcccctgcccccaggcgagcggctgccgcggcgcggggaggggcgg 
gcgctcggcgactcgtccccggggccccgcgcgggcccgggcagcaggggcgtgatgtcacggcagggagggggcgc 
gggagccgccgggccggcggggaggcgggggaggtgttttccagctttaaaaaggcaggaggcagagcgcggccctg 
cgtcagagcgagactcagaggctccgaactcgccggcggagtcgccgcgccagatcccagcagcagggcgcgggcac 
cggggcgcgggcagggctcggagccaccgcgcaggtcctagggccgcggccgggccccgccacgcgcgcacacgccc 
ctcgatg (SEQ ID NO:815) 

NFATc3 promoter sequence 
(DNA) 

gcagccaggcagggtgggcgcgcgtagggggcggggccgggcgcgcggcagggcgcgagagcgcacccgcggcggcg 
gtggcggcgactgtgggggggcggcggggaacattggctaagccgacagtggaggcttaggcaccggtggcgggcgg 
ctgcggttcctggtgctgctcggcgcgcggccagctttcggaacggaacgctcggcgtcgcgggccccgcccggaaa 
gtttgccgtggagtcgcgacctcttggcccgcgcggcccggcatgaagcggcgttgaggagctgctgccgccgcttg 
ccgctgccgccgccgccgcctgaggaggagctgcagcaccctgggccacgccg (SEQ ID NO:816) 

NFATc2 promoter sequence 1 
(DNA) 

cagagagaggctgcgttcagactggggcactgccatcccctccgcatca 
tggggtctgtggaccaaggtaactgactctcgatcccttccagccttttccgctcgctcctcccggccctttcctgc 
tgctcccgtcccgggcagcactttcagctcccggcagaggtcggtgcgggaggcctggggaccccgctcgccctcgg 
cgcacaggtagcggggcccgcggaggggcgcccgcgccccggccagggaagggacacttgggaaggcgactttggac 
aactttacgcgggggcagggaagtgtcccaggccgggattccctaggccagtctgtcgggaggattttcctctccac 
gggacaccgggagggattctcgctactaaccgctggctgtttaaccgtttcagcactcggcttttgacagcaa 
(SEQ ID NO:817) 

NFATc2 promoter sequence 2 
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(DNA) 
catcatggggtctgtggaccaaggtaactgactctcgatcccttccagccttttccgctcgctc (SEQ ID 
NO:818) 

NFATcl response element consensus 
(DNA) 

cattttttccat (SEQ ID NO:819) 

NFATcl response element consensus 
(DNA) 

tttttcca (SEQ ID NO:820) 

NFAT response elements contained within the Foxp3 enhancer region 
(DNA) 

acttgaaaatgagataaatgttcacctatgttggcttctagtctcttttatggcttcatt 
ttttccatttactatagaggttaagagtgtgggtactggagccagactgtctgggacaa (SEQ ID NO:821) 

N+20 

SNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID 

NO:822) 

N+20/C-27 

SNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYKTE (SEQ ID NO:823) 

N+9/C-9 

VQLTLAFREGTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVP(SEQ ID NO:824) 

C-10 

GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDV(SEQ ID NO:825) 

NME7-AB 

(DNA) 

atggaaaaaacgctggccctgattaaaccggatgcaatctccaaagctggcgaaattatcgaaattatcaacaaagcg 
ggtttcaccatcacgaaactgaaaatgatgatgctgagccgtaaagaagccctggattttcatgtcgaccaccagtct 
cgcccgtttttcaatgaactgattcaattcatcaccacgggtccgattatcgcaatggaaattctgcgtgatgacgct 
atctgcgaatggaaacgcctgctgggcccggcaaactcaggtgttgcgcgtaccgatgccagtgaatccattcgcgct 
ctgtttggcaccgatggtatccgtaatgcagcacatggtccggactcattcgcatcggcagctcgtgaaatggaactg 
tttttcccgagctctggcggttgcggtccggcaaacaccgccaaatttaccaattgtacgtgctgtattgtcaaaccg 
cacgcagtgtcagaaggcctgctgggtaaaattctgatggcaatccgtgatgctggctttgaaatctcggccatgcag 
atgttcaacatggaccgcgttaacgtcgaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatg 
gttacggaaatgtactccggtccgtgcgtcgcgatggaaattcagcaaaacaatgccaccaaaacgtttcgtgaattc 
tgtggtccggcagatccggaaatcgcacgtcatctgcgtccgggtaccctgcgcgcaatttttggtaaaacgaaaatc 
cagaacgctgtgcactgtaccgatctgccggaagacggtctgctggaagttcaatactttttcaaaattctggataat 
ctcgagcaccaccaccaccaccactga(SEQ ID NO:826) 

NME7AB 

(amino acids) 
MEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDD 

AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIV 

KPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTF 

REFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDNLEHHHHHH(SEQ ID NO:827) 

Human NME7 x1 
(DNA) 
atgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgat 
ccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgc 
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tgggacctgcaaactctggagtggcacgcacagatgcttctgaaagcattagagccctctttggaacagatggcata 
agaaatgcagcgcatggccctgattcttttgcttctgcggccagagaaatggagttgttttttccttcaagtggagg 
ttgtgggccggcaaacactgctaaatttactaattgtacctgttgcattgttaaaccccatgctgtcagtgaaggac 
tgttgggaaagatcctgatggctatccgagatgcaggttttgaaatctcagctatgcagatgttcaatatggatcgg 
gttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattc 
tggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgctgatc 
ctgaaattgcccggcatttacgccctggaactctcagagcaatctttggtaaaactaagatccagaatgctgttcac 
tgtactgatctgccagaggatggcctattagaggttcaatacttcttcaagatcttggataatctcgagcaccacca 
ccaccaccactga(SEQ ID NO:828) 

(amino acids) 
MMMLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR 

NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVN 

VEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTD 

LPEDGLLEVQYFFKILDNLEHHHHHH*(SEQ ID NO:829) 

Mouse Antibody 17H6 Heavy chain: DNA sequence 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGTGGCTGAACTGGATTTTCCTTGTAACACTTTTAAATGGTATCCAGTGTGAGGTGAAGCTGGTGGAGTCT 

GGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTGGGTTCACCTTCACTGATTACTAC 

ATGAGCTGGGTCCGCCAGCCTCCAAGAAAGGCACTTGAGTGGTTGGGTTTTATTAGAAACAAAGCTAATGGTTACACA 

GCAGAGTACAGTGCGTCTGTGAAGGGTCGGTTCACCATCTCCAGAGATGTTTCCCAAAACCTCCTCTATCTTCAAATG 

AACATCCTGAGAGCTGAGGACAGTGCCACTTATTACTGTGCAAAAGATTACTACGGTAGTAACCCTGCCTGGTTTGCT 

TACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:830) 

Mouse Antibody 17H6 Heavy chain: Amino acid sequence 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLWLNWIFLVTLLNGIQCEVKLVESGGGLVQPGGSLRLSCATSGFTFTDYYMSWVRQPPRKALEWLGFIRNKANGYT 

AEYSASVKGRFTISRDVSQNLLYLQMNILRAEDSATYYCAKDYYGSNPAWFAYWGQGTLVTVSA (SEQ ID 

NO:831) 

Mouse 17H6 heavy chain variable framework 1 (FW1) sequence: 

(DNA) 

GAGGTGAAGCTGGTGGAGTCTGGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTGGG 

TTCACCTTCACT (SEQ ID NO:832) 

(amino acids) 
EVKLVESGGGLVQPGGSLRLSCATSGFTFT(SEQ ID NO:833) 

Mouse 17H6 heavy chain variable complementarity determining regions 1 (CDR1) 

sequence: 
(DNA) 

GATTACTACATGAGC (SEQ ID NO:834) 

(amino acids) 
DYYMS(SEQ ID NO:835) 

Mouse 17H6 heavy chain variable framework 2 (FW2) sequence: 

(DNA) 

GAGGTGAAGCTGGTGGAGTCTGGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTGGG 

TTCACCTTCACT (SEQ ID NO:836) 

(amino acids) 
WVRQPPRKALEWLG(SEQ ID NO:837) 
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Mouse 17H6 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 

TTTATTAGAAACAAAGCTAATGGTTACACAGCAGAGTACAGTGCGTCTGTGAAGGGT (SEQ ID NO:838) 

(amino acids) 
FIRNKANGYTAEYSASVKG (SEQ ID NO:839) 

Mouse 17H6 heavy chain variable framework 3 (FW3) sequence: 

(DNA) 

CGGTTCACCATCTCCAGAGATGTTTCCCAAAACCTCCTCTATCTTCAAATGAACATCCTGAGAGCTGAGGACAGTGCC 

ACTTATTACTGTGCAAAA (SEQ ID NO:840) 

(amino acids) 
RFTISRDVSQNLLYLQMNILRAEDSATYYCAK (SEQ ID NO:841) 

Mouse 17H6 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 

GATTACTACGGTAGTAACCCTGCCTGGTTTGCTTAC (SEQ ID NO:842) 

(amino acids) 
DYYGSNPAWFAY (SEQ ID NO:1) 

Mouse 17H6 heavy chain variable framework 4 (FW4) sequence: 

(DNA) 

TGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:843) 

(amino acids) 
WGQGTLVTVSA (SEQ ID NO:1) 

Mouse Antibody 17H6 Light chain: DNA sequence 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTGAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAACAGTGATATTTTGATGACCCAGACT 

CCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGCATTGTACATAGTAGT 

GGAAACACCTTTTTAGAATGGTACCTGCAGAAACCTGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGATAGATTTCACACTCAAGATCAGCAGAGTGGAGGCT 

GAGGATCTGGGAGTTTATTACTGCTTTCAAGGTTCACATGTTCCTTTCACGTTCGGCTCGGGGACAAAGTTGGAAATA 

AAA (SEQ ID NO:844) 

Mouse Antibody 17H6 Light chain: Amino acid sequence 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASNSDILMTQTPLSLPVSLGDQASISCRSSQSIVHSSGNTFLEWYLQKPGQSPKLLIYKVSNR 

FSGVPDRFSGSGSGIDFTLKISRVEAEDLGVYYCFQGSHVPFTFGSGTKLEIK (SEQ ID NO:845) 

Mouse 17H6 light chain variable framework 1 (FW1) sequence: 

(DNA) 

GATATTTTGATGACCCAGACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGC (SEQ ID 

NO:846) 

(amino acids) 
DILMTQTPLSLPVSLGDQASISC (SEQ ID NO:847) 

Mouse 17H6 light chain variable complementarity determining regions 1 (CDR1) 

sequence: 
(DNA) 

AGATCTAGTCAGAGCATTGTACATAGTAGTGGAAACACCTTTTTAGAA (SEQ ID NO:848) 

(amino acids) 
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RSSQSIVHSSGNTFLE (SEQ ID NO:849) 

Mouse 17H6 light chain variable framework 2 (FW2) sequence: 

(DNA) 

TGGTACCTGCAGAAACCTGGCCAGTCTCCAAAGCTCCTGATCTAC (SEQ ID NO:850) 

(amino acids) 

WYLQKPGQSPKLLIY (SEQ ID NO:851) 

Mouse 17H6 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 

AAAGTTTCCAACCGATTTTCT (SEQ ID NO:852) 

(amino acids) 
KVSNRFS (SEQ ID NO:853) 

Mouse 17H6 light chain variable framework 3 (FW3) sequence: 

(DNA) 

GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGATAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGAT 

CTGGGAGTTTATTACTGC (SEQ ID NO:854) 

(amino acids) 
GVPDRFSGSGSGIDFTLKISRVEAEDLGVYYC (SEQ ID NO:855) 

Mouse 17H6 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 

TTTCAAGGTTCACATGTTCCTTTCACG (SEQ ID NO:856) 

(amino acids) 
FQGSHVPFT (SEQ ID NO:857) 

Mouse 17H6 light chain variable framework 4 (FW4) sequence: 

(DNA) 

TTCGGCTCGGGGACAAAGTTGGAAATAAAA (SEQ ID NO:858) 

(amino acids) 
FGSGTKLEIK (SEQ ID NO:859) 

Mouse antibody 39H5 Heavy chain: DNA sequence 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGGCTTGGGTGTGGACCTTGCTATTCCTGATGGCAGCTGCCCAAAGTGCCCAAGCACAGATCCAGTTGGTGCAGTCT 

GGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGGTATACCTTCACAAACTATGGA 

ATGAACTGGGTGAAGCAGGCTCCAGGAAAGGGTTTAAAGTGGATGGGCTGGATAAACACCTACACTGGAGAGCCAACA 

TATGTTGGTGACTTCAAGGGACGGTTTGCCTTCTCTTTGGAGACCTCTGCCAGCACTGCCTATTTGCAGATCAACAAC 

CTCAAAAATGAGGACACGGCTACATATTTTTGTGTTAGAGGTATCCACGGCTACGTGGACTACTGGGGCCAAGGCACC 

ACTCTCACAGTCTCCTCA (SEQ ID NO:860) 

Mouse antibody 39H5 Heavy chain: Amino acid sequence 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MAWVWTLLFLMAAAQSAQAQIQLVQSGPELKKPGETVKISCKASGYTFTNYGMNWVKQAPGKGLKWMGWINTYTGEPT 

YVGDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCVRGIHGYVDYWGQGTTLTVSS (SEQ ID NO:861) 

Mouse antibody 39H5 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
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CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGG 

TATACCTTCACA (SEQ ID NO:862) 

(amino acids) 

QIQLVQSGPELKKPGETVKISCKASGYTFT (SEQ ID NO:863) 

Mouse antibody 39H5 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 

AACTATGGAATGAAC (SEQ ID NO:864) 

(amino acids) 
NYGMN (SEQ ID NO:865) 

Mouse antibody 39H5 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTGAAGCAGGCTCCAGGAAAGGGTTTAAAGTGGATGGGC (SEQ ID NO:866) 

(amino acids) 
WVKQAPGKGLKWMG (SEQ ID NO:867) 

Mouse antibody 39H5 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

TGGATAAACACCTACACTGGAGAGCCAACATATGTTGGTGACTTCAAGGGA (SEQ ID NO:868) 

(amino acids) 
WINTYTGEPTYVGDFKG (SEQ ID NO:869) 

Mouse antibody 39H5 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

CGGTTTGCCTTCTCTTTGGAGACCTCTGCCAGCACTGCCTATTTGCAGATCAACAACCTCAAAAATGAGGACACGGCT 

ACATATTTTTGTGTTAGA (SEQ ID NO:870) 

(amino acids) 
RFAFSLETSASTAYLQINNLKNEDTATYFCVR (SEQ ID NO:871) 

Mouse antibody 39H5 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

GGTATCCACGGCTACGTGGACTAC (SEQ ID NO:872) 

(amino acids) 
GIHGYVDY (SEQ ID NO:873) 

Mouse antibody 39H5 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGCACCACTCTCACAGTCTCCTCA (SEQ ID NO:874) 

(amino acids) 
WGQGTTLTVSS (SEQ ID NO:875) 

Mouse antibody 39H5 Light chain: DNA sequence 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGATGTTTTGATGACCCAAACT 

CCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGCATTGTACATAGAAAT 

GGAAACACCTATTTAGAATGGTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCT 

GAGGATCTGGGAGTTTATTACTGCTTTCAAGGTTCACATCTTCCGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATC 

AAA (SEQ ID NO:876) 

Mouse antibody 39H5 Light chain: Amino acid sequence 
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Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASSSDVLMTQTPLSLPVSLGDQASISCRSSQSIVHRNGNTYLEWYLQKPGQSPKLLIYKVSNR 

FSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSHLPWTFGGGTKLEIK (SEQ ID NO:877) 

Mouse antibody 39H5 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTTTGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGC (SEQ ID 

NO:878) 

(amino acids) 
DVLMTQTPLSLPVSLGDQASISC (SEQ ID NO:879) 

Mouse antibody 39H5 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AGATCTAGTCAGAGCATTGTACATAGAAATGGAAACACCTATTTAGAA (SEQ ID NO:880) 

(amino acids) 

RSSQSIVHRNGNTYLE (SEQ ID NO:881) 

Mouse antibody 39H5 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTAC (SEQ ID NO:882) 

(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:883) 

Mouse antibody 39H5 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

AAAGTTTCCAACCGATTTTCT (SEQ ID NO:884) 

(amino acids) 
KVSNRFS (SEQ ID NO:885) 

Mouse antibody 39H5 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGAT 

CTGGGAGTTTATTACTGC (SEQ ID NO:886) 

(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:887) 

Mouse antibody 39H5 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TTTCAAGGTTCACATCTTCCGTGGACG (SEQ ID NO:888) 

(amino acids) 
FQGSHLPWT (SEQ ID NO:889) 

Mouse antibody 39H5 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:890) 

(amino acids) 
FGGGTKLEIK (SEQ ID NO:891) 

Antibody 3C5 Heavy chain: DNA sequence 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGGCTTGGGTGTGGACCTTGCTGTTCCTGATGGCAGCTGCCCAAAGTGCCCAAGCACAGATCCAGTTGGTGCAGTCT 

GGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGGTATACCTTCACAAACTATGGA 

ATGAACTGGGTGAAGCAGGCTCCAGGAAAGGGTTTAAAGTGGATGGGCTGGATAAACACCTACACTGGAAAGCCAACA 
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TATGCTGATGACTTCAAGGGACGGTTTGCCTTCTCTTTGGAGACCTCTGCCAGCACTGCCTATTTGCAGATCAACAAC 

CTCAAAAATGAGGACACGGCTACATATTTCTGTGCAAGAGGGGGACTAGATGGTTACTACGGCTACTGGGGCCAAGGC 

ACCACTCTCACAGTCTCCTCA (SEQ ID NO:892) 

Antibody 3C5 Heavy chain: Amino acid sequence 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MAWVWTLLFLMAAAQSAQAQIQLVQSGPELKKPGETVKISCKASGYTFTNYGMNWVKQAPGKGLKWMGWINTYTGKPT 

YADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCARGGLDGYYGYWGQGTTLTVSS (SEQ ID NO:893) 

Mouse antibody 3C5 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGG 

TATACCTTCACA (SEQ ID NO:894) 

(amino acids) 
QIQLVQSGPELKKPGETVKISCKASGYTFT (SEQ ID NO:895) 

Mouse antibody 3C5 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AACTATGGAATGAAC (SEQ ID NO:896) 

(amino acids) 
NYGMN (SEQ ID NO:897) 

Mouse antibody 3C5 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTGAAGCAGGCTCCAGGAAAGGGTTTAAAGTGGATGGGC (SEQ ID NO:898) 

(amino acids) 
WVKQAPGKGLKWMG (SEQ ID NO:899) 

Mouse antibody 3C5 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

TGGATAAACACCTACACTGGAAAGCCAACATATGCTGATGACTTCAAGGGA (SEQ ID NO:900) 

(amino acids) 
WINTYTGKPTYADDFKG (SEQ ID NO:901) 

Mouse antibody 3C5 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

CGGTTTGCCTTCTCTTTGGAGACCTCTGCCAGCACTGCCTATTTGCAGATCAACAACCTCAAAAATGAGGACACGGCT 

ACATATTTCTGTGCAAGA (SEQ ID NO:902) 

(amino acids) 
RFAFSLETSASTAYLQINNLKNEDTATYFCAR (SEQ ID NO:903) 

Mouse antibody 3C5 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

GGGGGACTAGATGGTTACTACGGCTAC (SEQ ID NO:904) 

(amino acids) 
GGLDGYYGY (SEQ ID NO:905) 

Mouse antibody 3C5 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGCACCACTCTCACAGTCTCCTCA (SEQ ID NO:906) 

(amino acids) 
WGQGTTLTVSS (SEQ ID NO:907) 

Antibody 3C5 Light chain: DNA sequence (393 bp) 
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Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAGTCCTGCCCAGTTCCTGTTTCTGCTAGTGCTCTCGATTCAGGAAACCAACGGTGATGTTGTGATGGCTCAGACC 

CCACTCACTTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAATCAAGTCAGAGCCTCTTACATAGTAAA 

GGAAAGACATATTTGAATTGGTTATTACAGAGGCCAGGCCAGTCTCCAAAGCTCCTAATCTATCTGGTGTCTAAACTG 

GAATCTGGAGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCT 

GAAGATTTGGGAGTTTATTACTGCTTGCAAACTACACATTTTCCGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATC 

AAA (SEQ ID NO:908) 

Antibody 3C5 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MSPAQFLFLLVLSIQETNGDVVMAQTPLTLSVTIGQPASISCKSSQSLLHSKGKTYLNWLLQRPGQSPKLLIYLVSKL 

ESGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCLQTTHFPWTFGGGTKLEIK (SEQ ID NO:909) 

Mouse antibody 3C5 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTGTGATGGCTCAGACCCCACTCACTTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGC (SEQ ID 

NO:910) 

(amino acids) 
DVVMAQTPLTLSVTIGQPASISC (SEQ ID NO:911) 

Mouse antibody 39H5 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AAATCAAGTCAGAGCCTCTTACATAGTAAAGGAAAGACATATTTGAAT (SEQ ID NO:912) 

(amino acids) 
KSSQSLLHSKGKTYLN (SEQ ID NO:913) 

Mouse antibody 3C5 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTTATTACAGAGGCCAGGCCAGTCTCCAAAGCTCCTAATCTAT (SEQ ID NO:914) 

(amino acids) 
WLLQRPGQSPKLLIY (SEQ ID NO:915) 

Mouse antibody 3C5 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

CTGGTGTCTAAACTGGAATCT (SEQ ID NO:916) 

(amino acids) 
LVSKLES (SEQ ID NO:917) 

Mouse antibody 3C5 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGAGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCTGAAGAT 

TTGGGAGTTTATTACTGC (SEQ ID NO:918) 

(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:919) 

Mouse antibody 3C5 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TTGCAAACTACACATTTTCCGTGGACG (SEQ ID NO:920) 

(amino acids) 
LQTTHFPWT (SEQ ID NO:921) 

Mouse antibody 3C5 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:922) 

(amino acids) 
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FGGGTKLEIK (SEQ ID NO:923) 

Mouse antibody 8A9 Heavy chain: DNA sequence (420 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGTGGCTGAACTGGATTTTCCTTGTAACACTTTTAAATGGTATCCAGTGTGAGGTGGAGCTGGTGGAGTCT 

GGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTGGGTTCACCTTCACTGATCACTAC 

ATGAGCTGGGTCCGCCAGCCTCCAGGAAAGGCACTTGAGTGGTTGGGATTTATTAGAAACAAAGCTAATGGTTACACA 

ACAGAGTACAGTGCATCTGTGAAGGGTCGGTTCACCATCTCCAGAGATAATTCCCAAAGCATCCTCTATCTTCAAATG 

AAAACCCTGAGAACTGAGGACAGTGCCACTTATTACTGTGCAAGACCTTCTGACTGGGACTCCTGGTTTGCTTACTGG 

GGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:924) 

Mouse antibody 8A9 Heavy chain: Amino acid sequence (140 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLWLNWIFLVTLLNGIQCEVELVESGGGLVQPGGSLRLSCATSGFTFTDHYMSWVRQPPGKALEWLGFIRNKANGYT 

TEYSASVKGRFTISRDNSQSILYLQMKTLRTEDSATYYCARPSDWDSWFAYWGQGTLVTVSA (SEQ ID NO:925) 

Mouse antibody 8A9 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

GAGGTGGAGCTGGTGGAGTCTGGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTGGG 

TTCACCTTCACT (SEQ ID NO:926) 

(amino acids) 
EVELVESGGGLVQPGGSLRLSCATSGFTFT (SEQ ID NO:927) 

Mouse antibody 8A9 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

GATCACTACATGAGC (SEQ ID NO:928) 

(amino acids) 
DHYMS (SEQ ID NO:929) 

Mouse antibody 8A9 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTCCGCCAGCCTCCAGGAAAGGCACTTGAGTGGTTGGGA (SEQ ID NO:930) 

(amino acids) 
WVRQPPGKALEWLG (SEQ ID NO:931) 

Mouse antibody 8A9 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

TTTATTAGAAACAAAGCTAATGGTTACACAACAGAGTACAGTGCATCTGTGAAGGGT (SEQ ID NO:932) 

(amino acids) 
FIRNKANGYTTEYSASVKG (SEQ ID NO:933) 

Mouse antibody 8A9 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

CGGTTCACCATCTCCAGAGATAATTCCCAAAGCATCCTCTATCTTCAAATGAAAACCCTGAGAACTGAGGACAGTGCC 

ACTTATTACTGTGCAAGA (SEQ ID NO:934) 

(amino acids) 
RFTISRDNSQSILYLQMKTLRTEDSATYYCAR (SEQ ID NO:935) 

Mouse antibody 8A9 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

CCTTCTGACTGGGACTCCTGGTTTGCTTAC (SEQ ID NO:936) 

(amino acids) 
PSDWDSWFAY (SEQ ID NO:937) 

Mouse antibody 8A9 heavy chain variable framework 4 (FW4) sequence: 
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(DNA) 
TGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:938) 

(amino acids) 
WGQGTLVTVSA (SEQ ID NO:939) 

Mouse antibody 8A9 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGATGTTTTGATGACCCAAACT 

CCACTCTCCCTGCCTGTCAGTCTTGGTGATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGCATTGTACATAGTAAT 

GGCAACACCTATTTAGATTGGTACTTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTACAGAGTTTCCAACCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCT 

GAGGATCTGGGACTTTATTACTGTTTTCAAGGTTCACATGTTCCGTGGGCGTTCGGTGGAGGCACCAAGCTGGAAATC 

AAA (SEQ ID NO:940) 

Mouse antibody 8A9 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASSSDVLMTQTPLSLPVSLGDQASISCRSSQSIVHSNGNTYLDWYLQKPGQSPKLLIYRVSNR 

FSGVPDRFSGSGSGTDFTLKISRVEAEDLGLYYCFQGSHVPWAFGGGTKLEIK (SEQ ID NO:941) 

Mouse antibody 8A9 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTTTGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGTGATCAAGCCTCCATCTCTTGC (SEQ ID 

NO:942) 

(amino acids) 
DVLMTQTPLSLPVSLGDQASISC (SEQ ID NO:943) 

Mouse antibody 8A9 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AGATCTAGTCAGAGCATTGTACATAGTAATGGCAACACCTATTTAGAT (SEQ ID NO:944) 

(amino acids) 
RSSQSIVHSNGNTYLD (SEQ ID NO:945) 

Mouse antibody 8A9 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTACTTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTAC (SEQ ID NO:946) 

(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:947) 

Mouse antibody 8A9 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

AGAGTTTCCAACCGATTTTCT (SEQ ID NO:948) 

(amino acids) 
RVSNRFS (SEQ ID NO:949) 

Mouse antibody 8A9 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGAT 

CTGGGACTTTATTACTGT (SEQ ID NO:950) 

(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGLYYC (SEQ ID NO:951) 

Mouse antibody 8A9 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TTTCAAGGTTCACATGTTCCGTGGGCG (SEQ ID NO:952) 
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(amino acids) 
FQGSHVPWA (SEQ ID NO:953) 

Mouse antibody 8A9 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:954) 

(amino acids) 
FGGGTKLEIK (SEQ ID NO:955) 

Mouse antibody 18G12 Heavy chain: DNA sequence (399 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGGGATGGAGCTATATCATCCTCTTTTTGGTCGCAACAGCTACAGGTGTCCACTCCCAGGTCCAACTGCAGCAGTCT 

GGGGCTGAACTGGTGAAGCCTGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACACCTTCACCGGCTACTTT 

TTGTACTGGGTGAAGCAGAGGCCTGGACAAGGCCTTGAGTGGATTGGGGGGATTAATCCTGACAATGGTGGTATTGAC 

TTCAATGAGAAGTTCAGGAACAAGGCCACACTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTCAGCAGC 

CTGACATCTGAGGACTCTGCGGTCTATTATTGTACATTACTAATAGGGAACTATTGGGGCCAAGGCACCACTCTCACA 

GTCTCCTCA (SEQ ID NO:956) 

Mouse antibody 18G12 Heavy chain: Amino acid sequence (133 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MGWSYIILFLVATATGVHSQVQLQQSGAELVKPGASVKLSCKASGYTFTGYFLYWVKQRPGQGLEWIGGINPDNGGID 

FNEKFRNKATLTVDKSSSTAYMQLSSLTSEDSAVYYCTLLIGNYWGQGTTLTVSS (SEQ ID NO:957) 

Mouse antibody 18G12 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

CAGGTCCAACTGCAGCAGTCTGGGGCTGAACTGGTGAAGCCTGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGC 

TACACCTTCACC (SEQ ID NO:958) 

(amino acids) 
QVQLQQSGAELVKPGASVKLSCKASGYTFT (SEQ ID NO:959) 

Mouse antibody 39H5 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

GGCTACTTTTTGTAC (SEQ ID NO:960) 

(amino acids) 
GYFLY (SEQ ID NO:961) 

Mouse antibody 18G12 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTGAAGCAGAGGCCTGGACAAGGCCTTGAGTGGATTGGG (SEQ ID NO:962) 

(amino acids) 
WVKQRPGQGLEWIG (SEQ ID NO:963) 

Mouse antibody 18G12 heavy chain variable complementarity determining regions 
2 (CDR2) sequence: 
(DNA) 

GGGATTAATCCTGACAATGGTGGTATTGACTTCAATGAGAAGTTCAGGAAC (SEQ ID NO:964) 

(amino acids) 
GINPDNGGIDFNEKFRN (SEQ ID NO:965) 

Mouse antibody 18G12 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AAGGCCACACTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTCAGCAGCCTGACATCTGAGGACTCTGCG 

GTCTATTATTGTACATTA (SEQ ID NO:966) 

(amino acids) 
KATLTVDKSSSTAYMQLSSLTSEDSAVYYCTL (SEQ ID NO:967) 
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Mouse antibody 18G12 heavy chain variable complementarity determining regions 
3 (CDR3) sequence: 
(DNA) 

CTAATAGGGAACTAT (SEQ ID NO:968) 

(amino acids) 
LIGNY (SEQ ID NO:969) 

Mouse antibody 18G12 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGCACCACTCTCACAGTCTCCTCA (SEQ ID NO:970) 

(amino acids) 
WGQGTTLTVSS (SEQ ID NO:971) 

Mouse antibody 18G12 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAGTCCTGCCCAGTTCCTGTTTCTGTTAGTGCTCTGGATTCGGGAAACCAATGGTGATGTTGTGATGACCCAGACT 

CCACTCACTTTGTCGGTAACCATTGGACAGCCAGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTTACATAGTGAT 

GGAAAGACATATTTGATTTGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTCTAAACTG 

GACTCTGGAGTCCCTGACAGGTTCACTGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCT 

GAGGATTTGGGAGTTTATTTTTGCTGTCAAGGTACACATTTTCCGTGGACGTTCGGTGGAGGCACCATGCTGGAAATC 

AAA (SEQ ID NO:972) 

Mouse antibody 18G12 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MSPAQFLFLLVLWIRETNGDVVMTQTPLTLSVTIGQPASISCKSSQSLLHSDGKTYLIWLLQRPGQSPKRLIYLVSKL 

DSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYFCCQGTHFPWTFGGGTMLEIK (SEQ ID NO:973) 

Mouse antibody 18G12 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTAACCATTGGACAGCCAGCCTCCATCTCTTGC (SEQ ID 

NO:974) 

(amino acids) 
DVVMTQTPLTLSVTIGQPASISC (SEQ ID NO:975) 

Mouse antibody 18G12 light chain variable complementarity determining regions 
1 (CDR1) sequence: 

(DNA) 

AAGTCAAGTCAGAGCCTCTTACATAGTGATGGAAAGACATATTTGATT (SEQ ID NO:976) 

(amino acids) 
KSSQSLLHSDGKTYLI(SEQ ID NO:977) 

Mouse antibody 18G12 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTAT (SEQ ID NO:978) 

(amino acids) 
WLLQRPGQSPKRLIY(SEQ ID NO:979) 

Mouse antibody 18G12 light chain variable complementarity determining regions 
2 (CDR2) sequence: 
(DNA) 

CTGGTGTCTAAACTGGACTCT (SEQ ID NO:980) 

(amino acids) 
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LVSKLDS(SEQ ID NO:981) 

Mouse antibody 18G12 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGAGTCCCTGACAGGTTCACTGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCTGAGGAT 

TTGGGAGTTTATTTTTGC (SEQ ID NO:982) 

(amino acids) 
GVPDRFTGSGSGTDFTLKISRVEAEDLGVYFC (SEQ ID NO:983) 

Mouse antibody 18G12 light chain variable complementarity determining regions 
3 (CDR3) sequence: 
(DNA) 

TGTCAAGGTACACATTTTCCGTGGACG (SEQ ID NO:984) 

(amino acids) 
CQGTHFPWT (SEQ ID NO:985) 

Mouse antibody 18G12 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCATGCTGGAAATCAAA (SEQ ID NO:986) 

(amino acids) 
FGGGTMLEIK (SEQ ID NO:987) 

Mouse antibody 20A10 Heavy chain: DNA sequence (417 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTTTTAAAAGGTGTCCAGTGTGAAGTGATGCTGGTGGAGTCT 

GGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAAACTCTCCTGTCAGCCTCTGGATTCACTTTCAGTACCTATGCCA 

TGTCTTGGATTCGCCAGACTCCAGAGAAGAGGCTGGAGTGGGTCGCATCCATTGGTCGTGCTGGTTCCACCTACTATT 

CAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGTCCGGAACATCCTGTACCTGCAAATGAGCAGTCTGA 

GGTCTGAGGACACGGCCATGTATTACTGTGCTAGAGGCCCGATCTACAATGATTACGACGAGTTTGCTTACTGGGGCC 

AAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:988) 

Mouse antibody 20A10 Heavy chain: Amino acid sequence (139 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MNFGFSLIFLVLVLKGVQCEVMLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWIRQTPEKRLEWVASIGRAGSTYY 

SDSVKGRFTISRDNVRNILYLQMSSLRSEDTAMYYCARGPIYNDYDEFAYWGQGTLVTVSA (SEQ ID NO:989) 

Mouse antibody 20A10 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGA 

TTCACTTTCAGT (SEQ ID NO:990) 

(amino acids) 
EVMLVESGGGLVKPGGSLKLSCAASGFTFS (SEQ ID NO:991) 

Mouse antibody 20A10 heavy chain variable complementarity determining regions 
1 (CDR1) sequence: 

(DNA) 

ACCTATGCCATGTCT (SEQ ID NO:992) 

(amino acids) 
TYAMS (SEQ ID NO:993) 

Mouse antibody 20A10 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
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TGGATTCGCCAGACTCCAGAGAAGAGGCTGGAGTGGGTCGCA (SEQ ID NO:994) 

(amino acids) 
WIRQTPEKRLEWVA (SEQ ID NO:995) 

Mouse antibody 20A10 heavy chain variable complementarity determining regions 
2 (CDR2) sequence: 
(DNA) 

TCCATTGGTCGTGCTGGTTCCACCTACTATTCAGACAGTGTGAAGGGC (SEQ ID NO:996) 

(amino acids) 
SIGRAGSTYYSDSVKG (SEQ ID NO:997) 

Mouse antibody 20A10 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

CGATTCACCATCTCCAGAGATAATGTCCGGAACATCCTGTACCTGCAAATGAGCAGTCTGAGGTCTGAGGACACGGCC 

ATGTATTACTGTGCTAGA (SEQ ID NO:998) 

(amino acids) 
RFTISRDNVRNILYLQMSSLRSEDTAMYYCAR (SEQ ID NO:999) 

Mouse antibody 20A10 heavy chain variable complementarity determining regions 
3 (CDR3) sequence: 
(DNA) 

GGCCCGATCTACAATGATTACGACGAGTTTGCTTAC (SEQ ID NO:1000) 

(amino acids) 
GPIYNDYDEFAY (SEQ ID NO:1001) 

Mouse antibody 20A10 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1002) 

(amino acids) 
WGQGTLVTVSA (SEQ ID NO:1003) 

Mouse antibody 20A10 Light chain: DNA sequence (396 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGGAATCACAGACTCAGGTCTTCCTCTCCCTGCTGCTCTGGGTATCTGGTACCTGTGGGAACATTATGATGACACAG 

TCGCCATCATCTCTGGCTGTGTCTGCAGGAGAAAAGGTCACTATGAGCTGTAAGTCCAGTCAAAGTGTTTTATACAGT 

TCAAATCAGAAGAACTATTTGGCCTGGTACCAGCAGAAACCAGGGCAGTCTCCTAAACTGCTGATCTACTGGGCATCC 

ACTAGGGAATCTGGTGTCCCTGATCGCTTCACAGGCAGTGGATCTGGGACAGATTTTACTCTTACCATCAGCAGTGTA 

CAAGCTGAAGACCTGGCAGTTTATTACTGTCATCAATACCTCTCCTCGCTCACGTTCGGTGCTGGGACCAAGCTGGAG 

CTGAAA (SEQ ID NO:1004) 

Mouse antibody 20A10 Light chain: Amino acid sequence (132 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MESQTQVFLSLLLWVSGTCGNIMMTQSPSSLAVSAGEKVTMSCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWAS 

TRESGVPDRFTGSGSGTDFTLTISSVQAEDLAVYYCHQYLSSLTFGAGTKLELK (SEQ ID NO:1005) 

Mouse antibody 20A10 light chain variable framework 1 (FW1) sequence: 
(DNA) 

AACATTATGATGACACAGTCGCCATCATCTCTGGCTGTGTCTGCAGGAGAAAAGGTCACTATGAGCTGT (SEQ ID 

NO:1006) 

(amino acids) 
NIMMTQSPSSLAVSAGEKVTMSC (SEQ ID NO:1007) 
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Mouse antibody 20A10 light chain variable complementarity determining regions 
1 (CDR1) sequence: 

(DNA) 

AAGTCCAGTCAAAGTGTTTTATACAGTTCAAATCAGAAGAACTATTTGGCC (SEQ ID NO:1008) 

(amino acids) 
KSSQSVLYSSNQKNYLA (SEQ ID NO:1009) 

Mouse antibody 20A10 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTACCAGCAGAAACCAGGGCAGTCTCCTAAACTGCTGATCTAC (SEQ ID NO:1010) 

(amino acids) 
WYQQKPGQSPKLLIY (SEQ ID NO:1011) 

Mouse antibody 20A10 light chain variable complementarity determining regions 
2 (CDR2) sequence: 
(DNA) 

TGGGCATCCACTAGGGAATCT (SEQ ID NO:1012) 

(amino acids) 
WASTRES (SEQ ID NO:1013) 

Mouse antibody 20A10 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGTGTCCCTGATCGCTTCACAGGCAGTGGATCTGGGACAGATTTTACTCTTACCATCAGCAGTGTACAAGCTGAAGAC 

CTGGCAGTTTATTACTGT (SEQ ID NO:1014) 

(amino acids) 
GVPDRFTGSGSGTDFTLTISSVQAEDLAVYYC (SEQ ID NO:1015) 

Mouse antibody 20A10 light chain variable complementarity determining regions 
3 (CDR3) sequence: 
(DNA) 

CATCAATACCTCTCCTCGCTCACG (SEQ ID NO:1016) 

(amino acids) 
HQYLSSLT (SEQ ID NO:1017) 

Mouse antibody 20A10 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGCTGGGACCAAGCTGGAGCTGAAA (SEQ ID NO:1018) 

(amino acids) 
FGAGTKLELK (SEQ ID NO:1019) 

Mouse antibody 25E6 Heavy chain: DNA sequence (414 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAACTTCGGGCTCAGCTTGATTTTCCTTGCCCTCATTTTAAAAGGTGTCCAGTGTGAGGTGCAGCTGGTGGAGTCT 

GGGGGAGACTTAGTGAAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGTTTCACTTTCAGTAGTTATGGA 

ATGTCTTGGGTTCGCCAGACTCCAGACAAGAGGCTGGAGTGGGTCGCAACCATTAGTAATGGTGGTAGACACACCTTC 

TATCCAGACAGTGTGAAGGGGCGATTCACCATCTCCAGAGACAATGCCAAGAACACCCTGTATCTGCAAATGAGCAGT 

CTGAAGTTGAGGACACAGCCATGTATTTATGTGTAAGACAGACTGGGACGGAGGGCTGGTTTGCTTACTGGGGCCAAG 

GGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1020) 

Mouse antibody 25E6 Heavy chain: Amino acid sequence (138 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MNFGLSLIFLALILKGVQCEVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGMSWVRQTPDKRLEWVATISNGGRHTF 

YPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYLCVRQTGTEGWFAYWGQGTLVTVSA (SEQ ID NO:1021) 

Mouse antibody 25E6 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
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GAGGTGCAGCTGGTGGAGTCTGGGGGAGACTTAGTGAAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGT 

TTCACTTTCAGT (SEQ ID NO:1022) 

(amino acids) 
EVQLVESGGDLVKPGGSLKLSCAASGFTFS (SEQ ID NO:1023) 

Mouse antibody 25E6 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 
(DNA) 

AGTTATGGAATGTCT (SEQ ID NO:1024) 

(amino acids) 
SYGMS (SEQ ID NO:1025) 

Mouse antibody 25E6 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTTCGCCAGACTCCAGACAAGAGGCTGGAGTGGGTCGCA (SEQ ID NO:1026) 

(amino acids) 
WVRQTPDKRLEWVA (SEQ ID NO:1027) 

Mouse antibody 25E6 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

ACCATTAGTAATGGTGGTAGACACACCTTCTATCCAGACAGTGTGAAGGGG (SEQ ID NO:1028) 

(amino acids) 
TISNGGRHTFYPDSVKG (SEQ ID NO:1029) 

Mouse antibody 25E6 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

CGATTCACCATCTCCAGAGACAATGCCAAGAACACCCTGTATCTGCAAATGAGCAGTCTGAAGTCTGAGGACACAGCC 

ATGTATTTATGTGTAAGA (SEQ ID NO:1030) 

(amino acids) 
RFTISRDNAKNTLYLQMSSLKSEDTAMYLCVR (SEQ ID NO:1031) 

Mouse antibody 25E6 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

CAGACTGGGACGGAGGGCTGGTTTGCTTAC (SEQ ID NO:1032) 

(amino acids) 
QTGTEGWFAY (SEQ ID NO:1033) 

Mouse antibody 25E6 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1034) 

(amino acids) 
WGQGTLVTVSA (SEQ ID NO:1035) 

Mouse antibody 25E6 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAGTCCTGCCCAGTTCCTGTTTCTGTTAGTGCTCTGGATTCGGGAAACCAACGGTGATGTTGTGATGACCCAGACT 

CCACTCACTTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTTAGATAGTGAT 

GGAAAGACATATTTGAATTGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTCTAAACTG 

GACTCTGGAGTCCCTGACAGGTTCACTGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGGGAGGCTG 

AGGATTTGGGAGTTTATTATTGCTGGCAAGGTACACATTTTCCTCAGACGTTCGGTGGAGGCACCAAGCTGGAAATCA 

AA (SEQ ID NO:1036) 

Mouse antibody 25E6 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 
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MSPAQFLFLLVLWIRETNGDVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLIYLVSKL 

DSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWQGTHFPQTFGGGTKLEIK (SEQ ID NO:1037) 

Mouse antibody 25E6 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGC (SEQ ID 

NO:1038) 

(amino acids) 
DVVMTQTPLTLSVTIGQPASISC (SEQ ID NO:1039) 

Mouse antibody 25E6 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AAGTCAAGTCAGAGCCTCTTAGATAGTGATGGAAAGACATATTTGAAT (SEQ ID NO:1040) 

(amino acids) 
KSSQSLLDSDGKTYLN (SEQ ID NO:1041) 

Mouse antibody 25E6 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTAT (SEQ ID NO:1042) 

(amino acids) 
WLLQRPGQSPKRLIY (SEQ ID NO:1043) 

Mouse antibody 25E6 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

CTGGTGTCTAAACTGGACTCT (SEQ ID NO:1044) 

(amino acids) 
LVSKLDS (SEQ ID NO:1045) 

Mouse antibody 25E6 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGAGTCCCTGACAGGTTCACTGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCTGAGGAT 

TTGGGAGTTTATTATTGC (SEQ ID NO:1046) 

(amino acids) 
GVPDRFTGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:1047) 

Mouse antibody 25E6 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TGGCAAGGTACACATTTTCCTCAGACG (SEQ ID NO:1048) 

(amino acids) 
WQGTHFPQT (SEQ ID NO:1049) 

Mouse antibody 25E6 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:1050) 

(amino acids) 
FGGGTKLEIK (SEQ ID NO:1051) 

239



WO 2020/146902 PCT/US2020/013410 

Mouse antibody 28F9 Heavy chain: DNA sequence (399 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGGGATGGAGCTATATCATCCTCTTTTTGGTAGCAACAGCTACAGGTGTCCACTCCCAGGTCCAACTGCAGCAGCCT 

GGGGCTGAACTGGTGCAGCCTGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACACCTTCACCGGCTACTTT 
TTGTACTGGGTGAAGCAGAGGCCTGGACATGGCCTTGAGTGGATTGGGGGAATTCATCCTAGCAATGGTGATACTGAC 
TTCAATGAGAAGTTCAAGAACAAGGCCACACTGACTGTAGACATATCCTCCAGCACTGCCTACATGCAACTCAGCAGC 
CTGACATCTGAGGACTCTGCGGTCTATTATTGTACATTACTAATAGGGGTCTACTGGGGCCAAGGCACCACTCTCACA 
GTCTCCTCA (SEQ ID NO:1052) 

Mouse antibody 28F9 Heavy chain: Amino acid sequence (133 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MGWSYIILFLVATATGVHSQVQLQQPGAELVQPGASVKLSCKASGYTFTGYFLYWVKQRPGHGLEWIGGIHPSNGDTD 

FNEKFKNKATLTVDISSSTAYMQLSSLTSEDSAVYYCTLLIGVYWGQGTTLTVSS (SEQ ID NO:1053) 

Mouse antibody 28F9 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

CAGGTCCAACTGCAGCAGCCTGGGGCTGAACTGGTGCAGCCTGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGC 

TACACCTTCACC (SEQ ID NO:1054) 

(amino acids) 
QVQLQQPGAELVQPGASVKLSCKASGYTFT (SEQ ID NO:1055) 

Mouse antibody 28F9 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

GGCTACTTTTTGTAC (SEQ ID NO:1056) 

(amino acids) 
GYFLY (SEQ ID NO:1057) 

Mouse antibody 28F9 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTGAAGCAGAGGCCTGGACATGGCCTTGAGTGGATTGGG (SEQ ID NO:1058) 

(amino acids) 
WVKQRPGHGLEWIG (SEQ ID NO:1059) 

Mouse antibody 28F9 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

GGAATTCATCCTAGCAATGGTGATACTGACTTCAATGAGAAGTTCAAGAAC (SEQ ID NO:1060) 

(amino acids) 
GIHPSNGDTDFNEKFKN (SEQ ID NO:1061) 

Mouse antibody 28F9 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AAGGCCACACTGACTGTAGACATATCCTCCAGCACTGCCTACATGCAACTCAGCAGCCTGACATCTGAGGACTCTGCG 

GTCTATTATTGTACATTA (SEQ ID NO:1062) 

(amino acids) 
KATLTVDISSSTAYMQLSSLTSEDSAVYYCTL (SEQ ID NO:1063) 

Mouse antibody 28F9 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

CTAATAGGGGTCTAC (SEQ ID NO:1064) 

(amino acids) 
LIGVY (SEQ ID NO:1065) 

Mouse antibody 28F9 heavy chain variable framework 4 (FW4) sequence: 
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(DNA) 
TGGGGCCAAGGCACCACTCTCACAGTCTCCTCA (SEQ ID NO:1066) 

(amino acids) 
WGQGTTLTVSS (SEQ ID NO:1067) 

Mouse antibody 28F9 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAGTCCTGCCCAGTTCCTGTTTCTGTTAGTGCTCTGGATTCGGGAAACCAACGGTGATGTTGTGATGACCCAGACT 

CCACTCACTTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTTACATAGTGAT 

GGAAAGACATATTTGATTTGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTATCTGGTGTCTAAACTG 

GACTCTGGAGTCCCTGACAGGTTCACCGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCT 

GAGGATTTGGGAGTTTATTTTTGCTGTCAAGGTACACATTTTCCGTGGACGTTCGGTGGAGGCACCATGCTGGAAATC 

AAA (SEQ ID NO:1068) 

Mouse antibody 28F9 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MSPAQFLFLLVLWIRETNGDVVMTQTPLTLSVTIGQPASISCKSSQSLLHSDGKTYLIWLLQRPGQSPKRLIYLVSKL 

DSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYFCCQGTHFPWTFGGGTMLEIK (SEQ ID NO:1069) 

Mouse antibody 28F9 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTTACCATTGGACAACCAGCCTCCATCTCTTGC (SEQ ID 

NO:1070) 

(amino acids) 
DVVMTQTPLTLSVTIGQPASISC (SEQ ID NO:1071) 

Mouse antibody 28F9 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AAGTCAAGTCAGAGCCTCTTACATAGTGATGGAAAGACATATTTGATT (SEQ ID NO:1072) 

(amino acids) 
KSSQSLLHSDGKTYLI (SEQ ID NO:1073) 

Mouse antibody 28F9 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTAT (SEQ ID NO:1074) 

(amino acids) 
WLLQRPGQSPKRLIY (SEQ ID NO:1075) 

Mouse antibody 28F9 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

CTGGTGTCTAAACTGGACTCT (SEQ ID NO:1076) 

(amino acids) 
LVSKLDS (SEQ ID NO:1077) 

Mouse antibody 28F9 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGAGTCCCTGACAGGTTCACCGGCAGTGGATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCTGAGGAT 

TTGGGAGTTTATTTTTGC (SEQ ID NO:1078) 

(amino acids) 
GVPDRFTGSGSGTDFTLKISRVEAEDLGVYFC (SEQ ID NO:1079) 

Mouse antibody 28F9 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TGTCAAGGTACACATTTTCCGTGGACG (SEQ ID NO:1080) 

(amino acids) 
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CQGTHFPWT (SEQ ID NO:1081) 

Mouse antibody 28F9 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCATGCTGGAAATCAAA (SEQ ID NO:1082) 

(amino acids) 
FGGGTMLEIK (SEQ ID NO:1083) 

Mouse antibody 18B4 Heavy chain: DNA sequence (411 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGTACTTGGGACTGAACTATGTATTCATAGTTTTTCTCTTAAATGGTGTCCAGAGTGAAGTGAAACTTGAGGAGTCT 

GGAGGAGGCTTGGTGCAACCTGGGGGATCCATGAAACTCTCTTGTGCTGCCTCTGGATTCACTTTTAATGACGCCTGG 

ATGGACTGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAGTGGGTTGCTGAAATTAGAAGCACAGCTAATATTCATACA 

ACATACTATGCTGAGTCTGTCCAAGGGAGGTTCACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAAATG 

AACAGCTTGAGAGCTGAAGACACTGGCATTTATTATTGTACCCCATTACTCTACGGATTTGCTTACTGGGGCCAAGGG 

ACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1084) 

Mouse antibody 18B4 Heavy chain: Amino acid sequence (137 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MYLGLNYVFIVFLLNGVQSEVKLEESGGGLVQPGGSMKLSCAASGFTFNDAWMDWVRQSPEKGLEWVAEIRSTANIHT 

TYYAESVQGRFTISRDDSKSSVYLQMNSLRAEDTGIYYCTPLLYGFAYWGQGTLVTVSA (SEQ ID NO:1085) 

Mouse antibody 18B4 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

GAAGTGAAACTTGAGGAGTCTGGAGGAGGCTTGGTGCAACCTGGGGGATCCATGAAACTCTCTTGTGCTGCCTCTGGA 

TTCACTTTTAAT (SEQ ID NO:1086) 

(amino acids) 
EVKLEESGGGLVQPGGSMKLSCAASGFTFN (SEQ ID NO:1087) 

Mouse antibody 18B4 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

GACGCCTGGATGGAC (SEQ ID NO:1088) 

(amino acids) 
DAWMD (SEQ ID NO:1089) 

Mouse antibody 18B4 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAGTGGGTTGCT (SEQ ID NO:1090) 

(amino acids) 
WVRQSPEKGLEWVA (SEQ ID NO:1091) 

Mouse antibody 18B4 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

GAAATTAGAAGCACAGCTAATATTCATACAACATACTATGCTGAGTCTGTCCAAGGG (SEQ ID NO:1092) 

(amino acids) 
EIRSTANIHTTYYAESVQG (SEQ ID NO:1093) 

Mouse antibody 18B4 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AGGTTCACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAAATGAACAGCTTGAGAGCTGAAGACACTGGC 

ATTTATTATTGTACCCCA (SEQ ID NO:1094) 

(amino acids) 
RFTISRDDSKSSVYLQMNSLRAEDTGIYYCTP (SEQ ID NO:1095) 
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Mouse antibody 18B4 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TTACTCTACGGATTTGCTTAC (SEQ ID NO:1096) 

(amino acids) 
LLYGFAY (SEQ ID NO:1097) 

Mouse antibody 18B4 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1098) 

(amino acids) 
WGQGTLVTVSA (SEQ ID NO:1099) 

Mouse antibody 18B4 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGATGTTGTGATGACCCAAAGT 
CCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGCAGAACTAGTCAGAGCCTTGTACACAGTAAT 

GGAAACACCTATTTACATTGGCACCTGCAGAAGCCAGGCCAGTCTCCAAAGGTCCTGATCTACAAAGTTTCCAGCCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCGGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCT 
GAGGATCTGGGAGTTTATTTCTGCTCTCAAAATACACATGTTCCGTACACGTTCGGAGGGGGGACCAAGCTGGAAATA 
AAA (SEQ ID NO:1100) 

Mouse antibody 18B4 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASSSDVVMTQSPLSLPVSLGDQASISCRTSQSLVHSNGNTYLHWHLQKPGQSPKVLIYKVSSR 

FSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQNTHVPYTFGGGTKLEIK (SEQ ID NO:1101) 

Mouse antibody 18B4 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTGTGATGACCCAAAGTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGC (SEQ ID 

NO:1102) 

(amino acids) 
DVVMTQSPLSLPVSLGDQASISC (SEQ ID NO:1103) 

Mouse antibody 18B4 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AGAACTAGTCAGAGCCTTGTACACAGTAATGGAAACACCTATTTACAT (SEQ ID NO:1104) 

(amino acids) 
RTSQSLVHSNGNTYLH (SEQ ID NO:1105) 

Mouse antibody 18B4 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGCACCTGCAGAAGCCAGGCCAGTCTCCAAAGGTCCTGATCTAC (SEQ ID NO:1106) 

(amino acids) 
WHLQKPGQSPKVLIY (SEQ ID NO:1107) 

Mouse antibody 18B4 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

AAAGTTTCCAGCCGATTTTCT (SEQ ID NO:1108) 

(amino acids) 
KVSSRFS (SEQ ID NO:1109) 

Mouse antibody 18B4 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCGGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGAT 

CTGGGAGTTTATTTCTGC (SEQ ID NO:1110) 

243



WO 2020/146902 PCT/US2020/013410 

(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYFC (SEQ ID NO:1111) 

Mouse antibody 18B4 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TCTCAAAATACACATGTTCCGTACACG (SEQ ID NO:1112) 

(amino acids) 
SQNTHVPYT (SEQ ID NO:1113) 

Mouse antibody 18B4 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGAGGGGGGACCAAGCTGGAAATAAAA (SEQ ID NO:1114) 

(amino acids) 
FGGGTKLEIK (SEQ ID NO:1115) 

Mouse Antibody IE4 Heavy chain: DNA sequence (408 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGGAATGGCCTTGTATCTTTCTCTTCCTCCTGTCAGTAACTGAAGGTGTCCACTCCCAGGTTCAGCTGCAGCAGTCT 

GGGGCTGAGCTGGTGAGGCCTGGGTCCTCAGTGAAGATTTCCTGTAAGGCTTCTGGCTATGCATTCAGTACCTACTGG 

ATGAACTGGGTGAAGCAGAGGCCTGGACAGGGTCTTGAGTGGATTGGACAGATTTATCCTGGAGATAGTGATACTAAC 

TACAATGGAAAGTTCAAGGGTAAAGCCACACTGACTGCAGACAAGTCCTCCAACACAGCCTACATGCAGCTCAGCAGC 

CTAACATCTGAGGACTCTGCGGTCTTTTTCTGTGCAAGAGGTAACCACGCCTCTATGGACTACTGGGGTCAAGGAACC 

TCAGTCACCGTCTCCTCA (SEQ ID NO:1116) 

Mouse Antibody IE4 Heavy chain: Amino acid sequence (136 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MEWPCIFLFLLSVTEGVHSQVQLQQSGAELVRPGSSVKISCKASGYAFSTYWMNWVKQRPGQGLEWIGQIYPGDSDTN 

YNGKFKGKATLTADKSSNTAYMQLSSLTSEDSAVFFCARGNHASMDYWGQGTSVTVSS (SEQ ID NO:1117) 

Mouse Antibody IE4 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

CAGGTTCAGCTGCAGCAGTCTGGGGCTGAGCTGGTGAGGCCTGGGTCCTCAGTGAAGATTTCCTGTAAGGCTTCTGGC 

TATGCATTCAGT (SEQ ID NO:1118) 

(amino acids) 
QVQLQQSGAELVRPGSSVKISCKASGYAFS (SEQ ID NO:1119) 

Mouse antibody IE4 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

ACCTACTGGATGAAC (SEQ ID NO:1200) 

(amino acids) 
TYWMN (SEQ ID NO:1201) 

Mouse antibody IE4 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTGAAGCAGAGGCCTGGACAGGGTCTTGAGTGGATTGGA (SEQ ID NO:1202) 

(amino acids) 
WVKQRPGQGLEWIG (SEQ ID NO:1203) 

Mouse antibody IE4 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

CAGATTTATCCTGGAGATAGTGATACTAACTACAATGGAAAGTTCAAGGGT (SEQ ID NO:1204) 

(amino acids) 
QIYPGDSDTNYNGKFKG (SEQ ID NO:1205) 
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Mouse antibody IE4 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AAAGCCACACTGACTGCAGACAAGTCCTCCAACACAGCCTACATGCAGCTCAGCAGCCTAACATCTGAGGACTCTGCG 

GTCTTTTTCTGTGCAAGA (SEQ ID NO:1206) 

(amino acids) 
KATLTADKSSNTAYMQLSSLTSEDSAVFFCAR (SEQ ID NO:1207) 

Mouse antibody IE4 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

GGTAACCACGCCTCTATGGACTAC (SEQ ID NO:1208) 

(amino acids) 
GNHASMDY (SEQ ID NO:1209) 

Mouse antibody IE4 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:1210) 

(amino acids) 
WGQGTSVTVSS (SEQ ID NO:1211) 

Mouse Antibody IE4 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGATGTTGTGATGACCCAAACT 

CCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGCCTTGTACACAGTAAT 

GGAAACACCTATTTACATTGGTACCTGCAGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCT 

GAGGATCTGGGAGTTTATTTCTGCTCTCAAAAAACACATGTTCCGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATC 

AAA (SEQ ID NO:1212) 

Mouse Antibody IE4 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASSSDVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNR 

FSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQKTHVPWTFGGGTKLEIK (SEQ ID NO:1213) 

Mouse antibody IE4 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTGTGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGC (SEQ ID 

NO:1214) 

(amino acids) 
DVVMTQTPLSLPVSLGDQASISC (SEQ ID NO:1215) 

Mouse antibody IE4 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AGATCTAGTCAGAGCCTTGTACACAGTAATGGAAACACCTATTTACAT (SEQ ID NO:1216) 

(amino acids) 
RSSQSLVHSNGNTYLH (SEQ ID NO:1217) 

Mouse antibody IE4 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTACCTGCAGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTAC (SEQ ID NO:1218) 

(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:1219) 

Mouse antibody IE4 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 
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AAAGTTTCCAACCGATTTTCT (SEQ ID NO:1220) 

(amino acids) 
KVSNRFS (SEQ ID NO:1221) 

Mouse antibody IE4 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGAT 

CTGGGAGTTTATTTCTGC (SEQ ID NO:1222) 

(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYFC (SEQ ID NO:1223) 

Mouse antibody IE4 light chain variable complementarity determining regions 3 
(CDR3) sequence: 
(DNA) 

TCTCAAAAAACACATGTTCCGTGGACG (SEQ ID NO:1224) 

(amino acids) 
SQKTHVPWT (SEQ ID NO:1225) 

Mouse antibody IE4 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:1226) 

(amino acids) 
FGGGTKLEIK (SEQ ID NO:1227) 

Mouse antibody 29H1 Heavy chain: DNA sequence (411 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGTACTTGGGACTGAACTATGTATTCATAGTTTTTCTCTTAAATGGTGTCCAGAGTGAAGTGAAGCTTGAGGAGTCT 

GGAGGAGGCTTGGTACAACCTGGAGGATCCATGAAACTCTCTTGTGCTGCCTCTGGATTCACTTTTAGTGACGCCTGG 

ATGGACTGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAATGGGTTGCTGAAATTAGAAGCAAAGCTACTAATCATGCA 

ACATACTATGCTGAGTCTGTGAAAGGGAGGTTCACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAAATG 

AACAGCTTAAGAGCTGAAGACACTGGCATTTATTACTGTACCCCCCTACTTTACGGGTTTGCTTACTGGGGCCAAGGG 

ACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1228) 

Mouse antibody 29H1 Heavy chain: Amino acid sequence (137 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MYLGLNYVFIVFLLNGVQSEVKLEESGGGLVQPGGSMKLSCAASGFTFSDAWMDWVRQSPEKGLEWVAEIRSKATNHA 

TYYAESVKGRFTISRDDSKSSVYLQMNSLRAEDTGIYYCTPLLYGFAYWGQGTLVTVSA (SEQ ID NO:1229) 

Mouse antibody 29H1 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTACAACCTGGAGGATCCATGAAACTCTCTTGTGCTGCCTCTGGA 

TTCACTTTTAGT (SEQ ID NO:1230) 

(amino acids) 
EVKLEESGGGLVQPGGSMKLSCAASGFTFS (SEQ ID NO:1231) 

Mouse antibody 29H1 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

GACGCCTGGATGGAC (SEQ ID NO:1232) 

(amino acids) 
DAWMD (SEQ ID NO:1233) 

Mouse antibody 29H1 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAATGGGTTGCT (SEQ ID NO:1234) 

(amino acids) 
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WVRQSPEKGLEWVA (SEQ ID NO:1235) 

Mouse antibody 29H1 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

GAAATTAGAAGCAAAGCTACTAATCATGCAACATACTATGCTGAGTCTGTGAAAGGG (SEQ ID NO:1236) 

(amino acids) 
EIRSKATNHATYYAESVKG (SEQ ID NO:1237) 

Mouse antibody 29H1 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AGGTTCACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAAATGAACAGCTTAAGAGCTGAAGACACTGGC 

ATTTATTACTGTACCCCC (SEQ ID NO:1238) 

(amino acids) 
RFTISRDDSKSSVYLQMNSLRAEDTGIYYCTP (SEQ ID NO:1239) 

Mouse antibody 29H1 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

CTACTTTACGGGTTTGCTTAC (SEQ ID NO:1240) 

(amino acids) 
LLYGFAY (SEQ ID NO:1241) 

Mouse antibody 29H1 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1242) 

(amino acids) 
WGQGTLVTVSA (SEQ ID NO:1243) 

Mouse antibody 29H1 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGATGTTGTGATGACCCAAACT 

CCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTGGTCAGAGCCTTGTACACAGTAAT 

GGACACACCTATTTACATTGGTACCTGCAGAAGCCAGGCCAGTCTCCAAGGCTCCTGATCTACAAAGTTTCCAACCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAAGGGCAGATTTCACACTCAAGATCAGCAGAGTGGAGGCT 

GAGGATCTGGGAGTTTATTTCTGCTCTCAAACTACACATGTTCCGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATC 

AAA (SEQ ID NO:1244) 

Mouse antibody 29H1 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASSSDVVMTQTPLSLPVSLGDQASISCRSGQSLVHSNGHTYLHWYLQKPGQSPRLLIYKVSNR 

FSGVPDRFSGSGSRADFTLKISRVEAEDLGVYFCSQTTHVPWTFGGGTKLEIK (SEQ ID NO:1245) 

Mouse antibody 29H1 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTGTGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGC (SEQ ID 

NO:1246) 

(amino acids) 
DVVMTQTPLSLPVSLGDQASISC (SEQ ID NO:1247) 

Mouse antibody 29H1 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 
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AGATCTGGTCAGAGCCTTGTACACAGTAATGGACACACCTATTTACAT (SEQ ID NO:1248) 

(amino acids) 
RSGQSLVHSNGHTYLH (SEQ ID NO:1249) 

Mouse antibody 29H1 light chain variable framework 2 (FW2) sequence: 
(DNA) 
TGGTACCTGCAGAAGCCAGGCCAGTCTCCAAGGCTCCTGATCTAC (SEQ ID NO:1250) 

(amino acids) 
WYLQKPGQSPRLLIY (SEQ ID NO:1251) 

Mouse antibody 29H1 light chain variable complementarity determining regions 2 
(CDR2) sequence: 
(DNA) 
AAAGTTTCCAACCGATTTTCT (SEQ ID NO:1252) 

(amino acids) 
KVSNRFS (SEQ ID NO:1253) 

Mouse antibody 29H1 light chain variable framework 3 (FW3) sequence: 
(DNA) 
GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAAGGGCAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGAT 

CTGGGAGTTTATTTCTGC (SEQ ID NO:1254) 

(amino acids) 
GVPDRFSGSGSRADFTLKISRVEAEDLGVYFC (SEQ ID NO:1255) 

Mouse antibody 29H1 light chain variable complementarity determining regions 3 
(CDR3) sequence: 
(DNA) 
TCTCAAACTACACATGTTCCGTGGACG (SEQ ID NO:1256) 

(amino acids) 
SQTTHVPWT (SEQ ID NO:1257) 

Mouse antibody 29H1 light chain variable framework 4 (FW4) sequence: 
(DNA) 
TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:1258) 

(amino acids) 
FGGGTKLEIK (SEQ ID NO:1259) 

Mouse antibody 31A1 Heavy chain: DNA sequence (399 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGGAAAGGCACTGGATCTTTCTCTTCCTGTTTTCAGTAACTGCAGGTGTCCACTCCCAGGTCCAGCTTCAGCAGTCT 

GGGGCTGAACTGGCAAAACCTGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACACCTTTACTAGCTACTGG 

ATGCACTGGGTAAAACAGAGGCCTGGACAGGGTCTGGAATGGATTGGATACATTAATCCTAGCACTGGTTATACTGAG 

TACAATCAGAAGTTCAAGGACAAGGCCACATTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAACTGAGCAGC 

CTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAGAGCCTACATTGACTACTGGGGCCAAGGCACCACTCTCACA 

GTCTCCTCA (SEQ ID NO:1260) 

Mouse antibody 31A1 Heavy chain: Amino acid sequence (133 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 
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MERHWIFLFLFSVTAGVHSQVQLQQSGAELAKPGASVKMSCKASGYTFTSYWMHWVKQRPGQGLEWIGYINPSTGYTE 

YNQKFKDKATLTADKSSSTAYMQLSSLTSEDSAVYYCARAYIDYWGQGTTLTVSS (SEQ ID NO:1261) 

Mouse antibody 31A1 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

CAGGTCCAGCTTCAGCAGTCTGGGGCTGAACTGGCAAAACCTGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGC 

TACACCTTTACT (SEQ ID NO:1262) 

(amino acids) 
QVQLQQSGAELAKPGASVKMSCKASGYTFT (SEQ ID NO:1263) 

Mouse antibody 31A1 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AGCTACTGGATGCAC (SEQ ID NO:1264) 

(amino acids) 
SYWMH (SEQ ID NO:1265) 

Mouse antibody 31A1 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTAAAACAGAGGCCTGGACAGGGTCTGGAATGGATTGGA (SEQ ID NO:1266) 

(amino acids) 
WVKQRPGQGLEWIG (SEQ ID NO:1267) 

Mouse antibody 31A1 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

TACATTAATCCTAGCACTGGTTATACTGAGTACAATCAGAAGTTCAAGGAC (SEQ ID NO:1268) 

(amino acids) 
YINPSTGYTEYNQKFKD (SEQ ID NO:1269) 

Mouse antibody 31A1 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AAGGCCACATTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAACTGAGCAGCCTGACATCTGAGGACTCTGCA 

GTCTATTACTGTGCAAGA (SEQ ID NO:1270) 

(amino acids) 
KATLTADKSSSTAYMQLSSLTSEDSAVYYCAR (SEQ ID NO:1271) 

Mouse antibody 31A1 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

GCCTACATTGACTAC (SEQ ID NO:1272) 

(amino acids) 
AYIDY (SEQ ID NO:1273) 

Mouse antibody 31A1 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGCCAAGGCACCACTCTCACAGTCTCCTCA (SEQ ID NO:1274) 

(amino acids) 
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WGQGTTLTVSS (SEQ ID NO:1275) 

Mouse antibody 31A1 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGATGTTTTGATGACCCAAACT 

CCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCTTCTCTTGCAGATCTAGTCAGAGCATTGTACATAGTAAT 

GGAAACACCTATTTAGAATGGTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAACAGAGTGGAGGCT 

GAGGATCTGGGAGTTTATTACTGCTTTCAAGTTTCACATTTTCCGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATC 

AAA (SEQ ID NO:1276) 

Mouse antibody 31A1 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASSSDVLMTQTPLSLPVSLGDQASFSCRSSQSIVHSNGNTYLEWYLQKPGQSPKLLIYKVSNR 

FSGVPDRFSGSGSGTDFTLKINRVEAEDLGVYYCFQVSHFPWTFGGGTKLEIK (SEQ ID NO:1277) 

Mouse antibody 31A1 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTTTTGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCTTCTCTTGC (SEQ ID 

NO:1278) 

(amino acids) 
DVLMTQTPLSLPVSLGDQASFSC (SEQ ID NO:1279) 

Mouse antibody 31A1 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AGATCTAGTCAGAGCATTGTACATAGAAATGGAAACACCTATTTAGAA (SEQ ID NO:1280) 

(amino acids) 
RSSQSIVHRNGNTYLE (SEQ ID NO:1281) 

Mouse antibody 31A1 light chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGATCTAC (SEQ ID NO:1282) 

(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:1283) 

Mouse antibody 31A1 light chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 

AAAGTTTCCAACCGATTTTCT (SEQ ID NO:1284) 

(amino acids) 
KVSNRFS (SEQ ID NO:1285) 

Mouse antibody 31A1 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAACAGAGTGGAGGCTGAGGAT 

CTGGGAGTTTATTACTGC (SEQ ID NO:1286) 

(amino acids) 
GVPDRFSGSGSGTDFTLKINRVEAEDLGVYYC (SEQ ID NO:1287) 
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Mouse antibody 31A1 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TTTCAAGTTTCACATTTTCCGTGGACG (SEQ ID NO:1288) 

(amino acids) 
FQVSHFPWT (SEQ ID NO:1289) 

Mouse antibody 31A1 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:1290) 

(amino acids) 
FGGGTKLEIK (SEQ ID NO:1291) 

Mouse antibody 32C1 Heavy chain: DNA sequence (411 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGTACTTGGGACTGAACTGTGTATTCATAGTTTTTCTCTTAAAAGGTGTCCAGAGTGAAGTGAAGCTTGAGGAGTCT 

GGAGGAGGCTTGGTGCAATCTGGAGGATCCATGAAACTCTCCTGTGTTGCCTCTGGATTCACTTTCAGTAATTACTGG 

ATGAACTGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAGTGGGTTGCTGAAATTAGATTGAAATCTAATAATTATGCA 

ATACATTATGCGGAGTCTGTGAAGGGGAGGTTCACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAAATG 

AACAACTTAAGAGCTGAAGACACTGGCATTTATTACTGTACCAGGGTCCCGGGACTGGATGCTTACTGGGGCCAAGGG 

ACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1292) 

Mouse antibody 32C1 Heavy chain: Amino acid sequence (137 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MYLGLNCVFIVFLLKGVQSEVKLEESGGGLVQSGGSMKLSCVASGFTFSNYWMNWVRQSPEKGLEWVAEIRLKSNNYA 

IHYAESVKGRFTISRDDSKSSVYLQMNNLRAEDTGIYYCTRVPGLDAYWGQGTLVTVSA (SEQ ID NO:1293) 

Mouse antibody 32C1 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAATCTGGAGGATCCATGAAACTCTCCTGTGTTGCCTCTGGA 

TTCACTTTCAGT (SEQ ID NO:1294) 

(amino acids) 
EVKLEESGGGLVQSGGSMKLSCVASGFTFS (SEQ ID NO:1295) 

Mouse antibody 32C1 heavy chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AATTACTGGATGAAC (SEQ ID NO:1296) 

(amino acids) 
NYWMN (SEQ ID NO:1297) 

Mouse antibody 32C1 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTCCGCCAGTCTCCAGAGAAGGGGCTTGAGTGGGTTGCT (SEQ ID NO:1298) 

(amino acids) 
WVRQSPEKGLEWVA (SEQ ID NO:1299) 

Mouse antibody 32C1 heavy chain variable complementarity determining regions 2 
(CDR2) sequence: 

(DNA) 
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GAAATTAGATTGAAATCTAATAATTATGCAATACATTATGCGGAGTCTGTGAAGGGG (SEQ ID NO:1300) 

(amino acids) 
EIRLKSNNYAIHYAESVKG (SEQ ID NO:1301) 

Mouse antibody 32C1 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AGGTTCACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAAATGAACAACTTAAGAGCTGAAGACACTGGC 

ATTTATTACTGTACCAGG (SEQ ID NO:1302) 

(amino acids) 
RFTISRDDSKSSVYLQMNNLRAEDTGIYYCTR (SEQ ID NO:1303) 

Mouse antibody 32C1 heavy chain variable complementarity determining regions 3 
(CDR3) sequence: 
(DNA) 
GTCCCGGGACTGGATGCTTAC (SEQ ID NO:1304) 

(amino acids) 
VPGLDAY (SEQ ID NO:1305) 

Mouse antibody 32C1 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
TGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA (SEQ ID NO:1306) 

(amino acids) 
WGQGTLVTVSA (SEQ ID NO:1307) 

Mouse antibody 32C1 Light chain: DNA sequence (393 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATGTTCTGGATTCCTGCTTCCAGCAGTGATGTTGTGATGACCCAAACT 

CCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGCCTTGTACACAGTAAT 

GGAAACACCTATTTACATTGGTACCTGCAGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTACAAAGTTTCCAACCGA 

TTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGTGTGGAGGCT 

GAGGATCTGGGAGTTTATTTCTGCTCTCAAATTACACATGTTCCGTACACGTTCGGAGGGGGGACCAATCTGGAAATA 

AAA (SEQ ID NO:1308) 

Mouse antibody 32C1 Light chain: Amino acid sequence (131 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKLPVRLLVLMFWIPASSSDVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNR 

FSGVPDRFSGSGSGTDFTLKISSVEAEDLGVYFCSQITHVPYTFGGGTNLEIK (SEQ ID NO:1309) 

Mouse antibody 32C1 light chain variable framework 1 (FW1) sequence: 
(DNA) 
GATGTTGTGATGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGC (SEQ ID 

NO:1310) 

(amino acids) 
DVVMTQTPLSLPVSLGDQASISC (SEQ ID NO:1311) 

Mouse antibody 32C1 light chain variable complementarity determining regions 1 
(CDR1) sequence: 

(DNA) 

AGATCTAGTCAGAGCCTTGTACACAGTAATGGAAACACCTATTTACAT (SEQ ID NO:1312) 

(amino acids) 
RSSQSLVHSNGNTYLH (SEQ ID NO:1313) 

Mouse antibody 32C1 light chain variable framework 2 (FW2) sequence: 
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(DNA) 
TGGTACCTGCAGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTAC (SEQ ID NO:1314) 

(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:1315) 

Mouse antibody 32C1 light chain variable complementarity determining regions 2 
(CDR2) sequence: 
(DNA) 

AAAGTTTCCAACCGATTTTCT (SEQ ID NO:1316) 

(amino acids) 
KVSNRFS (SEQ ID NO:1317) 

Mouse antibody 32C1 light chain variable framework 3 (FW3) sequence: 
(DNA) 

GGGGTCCCAGACAGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGTGTGGAGGCTGAGGAT 

CTGGGAGTTTATTTCTGC (SEQ ID NO:1318) 

(amino acids) 
GVPDRFSGSGSGTDFTLKISSVEAEDLGVYFC (SEQ ID NO:1319) 

Mouse antibody 32C1 light chain variable complementarity determining regions 3 
(CDR3) sequence: 

(DNA) 

TCTCAAATTACACATGTTCCGTACACG (SEQ ID NO:1320) 

(amino acids) 
SQITHVPYT (SEQ ID NO:1321) 

Mouse antibody 32C1 light chain variable framework 4 (FW4) sequence: 
(DNA) 

TTCGGAGGGGGGACCAATCTGGAAATAAAA (SEQ ID NO:1322) 

(amino acids) 
FGGGTNLEIK (SEQ ID NO:1323) 

Mouse antibody 45C11 Heavy chain: DNA sequence (423 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAAATGCAGCTGGGTTATCTTCTTCCTGATGGCAGTGGTTACAGGGGTCAATTCAGAGGTTCAGCTGCAGCAGTCT 

GGGGCAGACCTTGTGAAGCCAGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAACATTAAAGACACCTTT 

ATGCACTGGGTGAAGCAGAGGCCTGAACAGGGCCTGGAGTGGATTGGAAGGATTGATCCTGCGAATGGTAATACTAAA 

TATGACCCGAAATTCCAGGGCAAGGCCACTATAACAGCAGACACATCCTCCAACACAGCCTACCTGCAGCTCAGCAGC 

CTGACATCTGAGGACACTGCCGTCTATTACTGTGCTAAACCGTATGGTAACTACGGCTATTACTATGCTTTGGACTAC 

TGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:1324) 

Mouse antibody 45C11 Heavy chain: Amino acid sequence (141 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MKCSWVIFFLMAVVTGVNSEVQLQQSGADLVKPGASVKLSCTASGFNIKDTFMHWVKQRPEQGLEWIGRIDPANGNTK 

YDPKFQGKATITADTSSNTAYLQLSSLTSEDTAVYYCAKPYGNYGYYYALDYWGQGTSVTVSS (SEQ ID 

NO:1325) 

Mouse antibody 45C11 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 

GAGGTTCAGCTGCAGCAGTCTGGGGCAGACCTTGTGAAGCCAGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGC 

TTCAACATTAAA (SEQ ID NO:1326) 

(amino acids) 
EVQLQQSGADLVKPGASVKLSCTASGFNIK (SEQ ID NO:1327) 

Mouse antibody 45C11 heavy chain variable complementarity determining regions 
1 (CDR1) sequence: 

(DNA) 
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GACACCTTTATGCAC (SEQ ID NO:1328) 

(amino acids) 
DTFMH (SEQ ID NO:1329) 

Mouse antibody 45C11 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 

TGGGTGAAGCAGAGGCCTGAACAGGGCCTGGAGTGGATTGGA (SEQ ID NO:1330) 

(amino acids) 
WVKQRPEQGLEWIG (SEQ ID NO:1331) 

Mouse antibody 45C11 heavy chain variable complementarity determining regions 
2 (CDR2) sequence: 
(DNA) 

AGGATTGATCCTGCGAATGGTAATACTAAATATGACCCGAAATTCCAGGGC (SEQ ID NO:1332) 

(amino acids) 
RIDPANGNTKYDPKFQG (SEQ ID NO:1333) 

Mouse antibody 45C11 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 

AAGGCCACTATAACAGCAGACACATCCTCCAACACAGCCTACCTGCAGCTCAGCAGCCTGACATCTGAGGACACTGCC 

GTCTATTACTGTGCTAAA (SEQ ID NO:1334) 

(amino acids) 
KATITADTSSNTAYLQLSSLTSEDTAVYYCAK (SEQ ID NO:1335) 

Mouse antibody 45C11 heavy chain variable complementarity determining regions 
3 (CDR3) sequence: 
(DNA) 

CCGTATGGTAACTACGGCTATTACTATGCTTTGGACTAC (SEQ ID NO:1336) 

(amino acids) 
PYGNYGYYYALDY (SEQ ID NO:1337) 

Mouse antibody 45C11 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 

TGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA (SEQ ID NO:1338) 

(amino acids) 
WGQGTSVTVSS (SEQ ID NO:1339) 

Mouse antibody 45C11 Light chain: DNA sequence (381 bp) 
Signal sequence-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

ATGAGGTTCCAGGTTCAGGTTCTGGGGCTCCTTCTGCTCTGGATATCAGGTGCCCAGTGTGATGTCCAGATAACCCAG 

TCTCCATCTTATCTTGCTGCATCTCCTGGAGAAACCATTACTATTAATTGCAGGGCAAGTAAGAGCATTAGCAAATAT 

TTAGCCTGGTATCAAGAGAAACCTGGGAAAACTAATAAGCTTCTTATCTACTCTGGATCCACTTTGCAATCTGGAATT 

CCATCAAGGTTCAGTGGCAGTGGATCTGGTACAGATTTCACTCTCACCATCAGTAGCCTGGAGCCTGAAGATTTTGCA 

ATGTATTACTGTCAACAGCATAATGAATTCCCGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID 

NO:1340) 

Mouse antibody 45C11 Light chain: Amino acid sequence (127 aa) 
Signal peptide-FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 

MRFQVQVLGLLLLWISGAQCDVQITQSPSYLAASPGETITINCRASKSISKYLAWYQEKPGKTNKLLIYSGSTLQSGI 

PSRFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEFPWTFGGGTKLEIK (SEQ ID NO:1341) 

Mouse antibody 45C11 light chain variable framework 1 (FW1) sequence: 
(DNA) 

GATGTCCAGATAACCCAGTCTCCATCTTATCTTGCTGCATCTCCTGGAGAAACCATTACTATTAATTGC (SEQ ID 

NO:1342) 

(amino acids) 
DVQITQSPSYLAASPGETITINC (SEQ ID NO:1343) 
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Mouse antibody 45C11 light chain variable complementarity determining regions 
1 (CDR1) sequence: 
(DNA) 
AGGGCAAGTAAGAGCATTAGCAAATATTTAGCC (SEQ ID NO:1344) 
(amino acids) 

RASKSISKYLA (SEQ ID NO:1345) 

Mouse antibody 45C11 light chain variable framework 2 (FW2) sequence: 
(DNA) 
TGGTATCAAGAGAAACCTGGGAAAACTAATAAGCTTCTTATCTAC (SEQ ID NO:1346) 
(amino acids) 

WYQEKPGKTNKLLIY (SEQ ID NO:1347) 

Mouse antibody 45C11 light chain variable complementarity determining regions 
2 (CDR2) sequence: 
(DNA) 
TCTGGATCCACTTTGCAATCT (SEQ ID NO:1348) 
(amino acids) 

SGSTLQS (SEQ ID NO:1349) 

Mouse antibody 45C11 light chain variable framework 3 (FW3) sequence: 
(DNA) 
GGAATTCCATCAAGGTTCAGTGGCAGTGGATCTGGTACAGATTTCACTCTCACCATCAGTAGCCTGGAGCCTGAAGAT 
TTTGCAATGTATTACTGT (SEQ ID NO:1350) 
(amino acids) 

GIPSRFSGSGSGTDFTLTISSLEPEDFAMYYC (SEQ ID NO:1351) 

Mouse antibody 45C11 light chain variable complementarity determining regions 
3 (CDR3) sequence: 
(DNA) 
CAACAGCATAATGAATTCCCGTGGACG (SEQ ID NO:1352) 
(amino acids) 

QQHNEFPWT (SEQ ID NO:1353) 

Mouse antibody 45C11 light chain variable framework 4 (FW4) sequence: 
(DNA) 
TTCGGTGGAGGCACCAAGCTGGAAATCAAA (SEQ ID NO:1354) 
(amino acids) 

FGGGTKLEIK (SEQ ID NO:1355) 

5C6F3 
Mouse 5C6F3 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
Gaagtgatgctggtggagtctgggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgga 
ttcactttcagt (SEQ ID NO:1356) 
(amino acids) 
EVMLVESGGGLVKPGGSLKLSCAASGFTFS (SEQ ID NO:1357) 

Mouse 5C6F3 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
acctatgccatgtct (SEQ ID NO:1358) 
(amino acids) 
TYAMS (SEQ ID NO:1359) 

Mouse 5C6F3 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
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tgggttcgccagactccggagaagaggctggagtgggtcgca (SEQ ID NO:1360) 
(amino acids) 
WVRQTPEKRLEWVA (SEQ ID NO:1361) 

Mouse 5C6F3 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
gccattagtaatggtggtggttacacctactatccagacagtctgaagggg (SEQ ID NO:1362) 
(amino acids) 
AISNGGGYTYYPDSLKG (SEQ ID NO:1363) 

Mouse 5C6F3 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatgagcagtctgaggtctgaggacacggcc 
acgtattactgtgcaaga (SEQ ID NO:1364) 
(amino acids) 
RFTISRDNAKNTLYLQMSSLRSEDTATYYCAR (SEQ ID NO:1365) 

Mouse 5C6F3 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cgttactatgatcactactttgactac (SEQ ID NO:1366) 
(amino acids) 
RYYDHYFDY (SEQ ID NO:1367) 

Mouse 5C6F3 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
tggggccaaggcaccgctctcacggtctcctca (SEQ ID NO:1368) 
(amino acids) 
WGQGTALTVSS (SEQ ID NO:1369) 

Mouse 5C6F3 light chain variable framework 1 (FRl) sequence: 
(DNA) 
gatgttttgatgacccaaactccactctccctgcctgtcagtcttggagatcaagcctccatctcttgc (SEQ ID 
NO:1370) 
(amino acids) 
DVLMTQTPLSLPVSLGDQASISC (SEQ ID NO:1371) 

Mouse 5C6F3 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agatctagtcagaccattgtacatagtaatggaaacacctatttagaa (SEQ ID NO:1372) 
(amino acids) 
RSSQTIVHSNGNTYLE (SEQ ID NO:1373) 

Mouse 5C6F3 light chain variable framework 2 (FR2) sequence: 
(DNA) 
tggtacctgcagaaaccaggccagtctccaaagctcctgatctac (SEQ ID NO:1374) 
(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:1375) 

Mouse 5C6F3 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
aaagtttccaaccgattttct (SEQ ID NO:1376) 
(amino acids) 
KVSNRFS (SEQ ID NO:1377) 
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Mouse 5C6F3 light chain variable framework 3 (FR3) sequence: 
(DNA) 
ggggtcccagacaggttcagtggcagtggatcagggacagatttcacactcaagatcagcagggtggaggctgaggat 
ctgggagtttattactgc (SEQ ID NO:1378) 
(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:1379) 

Mouse 5C6F3 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
tttcaagattcacatgttcctctcacg (SEQ ID NO:1380) 
(amino acids) 
FQDSHVPLT (SEQ ID NO:1381) 

Mouse 5C6F3 light chain variable framework 4 (FR4) sequence: 
(DNA) 
ttcggtgctgggaccaagctggagctgaaa (SEQ ID NO:1382) 
(amino acids) 
FGAGTKLELK (SEQ ID NO:1383) 

mu5C6F3 scFv sequence 
(DNA) 
gaagtgatgctggtggagtctgggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgga 
ttcactttcagtacctatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcagccattagt 
aatggtggtggttacacctactatccagacagtctgaaggggcgattcaccatctccagagacaatgccaagaacacc 
ctgtacctgcaaatgagcagtctgaggtctgaggacacggccacgtattactgtgcaagacgttactatgatcactac 
tttgactactggggccaaggcaccgctctcacggtctcctcaggtggcggaggatctggcggaggtggaagcggcgga 
ggcggatccgatgttttgatgacccaaactccactctccctgcctgtcagtcttggagatcaagcctccatctcttgc 
agatctagtcagaccattgtacatagtaatggaaacacctatttagaatggtacctgcagaaaccaggccagtctcca 
aagctcctgatctacaaagtttccaaccgattttctggggtcccagacaggttcagtggcagtggatcagggacagat 
ttcacactcaagatcagcagggtggaggctgaggatctgggagtttattactgctttcaagattcacatgttcctctc 
acgttcggtgctgggaccaagctggagctgaaa (SEQ ID NO:1384) 
(amino acids) 
EVMLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWVRQTPEKRLEWVAAISNGGGYTYYPDSLKGRFTISRDNAKN 
TLYLQMSSLRSEDTATYYCARRYYDHYFDYWGQGTALTVSSGGGGSGGGGSGGGGSDVLMTQTPLSLPVSLGDQASI 
SCRSSQTIVHSNGNTYLEWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQDSH 
VPLTFGAGTKLELK (SEQ ID NO:1385) 

3C2B1 

Mouse 3C2B1 heavy chain variable framework 1 (CDR1) sequence: 
(DNA) 
gaagtgatgctggtggagtctgggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgga 
atcactttcagt (SEQ ID NO:1386) 
(amino acids) 
EVMLVESGGGLVKPGGSLKLSCAASGITFS (SEQ ID NO:1387) 

Mouse 3C2B1 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
acctataccatgtcg (SEQ ID NO:1388) 
(amino acids) 
TYTMS (SEQ ID NO:1389) 

Mouse 3C2B1 heavy chain variable framework 2 (CDR2) sequence: 
(DNA) 
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tgggttcgccagactccggagaagaggctggagtgggtcgca (SEQ ID NO:1390) 
(amino acids) 
WVRQTPEKRLEWVA (SEQ ID NO:1391) 

Mouse 3C2B1 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accattagtactggtggtgataaaacctactattcagacagtgtgaagggt (SEQ ID NO:1392) 
(amino acids) 
TISTGGDKTYYSDSVKG (SEQ ID NO:1393) 

Mouse 3C2B1 heavy chain variable framework 3 (CDR3) sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaacaacctgtacctccaaatgagcagtctgaggtctgaggacacggcc 
ttgtattactgtgcaagg (SEQ ID NO:1394) 
(amino acids) 
RFTISRDNAKNNLYLQMSSLRSEDTALYYCAR (SEQ ID NO:1395) 

Mouse 3C2B1 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
ggaaccacggctatgtattactatgctatggactac (SEQ ID NO:1396) 
(amino acids) 
GTTAMYYYAMDY (SEQ ID NO:1397) 

Mouse 3C2B1 heavy chain variable framework 4 (CDR4) sequence: 
(DNA) 
tggggtcaaggaacctcagtcaccgtctcctca (SEQ ID NO:1398) 
(amino acids) 
WGQGTSVTVSS (SEQ ID NO:1399) 

Mouse 3C2B1 light chain variable framework 1 (FW1) sequence: 
(DNA) 
gacattgtgctgacacagtctcctgcttccttagctgtatctctggggcagagggccaccatctcatgc (SEQ ID 
NO:1400) 
(amino acids) 
DIVLTQSPASLAVSLGQRATISC (SEQ ID NO:1401) 

Mouse 3C2B1 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agggccagcaaaagtatcagtacatctgactataattatattcac (SEQ ID NO:1402) 
(amino acids) 
RASKSISTSDYNYIH (SEQ ID NO:1403) 

Mouse 3C2B1 light chain variable framework 2 (FW2) sequence: 
(DNA) 
tggtaccaacagaaaccaggacagccacccaaactcctcatctat (SEQ ID NO:1404) 
(amino acids) 
WYQQKPGQPPKLLIY (SEQ ID NO:1405) 

Mouse 3C2B1 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
CTTGCATCCAACCTAGAATCT (SEQ ID NO:1406) 
(amino acids) 
LASNLES (SEQ ID NO:1407) 
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Mouse 3C2B1 light chain variable framework 3 (FW3) sequence: 
(DNA) 
gggtccctgccaggttcagtggcagtgggtctgggacagacttcaccctcaacatccatcctgtggaggaagaagatg 
ctgcaacctattactgt (SEQ ID NO:1408) 
(amino acids) 
GVPARFSGSGSGTDFTLNIHPVEEEDAATYYC (SEQ ID NO:1409) 

Mouse 3C2B1 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cagcacagtagggagcttcctctcacg (SEQ ID NO:1410) 
(amino acids) 
QHSRELPLT (SEQ ID NO:1411) 

Mouse 3C2B1 light chain variable framework 4 (FW4) sequence: 
(DNA) 
ttcggtgctgggaccaagctggagctgaaa (SEQ ID NO:1412) 
(amino acids) 
FGAGTKLELK (SEQ ID NO:1413) 

Mouse B12 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
Caggcgcagctgaaggagtcaggacctggcctggtggcgccctcacagagcctgtccatcacttgcactgtctctggg 
ttttcattaacc (SEQ ID NO:1414) 
(amino acids) 
QAQLKESGPGLVAPSQSLSITCTVSGFSLT (SEQ ID NO:1415) 

Mouse B12 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agctatggtgtacac (SEQ ID NO:1416) 
(amino acids) 
SYGVH (SEQ ID NO:1417) 

Mouse B12 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
tgggttcgccagcctccaggaaagggtctggagtggctggga (SEQ ID NO:1418) 
(amino acids) 
WVRQPPGKGLEWLG (SEQ ID NO:1419) 

Mouse B12 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
gtaatatggcctggtggaagcacaaattataattcgactctcatgtccagaatg (SEQ ID NO:1420) 
(amino acids) 
VIWPGGSTNYNSTLMSRM (SEQ ID NO:1421) 

Mouse B12 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 
cggatcatcaaagacaactccaagagccaagttttcttaaaaatgaacagtctgcaaattgatgacacagccatgtac 
tactgtgccaga (SEQ ID NO:1422) 
(amino acids) 
RIIKDNSKSQVFLKMNSLQIDDTAMYYCAR (SEQ ID NO:1423) 

Mouse B12 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
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(DNA) 
gatcggacacctcgggtgggggcctggtttgcttac (SEQ ID NO:1424) 
(amino acids) 
DRTPRVGAWFAY (SEQ ID NO:1425) 

Mouse B12 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
tggggccaagggactctggtcactgtctctgcag (SEQ ID NO:1426) 
(amino acids) 
WGQGTLVTVSA (SEQ ID NO:1427) 

Mouse B12 light chain variable framework 1 (FRl) sequence: 
(DNA) 
atcattgtgctgacccaatctccagcttctttggctgtgtctctagggcagagggccaccatatcctgc (SEQ ID 
NO:1428) 
(amino acids) 
IIVLTQSPASLAVSLGQRATISC (SEQ ID NO:1429) 

Mouse B12 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agagccagtgagagtgttgctacttatggcaataattttatgcag (SEQ ID NO:1430) 
(amino acids) 
RASESVATYGNNFMQ (SEQ ID NO:1431) 

Mouse B2 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
gaagtggtgctggtggagtctgggggaggcttagtggagcctggagggtccctgaaactctcctgtgtagcctctgga 
ttcgctttcagt (SEQ ID NO:1432) 
(amino acids) 
EVVLVESGGGLVEPGGSLKLSCVASGFAFS (SEQ ID NO:1433) 

Mouse B2 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
acctttgccatgtct (SEQ ID NO:1434) 
(amino acids) 
TFAMS (SEQ ID NO:1435) 

Mouse B2 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
tggattcgccagactccggagaagaggctggagtgggtcgca (SEQ ID NO:1436) 
(amino acids) 
WIRQTPEKRLEWVA (SEQ ID NO:1437) 

Mouse B2 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
gccattagtaatggtggtggttacacctactatccagacactctgaagggg (SEQ ID NO:1438) 
(amino acids) 
AISNGGGYTYYPDTLKG (SEQ ID NO:1439) 

Mouse B2 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 
cgattctccatctccagagacaatgccaagaataccctgtacctgcaaatgagtagtctgaggtctgaggacacggcc 
gtgtattactgtgcaaga (SEQ ID NO:1440) 
(amino acids) 
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RFSISRDNAKNTLYLQMSSLRSEDTAVYYCAR (SEQ ID NO:1441) 

Mouse B2 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cgctactatgatctctactttgactta (SEQ ID NO:1442) 
(amino acids) 
RYYDLYFDL (SEQ ID NO:1443) 

Mouse B2 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
Tggggccgaggcacctctctcatagtctcctca (SEQ ID NO:1444) 
(amino acids) 
WGRGTSLIVSS (SEQ ID NO:1445) 

Mouse B2 light chain variable framework 1 (FRl) sequence: 
(DNA) 
gatattctgatgacccaaactccactctccctgcctgtcagtcttggagatcaagcctccatttcttgc (SEQ ID 
NO:1446) 
(amino acids) 
DILMTQTPLSLPVSLGDQASISC (SEQ ID NO:1447) 
Mouse B2 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agatctagtcagaacattgtacatagtaatggaaacacctatttagaa (SEQ ID NO:1448) 
(amino acids) 
RSSQNIVHSNGNTYLE (SEQ ID NO:1449) 

Mouse B2 light chain variable framework 2 (FR2) sequence: 
(DNA) 
tggtacctgcagaaaccaggccagtctccaaagctcctgatctac (SEQ ID NO:1450) 
(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:1451) 

Mouse B2 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
aaagtttccaaccgattttct (SEQ ID NO:1452) 
(amino acids) 
KVSNRFS (SEQ ID NO:1453) 

Mouse B2 light chain variable framework 3 (FR3) sequence: 
(DNA) 
ggggtccccgacaggttcagtggtagtgggtcagggacagatttcacactcaagatcagcagagtggaggctgaggat 
ctgggagtttattactgc (SEQ ID NO:1454) 
(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:1455) 

Mouse B2 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
tttcaagattcacatgttcctctcacg (SEQ ID NO:1456) 
(amino acids) 
FQDSHVPLT (SEQ ID NO:1457) 

Mouse B2 light chain variable framework 4 (FR4) sequence: 
(DNA) 
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ttcggtgctgggaccaggctggagctgaaa (SEQ ID NO:1458) 
(amino acids) 
FGAGTRLELK (SEQ ID NO:1459) 

Mouse B7 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
gaggtgcaggtggtggagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgga 
ttcactttcagt (SEQ ID NO:1460) 
(amino acids) 
EVQVVESGGDLVKPGGSLKLSCAASGFTFS (SEQ ID NO:1461) 

Mouse B7 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agatatggcatgtct (SEQ ID NO:1462) 
(amino acids) 
RYGMS (SEQ ID NO:1463) 

Mouse B7 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
tgggttcgccagactccagacaagaggctggagtgggtcgca (SEQ ID NO:1464) 
(amino acids) 
WVRQTPDKRLEWVA (SEQ ID NO:1465) 

Mouse B7 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accattagtagtggtggtacttacatctactatccagacagtgtgaagggg (SEQ ID NO:1466) 
(amino acids) 
TISSGGTYIYYPDSVKG (SEQ ID NO:1467) 

Mouse B7 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatgagcagtctgaagtctgaggacacagcc 
atgtattactgtgcaagg (SEQ ID NO:1468) 
(amino acids) 
RFTISRDNAKNTLYLQMSSLKSEDTAMYYCAR (SEQ ID NO:1469) 

Mouse B7 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
gataactacggtagtagctacgactatgctatggactac (SEQ ID NO:1470) 
(amino acids) 
DNYGSSYDYAMDY (SEQ ID NO:1471) 

Mouse B7 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
tggggtcaaggaacctcagtcaccgtctcctca (SEQ ID NO:1472) 
(amino acids) 
WGQGTSVTVSS (SEQ ID NO:1473) 

Mouse B7 light chain variable framework 1 (FRl) sequence: 
(DNA) 
gatgttttgatgacccaaactccactctccctgcctgtcagtcttggagatcaagcctccatctcttgc (SEQ ID 
NO:1474) 
(amino acids) 
DVLMTQTPLSLPVSLGDQASISC (SEQ ID NO:1475) 
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Mouse B7 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agatctagtcagaccattgtacatagtaatggaaacacctatttagaa (SEQ ID NO:1476) 
(amino acids) 
RSSQTIVHSNGNTYLE (SEQ ID NO:1477) 

Mouse B7 light chain variable framework 2 (FR2) sequence: 
(DNA) 
tggtacctgcaaaaaccaggccagtctccaaagctcctgatctac (SEQ ID NO:1478) 
(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:1479) 

Mouse B7 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
aaagtttccaaccgattttct (SEQ ID NO:1480) 
(amino acids) 
KVSNRFS (SEQ ID NO:1481) 

Mouse B7 light chain variable framework 3 (FR3) sequence: 
(DNA) 
ggggtcccagacaggttcagtggcagtggatcagggacagatttcacactcaagatcagcagggtggaggctgaggat 
ctgggagtttattactgc (SEQ ID NO:1482) 
(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:1483) 

Mouse B7 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
tttcaagattcacatgttcctctcacg (SEQ ID NO:1484) 
(amino acids) 
FQDSHVPLT (SEQ ID NO:1485) 

Mouse B7 light chain variable framework 4 (FR4) sequence: 
(DNA) 
ttcggtgctgggaccaagctggagctgaaa (SEQ ID NO:1486) 
(amino acids) 
FGAGTKLELK (SEQ ID NO:1487) 

Mouse 8C7F3 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
gaagtgatgctggtggagtctgggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgga 
ttcactttcagt (SEQ ID NO:1488) 
(amino acids) 
EVMLVESGGGLVKPGGSLKLSCAASGFTFS (SEQ ID NO:1489) 

Mouse 8C7F3 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
acctatgccatgtct (SEQ ID NO:1490) 
(amino acids) 
TYAMS (SEQ ID NO:1491) 

Mouse 8C7F3 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
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tgggttcgccagactccggagaagaggctggagtgggtcgca (SEQ ID NO:1492) 
(amino acids) 
WVRQTPEKRLEWVA (SEQ ID NO:1493) 

Mouse 8C7F3 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
gccattagtaatggtggtggttacacctactatccagacagtctgaagggg (SEQ ID NO:1494) 
(amino acids) 
AISNGGGYTYYPDSLKG (SEQ ID NO:1495) 

Mouse 8C7F3 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatgagcagtctgaggtctgaggacacggcc 
acgtattactgtgcaaga (SEQ ID NO:1496) 
(amino acids) 
RFTISRDNAKNTLYLQMSSLRSEDTATYYCAR (SEQ ID NO:1497) 

Mouse 8C7F3 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cgttactatgatcactactttgactac (SEQ ID NO:1498) 
(amino acids) 
RYYDHYFDY (SEQ ID NO:1499) 

Mouse 8C7F3 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
tggggccaaggcaccgctctcacggtctcctca (SEQ ID NO:1500) 
(amino acids) 
WGQGTALTVSS (SEQ ID NO:1501) 
Mouse 8C7F3 light chain variable framework 1 (FRl) sequence: 
(DNA) 
atcattgtgctgacccaatctccagcttctttggctgtgtctctagggcagagggccaccatatcctgc (SEQ ID 
NO:1502) 
(amino acids) 
IIVLTQSPASLAVSLGQRATISC (SEQ ID NO:1503) 

Mouse 8C7F3 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agagccagtgagagtgttgctacttatggcaataattttatgcag (SEQ ID NO:1504) 
(amino acids) 
RASESVATYGNNFMQ (SEQ ID NO:1505) 

Mouse 8C7F3 light chain variable framework 2 (FR2) sequence: 
(DNA) 
tggtatcagcagaaaccaggacagccacccaaactcctcatctat (SEQ ID NO:1506) 
(amino acids) 
WYQQKPGQPPKLLIY (SEQ ID NO:1507) 

Mouse 8C7F3 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
cttgcatccaccctagattct (SEQ ID NO:1508) 
(amino acids) 
LASTLDS (SEQ ID NO:1509) 
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Mouse 8C7F3 light chain variable framework 3 (FR3) sequence: 
(DNA) 
ggggtccctgccaggttcagtggcagtgggtctaggacagacttcaccctcaccattgatcctgtggaggctgatgat 
gctgcaacctattactgt (SEQ ID NO:1510) 
(amino acids) 
GVPARFSGSGSRTDFTLTIDPVEADDAATYYC (SEQ ID NO:1511) 

Mouse 8C7F3 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cagcaaaataatgaggatcctccgacg (SEQ ID NO:1512) 
(amino acids) 
QQNNEDPPT (SEQ ID NO:1513) 

Mouse 8C7F3 light chain variable framework 4 (FR4) sequence: 
(DNA) 
ttcggtggaggcaccaagctggaaatcaag (SEQ ID NO:1514) 
(amino acids) 
FGGGTKLEIK (SEQ ID NO:1515) 
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Mouse H1l heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
gaagtggtgctggtggagtctgggggaggcttagtggagcctggagggtccctgaaactctcctgtgtagcctctgga 
ttcgcttttagt (SEQ ID NO:1516) 
(amino acids) 
EVVLVESGGGLVEPGGSLKLSCVASGFAFS (SEQ ID NO:1517) 

Mouse H1l heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
acctttgccatgtct (SEQ ID NO:1518) 
(amino acids) 
TFAMS (SEQ ID NO:1519) 

Mouse H1l heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
tggattcgccagactccggagaagaggctggagtgggtcgca (SEQ ID NO:1520) 
(amino acids) 
WIRQTPEKRLEWVA (SEQ ID NO:1521) 

Mouse H1l heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
gccattagtaatggtggtggttacacttactatccagacactctgaagggg (SEQ ID NO:1522) 
(amino acids) 
AISNGGGYTYYPDTLKG (SEQ ID NO:1523) 

Mouse H1l heavy chain variable framework 3 (FW3) sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaataccctgtacctgcaaatgagtagtctgaggtctgaggacacggcc 
gtgtattactgtgcaaga (SEQ ID NO:1524) 
(amino acids) 
RFTISRDNAKNTLYLQMSSLRSEDTAVYYCAR (SEQ ID NO:1525) 

Mouse H1l heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cgctactatgatctctactttgactta (SEQ ID NO:1526) 
(amino acids) 
RYYDLYFDL (SEQ ID NO:1527) 

Mouse H1l heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
tggggccaaggcacctctctcatagtctcctca (SEQ ID NO:1528) 
(amino acids) 
WGQGTSLIVSS (SEQ ID NO:1529) 

Mouse H1l light chain variable framework 1 (FRl) sequence: 
(DNA) 
gatattctgatgacccaaactccactctccctgcctgtcagtcttggagatcaagcctccatttcttgc (SEQ ID 
NO:1530) 
(amino acids) 
DILMTQTPLSLPVSLGDQASISC (SEQ ID NO:1531) 

Mouse H1l light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
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(DNA) 
agatctagtcagaacattgtacatagtaatggaaacacctatttagaa (SEQ ID NO:1532) 
(amino acids) 
RSSQNIVHSNGNTYLE (SEQ ID NO:1533) 

Mouse H1l light chain variable framework 2 (FR2) sequence: 
(DNA) 
tggtacctgcagaaaccaggccagtctccaaagctcctgatctac (SEQ ID NO:1534) 
(amino acids) 
WYLQKPGQSPKLLIY (SEQ ID NO:1535) 

Mouse H1l light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
aaagtttccaaccgattttct (SEQ ID NO:1536) 
(amino acids) 
KVSNRFS (SEQ ID NO:1537) 

Mouse H1l light chain variable framework 3 (FR3) sequence: 
(DNA) 
ggggtccccgacaggttcagtggtagtgggtcagggacagatttcacactcaagatcagcagagtggaggctgaggat 
ctgggagtttattactgc (SEQ ID NO:1538) 
(amino acids) 
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYC (SEQ ID NO:1539) 

Mouse H1l light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
tttcaagattcacatgttcctctcacg (SEQ ID NO:1540) 
(amino acids) 
FQDSHVPLT (SEQ ID NO:1541) 

Mouse H1l light chain variable framework 4 (FR4) sequence: 
(DNA) 
ttcggtgctgggaccaggctggagctgaaa (SEQ ID NO:1542) 
(amino acids) 
FGAGTRLELK (SEQ ID NO:1543) 

Mouse B9 heavy chain variable framework 1 (FW1) sequence: 
(DNA) 
gaggtgcaggtggtggagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgga 
ttcactttcagt (SEQ ID NO:1544) 
(amino acids) 
EVQVVESGGDLVKPGGSLKLSCAASGFTFS (SEQ ID NO:1545) 

Mouse B9 heavy chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agatatggcatgtct (SEQ ID NO:1546) 
(amino acids) 
RYGMS (SEQ ID NO:1547) 

Mouse B9 heavy chain variable framework 2 (FW2) sequence: 
(DNA) 
tgggttcgccagactccagacaagaggctggagtgggtcgca (SEQ ID NO:1548) 
(amino acids) 
WVRQTPDKRLEWVA (SEQ ID NO:1549) 
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Mouse B9 heavy chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accattagtagtggtggtacttacatctactatccagacagtgtgaagggg (SEQ ID NO:1550) 
(amino acids) 
TISSGGTYIYYPDSVKG (SEQ ID NO:1551) 

Mouse B9 heavy chain variable framework 3 (FW3) sequence: 
(DNA) 
cgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatgagcagtctgaagtctgaggacacagcc 
atgtattactgtgca (SEQ ID NO:1552) 
(amino acids) 
RFTISRDNAKNTLYLQMSSLKSEDTAMYYCAR (SEQ ID NO:1553) 

Mouse B9 heavy chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
agggataactacggtagtagctacgactatgctatggactac (SEQ ID NO:1554) 
(amino acids) 
DNYGSSYDYAMDY (SEQ ID NO:1555) 

Mouse B9 heavy chain variable framework 4 (FW4) sequence: 
(DNA) 
tggggtcaaggaacctcagtcaccgtctcctct (SEQ ID NO:1556) 
(amino acids) 
WGQGTSVTVSS (SEQ ID NO:1557) 

Mouse B9 light chain variable framework 1 (FRl) sequence: 
(DNA) 
caaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgc (SEQ ID 
NO:1558) 
(amino acids) 
QIVLTQSPAIMSASPGEEVTLTC (SEQ ID NO:1559) 

Mouse B9 light chain variable complementarity determining regions 1 (CDR1) 
sequence: 
(DNA) 
agtgccagctcaagtgtaagttacatgcac (SEQ ID NO:1560) 
(amino acids) 
SASSSVSYMH (SEQ ID NO:1561) 

Mouse B9 light chain variable framework 2 (FR2) sequence: 
(DNA) 
tggttccagcagaggccaggcacttctcccaaactctggatttat (SEQ ID NO:1562) 
(amino acids) 
WFQQRPGTSPKLWIY (SEQ ID NO:1563) 

Mouse B9 light chain variable complementarity determining regions 2 (CDR2) 
sequence: 
(DNA) 
accacatccaacctggcttct (SEQ ID NO:1564) 
(amino acids) 
TTSNLAS (SEQ ID NO:1565) 

Mouse B9 light chain variable framework 3 (FR3) sequence: 
(DNA) 
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ggagtccctgctcgcttcagtggcagtggatctgggacctcttactctctcacaatcagccgaatggaggctgaagat 
gctgccacttattactgc (SEQ ID NO:1566) 
(amino acids) 
GVPARFSGSGSGTSYSLTISRMEAEDAATYYC (SEQ ID NO:1567) 

Mouse B9 light chain variable complementarity determining regions 3 (CDR3) 
sequence: 
(DNA) 
cagcaaaggagtagttacccattc (SEQ ID NO:1568) 
(amino acids) 
QQRSSYPF (SEQ ID NO:1569) 

Mouse B9 light chain variable framework 4 (FR4) sequence: 
(DNA) 
acgttcggctcggggacaaagttggaaataaaa (SEQ ID NO:1570) 
(amino acids) 
TFGSGTKLEIK (SEQ ID NO:1571) 

mu3C2Bl scFv sequence 
(DNA) 
Gaagtgatgctggtggagtctgggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctgga 
atcactttcagtacctataccatgtcgtgggttcgccagactccggagaagaggctggagtgggtcgcaaccattagt 
actggtggtgataaaacctactattcagacagtgtgaagggtcgattcaccatctccagagacaatgccaagaacaac 
ctgtacctccaaatgagcagtctgaggtctgaggacacggccttgtattactgtgcaaggggaaccacggctatgtat 
tactatgctatggactactggggtcaaggaacctcagtcaccgtctcctcaggtggcggaggatctggcggaggtgga 
agcggcggaggcggatccgacattgtgctgacacagtctcctgcttccttagctgtatctctggggcagagggccacc 
atctcatgcagggccagcaaaagtatcagtacatctgactataattatattcactggtaccaacagaaaccaggacag 
ccacccaaactcctcatctatcttgcatccaacctagaatctggggtccctgccaggttcagtggcagtgggtctggg 
acagacttcaccctcaacatccatcctgtggaggaagaagatgctgcaacctattactgtcagcacagtagggagctt 
cctctcacgttcggtgctgggaccaagctggagctgaaa (SEQ ID NO:1572) 
(amino acids) 
EVMLVESGGGLVKPGGSLKLSCAASGITFSTYTMSWVRQTPEKRLEWVATISTGGDKTYYSDSVKGRFTISRDNAKN 

NLYLQMSSLRSEDTALYYCARGTTAMYYYAMDYWGQGTSVTVSSGGGGSGGGGSGGGGSDIVLTQSPASLAVSLGQR 

ATISCRASKSISTSDYNYIHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTDFTLNIHPVEEEDAATYYCQHS 

RELPLTFGAGTKLELK (SEQ ID NO:1573) 

mu20A10 scFv full sequence 
(DNA) 
gaagtgatgctggtggaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggc 
ttcacctttagcacatacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggc 
agagccggcagcacctactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctg 
tacctgcagatgagcagcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactac 
gacgagttcgcctattggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagc 
ggcggaggcggatccaatatcatgatgacacagagccccagcagcctggctgtgtctgctggcgagaaagtgaccatg 
tcctgcaagagcagccagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggc 
cagtctcctaagctgctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagc 
ggaaccgacttcaccctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtcc 
agcctgacctttggcgccggaacaaagctggaactgaag (SEQ ID NO:1574) 
(amino acids) 
EVMLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWIRQTPEKRLEWVASIGRAGSTYYSDSVKGRFTISRDNVRNI 

LYLQMSSLRSEDTAMYYCARGPIYNDYDEFAYWGQGTLVTVSAGGGGSGGGGSGGGGSNIMMTQSPSSLAVSAGEKV 
TMSCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFTGSGSGTDFTLTISSVQAEDLAVYYCHQ 

YLSSLTFGAGTKLELK (SEQ ID NO:1575) 
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hu20AlOM scFV 
(DNA 
gaggtgcagctggttgaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggc 
ttcacctttagcacatacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggc 
agagccggcagcacctactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctg 
tacctgcagatgaactccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactac 
gacgagttcgcctattggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctcc 
ggtggcggaggcagcgacatcgtgatgacacagagcccttctagcctggccgtgtctctgggagagagagccacaatc 
agctgcaagagcagccagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccgga 
cagtctcccaagctgctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggctctggcagc 
ggcaccgacttcaccctgacaattagcagtctgcaggccgaggacgtggccgtgtactactgtcaccagtacctgagc 
agcctgacctttggcggcggaacaaaggtggaaatcaag (SEQ ID NO:1576) 
(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQAPGKGLEWVASIGRAGSTYYSDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARGPIYNDYDEFAYWGQGTLVTVSSGGGGSGGGGSGGGGSDIVMTQSPSSLAVSLGERA 
TISCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFTGSGSGTDFTLTISSLQAEDVAVYYCHQ 
YLSSLTFGGGTKVEIK (SEQ ID NO:1577) 

hu20AlOC2 scFV 
(DNA) 
gaggtgcagctggttgaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggc 
ttcacctttagcacatacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggc 
agagccggcagcacctactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctg 
tacctgcagatgaactccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactac 
gacgagttcgcctattggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctcc 
ggtggcggaggcagcgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatc 
acctgcaagagcagccagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccagga 
caacctcctaaactcctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtct 
gggaccgatttcaccctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagc 
agcctgaccttcggcggagggaccaaggtggagatcaaacga (SEQ ID NO:1578) 
(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQAPGKGLEWVASIGRAGSTYYSDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARGPIYNDYDEFAYWGQGTLVTVSSGGGGSGGGGSGGGGSDIVLTQSPASLAVSPGQRA 
TITCKSSQSVLYSSNQKNYLAWYQQKPGQPPKLLIYWASTRESGVPARFSGSGSGTDFTLTINPVEANDTANYYCHQ 
YLSSLTFGGGTKVEIKR (SEQ ID NO:1579) 

hu20AlON scFV 
(DNA) 
caggtgcagctggttgaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggc 
ttcacctttagcacatacgccatgagctggatcagacaggcccctggcaaaggcctggaatgggtggcgtctattggc 
agagccggcagcacctactacagcgactctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctg 
tacctgcagatgaactccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactac 
gacgagttcgcctattggggccagggcacactggtcacagtttctagcggcggtggcggaagcggaggcggtggctcc 
ggtggcggaggcagcgaaattgtgctgacacagagccccgccacactgtcactttctccaggcgaaagagccacactg 
agctgcaagagcagccagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggc 
caagctcctcggctgctgatctattgggccagcacaagagagagcggcatccctgccagattttctggcagcggctct 
ggcaccgatttcaccctgaccataagcagcctggaacctgaggacttcgccgtgtattactgccaccagtacctgagc 
agcctgacctttggcggaggcaccaaggtggaaatcaagcgg (SEQ ID NO:1580) 
(amino acids) 
QVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWIRQAPGKGLEWVASIGRAGSTYYSDSVKGRFTISRDNAKNS 
LYLQMNSLRAEDTAVYYCARGPIYNDYDEFAYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVLTQSPATLSLSPGERA 
TLSCKSSQSVLYSSNQKNYLAWYQQKPGQAPRLLIYWASTRESGIPARFSGSGSGTDFTLTISSLEPEDFAVYYCHQ 
YLSSLTFGGGTKVEIKR (SEQ ID NO:1581) 

mu20AlO-CAR T-8-4-1BB-3z 
(DNA) 
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atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaa 
cggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggc 
tgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcag 
aaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
taccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa 
(SEQ ID NO:1582) 
(amino acis) 
MALPVTALLLPLALLLHAARPEVMLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWIRQTPEKRLEWVASIGRAGS 
TYYSDSVKGRFTISRDNVRNILYLQMSSLRSEDTAMYYCARGPIYNDYDEFAYWGQGTLVTVSAGGGGSGGGGSGGG 
GSNIMMTQSPSSLAVSAGEKVTMSCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFTGSGSGT 
DFTLTISSVQAEDLAVYYCHQYLSSLTFGAGTKLELKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL 
DFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSR 
SADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRG 
KGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1583) 

hu20A10-CAR T-8-4-1BB-3z 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagat 
ggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcc 
cccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggac 
aagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactg 
cagaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggc 
ctttaccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa 
(SEQ ID NO:1584) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQAPGKGLEWVASIGRAGS 
TYYSDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARGPIYNDYDEFAYWGQGTLVTVSSGGGGSGGGGSGGG 
GSDIVLTQSPASLAVSPGQRATITCKSSQSVLYSSNQKNYLAWYQQKPGQPPKLLIYWASTRESGVPARFSGSGSGT 
DFTLTINPVEANDTANYYCHQYLSSLTFGGGTKVEIKRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG 
LDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFS 
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RSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRR 
GKGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1585) 

mu20AlO-CAR T-8-28-3z 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcagg 
agtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattac 
cagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaa 
gataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttac 
cagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ 
ID NO:1586) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVMLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWIRQTPEKRLEWVASIGRAGS 
TYYSDSVKGRFTISRDNVRNILYLQMSSLRSEDTAMYYCARGPIYNDYDEFAYWGQGTLVTVSAGGGGSGGGGSGGG 
GSNIMMTQSPSSLAVSAGEKVTMSCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFTGSGSGT 
DFTLTISSVQAEDLAVYYCHQYLSSLTFGAGTKLELKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL 
DFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRS 
ADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGK 
GHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1587) 

hu20A10-CAR T-8-28-3z 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aggagtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcat 
taccagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcag 
aaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
taccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa 
(SEQ ID NO:1588) 
(amino acids) 
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MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQAPGKGLEWVASIGRAGS 
TYYSDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARGPIYNDYDEFAYWGQGTLVTVSSGGGGSGGGGSGGG 
GSDIVLTQSPASLAVSPGQRATITCKSSQSVLYSSNQKNYLAWYQQKPGQPPKLLIYWASTRESGVPARFSGSGSGT 

DFTLTINPVEANDTANYYCHQYLSSLTFGGGTKVEIKRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG 

LDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSR 
SADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRG 
KGHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1589) 

mu20AlO-CAR T-8-4-1BB-3z-lXX 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaa 
cggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggc 
tgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcag 
aaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
ttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa 
(SEQ ID NO:1590) 
(DNA) 
MALPVTALLLPLALLLHAARPEVMLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWIRQTPEKRLEWVASIGRAGS 

TYYSDSVKGRFTISRDNVRNILYLQMSSLRSEDTAMYYCARGPIYNDYDEFAYWGQGTLVTVSAGGGGSGGGGSGGG 

GSNIMMTQSPSSLAVSAGEKVTMSCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFTGSGSGT 
DFTLTISSVQAEDLAVYYCHQYLSSLTFGAGTKLELKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL 

DFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSR 

SADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRG 

KGHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1591) 

hu20A10-CAR T-8-4-1BB-3z-lXX 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagat 
ggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcc 
cccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggac 
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aagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactg 
cagaaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggc 
cttttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa 
(SEQ ID NO:1592) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQAPGKGLEWVASIGRAGS 
TYYSDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARGPIYNDYDEFAYWGQGTLVTVSSGGGGSGGGGSGGG 
GSDIVLTQSPASLAVSPGQRATITCKSSQSVLYSSNQKNYLAWYQQKPGQPPKLLIYWASTRESGVPARFSGSGSGT 
DFTLTINPVEANDTANYYCHQYLSSLTFGGGTKVEIKRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG 
LDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFS 
RSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRR 
GKGHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1593) 

mu20AlO-CAR T-8-28-3z-1XX 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcagg 
agtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattac 
cagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaa 
gataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttc 
cagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ 
ID NO:1594) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVMLVESGGGLVKPGGSLKLSCAASGFTFSTYAMSWIRQTPEKRLEWVASIGRAGS 

TYYSDSVKGRFTISRDNVRNILYLQMSSLRSEDTAMYYCARGPIYNDYDEFAYWGQGTLVTVSAGGGGSGGGGSGGG 

GSNIMMTQSPSSLAVSAGEKVTMSCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWASTRESGVPDRFTGSGSGT 

DFTLTISSVQAEDLAVYYCHQYLSSLTFGAGTKLELKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL 

DFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRS 
ADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGK 
GHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1595) 

hu20A10-CAR T-8-28-3z-1XX 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
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cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aggagtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcat 
taccagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcag 
aaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
ttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa 
(SEQ ID NO:1596) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSTYAMSWVRQAPGKGLEWVASIGRAGS 
TYYSDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARGPIYNDYDEFAYWGQGTLVTVSSGGGGSGGGGSGGG 
GSDIVLTQSPASLAVSPGQRATITCKSSQSVLYSSNQKNYLAWYQQKPGQPPKLLIYWASTRESGVPARFSGSGSGT 
DFTLTINPVEANDTANYYCHQYLSSLTFGGGTKVEIKRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG 
LDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSR 
SADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRG 
KGHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1597) 

25E6 
mu25E6 scFv full sequence 
(DNA) 
gaggtgcagctggtggagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggt 
ttcactttcagtagttatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagt 
aatggtggtagacacaccttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacacc 
ctgtatctgcaaatgagcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggc 
tggtttgcttactggggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggc 
ggaggcggatccgatgttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctct 
tgcaagtcaagtcagagcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtct 
ccaaagcgcctaatctatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggaca 
gatttcacactgaaaatcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcct 
cagacgttcggtggaggcaccaagctggaaatcaaa (SEQ ID NO:1598) 
(amino acids) 
EVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGMSWVRQTPDKRLEWVATISNGGRHTFYPDSVKGRFTISRDNAKN 
TLYLQMSSLKSEDTAMYLCVRQTGTEGWFAYWGQGTLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLTLSVTIGQPAS 
ISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWQGT 
HFPQTFGGGTKLEIK (SEQ ID NO:1599) 

hu25E6 full sequence 
(DNA) 
gaggtgcagctggtggaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggc 
ttcacattcagcagctacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagc 
aacggcggaagacacaccttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagc 
ctgtacctgcagatgaacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggc 
tggttcgcctactggggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggt 
ggcggaggcagcgacatcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctct 
tgtaaaagcagccagagcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagc 
cctcagctgctgatctacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcacc 
gacttcaccctgaagatcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccc 
cagacattcggccagggcaccaaggtggaaatcaag (SEQ ID NO:1600) 
(amino acids) 
EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSTISNGGRHTFYPDSVKGRFTISRDNAKN 

SLYLQMNSLRAEDTAVYYCARQTGTEGWFAYWGQGTLVTVSSGGGGSGGGGSGGGGSDIVMTQTPLSLSVTPGQPAS 

ISCKSSQSLLDSDGKTYLNWYLQKPGQSPQLLIYLVSKLDSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCWQGT 

HFPQTFGQGTKVEIK (SEQ ID NO:1601) 

mu25E6-CAR T-8-4-1BB-3z 
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(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaa 
gataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttac 
cagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ 
ID NO:1602) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGMSWVRQTPDKRLEWVATISNGGR 
HTFYPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYLCVRQTGTEGWFAYWGQGTLVTVSAGGGGSGGGGSGGGG 
SDVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDF 
TLKISRVEAEDLGVYYCWQGTHFPQTFGGGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRS 
ADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGK 
GHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1603) 

hu25E6-CAR T-8-4-1BB-3z 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaa 
gataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttac 
cagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ 
ID NO:1604) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSTISNGGR 
HTFYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARQTGTEGWFAYWGQGTLVTVSSGGGGSGGGGSGGGG 
SDIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTYLNWYLQKPGQSPQLLIYLVSKLDSGVPDRFSGSGSGTDF 
TLKISRVEAEDVGVYYCWQGTHFPQTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRS 
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ADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGK 
GHDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1605) 

mu25E6-CAR T-8-28-3z 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagat 
aagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccag 
ggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID 
NO:1606) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGMSWVRQTPDKRLEWVATISNGGR 
HTFYPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYLCVRQTGTEGWFAYWGQGTLVTVSAGGGGSGGGGSGGGG 
SDVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDF 
TLKISRVEAEDLGVYYCWQGTHFPQTFGGGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSA 
DAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG 
HDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1607) 

hu25E6-CAR T-8-28-3z 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagat 
aagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccag 
ggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID 
NO:1608) 
(amino acids) 
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MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSTISNGGR 
HTFYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARQTGTEGWFAYWGQGTLVTVSSGGGGSGGGGSGGGG 
SDIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTYLNWYLQKPGQSPQLLIYLVSKLDSGVPDRFSGSGSGTDF 

TLKISRVEAEDVGVYYCWQGTHFPQTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSA 
DAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG 
HDGLYQGLSTATKDTYDALHMQALPPR** (SEQ ID NO:1609) 

mu25E6-CAR T-8-4-1BB-3z-lXX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaa 
gataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttc 
cagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ 
ID NO:1610) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGMSWVRQTPDKRLEWVATISNGGR 
HTFYPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYLCVRQTGTEGWFAYWGQGTLVTVSAGGGGSGGGGSGGGG 
SDVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDF 
TLKISRVEAEDLGVYYCWQGTHFPQTFGGGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRS 
ADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGK 
GHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1611) 

hu25E6-CAR T-8-4-1BB-3z-lxx 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaa 
gataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttc 
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cagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ 
ID NO:1612) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSTISNGGR 
HTFYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARQTGTEGWFAYWGQGTLVTVSSGGGGSGGGGSGGGG 
SDIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTYLNWYLQKPGQSPQLLIYLVSKLDSGVPDRFSGSGSGTDF 
TLKISRVEAEDVGVYYCWQGTHFPQTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRS 
ADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGK 
GHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1613) 

mu25E6-CAR T-8-28-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagat 
aagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccag 
ggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID 
NO:1614) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGMSWVRQTPDKRLEWVATISNGGR 
HTFYPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYLCVRQTGTEGWFAYWGQGTLVTVSAGGGGSGGGGSGGGG 
SDVVMTQTPLTLSVTIGQPASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLIYLVSKLDSGVPDRFTGSGSGTDF 
TLKISRVEAEDLGVYYCWQGTHFPQTFGGGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSA 
DAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGKG 
HDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1615) 

hu25E6-CAR T-8-28-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
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aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagat 
aagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccag 
ggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID 
NO:1616) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLEWVSTISNGGR 
HTFYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARQTGTEGWFAYWGQGTLVTVSSGGGGSGGGGSGGGG 
SDIVMTQTPLSLSVTPGQPASISCKSSQSLLDSDGKTYLNWYLQKPGQSPQLLIYLVSKLDSGVPDRFSGSGSGTDF 
TLKISRVEAEDVGVYYCWQGTHFPQTFGQGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD 
FACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSA 
DAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGKG 
HDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1617) 

MNC2-lXX 
muMNC2-CAR T-8-4-1BB-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtccagctggag 
gagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcactttcagtggc 
tatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcaaccattagtagtggtggtacttat 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaggtctgaggacacggccatgtattactgtgcaagacttgggggggataattactacgaatacttcgat 
gtctggggcgcagggaccacggtcaccgtctcctccgccaaaacgacacccccatctgtctatggcggtggcggatcc 
ggcggtggcggatccggcggtggcggatccgacattgtgatcacacagtctacagcttccttaggtgtatctctgggg 
cagagggccaccatctcatgcagggccagcaaaagtgtcagtacatctggctatagttatatgcactggtaccaacag 
agaccaggacagccacccaaactcctcatctatcttgcatccaacctagaatctggggtccctgccaggttcagtggc 
agtgggtctgggacagacttcaccctcaacatccatcctgtggaggaggaggatgctgcaacctattactgtcagcac 
agtagggagcttccgttcacgttcggaggggggaccaagctggagataaaacgggctgatgctgcaccaactgtatcc 
acaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctgaggcccgaggct 
tgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatctgggcgcccttg 
gccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaagaaactcctgtat 
atattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaa 
gaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaaccag 
ctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatg 
gggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcggaggccttc 
agtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagtacagccacc 
aaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID NO:1618) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLEESGGGLVKPGGSLKLSCAASGFTFSGYAMSWVRQTPEKRLEWVATISSGGT 
YIYYPDSVKGRFTISRDNAKNTLYLQMSSLRSEDTAMYYCARLGGDNYYEYFDVWGAGTTVTVSSAKTTPPSVYGGG 
GSGGGGSGGGGSDIVITQSTASLGVSLGQRATISCRASKSVSTSGYSYMHWYQQRPGQPPKLLIYLASNLESGVPAR 
FSGSGSGTDFTLNIHPVEEEDAATYYCQHSRELPFTFGGGTKLEIKRADAAPTVSTTTPAPRPPTPAPTIASQPLSL 
RPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSC 
RFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKD 
KMAEAFSEIGMKGERRRGKGHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1619) 

huMNC2-CAR T-8-4-1BB-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtggc 
tatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggcggaacctac 
atatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatg 
aacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaatacttcgat 
gtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggtggcgga 
tccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagcc 
agtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctg 
atttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctc 
acaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggc 
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ggagggaccaaggtggagatcaaacgaactacaacaacccctgcccccagacctcctaccccagcccctacaattgcc 
agccagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttc 
gcctgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttac 
tgcaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaa 
gatggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagac 
gcccccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttg 
gacaagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaa 
ctgcagaaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgat 
ggccttttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctga 
taa (SEQ ID NO:1620) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGT 
YIYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGG 
GGSDIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTD 
FTLTINPVEANDTANYYCQHSRELPFTFGGGTKVEIKRTTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKF 
SRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERR 
RGKGHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1621) 

muMNC2-CAR T-8-28-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtccagctggag 
gagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcactttcagtggc 
tatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcaaccattagtagtggtggtacttat 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaggtctgaggacacggccatgtattactgtgcaagacttgggggggataattactacgaatacttcgat 
gtctggggcgcagggaccacggtcaccgtctcctccgccaaaacgacacccccatctgtctatggcggtggcggatcc 
ggcggtggcggatccggcggtggcggatccgacattgtgatcacacagtctacagcttccttaggtgtatctctgggg 
cagagggccaccatctcatgcagggccagcaaaagtgtcagtacatctggctatagttatatgcactggtaccaacag 
agaccaggacagccacccaaactcctcatctatcttgcatccaacctagaatctggggtccctgccaggttcagtggc 
agtgggtctgggacagacttcaccctcaacatccatcctgtggaggaggaggatgctgcaacctattactgtcagcac 
agtagggagcttccgttcacgttcggaggggggaccaagctggagataaaacgggctgatgctgcaccaactgtatcc 
acaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctgaggcccgaggct 
tgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatctgggcgcccttg 
gccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagcaggctcctgcac 
agtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgccccaccacgcgac 
ttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaaccagctc 
tataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatgggg 
ggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcggaggccttcagt 
gagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagtacagccaccaag 
gacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID NO:1622) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLEESGGGLVKPGGSLKLSCAASGFTFSGYAMSWVRQTPEKRLEWVATISSGGT 
YIYYPDSVKGRFTISRDNAKNTLYLQMSSLRSEDTAMYYCARLGGDNYYEYFDVWGAGTTVTVSSAKTTPPSVYGGG 
GSGGGGSGGGGSDIVITQSTASLGVSLGQRATISCRASKSVSTSGYSYMHWYQQRPGQPPKLLIYLASNLESGVPAR 
FSGSGSGTDFTLNIHPVEEEDAATYYCQHSRELPFTFGGGTKLEIKRADAAPTVSTTTPAPRPPTPAPTIASQPLSL 
RPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPY 
APPRDFAAYRSRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDK 
MAEAFSEIGMKGERRRGKGHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1623) 

huMNC2-CAR T-8-28-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtggc 
tatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggcggaacctac 
atatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatg 
aacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaatacttcgat 
gtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggtggcgga 
tccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagcc 
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agtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctg 
atttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctc 
acaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggc 
ggagggaccaaggtggagatcaaacgaactacaacaacccctgcccccagacctcctaccccagcccctacaattgcc 
agccagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttc 
gcctgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttac 
tgcaggagtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaag 
cattaccagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcc 
cccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggac 
aagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactg 
cagaaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggc 
cttttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa 
(SEQ ID NO:1624) 

(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSGYAMSWVRQAPGKGLEWVSTISSGGT 
YIYYPDSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARLGGDNYYEYFDVWGKGTTVTVSSGGGGSGGGGSGG 
GGSDIVLTQSPASLAVSPGQRATITCRASKSVSTSGYSYMHWYQQKPGQPPKLLIYLASNLESGVPARFSGSGSGTD 
FTLTINPVEANDTANYYCQHSRELPFTFGGGTKVEIKRTTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFS 
RSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRR 
GKGHDGLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1625) 

MNE6-lXX 
muMNE6-CAR T-8-4-lBB-3z-lXX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgaaggtggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctctggattcactttcagtaga 
tatggcatgtcttgggttcgccagactccaggcaagaggctggagtgggtcgcaaccattagtggtggcggtacttac 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatcactgtacaagggataactacggtaggaactacgactacggtatg 
gactactggggtcaaggaacctcagtcaccgtctcctcaggcggtggcggatccggcggtggcggatccggcggtggc 
ggatcccaaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgcagt 
gccacctcaagtgtaagttacatacactggttccagcagaggccaggcacttctcccaaactctggatttatagcaca 
tccaacctggcttctggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccga 
atggaggctgaagatgctgccacttattactgccagcaaaggagtagttccccattcacgttcggctcggggacaaag 
ttggaaataaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaag 
aaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccga 
tttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcag 
ggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgg 
gaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatg 
gcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctc 
agtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID 
NO:1626) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVKVVESGGDLVKPGGSLKLSCVVSGFTFSRYGMSWVRQTPGKRLEWVATISGGGT 

YIYYPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYHCTRDNYGRNYDYGMDYWGQGTSVTVSSGGGGSGGGGSG 

GGGSQIVLTQSPAIMSASPGEEVTLTCSATSSVSYIHWFQQRPGTSPKLWIYSTSNLASGVPVRFSGSGYGTSYSLT 

ISRMEAEDAATYYCQQRSSSPFTFGSGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC 

DIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADA 

PAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGKGHD 
GLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1627) 

huMNE6-CAR T-8-4-1BB-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtagg 
tatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagtggcggaggcacctac 
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atatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatg 
aacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaactatgattatggcatg 
gattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggcggatccggcggtggc 
ggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagc 
gccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacc 
tccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagc 
ctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaa 
gtggaaattaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaag 
aaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccga 
tttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcag 
ggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgg 
gaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatg 
gcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctc 
agtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID 
NO:1628) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGT 
YIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSG 
GGGSEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLT 
ISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC 
DIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADA 
PAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGKGHD 
GLFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1629) 

muMNE6-CAR T-8-4-28-3z-1XX 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgaaggtggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctctggattcactttcagtaga 
tatggcatgtcttgggttcgccagactccaggcaagaggctggagtgggtcgcaaccattagtggtggcggtacttac 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatcactgtacaagggataactacggtaggaactacgactacggtatg 
gactactggggtcaaggaacctcagtcaccgtctcctcaggcggtggcggatccggcggtggcggatccggcggtggc 
ggatcccaaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgcagt 
gccacctcaagtgtaagttacatacactggttccagcagaggccaggcacttctcccaaactctggatttatagcaca 
tccaacctggcttctggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccga 
atggaggctgaagatgctgccacttattactgccagcaaaggagtagttccccattcacgttcggctcggggacaaag 
ttggaaataaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagc 
aggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgcc 
ccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggc 
cagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggac 
cctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcg 
gaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagt 
acagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID NO:1630) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVKVVESGGDLVKPGGSLKLSCVVSGFTFSRYGMSWVRQTPGKRLEWVATISGGGT 
YIYYPDSVKGRFTISRDNAKNTLYLQMSSLKSEDTAMYHCTRDNYGRNYDYGMDYWGQGTSVTVSSGGGGSGGGGSG 
GGGSQIVLTQSPAIMSASPGEEVTLTCSATSSVSYIHWFQQRPGTSPKLWIYSTSNLASGVPVRFSGSGYGTSYSLT 
ISRMEAEDAATYYCQQRSSSPFTFGSGTKLEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC 
DIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAP 
AYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGKGHDG 
LFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1631) 

huMNE6-CAR T-8-4-28-3z-1XX 
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atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtagg 
tatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagtggcggaggcacctac 
atatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatg 
aacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaactatgattatggcatg 
gattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggcggatccggcggtggc 
ggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagc 
gccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacc 
tccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagc 
ctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaa 
gtggaaattaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagc 
aggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgcc 
ccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggc 
cagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggac 
cctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcg 
gaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagt 
acagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa (SEQ ID NO:1632) 
(amino acids) 
MALPVTALLLPLALLLHAARPEVQLVESGGGLVKPGGSLRLSCAASGFTFSRYGMSWVRQAPGKRLEWVSTISGGGT 

YIYYPDSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCTRDNYGRNYDYGMDYWGQGTLVTVSSGGGGSGGGGSG 

GGGSEIVLTQSPATLSLSPGERATLTCSATSSVSYIHWYQQRPGQSPRLLIYSTSNLASGIPARFSGSGSGSDYTLT 

ISSLEPEDFAVYYCQQRSSSPFTFGSGTKVEIKTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC 

DIYIWAPLAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAP 

AYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLFNELQKDKMAEAFSEIGMKGERRRGKGHDG 

LFQGLSTATKDTFDALHMQALPPR** (SEQ ID NO:1633) 

Minimal CMV promoter (mCMV) 
(DNA) 
taggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacg 
ctgttttgacctccatagaagacaccgggaccgatccag (SEQ ID NO:1634) 

Minimal IL2 promoter (mIL2P) 
cattttgacacccccataatatttttccagaattaacagtataaattgcatctcttgttcaagagttccctatcactc 
tctttaatcactactcacagtaacctcaactcctgc (SEQ ID NO:1635) 

Minimal promoter, miniP 
(DNA) 
Agagggtatataatggaagctcgacttccag (SEQ ID NO:1636) 

IL-18 activated 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgtacttcggcaagctg 
gaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaacagacccctgttcgag 
gacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtacaaggacagccagcct 
agaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaacaagatcatcagcttc 
aaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcggagcgtgcccggccac 
gacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagcgggacctgttcaag 
ctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgaggactgataa (SEQ 
ID NO:1637) 
(amino acids) 
MALPVTALLLPLALLLHAARPYFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMTDSDCR 
DNAPRTIFIISMYKDSQPRGMAVTISVKCEKISTLSCENKIISFKEMNPPDNIKDTKSDI 

IFFQRSVPGHDNKMQFESSSYEGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED** (SEQ ID NO:1638) 

Foxp3-NFATc1-X3-IL-18 
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(DNA) 
ggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattttttccatttactgc 
agaactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacg 

ccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcgagagacccaatgctagccaccatg 
gccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgtacttcggcaagctggaa 
agcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaacagacccctgttcgaggac 
atgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtacaaggacagccagcctaga 
ggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaacaagatcatcagcttcaaa 
gagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcggagcgtgcccggccacgac 
aacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagcgggacctgttcaagctg 
atcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgaggactgataa (SEQ ID 
NO:1639) 

Foxp3-NFATc1-X6-IL-18 
(DNA) 
gcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattttttccatttactgca 
gaggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattttttccatttact 
gcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcagatcgcctggaga 

cgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcgagagacccaatgctagccacca 
tggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgtacttcggcaagctgg 
aaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaacagacccctgttcgagg 
acatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtacaaggacagccagccta 
gaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaacaagatcatcagcttca 
aagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcggagcgtgcccggccacg 
acaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagcgggacctgttcaagc 
tgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgaggactgataa (SEQ 
ID NO:1640) 

IL-2-NFATc1-X3-IL-18 
(DNA) 
ggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttca 
tacagaaggcgtactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcagatcgc 

ctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcgagagacccaatgcta 
gccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgtacttcgg 

caagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaacagacccct 
gttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtacaaggacag 
ccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaacaagatcat 
cagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcggagcgtgcc 
cggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagcgggacct 
gttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgaggactgata 
a (SEQ ID NO:1641) 

IL-2-NFATc1-X6-IL-18 
(DNA) 
ggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttca 
tacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggagga 
aaaactgtttcatacagaaggcgtactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaa 

ccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagctcgagaga 
cccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggc 
cgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggca 
acagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgt 
acaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgaga 
acaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagc 
ggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaag 
agcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacg 
aggactgataa (SEQ ID NO:1642) 
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Best antibodies with inducible IL-18 +/- 1XX mutations in ITAMs of CD3-zeta 
MNC2 
muMNC2-8-4-1BB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtccagctggag 
gagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcactttcagtggc 
tatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcaaccattagtagtggtggtacttat 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaggtctgaggacacggccatgtattactgtgcaagacttgggggggataattactacgaatacttcgat 
gtctggggcgcagggaccacggtcaccgtctcctccgccaaaacgacacccccatctgtctatggcggtggcggatcc 
ggcggtggcggatccggcggtggcggatccgacattgtgatcacacagtctacagcttccttaggtgtatctctgggg 
cagagggccaccatctcatgcagggccagcaaaagtgtcagtacatctggctatagttatatgcactggtaccaacag 
agaccaggacagccacccaaactcctcatctatcttgcatccaacctagaatctggggtccctgccaggttcagtggc 
agtgggtctgggacagacttcaccctcaacatccatcctgtggaggaggaggatgctgcaacctattactgtcagcac 
agtagggagcttccgttcacgttcggaggggggaccaagctggagataaaacgggctgatgctgcaccaactgtatcc 
acaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctgaggcccgaggct 
tgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatctgggcgcccttg 
gccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaagaaactcctgtat 
atattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaa 
gaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaaccag 
ctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatg 
gggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagatggcggaggcctac 
agtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtctcagtacagccacc 
aaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaacatttctctgg 
cctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggcttca 
ttttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgt 

cagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcgagagaccc 
aatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgt 
acttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaaca 
gacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtaca 
aggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaaca 
agatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcgga 
gcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagc 
gggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgagg 
actgataa (SEQ ID NO:1643) 

huMNC2-8-4-lBB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtggc 
tatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggcggaacctac 
atatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatg 
aacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaatacttcgat 
gtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggtggcgga 
tccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagcc 
agtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctg 
atttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctc 
acaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggc 
ggagggaccaaggtggagatcaaacgaactacaacaacccctgcccccagacctcctaccccagcccctacaattgcc 
agccagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttc 
gcctgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttac 
tgcaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaa 
gatggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagac 
gcccccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttg 
gacaagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaa 
ctgcagaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgat 
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ggcctttaccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctga 
taagtttaaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggct 
tcattttttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcc 
tatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaaga 
caccgggaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgc 
tggccttgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacg 
accaggtgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgccc 
ctcggaccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcg 
agaagatcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggaca 
ccaagagcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacg 
agggctacttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgacc 
gcagcatcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1644) 

muMNC2-8-28-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtccagctggag 
gagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcactttcagtggc 
tatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcaaccattagtagtggtggtacttat 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaggtctgaggacacggccatgtattactgtgcaagacttgggggggataattactacgaatacttcgat 
gtctggggcgcagggaccacggtcaccgtctcctccgccaaaacgacacccccatctgtctatggcggtggcggatcc 
ggcggtggcggatccggcggtggcggatccgacattgtgatcacacagtctacagcttccttaggtgtatctctgggg 
cagagggccaccatctcatgcagggccagcaaaagtgtcagtacatctggctatagttatatgcactggtaccaacag 
agaccaggacagccacccaaactcctcatctatcttgcatccaacctagaatctggggtccctgccaggttcagtggc 
agtgggtctgggacagacttcaccctcaacatccatcctgtggaggaggaggatgctgcaacctattactgtcagcac 
agtagggagcttccgttcacgttcggaggggggaccaagctggagataaaacgggctgatgctgcaccaactgtatcc 
acaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctgaggcccgaggct 
tgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatctgggcgcccttg 
gccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagcaggctcctgcac 
agtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgccccaccacgcgac 
ttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaaccagctc 
tataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatgggg 
ggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagatggcggaggcctacagt 
gagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaag 
gacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaacatttctctggcct 
aactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattt 
tttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcag 

atcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcgagagacccaat 
gctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgtact 
tcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaacagac 
ccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtacaagg 
acagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaacaaga 
tcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcggagcg 
tgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagcggg 
acctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgaggact 
gataa (SEQ ID NO:1645) 

huMNC2-8-28-3z-Foxp3-NFAT-IL-18 

(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtggc 
tatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggcggaacctac 
atatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatg 
aacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaatacttcgat 
gtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggtggcgga 
tccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagcc 
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agtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctg 
atttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctc 
acaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggc 
ggagggaccaaggtggagatcaaacgaactacaacaacccctgcccccagacctcctaccccagcccctacaattgcc 
agccagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttc 
gcctgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttac 
tgcaggagtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaag 
cattaccagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcc 
cccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggac 
aagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactg 
cagaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggc 
ctttaccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa 
gtttaaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttca 
ttttttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctat 
ataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacac 
cgggaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctgg 
ccttgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgacc 
aggtgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctc 
ggaccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgaga 
agatcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacacca 
agagcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagg 
gctacttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgca 
gcatcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1646) 

muMNC2-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtccagctggag 
gagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcactttcagtggc 
tatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcaaccattagtagtggtggtacttat 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaggtctgaggacacggccatgtattactgtgcaagacttgggggggataattactacgaatacttcgat 
gtctggggcgcagggaccacggtcaccgtctcctccgccaaaacgacacccccatctgtctatggcggtggcggatcc 
ggcggtggcggatccggcggtggcggatccgacattgtgatcacacagtctacagcttccttaggtgtatctctgggg 
cagagggccaccatctcatgcagggccagcaaaagtgtcagtacatctggctatagttatatgcactggtaccaacag 
agaccaggacagccacccaaactcctcatctatcttgcatccaacctagaatctggggtccctgccaggttcagtggc 
agtgggtctgggacagacttcaccctcaacatccatcctgtggaggaggaggatgctgcaacctattactgtcagcac 
agtagggagcttccgttcacgttcggaggggggaccaagctggagataaaacgggctgatgctgcaccaactgtatcc 
acaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctgaggcccgaggct 
tgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatctgggcgcccttg 
gccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaagaaactcctgtat 
atattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaa 
gaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaaccag 
ctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatg 
gggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcggaggccttc 
agtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagtacagccacc 
aaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaacatttctctgg 
cctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggcttca 
ttttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgt 

cagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcgagagaccc 
aatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgt 
acttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaaca 
gacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtaca 
aggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaaca 
agatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcgga 
gcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagc 
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gggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgagg 
actgataa (SEQ ID NO:1647) 

huMNC2-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtggc 
tatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggcggaacctac 
atatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatg 
aacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaatacttcgat 
gtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggtggcgga 
tccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagcc 
agtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctg 
atttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctc 
acaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggc 
ggagggaccaaggtggagatcaaacgaactacaacaacccctgcccccagacctcctaccccagcccctacaattgcc 
agccagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttc 
gcctgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttac 
tgcaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaa 
gatggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagac 
gcccccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttg 
gacaagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaa 
ctgcagaaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgat 
ggccttttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctga 
taagtttaaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggct 
tcattttttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcc 
tatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaaga 

caccgggaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgc 
tggccttgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacg 
accaggtgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgccc 
ctcggaccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcg 
agaagatcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggaca 
ccaagagcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacg 
agggctacttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgacc 
gcagcatcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1648) 

muMNC2-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtccagctggag 
gagtcagggggaggcttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggattcactttcagtggc 
tatgccatgtcttgggttcgccagactccggagaagaggctggagtgggtcgcaaccattagtagtggtggtacttat 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaggtctgaggacacggccatgtattactgtgcaagacttgggggggataattactacgaatacttcgat 
gtctggggcgcagggaccacggtcaccgtctcctccgccaaaacgacacccccatctgtctatggcggtggcggatcc 
ggcggtggcggatccggcggtggcggatccgacattgtgatcacacagtctacagcttccttaggtgtatctctgggg 
cagagggccaccatctcatgcagggccagcaaaagtgtcagtacatctggctatagttatatgcactggtaccaacag 
agaccaggacagccacccaaactcctcatctatcttgcatccaacctagaatctggggtccctgccaggttcagtggc 
agtgggtctgggacagacttcaccctcaacatccatcctgtggaggaggaggatgctgcaacctattactgtcagcac 
agtagggagcttccgttcacgttcggaggggggaccaagctggagataaaacgggctgatgctgcaccaactgtatcc 
acaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctgaggcccgaggct 
tgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatctgggcgcccttg 
gccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagcaggctcctgcac 
agtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgccccaccacgcgac 
ttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggccagaaccagctc 
tataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatgggg 
ggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcggaggccttcagt 
gagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagtacagccaccaag 
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gacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaacatttctctggcct 
aactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattt 
tttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcag 
atcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctcgagagacccaat 
gctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccgtact 
tcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaacagac 
ccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatcagcatgtacaagg 
acagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaacaaga 
tcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattcttccagcggagcg 
tgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagcggg 
acctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgaggact 
gataa (SEQ ID NO:1649) 

huMNC2-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtggc 
tatgccatgagctgggtccgccaggctccagggaaggggctggagtgggtctcaaccattagtagtggcggaacctac 
atatactaccccgactcagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaatg 
aacagcctgagagccgaggacacggccgtgtattactgtgcgagacttgggggggataattactacgaatacttcgat 
gtctggggcaaagggaccacggtcaccgtctcctccggcggtggcggatccggcggtggcggatccggcggtggcgga 
tccgacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcagagcc 
agtaagagtgtcagtaccagcggatactcctacatgcactggtatcagcagaaaccaggacaacctcctaaactcctg 
atttacctggcatccaatctggagagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcaccctc 
acaattaatcctgtggaagctaatgatactgcaaattattactgtcagcacagtagggagctgcctttcacattcggc 
ggagggaccaaggtggagatcaaacgaactacaacaacccctgcccccagacctcctaccccagcccctacaattgcc 
agccagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttc 
gcctgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttac 
tgcaggagtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaag 
cattaccagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcc 
cccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggac 
aagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactg 
cagaaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggc 
cttttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa 
gtttaaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttca 
ttttttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctat 
ataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacac 

cgggaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctgg 
ccttgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgacc 
aggtgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctc 
ggaccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgaga 
agatcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacacca 
agagcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagg 
gctacttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgca 
gcatcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1650) 

MNE6 
muMNE6-8-4-1BB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgaaggtggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctctggattcactttcagtaga 
tatggcatgtcttgggttcgccagactccaggcaagaggctggagtgggtcgcaaccattagtggtggcggtacttac 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatcactgtacaagggataactacggtaggaactacgactacggtatg 
gactactggggtcaaggaacctcagtcaccgtctcctcaggcggtggcggatccggcggtggcggatccggcggtggc 
ggatcccaaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgcagt 
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gccacctcaagtgtaagttacatacactggttccagcagaggccaggcacttctcccaaactctggatttatagcaca 
tccaacctggcttctggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccga 
atggaggctgaagatgctgccacttattactgccagcaaaggagtagttccccattcacgttcggctcggggacaaag 
ttggaaataaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaag 
aaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccga 
tttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcag 
ggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgg 
gaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagatg 
gcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtctc 
agtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccaga 
acatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttact 
gcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgt 
ttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagc 
ctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacg 
ccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcg 
atcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatca 
tcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctga 
gctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatat 
tcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcct 
gcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccg 
tgcagaacgaggactgataa (SEQ ID NO:1651) 

huMNE6-8-4-1BB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtagg 
tatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagtggcggaggcacctac 
atatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatg 
aacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaactatgattatggcatg 
gattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggcggatccggcggtggc 
ggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagc 
gccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacc 
tccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagc 
ctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaa 
gtggaaattaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaag 
aaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccga 
tttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcag 
ggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgg 
gaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagatg 
gcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtctc 
agtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccaga 
acatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttact 
gcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgt 
ttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagc 

ctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacg 
ccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcg 
atcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatca 
tcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctga 
gctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatat 
tcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcct 
gcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccg 
tgcagaacgaggactgataa (SEQ ID NO:1652) 
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muMNE6-8-4-28-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgaaggtggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctctggattcactttcagtaga 
tatggcatgtcttgggttcgccagactccaggcaagaggctggagtgggtcgcaaccattagtggtggcggtacttac 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatcactgtacaagggataactacggtaggaactacgactacggtatg 
gactactggggtcaaggaacctcagtcaccgtctcctcaggcggtggcggatccggcggtggcggatccggcggtggc 
ggatcccaaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgcagt 
gccacctcaagtgtaagttacatacactggttccagcagaggccaggcacttctcccaaactctggatttatagcaca 
tccaacctggcttctggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccga 
atggaggctgaagatgctgccacttattactgccagcaaaggagtagttccccattcacgttcggctcggggacaaag 
ttggaaataaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagc 
aggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgcc 
ccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggc 
cagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggac 
cctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagatggcg 
gaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtctcagt 
acagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaaca 
tttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgca 
gaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgttta 
gtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctc 

gagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccg 
ccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatc 
agggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatca 
gcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagct 
gcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattct 
tccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcg 
agaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgc 
agaacgaggactgataa (SEQ ID NO:1653) 

huMNE6-8-28-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtagg 
tatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagtggcggaggcacctac 
atatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatg 
aacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaactatgattatggcatg 
gattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggcggatccggcggtggc 
ggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagc 
gccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacc 
tccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagc 
ctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaa 
gtggaaattaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagc 
aggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgcc 
ccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggc 
cagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggac 
cctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagatggcg 
gaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtctcagt 
acagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaaca 
tttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgca 
gaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgttta 
gtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctc 
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gagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccg 
ccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatc 
agggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatca 
gcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagct 
gcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattct 
tccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcg 
agaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgc 
agaacgaggactgataa (SEQ ID NO:1654) 

muMNE6-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgaaggtggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctctggattcactttcagtaga 
tatggcatgtcttgggttcgccagactccaggcaagaggctggagtgggtcgcaaccattagtggtggcggtacttac 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatcactgtacaagggataactacggtaggaactacgactacggtatg 
gactactggggtcaaggaacctcagtcaccgtctcctcaggcggtggcggatccggcggtggcggatccggcggtggc 
ggatcccaaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgcagt 
gccacctcaagtgtaagttacatacactggttccagcagaggccaggcacttctcccaaactctggatttatagcaca 
tccaacctggcttctggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccga 
atggaggctgaagatgctgccacttattactgccagcaaaggagtagttccccattcacgttcggctcggggacaaag 
ttggaaataaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaag 
aaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccga 
tttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcag 
ggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgg 
gaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatg 
gcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctc 
agtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccaga 
acatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttact 
gcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgt 
ttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagc 

ctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacg 
ccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcg 
atcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatca 
tcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctga 
gctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatat 
tcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcct 
gcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccg 
tgcagaacgaggactgataa (SEQ ID NO:1655) 

huMNE6-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 

(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtagg 
tatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagtggcggaggcacctac 
atatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatg 
aacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaactatgattatggcatg 
gattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggcggatccggcggtggc 
ggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagc 
gccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacc 
tccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagc 
ctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaa 
gtggaaattaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaag 
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aaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccga 
tttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcag 
ggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgg 
gaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatg 
gcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctc 
agtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccaga 
acatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttact 
gcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgt 
ttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagc 
ctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacg 
ccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcg 
atcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatca 
tcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctga 
gctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatat 
tcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcct 
gcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccg 
tgcagaacgaggactgataa (SEQ ID NO:1656) 

muMNE6-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgaaggtggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgtagtctctggattcactttcagtaga 
tatggcatgtcttgggttcgccagactccaggcaagaggctggagtgggtcgcaaccattagtggtggcggtacttac 
atctactatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtacctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatcactgtacaagggataactacggtaggaactacgactacggtatg 
gactactggggtcaaggaacctcagtcaccgtctcctcaggcggtggcggatccggcggtggcggatccggcggtggc 
ggatcccaaattgttctcacccagtctccagcaatcatgtctgcatctccaggggaggaggtcaccctaacctgcagt 
gccacctcaagtgtaagttacatacactggttccagcagaggccaggcacttctcccaaactctggatttatagcaca 
tccaacctggcttctggagtccctgttcgcttcagtggcagtggatatgggacctcttactctctcacaatcagccga 
atggaggctgaagatgctgccacttattactgccagcaaaggagtagttccccattcacgttcggctcggggacaaag 
ttggaaataaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagc 
aggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgcc 
ccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggc 
cagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggac 
cctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcg 
gaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagt 
acagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaaca 
tttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgca 
gaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgttta 
gtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctc 

gagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccg 
ccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatc 
agggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatca 
gcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagct 
gcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattct 
tccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcg 
agaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgc 
agaacgaggactgataa (SEQ ID NO:1657) 

huMNE6-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggaggcctggtcaagcctggggggtccctgagactctcctgtgcagcctctggattcaccttcagtagg 
tatggcatgagctgggtccgccaggctccagggaagaggctggagtgggtctcaaccattagtggcggaggcacctac 
atatactacccagactcagtgaagggccgattcaccatctccagagacaacgccaagaacaccctgtatctgcaaatg 
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aacagcctgagagccgaggacacggctgtgtattactgtaccagagataactatggccgcaactatgattatggcatg 
gattattggggccagggcaccctggtgaccgtgagcagcggcggtggcggatccggcggtggcggatccggcggtggc 
ggatccgaaattgtgttgacacagtctccagccaccctgtctttgtctccaggggaaagagccaccctcacctgcagc 
gccaccagcagtgttagctacatccactggtaccaacagaggcctggccagagccccaggctcctcatctatagcacc 
tccaacctggccagcggcatcccagccaggttcagtggcagtgggtctgggagcgactacactctcaccatcagcagc 
ctagagcctgaagattttgcagtttattactgtcagcagcgtagcagctcccctttcacctttggcagcggcaccaaa 
gtggaaattaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcctctgagcctg 
aggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgacatctacatc 
tgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagtaagaggagc 
aggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccagccctatgcc 
ccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtacaagcagggc 
cagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggac 
cctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagataagatggcg 
gaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccagggtctcagt 
acagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaactgccagaaca 
tttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttccatttactgca 
gaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcagagctcgttta 
gtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccgatccagcctc 
gagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccg 
ccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgttcatcgatc 
agggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatcttcatcatca 
gcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagcaccctgagct 
gcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgacatcatattct 
tccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcctggcctgcg 
agaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgc 
agaacgaggactgataa (SEQ ID NO:1658) 

20A10 
mu20AlO-8-4-1BB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaa 
cggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggc 
tgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcag 
aaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
taccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtt 
taaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattt 
tttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatata 
agcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgg 

gaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggcct 
tgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccagg 
tgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcgga 
ccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaaga 
tcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaaga 
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gcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggct 
acttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagca 
tcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1659) 

hu20AlO-8-4-1BB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagat 
ggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcc 
cccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggac 
aagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactg 
cagaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggc 
ctttaccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataa 
gtttaaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttca 
ttttttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctat 
ataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacac 

cgggaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctgg 
ccttgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgacc 
aggtgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctc 
ggaccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgaga 
agatcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacacca 
agagcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagg 
gctacttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgca 
gcatcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1660) 

mu20AlO-8-28-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcagg 
agtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattac 
cagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaa 
gataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttac 
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cagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaa 
actgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatttttt 
ccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagc 
agagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggac 
cgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgc 
tgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgc 
tgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggacca 
tcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatca 
gcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcg 
acatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctact 
tcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatca 
tgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1661) 

hu20AlO-8-28-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aggagtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcat 
taccagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcag 
aaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
taccagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtt 
taaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattt 
tttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatata 
agcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgg 

gaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggcct 
tgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccagg 
tgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcgga 
ccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaaga 
tcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaaga 
gcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggct 
acttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagca 
tcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1662) 

mu20AlO-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
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ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaa 
cggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggc 
tgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcag 
aaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
ttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtt 
taaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattt 
tttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatata 
agcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgg 
gaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggcct 
tgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccagg 
tgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcgga 
ccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaaga 
tcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaaga 
gcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggct 
acttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagca 
tcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1663) 

hu20AlO-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagat 
ggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcc 
cccgcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggac 
aagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactg 
cagaaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggc 
cttttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataa 
gtttaaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttca 
ttttttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctat 
ataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacac 

cgggaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctgg 
ccttgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgacc 
aggtgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctc 
ggaccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgaga 
agatcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacacca 
agagcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagg 
gctacttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgca 
gcatcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1664) 

mu20AlO-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
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atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtgatgctggtg 
gaatctggcggcggactggttaagcctggcggatctctgaagctgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctggatccggcagacccctgagaagagactggaatgggttgccagcatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgtgcggaacatcctgtacctgcagatgagc 
agcctgcggagcgaggataccgccatgtactactgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggttacagtttctgctggtggcggaggatctggcggaggtggaagcggcggaggcggatcc 
aatatcatgatgacacagagcccgagcagcctggctgtgtctgctggcgagaaagtgaccatgtcctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaagcccggccagtctcctaagctg 
ctgatctactgggccagcaccagagaaagcggcgtgcccgatagattcacaggcagcggcagcggaaccgacttcacc 
ctgacaatcagctctgtgcaggccgaagatctggccgtgtactattgccaccagtacctgtccagcctgacctttggc 
gccggaacaaagctggaactgaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccag 
cctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgc 
gacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcagg 
agtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattac 
cagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaa 
gataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttc 
cagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaa 
actgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatttttt 
ccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagc 
agagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggac 
cgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgc 
tgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgc 
tgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggacca 
tcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatca 
gcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcg 
acatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctact 
tcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatca 
tgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1665) 

hu20AlO-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtt 
gaatctggcggcggacttgtgaagcctggcggatctctgagactgagctgtgccgccagcggcttcacctttagcaca 
tacgccatgagctgggtccgacaggcccctggaaaaggccttgaatgggttgcctctatcggcagagccggcagcacc 
tactacagcgattctgtgaagggcagattcaccatcagccgggacaacgccaagaacagcctgtacctgcagatgaac 
tccctgagagccgaggacaccgccgtgtactattgtgccagaggacccatctacaacgactacgacgagttcgcctat 
tggggccagggcacactggtcacagtcagctctggcggtggcggaagcggaggcggtggctccggtggcggaggcagc 
gacattgtgctgacccagtctccagcctccttggccgtgtctccaggacagagggccaccatcacctgcaagagcagc 
cagagcgtgctgtactccagcaaccagaagaactacctggcctggtatcagcagaaaccaggacaacctcctaaactc 
ctgatttactgggccagcaccagagaaagcggggtcccagccaggttcagcggcagtgggtctgggaccgatttcacc 
ctcacaattaatcctgtggaagctaatgatactgcaaattattactgtcaccagtacctgagcagcctgaccttcggc 
ggagggaccaaggtggagatcaaacgaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagc 
cagcctctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcc 
tgcgacatctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgc 
aggagtaagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcat 
taccagccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgccccc 
gcgtacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaag 
agacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcag 
aaagataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctt 
ttccagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtt 
taaactgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattt 
tttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatata 
agcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgg 

gaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggcct 
tgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccagg 
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tgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcgga 
ccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaaga 
tcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaaga 
gcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggct 
acttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagca 
tcatgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1666) 

25E6 
mu25E6-8-4-1BB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaa 
gataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttac 
cagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaa 
actgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatttttt 
ccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagc 
agagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggac 
cgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgc 
tgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgc 
tgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggacca 
tcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatca 
gcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcg 
acatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctact 
tcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatca 
tgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1667) 

hu25E6-8-4-1BB-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
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agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaa 
gataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttac 
cagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaa 
actgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatttttt 
ccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagc 
agagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggac 
cgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgc 
tgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgc 
tgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggacca 
tcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatca 
gcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcg 
acatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctact 
tcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatca 
tgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1668) 

mu25E6-8-28-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagat 
aagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccag 
ggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaact 
gccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttcca 
tttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcaga 
gctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccga 

tccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgc 
tccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgt 
tcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatct 
tcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagca 
ccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgaca 
tcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcc 
tggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgt 
tcaccgtgcagaacgaggactgataa (SEQ ID NO:1669) 

hu25E6-8-28-3z-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
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ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagat 
aagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccag 
ggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctgataagtttaaact 
gccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttcca 
tttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcaga 
gctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccga 
tccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgc 
tccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgt 
tcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatct 
tcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagca 
ccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgaca 
tcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcc 
tggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgt 
tcaccgtgcagaacgaggactgataa (SEQ ID NO:1670) 

mu25E6-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaa 
gataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttc 
cagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaa 
actgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatttttt 
ccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagc 
agagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggac 

cgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgc 
tgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgc 
tgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggacca 
tcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatca 
gcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcg 
acatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctact 
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tcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatca 
tgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1671) 

hu25E6-8-4-1BB-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacgg 
ggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt 
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcg 
tacaagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagaga 
cgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaa 
gataagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttc 
cagggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaa 
actgccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatttttt 
ccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagc 
agagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggac 

cgatccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgc 
tgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgc 
tgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggacca 
tcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatca 
gcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcg 
acatcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctact 
tcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatca 
tgttcaccgtgcagaacgaggactgataa (SEQ ID NO:1672) 

mu25E6-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gagtctgggggagacttagtgaagcctggagggtccctgaaactctcctgtgcagcctctggtttcactttcagtagt 
tatggaatgtcttgggttcgccagactccagacaagaggctggagtgggtcgcaaccattagtaatggtggtagacac 
accttctatccagacagtgtgaaggggcgattcaccatctccagagacaatgccaagaacaccctgtatctgcaaatg 
agcagtctgaagtctgaggacacagccatgtatttatgtgtaagacagactgggacggagggctggtttgcttactgg 
ggccaagggactctggtcactgtctctgcaggtggcggaggatctggcggaggtggaagcggcggaggcggatccgat 
gttgtgatgacccagactccactcactttgtcggttaccattggacaaccagcctccatctcttgcaagtcaagtcag 
agcctcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggccagtctccaaagcgcctaatc 
tatctggtgtctaaactggactctggagtccctgacaggttcactggcagtggatcagggacagatttcacactgaaa 
atcagcagagtggaggctgaggatttgggagtttattattgctggcaaggtacacattttcctcagacgttcggtgga 
ggcaccaagctggaaatcaaaacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagat 
aagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccag 
ggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaact 
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gccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttcca 
tttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcaga 
gctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccga 
tccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgc 
tccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgt 
tcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatct 
tcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagca 
ccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgaca 
tcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcc 
tggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgt 
tcaccgtgcagaacgaggactgataa (SEQ ID NO:1673) 

hu25E6-8-28-3zlXX-Foxp3-NFAT-IL-18 
(DNA) 
atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaggtgcagctggtg 
gaatctggcggaggactggtcaagcctggaggcagcctgagactgagctgcgccgccagcggcttcacattcagcagc 
tacggcatgagctgggtgcggcaggcccctggcaagggcctggaatgggtcagcaccatcagcaacggcggaagacac 
accttctaccccgacagcgtgaagggcagattcaccatctcaagagataacgccaagaacagcctgtacctgcagatg 
aacagcctgcgggccgaggacaccgccgtgtactactgcgccagacagaccggcacagagggctggttcgcctactgg 
ggccagggcaccctggtgaccgtgtccagcggcggtggcggaagcggaggcggtggctccggtggcggaggcagcgac 
atcgtgatgacccagacccctctgtctctgagcgtgacccctggccagcctgccagcatctcttgtaaaagcagccag 
agcctgctggacagcgacggcaagacctacctgaactggtacctgcagaagcccggccaaagccctcagctgctgatc 
tacctggtgtccaagctggatagcggtgttcctgatagattcagcggatctggcagcggcaccgacttcaccctgaag 
atcagcagagtggaagccgaggacgtgggcgtgtactactgctggcagggcacacacttcccccagacattcggccag 
ggcaccaaggtggaaatcaagacaacaacccctgcccccagacctcctaccccagcccctacaattgccagccagcct 
ctgagcctgaggcccgaggcttgtagacctgctgctggcggagccgtgcacaccagaggactggatttcgcctgcgac 
atctacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaggagt 
aagaggagcaggctcctgcacagtgactacatgaacatgactcctagaagacctgggcctaccagaaagcattaccag 
ccctatgccccaccacgcgacttcgcagcctatcgctccagagtgaagttcagcaggagcgcagacgcccccgcgtac 
aagcagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgt 
ggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgttcaatgaactgcagaaagat 
aagatggcggaggccttcagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggccttttccag 
ggtctcagtacagccaccaaggacaccttcgacgcccttcacatgcaggccctgccccctcgctgataagtttaaact 
gccagaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcattttttcca 
tttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcctatataagcaga 
gctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccga 

tccagcctcgagagacccaatgctagccaccatggccttaccagtgaccgccttgctcctgccgctggccttgctgc 
tccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcgtgatccggaacctgaacgaccaggtgctgt 
tcatcgatcagggcaacagacccctgttcgaggacatgaccgacagcgactgcagagacaacgcccctcggaccatct 
tcatcatcagcatgtacaaggacagccagcctagaggcatggccgtgaccatctctgtgaagtgcgagaagatcagca 
ccctgagctgcgagaacaagatcatcagcttcaaagagatgaacccgccggacaacatcaaggacaccaagagcgaca 
tcatattcttccagcggagcgtgcccggccacgacaacaagatgcagtttgagagcagcagctacgagggctacttcc 
tggcctgcgagaaagagcgggacctgttcaagctgatcctgaagaaagaggacgaactgggcgaccgcagcatcatgt 
tcaccgtgcagaacgaggactgataa (SEQ ID NO:1674) 

Construct Name: pCDH MSCV h20AlO-O CAR 41BB 
Construct backbone: pCDH CMV MCS (SBI) 
Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 

scFv Name: Humanized 20A10-0 (64 - 807) 

Hinge region: Human CD8 alpha (808 - 942) 
Transmembrane Domain: Human CD8 alpha (943 - 1014) 

Costimulatory Domains: Human 41BB (1015 - 1140) and CD3 zeta (1141 
1476) 

304



WO 2020/146902 PCT/US2020/013410 

........  

...............................................  , ccgg.a t Ca gM, tt ,,--99"-9-- -- i : Mq- ...  ....................................................................................................................................................................................................................................................  --- .. ..... ............................... ---------- ... .. ............ ..............  .......... ..... ............................... - - ................................ .. ............. ............. 't , , " , " '7 aga agQ-i: g-SQO 07a Qg ''t 't --- , , " t 
tt, 't 

t 
t t t 

t 
t t 

,g 
, ,g ... ... t 

tt::":,: g :a c 

9,aJ%-Q:-r9qr,?a9, C- ,9 ,, gaQ , i: , : g: ga a 90-:V 0 qrA-:EI-Q- (j, E,1-9 -C, Fdapp: A- .C , a , , , , , , , ""","",", , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ""","",", , , , , , , , , , , , , , , , , , , , , , , , , , , , ........ - - - - - - - - - - ....... ....... 9 , , , , , , , , , ""","",", , , , , , , ......  .............................................................................................. -,,,,,,,- - - .............................. - - - ......  t t t t t t ' ', , , t ,t ,t "" " , , ", - .... .. .. ... , , , ", , , , , , , , " v" " ... , , CA t ,9,gt, , , " , , : , ":" M:90C i4 z 4C 9 F I , ac i4 qgo= , a a ZZ , ,% ", ga - ac ...... , VA'' -t :, , -09 ...... " -M 91444--99----9 . ..... %qrag:, " ,:gc:c"",,r- :, 4:, :: -gg go'goog gFc, aq:CA ', ..................................................................................................................................................................................................................................................  
: t t , t t , t , t t ta t tt, t t % % -z-,-a -44, -- %: gp 0 --- Q: z 4pA-9C9:aI:z ki P i- ,g-,- -gaggg_ -04ga-:0:i :PAZZPA : _p_,gae .,-aPaA,-p-9!Z,,p 49 PATP--PP9T:AP:Q: _ a... aa-, c:r _ 9 _a ..... ggg _ t _ 4-9 :9 - - - - - - - - - - ....... .....  - - - - - - - - - - ................................ ....... .........................  .............................. ......................................................................................................................................................... - - - - - - -

vc, Z -1t: I Q:1, 'a -WI-P9ZC -- t.. .0tart. t -_,p --at: .t. aa.a g, I-t a C -- ,a-- tt nlltat ,,:,-I--i,9W9P9:- -T-MWI ,g tg :4 j:j : 9,: gpzagAgga . g a- - -C :a' - -j : C ... P -...... , P---Q _ --__94P:gg i g _____ - - - - - ,- - - - -.......  - - - - - - - - - - ................................................................ ....... ......... .......  ........................................................................................... - - - - ...........................................  .............................................................................................. ........  , - - -
t --- U ---- t - t ---- I t, ....... t t, t --- a -- g -,-- g 
-,w9R0Ca,99%gQa:0a t %EQ a : C W , ,Qa ,o b, , " Q-- C ---- Q g g, 0 - _ a g - -I Q , ,:C c g : , g , , g"g ... g - _ C - - , , , 'g cggaagCgg 9 ,:Cgg W , , ,g ,g - - - - - - - - - - ... ..... .... ...  ......................................................................................................................................... - - - -.......................................  -- "", """", ............................ t ----- -- - ""","","","",""","","","",""","""","","","",,, , , """, , , """,", t, , , , , , , ...... ................................ -, 
g aQat t t t ("t g g t , t t 't ..... ................................  - - , , , , "C, -i:0 I a: i 4:CJffJ7,aI a 90CEII g a: i a g,:Ma 9 Q % -g, c ag ,A .c.C.a:cQ-,a,:, ,-iga- ,,C,:ti-gg. aig.gagcag.c 9 9 , 9 ,9 , , " " , " ",--0-i g"g',"g, -Agag 9----- - - - - _ , - -'j....... ...  ............................................................................................................................................................................................................................... - - - - ... -... ................................... t t t t t t " , , " " , , , :9 S -A , - , , , , , , , "" , , , , , , "-9 , a a ZZ C C Zc, ag 

- 1 : -9 .... . I ....... 9C 99 'm .... a ...  CA- I Mt Ct t Z t VC CA:w-0491,4490401 , CC - WZCI!,99 A-W, 9 'ag 'C''t, C, - % , ,: M I, a tc ... 9, 90 , -- A q, ", -- .... ... ...... ....... -- -, ,,,,,,,- -- '-,,_-q ... -... ... ... ......... ............. ........  .............................................................................................................................. .............................................. " 'CU -- t -t---t - ................................................................... t, t, ....... . ... .... t, t t t, t, '' , '' , , " , , , , , , ", C C ( , - " .... ", , , , ,a,-, ... , ", , ", " " , ,:,:::a:q, ,::% ,::: Ti p- : g ::::,:::,:a ,,,,, ga, j:j ,....-a--.,.g a,,z-,-a-g-p-a,-p-c -_,ga - 'C' era , "'at tv , -RM ,909 9ZQj (Cll- ... g ,,az, % ,g , " c -- i, 99!- p _ . ,,,,,Aga ,,,,4,.ag!,,.g,9,0,9 ,i,.,gp!",,Iz .', ---- ............... ": -9 :a , , p p ..................  ....... ...............  ..................................................................................................................................................................................................................................... - - - -. .......  .............................................................. ...............................................................................................................................................  t t, ........ ..... ... - r - - t -;r - ct - ot -;r - A - - AM - c ct Cr no 'Aa" ", , , "", , ,",",,"""",,", ;" 
, . .... ..  

i g L PA:a: : :ia 9P i:i! l:lz :, ,- :ig p L gg:lz 'g a crnx-crrxf 00 - Cr a a Cr C r 0 A 'C "e,,- r, t a cm u ut, CM , , :Q, "',_9 - - -, -I ...................................................................................  I , c , pur:cr , cr , a , , a , , C , a , aa u..- .taAA a a.t.Caa.Cr.CFfI-t, t,-"-! _-j,-, L t -'-'-- I -j : -, -'a-j -t : I -, -, t --i,- : "t -j -- -,- - I , t - -t,-! I I ,-I: "t I -, 
- ti I --- --- I - I 'I t: J,-, -,I , I 1 , ,-I -''-, -" :I C 1,1 -,(- 11 11 [ J,--t -, - 11 j -,I j - I : 1, I -,,:I, I 1 , I -, - , I I ,:I - I - t -''-, t,:j C I' I t - I - ,:1 j I I I -,,I -, -, - - - - -- - -- - - - - -- -- - - - - -- -- 

..................................................................................................................................................................................................................................................  
...................................................................................................................................................................................................................................................  
...................................................................................................................................................................................................................................................  
................... ..................................................... U ....... .......................... t ............. t .... t ................................................ I .....t......A " ' " ....... ' " ;..M .: ': ".I.......: ...........  . . .. . .. . - - - . .  .. - - . . - . - - ... .. - .. . .. : .. .... : .. -........ : .-.. .  , , .., :U .....t :, , .. :i: ,: : :W .. .- - .: - - -- - .: - - : .... .. - ... -.... -...  .p.. Q... ! t ................  :.i ... i:: -.9. - - - - - .M. - .Q.. .. .a .. .... g... ..:..t .E. ; .9... -.-a ......  .9 .: .: A., ..,..:.g -19, .... A .Pk.'.P.' .... ... i.: .--..-.:.:.i:.: A., ..'..: ..,......a.t.g..,......P.:a.a...i.: .:.:p ...... I.:..,.i::Q..'.9....'..Pk.': aff ..: ..g....,...g..... ... : .. ..  : : 0 .i:: P.-A : ,!. .,.....': .9...9...P..: : .9..a. : ....,..A: ..,.-,.':::.  .... :Q .. M .... , P ... a . .,:Q .'.. .. ..P :9 p .. .... AM .' 9 ... : p ... '.:.'.. ... .'. U a ..' A q .9:a A ..: 4 .... 1 .. ... : ... : .9 .... P: ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ......................... ...............................................................  . ......... t ... ................. t .  .. ..  ..... . .W a' ......................... t.'."""""""""""""""""""""""""""""""""""..'t."""""""""""""".:t: .................................................................................................................... L.'.."""""""""""'g"""""""""""""""c ........... t.'."""""""""""""""""""""..'t."""", , . I , . : : gg:...:,..:i. ... *.. ......... .9 ... - ; .0 9 ... 10 .... .... : : : : ... ; .Q .. .: M .: i: 

:iii i: .g....g....g ..gid a: : 9. .:... d-90-ii Mg.- . . .... & : ig.. . . . . .  - W .... Q. ... :..:...S.. P ff .... ;7 . A g iff: .-S ... .. 9 9 C.I.,:i:i.9 ...Q....''W : g. : : : a . .'.'.. A Q .. ... . . . i U .19.... .0 . Q. R iff.1.9..,... .i:Ci. -.19., ... ... :.ii ... .... ..  ..... 9 ... 9 ... : ... :.9 . . : .. .. .... :..:..: .... ... .. .: Z ....... ... .. I .... .g g -iff.l.g a ...... : ... .... ...... ....... . ............ ..  
...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ....... U ......................................................................................................................... t ...... ....  .. .. .. ....-.. -.. ... .. .. -........' ' , ... ' '. .... i .t :::,. . : g : : t X ... ; ..:.:.:.: 0 - - - - - . : -: - . .. .. ......... ..  .. .  - : - !.:ia.. : t., , ": ....... a ..... : ....... E." ............ ti.., ... z"t, ........................................ t....",." -..a ... ... : .... .. .  .... ... ... . : - . - ... ...... . : ... ..... : : ... .  '.... " , , , , , ,:a : .*:....,.. . '': : 4 : C '. , 'a ..;.... .... & . ..  

.i .... i q ... . . :4 ...... q.. :,!.M ...'..;a.,:i:. *:. a ..... . .M - ...9'...t...W ia --.;-5.5.....".."... ....;a"S ... .'...'.M '.... Z.!. ..Z '..' .'.N R O M ! ....... 9 M O M ;a .. . ..... . .... a :4 .. ... : ... :... .g ............ .....- . ......  ....... a" gr ..... A.., ..'A'..i2: .... ... ffl i.M ........g a .. ..................... U : . ... q ... N ... .. ... g ... : ... .... : : ..9 ... : . . ...  
...................................................................................................................................................................................................................................................  .................................................................................................................................................................................................................................  .................................................................................................................................................................................................................................  ..  .. ..... t it - - . . . . .. .. - - . .. . . . . . . . .. . . ..  . ... ..... , , :: : , - . t gat aa - g .,I:: i ...' ,.: : , '...." : , , . . .!::: : .: . .:C . .. : :: : ; . . ::; : : . .: ., . , .  

g : : W . .. .. ..: ....... .  ..  . . ... a. .. . :.5 : ... :.: :::::::a .-- : : - -M ...... t i .......... L ................................ a ....... ':.i ' ................. C .. ..... ........................ t .a ..... ................ t .......................... P ....  . .-A ..: : a. ..Z!. ..M' .: C..'. C..'. - .. .. .... ' : : . . . . - iM .;Z i ! . a m . a.. . . . . ..,..:.j : .M., : C...' C..'ii ".! 2.::..; .,i.0f..'C., ................ t ......... t .t Z ., .. i., ; - - -- - : t . ... ' : : 2.j.: : .z! ..  ... : :. * .a..! .".122:0 . .. .! . ........... i.: m . .g . .. ... ..... ........  .... . - ... :Z...:9 - .,....:. . .......... ....... ......... ..M .im ! .. ........ ......... ::* ............... i.: - - .... . ... ...... *.. ::..i.:.....!.. . . 9 :4 .... i ....... ............. ...................... .... .. . . . .. . .... . .......... .. ....... g ." .... : 0 .. ... ... .. ... 4 ......... :. : ...... ... ........................ - ....  ......... q .:..j.: :.::Z.! 
" 

........................................  , -hZDA ED ",D:"""aaFV ---------- ...........  - - - - - - - - - - -..........  ............................... - - - - - - - - - - - .....................................................................................................................................................................................  GAGSTC CASC T CUT T MAT CTG SWC C MAC UTC T GAMCCT GUM SAM T QTGAGAC T GAG C TST GUM MCAGMUC ......  ......................................................................................................................................................................................................................... - - - - - - - - ...  ....................................................................................................................................................................................................................................................  TT CACC T TTAMACATAC G.C.C.AT GAG C TOG GUM GACAGUCC C C.TG. GAAAAGGE .C .TTGAAT G.. GUTT MET C TATUGG C ... -.............................................................................................................................................................................................................................. - - - - - - -...  ....................................................................................................................................................................................................................................................  A.GAiD..C. C.:GG.CAG.CAC..C.TACTAC.AGC.GATT.C.T.GTGAAC.G.G.C.AGATT.C.AC.CA.TCAG..C..C.GG.GACAAC.O.CCAAG.A A-CAG:C:CTG- - - - - - - - - - ............  ............................... ....... - - - - - - .................................................................................................................................................................... - - - - -.......................... .......................  ............................... .................................................................................................................................... - - - - - - -
i7 ,T G - - - - - - - - .....................................................  TAQ - C G TGATICT'r-Cr-TWIG GCQGAGG= r""CCC-G, ,, T,0,, : A M , A TG A CTATT_ __N , ATC C ( I ,, G cc GAGGACCC TWCANC GA Q TA C - - - - - - - - - - ........ .......  ................................................................................................................................................................................................................................................. ct-tACGAG:T:TCGC.CTPIT:T.CGCIGCCAG.CGCA.Cplc:T.CGTCACAG.TC AGCTCTCGCGGTrIECGGAa CECAMCCCITCe , 0 :C ................................ - -.............................................................................................................................................................. ........ - - - - - ... 9 ........ - - -.......................... - - - ................... - - - - - - - -............................................................................................................................. ...............  , " , , ............................................................................................... - - - -'' , ", , " " , , ... .. .. " " ," GaToc ..... GAG 0, C ,CGACATCG T CAT SACACAGACCCC T GATACCC T GGC C GTO T CTC T GGGAGAGAGACCCAC CATC -,,,,,,,,, C- &-% , i A l g , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , .....................  ...................... .. ......... - - - .... .......  ......................  .............................. .....................................................................................................................................................................................  

A A c C U0ACG T QCTGTAQ T QCAGGAWC U0AAGA&UTAGQTG DOCTGUTNT CAGGAZAAQCC C GGC ..................................... - - - - - - - - .............................................................................................................................................................. - - - - - - - -- - - - - - - - - - ......................................  .............................. .....................................................................................................................................................................................  ............  CAG.C.CTW. G.CAAGAA .AG.C.GG.C.G.T.G.CCCGATAGAT.TTT.CT.GG.CAG c G G c TC T ..................................... - - - - - - - - .................................................................................................................................................................................. -- - - - - - - - - - ......................................  .............................. .....................................................................................................................................................................................  G GICNC C GACT T CIAC Q QTGA C CT Q TZA C _ TAG G, AG G , TG T QCC C G T T , ,TAC TC Q A, __C_ G G ,,, ,,w C G ......  .......................................................................................................................................................................................................................... - - - - - - - -I ......................................................................................................................................  AG:C:C.TG .ACCT:T:T.CGCGGC:r,.GAACAAPr,.G.TCCAAPT:CAA:C ,.  , ... qw (SEQ ID NO :16 77 ) ............................................................................ - -
:- I ,L ' li'tiil- I -- J-( 11 
, - 11 11 - , -- "-I,-,- - - ,-,-,-, - - - - :-, - - - - ''-,-,- - - '' - , " '' ''- - - 'I,-,-,- 1, , -,-,- - - , - I- I-, 1- I I- -, - - ,-,- - '' ,,:, - ,/2 11 - I I - :,4"-, 'I'l-1- , - ,, 1- 11 11 - - ,- - - - 11 - I I- -1 I',- ,, -, - , - " " ,, - 4 - , , -11 - - 11 11 - I - 4' - , - -1 I 1- 

1- I - I- I- 1- - , - - , - --- ------ , 1- - - '' ''' - -'-'- '- - - - (3EQ ID NO : 16 78 ) - - I :,: " , , -: ': , -'' -, - ,- - , " -, -,- ,,"' - " -, - - , - - ", - , I'll - -1 - - - - - - - - -1 - I- 4 ---- I -1 -

M ktitit4i &X& vam W = ( S E Q 

' ' 

MWRXXU&MXWM (S EQ I D N 0 -. 1 67 6) , 
.B:...: ..' .' I , ., .:.a .........  ..........  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  C. -A.' r. .. T .G. ..'A.A.. ". -G.. -.- .. M.- ..:: .T. r_- -M.' M C.. -..'A .G C. -A.' rI., C. -M C.. -.A." G A., .. C. rI., C. -G -C.. -..-M.. -..-C.... --.C.... --:: -C.... -:: -r.... '. .. T .A' .. .-C... -A.' A.' C. -:: C. -A.' G G. : n., M ..-C.... ---A ., -G... --A -.A .. G - C.. -.. A ..G C -: .T. r_- .. T .. A' .. -T... ..'A A.' C -: G.. A.' Q -G -: -T.. -: M A.' A ' ' .-T. -r.... -..  ..................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  

......... .. .... ..... ....... ..........................................................................................................................................................................................  '.' , '. '. - '. '.' ' , , A , 'A ': - ' --.. ..'A..' .C. .. C.. .- .: : , G .. ..'A..'.. T.... -... -QQ .r,.'Q. C. ..'A-'..'A-'.' .'.. -. .. -.: ... -.... ... ... - - -... - -.... -- - - C -.-..: ...-... '.-'.C....'A-'..'...'.'.C..'.'..'.G..'..'C..G ...-...C ...... C ...... :.....'....G MMIM. : G..'. .. A' ..... : .. - -----------.... -.. .. .T.... ..C... ..... -.'.. -.... ... '... .... .....- T ..... '. ..... '.......r ......'A.'A.'C ..- '--A."-'A."....C.CM .M. AW ACA...' ...'ff'..'., .,.,..,:GA.-T = .........M.GrIA A....M .-A ..:T:.....,M ...:MrIr. AcEr- ... .. in..., .'. M ., ., G ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  A .M .,.: .........................................................................................................................................................................................................................................  ..E 
, 

"' 

'. 

A-'.'..T..-....T..-..: 
G.-.'G.&-'.'.T..'.-: 

.A.-A' '.

.. , S '' , , TGAA G AM.A.B.A.M. , " , , , , ''. , .. .. - ...... .. - : : - ... .... ... A& .. ...' . . - ......A.' G.  .T: W .'. .-.'.'.".-'A.-'G.. - ....G .A.E.. . ..... .. .. - .. .... ...  .. ... .. G-A -G ...... C...' .." ... . .... ... ..' -I.A."A.G. AM .. G ...... G. ..... .A..' G.. --.E.. ..... :.. I... "........, ... G...'T .. A." G. : G.. :.G..'A ....... .G.. G E.E ....., 0 . M .T. :T ., . ... '.' .M .T . -C . - . .. ."'.... .....B . Q S ., G Q TA C A .... -----.a 
............................................................................................................................................................................................................................. ...... .........  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  G.-A....' .. ..'..' -;.Z, .:: .' ,.:,.,G,.".,G",.",A,."'."C'.'."'C'.'."."C,',.'.,C".:, .' '.'. ' .'k""'A"".'.'G".'::,."C"."0".'."C,',.'.'C'."'A""'.'U".'G"'."'A'."'.' '.' .,::"C,..."."C.",'.'.'C'.:' .' '.':.."T'....'.'T'.'.-'..'T'.'.-'."'A'.'."C'-','."C'.:"P'.".'G".".'.'G"'.".'.'G"".".T".-.,::,.."C,::,..,T,.,."C...,.,:,P."'.".'G"."'.."T"."'A"".'C'.'-'."'A'.""C.".".'."C.'-'.'.'C.'-'."'.A""'.'U".'C"-'."A"".""'A'.""C'.".'."C,',."A""' .' '."'.A"".'.-C"-'.'C"..,::, ' '."'A'."'."C'.'.'C"."A""'.'U".'G" ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...........................................................................  ...........................................................................  

T. : .. " '' , , , -... ..... a ..... .11 :: .....,: ..... C ... ' .. - .. ....: .'. " : ....'. .'.'. .,Q`00.: : T-..- : C'..-.TCA TAA (SEQ ID NO :16 77 ) OA A O.. A0.0M M.M...'.. . ., ... W..... ... ....... --- .. ..... ' - .. .. -.7 ... .. U .., .........M.  ...........................................................................  ...........................................................................  

305



WO 2020/146902 PCT/US2020/013410 

Construct Name: pCDH MSCV h20A10-N CAR 41BB 
Construct backbone: pCDH CMV MCS (SBI) 

Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 
scFv Name: Humanized 20A10-N (64 - 807) 
Hinge region: Human CD8 alpha (808 - 942) 
Transmembrane Domain: Human CD8 alpha (943 - 1014) 

Costimulatory Domains: Human 41BB (1015 - 1140) and CD3 zeta (1141 
_________________________ 1476) 

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCCCI:KKG,,c AG C TGG 

CAAATIG IQACA(A 'GG CACGCATQQCAAACQCIA IGAG.TA(r.,.C 
AAQAC-CTGCTGTAWOGTCCAGA 

GAGGCAA GG GGAAAAAGCGACGAAC CGCC GAGACI ACCACCTCAIGCG 
.....A ............ ....A .. - - - - - -.. A..... C........ A... A C.............. T............C.............A.....A..A.....A.......Q A-- - -T--......  

CA0AAA AT AG..AT CA..O...O..................................................  
CTTTACOA$C0TCTOA$TACAGOQACOAAGGACAO0TAOGAC0CCCTTCAOATGOA$CO0CTGQCCOCTCGQTGATAA............................ .... .................................................  

AGEGGOCAGG GGAGGGCC.G CCGCGT UACTCGAACG GC G GCAqdGGA IGG GACGTG GCCGAC CGC 

7%ATT TATTGT CAGAGG TCOAr QTTZAGCA 

ACTGAGQA _QAAGY NI A UOQCACACCAAC A( TQAAAA_4 G XCCQCC G CG 

AGOIAC GOGTITGCOGG.ACCAOCAGCGAACA.C AAG (SE IDr.CT NO 1680)C.  
................. ....g. - - - -..................................................................................  
.. .. .. .. .. ... ..A ... . ... ....C... ....A..A C.. .. ... ... .. ... ... .. ... ... ...A. ... .. ... ... .. ... ... .. ... ... .. ... ... .. ... ... .. ... ... .. ... ..  

TQT GACOTQ ....T.....A......ACA..AGG.AOT...TT.......A.(SEQ.I..NO:.1681 

CT ...... (SEQ 

.. ..... ..... ..... ..... ---..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ....30 6. .. ..... .-- -
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Construct Name: pCDH MSCV h20A10-C2 CAR 41BB 
Construct backbone: pCDH CMV MCS (SBI) 

Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 
scFv Name: Humanized 20A10-C2 (64 - 807) 
Hinge region: Human CD8 alpha (808 - 942) 
Transmembrane Domain: Human CD8 alpha (943 - 1014) 

Costimulatory Domains: Human 41BB (1015 - 1140) and CD3 zeta (1141 
_________________________ 1476) 

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCC(,t7,AGKKG AG C TGGQT 

GATACGGTCGAG GCA GA T A TTTA,2CAATAA 
C~~ ~ ~ ~ GAGAC GAA GOf~iC~GGA .CAG.TTTG ,CA 

CAGAC Q__TGA-TCAGAACGAAACC K't'ttac Wa G a CCaaactctaatc 

AQGGTQCGG QTTGAT GCGATAQCCSAAAGAGACCTAGCAAA~A 
... .. .. .. ... .. .. .. ... . G.. .. C- - - - ... ... .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ... C-- - - - - --.. .. ..  

C T T T..........................A C A............................... ......A .A 
CD8.............. l e a d e r............................................ s e q u e n c e.....  
ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCCG (SEQ ID NO:........................................................................  
1 6 8 6 ). .......... ..... .................... ..................... .................... .................... ...................  
h ......... ..........C- - - -.. ......... ......... ........ ......... ......... ........ ......... ......... ........ ........V. ......  
.. .... .... .... ... ... .. .. .. ... .. .. .. ... .. .. .. ....C.. .. .. ... .. .. .. ... .. .. .. ....C.. .. .. ... .. .. .. ... .. ...A... .. .. .. .. ... .. .. .. ... .. .. .. ... .. .. .. ..  
CACCIAGGACATA GOCATGACC GOG? GACAGS CCGGAAAAGGCCTCAAOGS GCG....................................................................... ... :........................  

A....AGCCQGQAQQA..............O...A...TAAQOCATTQTCAAGGCQACATTACCATOAG........................................G......AQAA...... GQAAGAA0A............ O-- -C.  

ggacgattacctacataatcctgtgQ aagtaagaacgaatt -ActgtCCOA ACC TGC 
A........A. TIGG ACGCCAGTGGACAAG (SQIPN:P67 

.................. ..hi n..................e.........re g i o n.........................  
ACAACAAC CC GCCC CAGACO? CTACCCCAGCCCCTAAA GOCASCOAGOC CIGAGOC GAGGCCCGAGGCT..  

TQT GACCTQC~hCTGCCGGAQCCCTGQACA AGQCQTTCCh SQI O 68 
, (SEQ 

308EQMga a aqAga
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Construct Name: pCDH MSCV h20A10-O CAR CD28 IXX 

Construct backbone: pCDH CMV MCS (SBI) 

Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 

scFv Name: Humanized 20A10-O (64 - 807) 
Hinge region: Human CD8 alpha (808 - 942) 
Transmembrane Domain: Human CD8 alpha (943 - 1014) 

Costimulatory Domains: Human CD28 (1015 - 1137) and CD3 zeta lxx (1138 
_________________________ 1473) 

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGC,!7GKGG AG C TGG 

CGGCCACGACA C GAAGcA CG cACG CAQG.tccG GGCCGGAGCa WCA 

GTGA CG TT CC GTG CCAAAT TGAGGTTGAGATA 
....................A ....----.........................................................................................T-- -----..... .  

GGCG......A......A... ......A.........AAACAACC.. C..C.AAC..AC C AG C.A.AG C G 
.....A ............ ......A...............A...C.....A..A C....................C ......... A... A.A...A C....A...T .....  

..C.......C.......CAGG......C............CCA.......TCTATAA..AGCTCAATCTAG&AAAGA&AAGTACG..........................................TTT.......ACAAG....  

................ .......................................................................................................  

.........................- - - --C .....................................................................................................................  

.. t .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..T. ..AT A A .. ..  

C D 8 l e a d e r s e q u e n ce.................................................................................................................  
ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCCG (SEQ ID NO:.......................................................................... -- - .  

G AGGOTCA W GTGAGGGCGCCGAGCG TGG -GACC GCCACG 

CA TATTGTNT CAACG CATMAACGCA 

AACCAGACACQAAG~CT AC QACGC 

AGCGACTIOGOO CAAAC GQGAAT3 AGTc a M A (SEQ IDT NO 164 
.................... .........................g. ..................................................................  

TCT GACTQACM CT CG OGGAGAA ATG GQU S ACT TITCCCAhCQAC (SE IDG NOG: 1695)T:T 

.... ... .... ... .... ... .... ... ... - -- - .. ... .... .( S EQ.  

... .. .. .. ... .. .. .. .. .. .. .. .. ... .. .3 10..
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Construct Name: pCDH MSCV h20A10-N CAR CD28 IXX 

Construct backbone: pCDH CMV MCS (SBI) 

Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 

scFv Name: Humanized 20A10-N (64 - 807) 
Hinge region: Human CD8 alpha (808 - 942) 
Transmembrane Domain: Human CD8 alpha (943 - 1014) 

Costimulatory Domains: Human CD28 (1015 - 1137) and CD3 zeta lxx (1138 
_________________________ 1473) 

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCCCI:KKG,,c AG C TGG 

C~~ ~~ GAGAC GAGAGGfOiC2~GGA .CAGTTTG ,CA 

QAGAGCCTGCTGWCAGTCCAGA 

GAGGCAA GG GGAAAAAGCGACGAAC CGCC GAGACI ACCACCTCAIGCG 

TCA M M AAT CA G G G CMIAC .. ...A..................................................  
.................................................................................... .....................................  

TG GC CACGCATACC..G CCTGTCTGCCGCTGGGCTTGCGCTCCqdGAGCGCCAG G CC GO (SE ID I NO: 

QAT ITGQAC GAA(GATAGAQ T OQAAQ CT(ACQ kg QTCTTT 

7GA TATTGT NC CC, A (AAGAGCGX ACQG CTT AAGCAGC 

GpAGAG TGGOCA ATOOGGO CAGGCAGACTGCAC AG C1 ACr.CT CGGTCG~ cGAGGTG.C.  
G G I G.............. .GA G G .. - - - - - - G I A A A G G ...........A..................A..............................A..........A..........A....A.........  
..... G......... .............. .. .. ..A ... .. ... ... .. ... ... ... .. ... ... .. ... ... ... .. ... ... .. ... ... .. ... . G A... .. ... ... .. ... ..G .  

CA ACCA A OIC CGACOCTAT T COACQC TA ATC=AQCAQTCCTGAGQMCCQCGMC CCAGCT 
................. ......CT. GG QC CT QA A AG-A T--T--C CQ (SEQ..I..NO:..1702) 

.... ... .... ... .... ... .... ... .... ... .... .( S EQ.  

7:312
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Construct Name: pCDH MSCV h20A10-C2 CAR CD28 IXX 
Construct backbone: pCDH CMV MCS (SBI) 

Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 

scFv Name: Humanized 20A10-C2 (64 - 807) 
Hinge region: Human CD8 alpha (808 - 942) 
Transmembrane Domain: Human CD8 alpha (943 - 1014) 

Costimulatory Domains: Human CD28 (1015 - 1137) and CD3 zeta lxx (1138 
_________________________ 1473) 

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGG (,!t7GGGc AG C TGGQT 

GATACGOA GIG GAG AAG T A TTTA,2CAATAA 

CGGGCCACGGACA CCAA¶ACGGGOGOG GAGGGtGG GGCCGGAGCT a r.,CA 
qAattcgccq~ii't CTtttoag aa 

CAGAC Q__TGA-TCAGACAGAAAAC K't'ttac WaCtOpaactctacc 
GG_ CG eqTU Ggt GAT tgg accgttcac 

...................a....tt--a................tgt...............a.....at..........t.....a..............t. --aaatt-- t t..t.......AG A C C G A C T C G 
G AG......A......A... ......A...AA...A.AACAACC.. C..C.AAC..AC C AG C C AC A .GC G 

.....A ............ ......A..............A...C......A.A C...................C ............. A.. A....C....A...T .....  

..C.......C.......CAGG......C............CCA........TCTATAA .AGCTCAATCTAG&AAAGA&AAGTACG..........................................TTT.......ACAAG....  

................ .......................................................................................................  

.........................- - - --C .....................................................................................................................  

... .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..T. ..AT A A .. ..  

C D 8 l e a d e r s e q u e n ce.................................................................................................................  
ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCCG (SEQ ID NO:.......................................................................... -- - .  

1 7 0 7 ). .... ........ ........ ........ ........ ......  

.. ....... ....... ....... ....... ........a. .... ........e. .... ....... ....... ............. ....... ....... ....... ....... .....V. .....  
CAQGCOAC TGGTTGAATQ CQCC......................... OGGAQT....... TGAAQCQTQGCQA.......... ...T .....A .......T...A................. ............  

TTCA CITTAGACATACCC A.A.C.G...C.A.A..C.CC ..AAAA.GC.T.AAT...TTC.T..ATC.G 

G tCTGC QGAG C cgact tgq cogt 'a t ttAMtqeca a q cA,,, 
aa Q. ca ,aaa a Q t9 -M CGC 

............ 49 a t g g t c t 
................................................................................. .  

ACCOGAG TGGGCGGAGGGACCAAGGGGAGATGAAACGA (SEQ ID NO: 1708)...........  

D3~T hiC rgo ACAA~~~~~~~~~~~~~~~~ AACCGCCAACCT CCAC TCAtCCACACTTACTAGCGG 
GTAACCGOGCIGCGACCGTCAACAAAC GAICCCC(SQ IDaag NO=:g 1709 

... :,_ -%_:WQ~ca , a_ g ag .(SEQ"" 

.. .... ..... ..... ..... ..... .... ..... ..... ..... ..... ..... .... ..... ..... ..... .' ,9 ---, .... ..... ....31 4. .. ..... .. .
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......................  

(SEQ ID NO17 11) 

.....................  
......................  ..........................................................................................................................................................................................................................................................................  ............................................................................................................................................................................................................................................................  .. ... ..... . ..  h. .T 0 0 . .... .. .......  ...............................................................................................................................................................................................................................................................  ...........................................................................................................................................................................................  ...............................................................  M G.. G.C.: ... 'EM ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ................................................................................................................................................................................................................................  A. G... .G... A. .A G u C .T. -G: T T. ..G. -A.' .A' 0 -.T. G -u A G A A." ............................................................................................................................................................................................................................. :.G .........  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...................................................................................................................................................................................................................................................  ....................................................................................................................................................................................................................................................  ...........................................................................  ...........................................................................  U- C-.--'-..----TCATAA (SEQ ID NO: 1712) ............................................... T .' ... ......  .................................................................... : ......  ...........................................................................  
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Construct Name: pCDH MSCV hC2 CAR 41BB 6xNFATFoxP3 IL18 
Construct backbone: pCDH CMV MCS (SBI) 

Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 
scFv Name: Humanized0C2 (64 - 8010) 
Hinge region: Human CD8 alpha (812. - 945) 
Transmembrane Domain: Human CD8 alpha (946 - 1017) 

Costimulatory Domains: Human 41BB (1018 - 1143) and CD3 zeta (1144
1479) 

NFAT response element: Human FoxP3 NFAT (6x) response element (1530
1691) 

Minimal promoter: mCMV (1698 - 1815) 

Leader sequence: Human CD8 alpha (1841- 1903) 

Cytokine: Human 1L18 (1904 - 2374) 

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCCGA, GZGCAGQC GCT 

ATTAIACCGOTAGCAGGCGATCCCTTXQAGACACAACGTCC 
AAAG GGOGG GAG GTAAGGG CIA ACCGGAT TOMGO AA ACAG AG 70G 

ATAAGTTGGQAC ATTAIATGCAAATT IT CAGGACAGTAGGAGT(rCGCW0 X GGGIGCRATCCGAC 

ACAQO TCTG GG OOQAGWCOCCGGTTTACTG T GTQOCQA.GCTAQTACACGGACTCTT 

GA CAAA2,&~C AGTGAAM T'r CCCAACGGQTCAAA _AD rCCC TCAGC TTCAG=A 
CTS 0 Q T 'C IQGTA0G AG C -CAMQQCA 

CGOQTTTACCAG$CT0TCAGTAOACCOACCAACGAQACOTACGACCO0CTTQACATCCAG$CO0TGOQCCOTCGOIGA......................................................................  

gcctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccataga...................................................................................  

GAG WA TTGA,T, TGGCG C] CTOAGATG W O EA AG CAA:~ C CI........A.  

ACAiT. AAC ATC.TAAIACTACO CCTACTCAICTAGGGCCATCA CACAGA.CAAlCC..CA C GAAGACGA7 

... .. .. .. .. .. .. .. .. .. ... .. ------.. .. .. .3 16..
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.. . .. . .. . . .. . .. . . .. . .. . . .. . .. . ..A. .. . . .. . ..T. .. ...AA A. . .. . .. . . .. . .. . . ..T.. . . .. . .. . . ...A. . . .. . .. . .. . . ...A. . . .. . .. ..A. . .. . . .. . .. . . .. . .. . . .. . .. . .  
ACGAAIAOTIOGAIG 1000GCAAAOGGACGAOOGICAG 070000 00000010OGOGAIG 000001'00000A....................................................................................  
0GG0GG GOOGGAT GAGATOG 00GAO AG070 AGOG OYIOGGOOGTG C OGAGGACAGAGGO CAGO...................................................................... ...............  

....... A....... A G AG............... A AG........ G..... A GT........ A G.... G.... A....... T.......... 0....... 0.... 0 T.... O T AT............... A A........... G ..A .......  

ACAAAOC01- C A.00AG .UUTCCTA-WG . A0A000 T0C,1 CATGOO0A TTAGQO AAGOO-GAC 
CTO GAr_0A- 0 -1, 0 A,,00TG CC A0EG0ATTTG TA-A GCO (SE CA NO: 1716) 

AGATOA.GTCOC G 0 -C C -CA CA01CAM A.(0 QCCA CAOTATT 
GGO TrOGG TG0,77700000071000 07 7000 000100 

00001000000(SE ID NO 171(EQI5NO179 

TGATAGTTAAATGCCGAAATTTTCTGCCTACTGCGTAC (SE NO: NO71720 

IDGGGACATCTG C (SEQ ID7O:1723 

317-. 71
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Construct Name: pCDH MSCV hC2 CAR CD28 IXX 
Construct backbone: pCDH CMV MCS (SBI) 

Promoter MSCV 

Leader sequence: Human CD8 alpha (1- 63) 

scFv Name: Humanized0C2 (64 - 8010) 

Hinge region: Human CD8 alpha (812. - 945) 
Transmembrane Domain: Human CD8 alpha (946 - 1017) 

Costimulatory Domains: Human CD28 (1018 - 1140) and CD3 zeta lxx (1141 
_________________________ 1476) 

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGGCCGG!3AGGThG A GC TGG QC 
GAG-MIGGG GA GGC ,T T Qr TGWCT X r TC G 

~:it~$~i:Lt$ACTGGCOAGCCAGGICGGGG GCATCCGfGTOMUM AITATTCCACOA 

TAT WATACMT C GATGCTAGCC TG.ATTOG.ACATOG~ITOACAGArICACCCAAGCAA TGCACT CIAQMQACAC 

ATTATA.CTGGC.CACTCTGCACAGGC,CGGCACAGGTTG.GC CAGCCGTACTCCTGA:CAGGA:At 
AAAAGCTGTC CAGAG GCGC AAGTG TAAT AT aAGCTG GCGGGGTACTCGTTACT CTCAT 
.... A.......A.......A.... - GA-A-AA--A ACAACAACCCCTGC.................CCCAGAC................AC......CA.......CC......A...AAI.....G...C.  
A.........C........A......A.. T T G TA.. .. .. .. ..A.. .. ... .. .. ... .. .. ... .. .. ... .. .. ..A.. .. ... .. ... .. . C A.. .. .. ... .. .. ... . A.. ... .. .. ... .. .. .. A.. .. ... .. .  

AGCTACCATG AGTTGCTCTGCGCGTG GTGCTC ACGCCA GGC (SEQ IZ NO:C C 

ATGTTATCTGGAAATCAAGACGG CAGAGO r.CGGCA CCGGTG:Af:CTCCfl~GGTIGGGCCATA.A7:T 

A CATTTGATCC GTCA.GAACTAAT.G ICT GG.AACTATATTA Q4TA.$TAATTAGTGAGrCACTTAC AGOAC Cc; 
.................... CACA--- .........ACC.G..A...A.......(SQ.I.NO:.728 

.....h i........re...io..  

ACAACAAC OCIOCCO CAGACOT CT CCCCAQCQCCTA AAITQCCAQCQAQCCTCTGAQCCTQAGGCCCCAGGCT...................................................................................  

TCTAGACCTCCTGCTCGCCCACCCGTGCACACCAGAGCACTCGATTTCGCCTGCC.....................................................q...(SEQ .....ID ....NO: .....1729) ....  

:G 'G ": .". A "'",'A ..G"' .. ..,A, .. G:U... A .'.A,," .'.' ...A", .-U-.-'.T '-: .A . ','", ..,-., " .0'... . '-''"- T : . .G..G-- ...' . ' ..: A"G.'A .'G. A"G-..TM Q.:GA, -.. .. : . :.T (SEQ. '. ..G. -B''A 

.. ..... ...... ..... . . . . .. . . . .. . .. . .. . .. . .. . . ... . . . . .. . . . .. .. . . .. . .. . .. . . ... . . . ... . . . .. .. . . .. .. . .. . . .. .. . . . ... . . . .. . . ..31 8. . .. . . .. .. . . ..
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tgacacag aacggcgcca ~ccaacctctta SE D O 1733) AQ2 

WYQQPGQPKLLID(SNOIDNO:3734 

Mouse B12 light chain variahle complmentrtydtemnigrein 2 (CDR2)unc 

(DNA) 
ctgtgatccagacagttcagcaccaaatctcactaN(SQ D1N:3133 
(amino acids) 
LASTLDSQ(SEQLID (SEQ 1736) 734 

Mouse B12 light chain variable frapmenk a(R3)y deqermnce:egos D2 

(DNA) 

gcttgcatccactattt (SEQ ID NO: 173) 
(amino acids) 
LVARFSGSEQRTDFTTINO: DATYC1736D)O:178 

Mouse B12 light chain variable complmentrydtemnigrein 3 (CDR3)quece 

(DNA) 

cgcaactaattactgatcctccgacg (SEQ ID7O:3739 
(amino acids) 
QQNNEDPPTGS EQDTLIDPVO: AYY (EQ7DNO0138 

Mouse B12 light chain variable frapmenkta(ri 4) deqermnince: os CD 

(DNA) 
tcgatagaggcatcctcgaacag (SEQ ID NO: 17) 
(amino acids) 

FGGGTEIK (SEQ ID NO: 174) 

epiouse to lihtchinE valNE7Bbn fr artwo f theF 10 eqence:xmaain 

(aacids ) 

PFPFSAQSGA (SEQ ID NO:1743) 

SNIKFRPGSVV (SEQ ID NO:1744) 

ASRYNLT (SEQ ID NO:1745) 

Fragment of PSMGFR 
GTINVHDVET (SEQ ID NO:1746) 

Fragment of PSMGFR 
FPFS (SEQ ID NO:1747) 

Fragment of PSMGFR 
SNIKFRPGSVVVQLTLAFRE (SEQ ID NO:1748) 

319



WO 2020/146902 PCT/US2020/013410 

Fragment of PSMGFR 
QFNQYKTEA (SEQ ID NO:1749) 

Fragment of PSMGFR 
VQLTLAFRE (SEQ ID NO:1750) 

Fragment of PSMGFR 
SVSDV (SEQ ID NO:1751) 

[00820] IL18 sequence 

[00821] (DNA) 

[00822] Atagaagacaccgggaccgatccagcctcgagagacccaatgctagccaccatggccttaccagtgac 

cgccttgctcctgccgctggccttgctgctccacgccgccaggccgtacttcggcaagctggaaagcaagctgagcg 

tgatccggaacctgaacgaccaggtgctgttcatcgatcagggcaacagacccctgttcgaggacatgaccgacagc 

gactgcagagacaacgcccctcggaccatcttcatcatcagcatgtacaaggacagccagcctagaggcatggccgt 

gaccatctctgtgaagtgcgagaagatcagcaccctgagctgcgagaacaagatcatcagcttcaaagagatgaacc 

cgccggacaacatcaaggacaccaagagcgacatcatattcttccagcggagcgtgcccggccacgacaacaagatg 

cagtttgagagcagcagctacgagggctacttcctggcctgcgagaaagagcgggacctgttcaagctgatcctgaa 

gaaagaggacgaactgggcgaccgcagcatcatgttcaccgtgcagaacgaggactgataaaagcttggcaatccgg 

tactgttggtaaagccacca (SEQ ID NO:1752) 

[00823] (amino acids) 

IEDTGTDPASRDPMLATMALPVTALLLPLALLLHAARPYFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMTDSDCR 

DNAPRTIFIISMYKDSQPRGMAVTISVKCEKISTLSCENKIISFKEMNPPDNIKDTKSDIIFFQRSVPGHDNKMQFE 

SSSYEGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED**KLGNPVLLVKPP (SEQ ID NO:1753) 

primer 

5'- agggagacccaagctggctagttaagcttggatggccttaccagtgaccgccttgc-3' (SEQ ID 

NO:1754) 

primer 

5'- taggccagagaaatgttctggcattatcagcgagggggcagggcctgc-3' (SEQ ID NO:1755).  

5'- tgccagaacatttctctgg-3' (SEQ ID NO:1756) 

5'- acagtcgaggctgatcagcgggtttaaacttatcagtcctcgttctgcacgg-3' (SEQ ID NO: 1757) 

5'-atgcaggccctgccccctcgctgataagtttaaactgccagaacatttctctggcctaac-3' (SEQ ID 

NO:1758) 

5'- accggagcgatcgcagatccttcgcggccgcttatcagtcctcgttctgcacggtgaac-3' (SEQ ID 

NO:1759) 

5'- attgcactagttgaaagaccccacctgtagg-3' (SED ID NO:1760) 

5'- aatgctctagaatacgggtatccagg-3' (SEQ ID NO:1761) 

5' atagcgaattcgtaccgagggccaccatgg-3' (SEQ ID NO:1762) 

5'- taggcctcccaccgtacacgcctaggtaccacgccttctgtatg-3' (SEQ ID NO:1763) 

5'- taggcctcccaccgtacacgcctaggtacctctgcagtaaatgg-3' (SEQ ID NO:1764) 
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5'- taaggccatggtggctagc-3' (SEQ ID NO:1765) 

5'- aataagtttaaactgccagaacatttctctgg-3' (SEQ ID NO:1766) 

5'- atatagcggccgcttatcagtcctcgttctgcacgg-3' (SEQ ID NO:1767) 

[00824] 6x FoxP3NFAT mCMV 

[00825] (DNA) 

[00826] Agaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatt 

ttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggctt 

cattttttccatttactgcagaggcttcattttttccatttactgcagaactagttaggcgtgtacggtgggaggcc 

tatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaag 

acaccgggaccgatccagcctcgagagacccaatgctagccaccatgg (SEQ ID NO:1768) 

[00827] (amino acids) 

[00828] RTFLWPNWPVPASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAELVR 

RVRWEAYISRARLVNRQIAWRRHPRCFDLHRRHRDRSSLERPNASHHG (SEQ ID NO:1769) 

[00829] 6x FoxP3NFAT mIL2P 

[00830] (DNA) 

[00831] Agaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatt 

ttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggctt 

cattttttccatttactgcagaggcttcattttttccatttactgcagaactagtcattttgacacccccataatat 

ttttccagaattaacagtataaattgcatctcttgttcaagagttccctatcactctctttaatcactactcacagt 

aacctcaactcctgcctcgagagacccaatgctagccaccatgg (SEQ ID NO:1770) 

[00832] (amino acids) 

[00833] RTFLWPNWPVPASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAELVI 

LTPP*YFSRINSINCISCSRVPYHSL*SLLTVTSTPASRDPMLATMX (SEQ ID NO:1771) 

[00834] 6x FoxP3NFAT miniP 

[00835] (DNA) 

[00836] Agaacatttctctggcctaactggccggtaccggcttcattttttccatttactgcagaggcttcatt 

ttttccatttactgcagaggcttcattttttccatttactgcagaggcttcattttttccatttactgcagaggctt 

cattttttccatttactgcagaggcttcattttttccatttactgcagaactagtagagggtatataatggaagctc 

gacttccagctcgagagacccaatgctagccaccatgg (SEQ ID NO:1772) 

[00837] (amino acids) 

[00838] RTFLWPNWPVPASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAEASFFPFTAELVE 

GI*WKLDFQLERPNASHHG (SEQ ID NO:1773) 

[00839] 6x IL2NFAT mCMV 

[00840] (DNA) 
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[00841] Agaacatttctctggcctaactggccggtaccggaggaaaaactgtttcatacagaaggcgtggagga 

aaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacag 

aaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtactagttagg 

cgtgtacggtgggaggcctatataagcagagctcgtttagtgaaccgtcagatcgcctggagacgccatccacgctg 

ttttgacctccatagaagacaccgggaccgatccagcctcgagagacccaatgctagccaccatgg (SEQ ID 

NO:1774) 

[00842] (amino acids) 

[00843] RTFLWPNWPVPEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHT 

EGVLVRRVRWEAYISRARLVNRQIAWRRHPRCFDLHRRHRDRSSLERPNASHHG (SEQ ID NO:1775) 

[00844] 6x IL2NFAT mIL2P 

[00845] (DNA) 

[00846] Agaacatttctctggcctaactggccggtaccggaggaaaaactgtttcatacagaaggcgtggagga 

aaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacag 

aaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtactagtcatt 

ttgacacccccataatatttttccagaattaacagtataaattgcatctcttgttcaagagttccctatcactctct 

ttaatcactactcacagtaacctcaactcctgcctcgagagacccaatgctagccaccatgg (SEQ ID 

NO:1776) 

[00847] (amino acids) 

[00848] RTFLWPNWPVPEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHT 

EGVLVILTPP*YFSRINSINCISCSRVPYHSL*SLLTVTSTPASRDPMLATMX (SEQ ID NO:1777) 

[00849] 6x IL2NFAT miniP 

[00850] (DNA) 

[00851] Agaacatttctctggcctaactggccggtaccggaggaaaaactgtttcatacagaaggcgtggagga 

aaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacag 

aaggcgtggaggaaaaactgtttcatacagaaggcgtggaggaaaaactgtttcatacagaaggcgtactagtagag 

ggtatataatggaagctcgacttccagctcgagagacccaatgctagccaccatgg (SEQ ID NO:1778) 

[00852] (amino acids) 

[00853] RTFLWPNWPVPEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHTEGVEEKLFHT 

EGVLVEGI*WKLDFQLERPNASHHG (SEQ ID NO:1779) 

Human NME1 
(DNA) 
atggccaactgtgagcgtaccttcattgcgatcaaaccagatggggtccagcggggtcttgtgggagagattatcaa 
gcgttttgagcagaaaggattccgccttgttggtctgaaattcatgcaagcttccgaagatcttctcaaggaacact 
acgttgacctgaaggaccgtccattctttgccggcctggtgaaatacatgcactcagggccggtagttgccatggtc 
tgggaggggctgaatgtggtgaagacgggccgagtcatgctcggggagaccaaccctgcagactccaagcctgggac 
catccgtggagacttctgcatacaagttggcaggaacattatacatggcagtgattctgtggagagtgcagagaagg 
agatcggcttgtggtttcaccctgaggaactggtagattacacgagctgtgctcagaactggatctatgaatga 
(SEQ ID NO:1780) 
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(amino acids) 
MANCERTFIAIKPDGVQRGLVGEIIKRFEQKGFRLVGLKFMQASEDLLKEHYVDLKDRPFFAGLVKYMHSGPVVAMV 
WEGLNVVKTGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGSDSVESAEKEIGLWFHPEELVDYTSCAQNWIYE

(SEQ ID NO:1781) 

Human NME7 
(DNA) 
atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcacttcttcgacgttatgagct 
tttattttacccaggggatggatctgttgaaatgcatgatgtaaagaatcatcgcacctttttaaagcggaccaaat 
atgataacctgcacttggaagatttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgac 
tatggggatcaatatacagctcgccagctgggcagtaggaaagaaaaaacgctagccctaattaaaccagatgcaat 
atcaaaggctggagaaataattgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatgcttt 
caaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattaca 
actggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggacctgcaaa 
ctctggagtggcacgcacagatgcttctgaaagcattagagccctctttggaacagatggcataagaaatgcagcgc 
atggccctgattcttttgcttctgcggccagagaaatggagttgttttttccttcaagtggaggttgtgggccggca 
aacactgctaaatttactaattgtacctgttgcattgttaaaccccatgctgtcagtgaaggactgttgggaaagat 
cctgatggctatccgagatgcaggttttgaaatctcagctatgcagatgttcaatatggatcgggttaatgttgagg 
aattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggcccttgtgta 
gcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcccg 
gcatttacgccctggaactctcagagcaatctttggtaaaactaagatccagaatgctgttcactgtactgatctgc 
cagaggatggcctattagaggttcaatacttcttcaagatcttggataattag (SEQ ID NO:1782) 

[00854] (amino acids) 

MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTKYDNLHLEDLFIGNKVNVFSRQLVLID 

YGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNELIQFIT 

TGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPA 

NTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCV 

AMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID 

NO:1783) 

[00855] Those skilled in the art will recognize, or be able to ascertain using no more than 

routine experimentation, many equivalents to the specific embodiments of the invention 

specifically described herein.  
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What is claimed is: 

1. An antibody, or fragment thereof, for the diagnosis, treatment or prevention of cancers wherein 

the antibody specifically binds to the PSMGFR peptide (SEQ ID NO:2) or a fragment thereof of the 

peptide.  

2. The antibody, or fragment thereof of claim 1, which binds to the N-10 peptide (SEQ ID NO:3), 

N-19 peptide (SEQ ID NO:4), N-23 peptide (SEQ ID NO:5), N-26 peptide (SEQ ID NO:6), N-30 peptide 

(SEQ ID NO:7), N-10/C-5 peptide (SEQ ID NO:8), N-19/C-5 peptide (SEQ ID NO:9), or C-5 peptide 

(SEQ ID NO:825).  

3. The antibody, or fragment thereof, of claim 1, which interacts with a peptide comprising 

conformational epitope SVSDV (SEQ ID NO:1751) and FPSA (SEQ ID NO:1747) within N-26 sequence 

ISDVSVSDVPFPFSAQSGA (SEQ ID NO:6), wherein mutation or deletion of FPFS (SEQ ID NO:1747) 

destroys binding of the antibody or fragment thereof to the N-26 peptide.  

4. The antibody, or fragment thereof, of claim 1, which interacts with a peptide comprising 

conformational epitope ASRYNLT (SEQ ID NO:1745), SVSDV (SEQ ID NO:1751), and FPSA (SEQ ID 

NO:1747) within the N-19 sequence ASRYNLT ISDVSVSDVPFPFSAQSGA (SEQ ID NO:4), wherein 

mutation or deletion of ASRYNLT (SEQ ID NO:1745) destroys binding of the antibody or fragment 

thereof to the N-26 peptide.  

5. The antibody, or fragment thereof, of claim 1, which does not bind to the C-10 peptide (SEQ ID 

NO:825).  

6. The antibody, or fragment thereof of claim 5, which binds to the N-10 peptide (SEQ ID NO:3), 

but not to the C-10 peptide (SEQ ID NO:825).  

7. The antibody, or fragment thereof, of claim 1, which inhibits interaction between NME7A and 

MUC1*.  

8. The antibody, or fragment thereof, of claim 1, which inhibits interaction between NME7A and 

PSMGFR peptide (SEQ ID NO:2).  
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9. The antibody, or fragment thereof, of claim 2, which inhibits interaction between NME7ABand 

N-10 peptide (SEQ ID NO:3), N-19 peptide (SEQ ID NO:4), N-23 peptide (SEQ ID NO:5), N-26 peptide 

(SEQ ID NO:6), N-30 peptide (SEQ ID NO:7), N-10/C-5 peptide (SEQ ID NO:8), N-19/C-5 peptide 

(SEQ ID NO:9), or C-5 peptide (SEQ ID NO:825).  

10. An antibody, or fragment thereof, of claim 1, wherein the antibody recognizes a MUC1 

transmembrane enzymatic cleavage product.  

11. The antibody, or fragment thereof, of claim 10, wherein the cleavage enzyme is MMP14 or 

MMP9 or a catalytically active fragment thereof of the enzyme.  

12. The antibody, or fragment thereof, of claim 1, which binds to PSMGFR (SEQ ID NO:2) or 

fragment thereof in which presence of an amino acid sequence within PSMGFR (SEQ ID NO:2) induces 

binding of the antibody to the PSMGFR.  

13. The antibody of claim 12, wherein the amino acid sequence of the binding conformationally 

inducing peptide is present in N-10 peptide (SEQ ID NO:3).  

14. The antibody, or fragment thereof, of claim 12, which does not bind to a linear form of the 

binding conformationally inducing peptide sequence wherein the linear form of the peptide is a denatured 

form.  

15. The antibody, or fragment thereof, of claim 14, wherein the binding conformationally inducing 

peptide sequence is in the N-26 peptide sequence ISDVSVSDVPFPFSAQSGA (SEQ ID NO:6), wherein 

mutation or deletion of FPFS (SEQ ID NO:1747) destroys binding of the antibody or fragment thereof to 

the N-26 peptide.  

16. The antibody, or fragment thereof, of claim 14, wherein the binding conformationally inducing 

peptide sequence is located within the N-19 sequence ASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID 

NO:4), wherein mutation or deletion of ASRYNLT (SEQ ID NO:1745) destroys binding of the antibody 

or fragment thereof to the N-19 peptide.  

17. An antibody, or fragment thereof, for the diagnosis, treatment or prevention of cancers wherein a 

binding inducing peptide sequence is located within the N-26 sequence ISDVSVSDVPFPFSAQSGA 
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(SEQ ID NO:6), wherein mutation or deletion within FPFS (SEQ ID NO:1747) destroys binding of the 

antibody or fragment thereof to PSMGFR.  

18. The antibody, or fragment thereof of claim 17, wherein 

heavy chain CDR1 comprises consensus sequence at least 90% identical to sequence: F or I at 

position 1, T at position 2, F at position 3, S at position 4, T, G, or R at position 5, Y at position 6, A, G or 

T at position 7, M at position 8 and S at position 9; 

heavy Chain CDR2 comprises consensus sequence at least 90% identical to sequence: T at 

position 1, I or S at position 2, I or S at position 3, G or R at position 5, G or A at position 6, T or I at 

position 9, Y at position 10, Y at position 11, P or S at position2 and DSVKG for positions 13-17; 

heavy chain CDR3 comprises consensus sequence at least 90% identical to sequence:_ G, L, or N 

at position 2, G or T at position 4, Y at position 7, D or E at position 12, A at position 14, and Y at 

position 15; 

light chain CDR1 comprises consensus sequence at least 90% identical to sequence: K or R at 

position 1, A or S at position 2, S at position 3, K or Q at position 4, S at position 5, L or V at position 6, 

L at position 7, T or S at position 10, Y at position 15, and I, L or M at position 16; 

light Chain CDR2 comprises consensus sequence at least 90% identical to sequence: L or W, or S 

at position 1, A or T at position 2, S at position 3, N or T at position 4, L or R at position 5, E or A at 

position 6, and S at position 7; and 

light chain CDR3 comprises consensus sequence at least 90% identical to sequence: Q at position 

1, H or Q at position 2, S, Q or R at position 3, R, S or Y at position 4, E, L, or S at position 5, L or S at 

position 6, P or S at position 7, F or L at position 8 and T at position 9.  

19. An antibody, or fragment thereof, for the diagnosis, treatment or prevention of cancers wherein 

binding conformationally inducing peptide is within the N-26 sequence ISDVSVSDVPFPFSAQSGA 

(SEQ ID NO:6), wherein mutation or deletion within FPFS (SEQ ID NO:1747), SVSDV (SEQ ID 

NO:1751), or ASRYNLT (SEQ ID NO:1745) destroys binding of the antibody or fragment thereof to 

PSMGFR.  

20 The antibody, or fragment thereof of claim 17, wherein 

wherein 

heavy chain CDR1 comprises consensus sequence at least 90% identical to sequence: F or I at 

position 1, T or A at position 2, F at position 3, S at position 4, T, G, or R at position 5, Y or F at position 

6, A, G or T at position 7, M at position 8 and S at position 9; 
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heavy Chain CDR2 comprises consensus sequence at least 90% identical to sequence: T or A at 

position 1, I or S at position 2, I or S at position 3, N, S, T or G at position 4, G or R at position 5, G or A 

at position 6, G, T, or D at position 7, Y, K, H or S at position 8, T or I at position 9, Y or F at position 10, 

Y at position 11, P or S at position12 and D at position 13, S or T at position 14, V or L at position 15 and 

KG for positions 16-17; 

heavy chain CDR3 comprises consensus sequence at least 90% identical to sequence: G, L, or N 

at position 2, G, T, or Y at position 3, G or T at position 4, Y at position 7, Y, A, or G at position 10, M, 

D or F at position 11, D or E at position 12 and AY at position 14-15; 

light chain CDR1 comprises consensus sequence _ at least 90% identical to sequence: K or R at 

position 1, A or S at position 2, S or R at position 3, S, Y, I or V at position 8, T or S at position 10, G, S, 

D, or Q at position 12, V, Y, K or N at position 13, N, S, or T at position 14, Y or F at position 15, and I, 

L or M at position 16; 

light Chain CDR2 comprises consensus sequence at least 90% identical to sequence: A, T or V at 

position 2, S at position 3, N, T, or K at position 4, L or R at position 5, E, A, F or D at position 6, and S 

at position 7; and 

light chain CDR3 comprises consensus sequence at least 90% identical to sequence: Q, F or W at 

position 1, H or Q at position 2, R, S, T, Y or N at position 4, E, L, S or H at position 5, L, S, V, D or Y at 

position 6, P or S at position 7, and T at position 9.  

21. The antibody, or fragment thereof of claim 17, which is MNC2, having 

heavy chain CDR1 comprises consensus sequence FTFSGYAMS; 

heavy Chain CDR2 comprises consensus sequence TISSGGTYIYYPDSVKG; 

heavy chain CDR3 comprises consensus sequence -LGGDNYYEYFDV--; 

light chain CDR1 comprises consensus sequence RASKS--VSTSGYSYMH; 

light Chain CDR2 comprises consensus sequence LASNLES; and 

light chain CDR3 comprises consensus sequence QHSRELPFT.  

22. The antibody, or fragment thereof of claim 17, which is MNE6, having 

heavy chain CDR1 comprises consensus sequence FTFSRYGMS; 

heavy Chain CDR2 comprises consensus sequence TISGGGTYIYYPDSVKG; 

heavy chain CDR3 comprises consensus sequence DNYGRNYDYGMDY--; 

light chain CDR1 comprises consensus sequence ----- SATSSVSYIH; 

light Chain CDR2 comprises consensus sequence STSNLAS; and 

light chain CDR3 comprises consensus sequence QQRSSSPFT.  
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23. The antibody, or fragment thereof of claim 17, which is B2, having 

heavy chain CDR1 comprises consensus sequence FAFSTFAMS; 

heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDTLKG; 

heavy chain CDR3 comprises consensus sequence ---- RYYDLYFDL--; 

light chain CDR1 comprises consensus sequence RSSQNIV-HSNGNTYLE; 

light Chain CDR2 comprises consensus sequence KVSNRFS; and 

light chain CDR3 comprises consensus sequence FQDSHVPLT.  

24. The antibody, or fragment thereof of claim 17, which is B7, having 

heavy chain CDR1 comprises consensus sequence FTFSRYGMS; 

heavy Chain CDR2 comprises consensus sequence TISSGGTYIYYPDSVKG; 

heavy chain CDR3 comprises consensus sequence DNYGSSYDYAMDY--; 

light chain CDR1 comprises consensus sequence RSSQTIV-HSNGNTYLE; 

light Chain CDR2 comprises consensus sequence KVSNRFS; and 

light chain CDR3 comprises consensus sequence FQDSHVPLT.  

25. The antibody, or fragment thereof of claim 17, which is B9, having 

heavy chain CDR1 comprises consensus sequence FTFSRYGMS; 

heavy Chain CDR2 comprises consensus sequence TISSGGTYIYYPDSVKG; 

heavy chain CDR3 comprises consensus sequence DNYGSSYDYAMDY--; 

light chain CDR1 comprises consensus sequence ----- SASSSVSYMH; 

light Chain CDR2 comprises consensus sequence TTSNLAS; and 

light chain CDR3 comprises consensus sequence QQRSSYPF-.  

26. The antibody, or fragment thereof of claim 17, which is 8C7F3, having 

heavy chain CDR1 comprises consensus sequence FTFSTYAMS; 

heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDSLKG; 

heavy chain CDR3 comprises consensus sequence ---- RYYDHYFDY--; 

light chain CDR1 comprises consensus sequence --RASESVATYGNNFMQ; 

light Chain CDR2 comprises consensus sequence LASTLDS; and 

light chain CDR3 comprises consensus sequence QQNNEDPPT.  

27. The antibody, or fragment thereof of claim 17, which is H11, having 

328



WO 2020/146902 PCT/US2020/013410 

heavy chain CDR1 comprises consensus sequence FAFSTFAMS; 

heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDTLKG; 

heavy chain CDR3 comprises consensus sequence ---- RYYDLYFDL--; 

light chain CDR1 comprises consensus sequence RSSQNIV-HSNGNTYLE; 

light Chain CDR2 comprises consensus sequence KVSNRFS; and 

light chain CDR3 comprises consensus sequence FQDSHVPLT.  

28. The antibody, or fragment thereof of claim 17, which is B12, having 

heavy chain CDR1 comprises consensus sequence SYGVH; 

heavy Chain CDR2 comprises consensus sequence VIWPGGSTNYNSTLMSRM; 

heavy chain CDR3 comprises consensus sequence DRTPRVGAWFAY; and 

light chain CDR1 comprises consensus sequence RASESVATYGNNFMQ; 

light Chain CDR2 comprises consensus sequence LASTLDS; and 

light chain CDR3 comprises consensus sequence QQNNEDPPT.  

29. The antibody, or fragment thereof of claim 17, which is 20A10, having 

heavy chain CDR1 comprises consensus sequence FTFSTYAMS; 

heavy Chain CDR2 comprises consensus sequence -SIGRAGSTYYSDSVKG; 

heavy chain CDR3 comprises consensus sequence --- GPIYNDYDEFAY; 

light chain CDR1 comprises consensus sequence KSSQSVLYSSNQKNYLA; 

light Chain CDR2 comprises consensus sequence WASTRES; and 

light chain CDR3 comprises consensus sequence HQYLSSLT.  

30. The antibody, or fragment thereof of claim 17, which is 3C2B1, having 

heavy chain CDR1 comprises consensus sequence ITFSTYTMS; 

heavy Chain CDR2 comprises consensus sequence TISTGGDKTYYSDSVKG; 

heavy chain CDR3 comprises consensus sequence -GTTAMYYYAMDY; 

light chain CDR1 comprises consensus sequence RASKS---ISTSDYNYIH 

light Chain CDR2 comprises consensus sequence LASNLES; and 

light chain CDR3 comprises consensus sequence QHSRELPLT.  

31. An antibody, or fragment thereof, for the diagnosis, treatment or prevention of cancers that requires 

presence of antibody binding conformationally inducing peptide ASRYNLT (SEQ ID NO:1745) of 

PSMGFR (SEQ ID NO:2).  
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32. The antibody, or fragment thereof of claim 31, which is 25E6, having 

heavy chain CDR1 comprises consensus sequence FTFSSYGMS; 

heavy Chain CDR2 comprises consensus sequence TISNGGRHTFYPDSVKG; 

heavy chain CDR3 comprises consensus sequence QTGTEGWFAY; 

light chain CDR1 comprises consensus sequence KSSQSLLDSDGKTYLN; 

light Chain CDR2 comprises consensus sequence LVSKLDS _; and 

light chain CDR3 comprises consensus sequence WQGTHFPQT.  

33. An antibody, or fragment thereof, for the diagnosis, treatment or prevention of cancers that 

requires presence of antibody binding conformationally inducing peptide SVSDV (SEQ ID NO:1761) of 

PSMGFR (SEQ ID NO:2).  

34. The antibody of claim 33, which is 5C6F3, having 

heavy chain CDR1 comprises consensus sequence FTFSTYAMS; 

heavy Chain CDR2 comprises consensus sequence AISNGGGYTYYPDSLKG; 

heavy chain CDR3 comprises consensus sequence RYYDHYFDY; 

light chain CDR1 comprises consensus sequence RSSQTIVHSNGNTYLE; 

light Chain CDR2 comprises consensus sequence KVSNRFS; and 

light chain CDR3 comprises consensus sequence FQDSHVPLT.  

35. The antibody or fragment thereof according to claims 1-34, which is murine, camelid, 

human or humanized.  

36. The antibody or fragment thereof according to claims 1-34, wherein the antibody 

fragment is scFv or scFv-Fc, which variable regions thereof may be murine, camelid, human or 

humanized.  

37. A chimeric antigen receptor (CAR) comprising the antibody fragment of claim 36.  

38. A chimeric antigen receptor (CAR) comprising the antibody fragment of claim 36, 

further comprising mutations in the co-stimulatory domain or CD3-zeta signaling domain.  

39. The CAR of claim 38, wherein tyrosines are mutated in CD28 or 4-1BB.  

40. The CAR of claim 38, wherein the CD3-zeta contains 1XX mutations.  

41. An immune cell comprising the CAR of claim 37.  

42, The immune cell of claim 41, which is a T cell, NK cell, dendritic cell, or mast cell.  
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43. A cell composition expressed in a cell comprising a CARs of claim 37, and second entity 

having a biological recognition unit that has a specificity that is different from that of the CAR.  

44. The composition of claim 43, wherein the second entity binds PD-1, PDL-1, or other 

checkpoint inhibitor.  

45. The composition of claim 43, wherein the second entity binds to NME7.  

46. The composition of claim 43, wherein the second entity is a cytokine.  

47. The composition of claim 46, wherein the cytokine is IL-12.  

48. The composition of claim 46, wherein the cytokine is IL-18 

49. The composition of claim 43, wherein the second entity is c-Jun 

50. An immune cell engineered to express a nucleic encoding a CAR of claim 37 and a 

nucleic acid encoding a second entity as in any of the claims above wherein the second entity 

expressed from an inducible promoter.  

51. The immune cell of claim 50, wherein the second entity is expressed from an inducible 

promoter that is activated by elements of an activated immune cell.  

52. The immune cell of claim 51, wherein the second entity is expressed from an NFAT 

inducible promoter.  

53. The immune cell of claim 52, wherein the NFAT is NFATc1, NFATc3 or NFATc2.  

54. The immune cell of claim 50, wherein the second entity is a cytokine.  

55. The immune cell of claim 51, wherein the cytokine is IL-7, IL-15, or IL-18.  

56. The immune cell of claim 50, wherein the nucleic acids encoding the second entity are 

inserted into a Foxp3 promoter or enhancer region.  

57. The immune cell of claim 56, wherein the cytokine is IL-18.  

58. The immune cell of claim 56, wherein the cytokine is expressed from an NFAT inducible 

promoter.  

59. A BiTE construct comprising the antibody fragment of claim 36.  

60. An antibody drug conjugate (ADC) comprising the antibody or antibody fragment of 

claim 35.  

61. An antibody or fragment thereof that specifically binds to PSMGFR (SEQ ID NO:2) and 

N-10 (SEQ ID NO:3); and 

(i) does not bind to full-length MUC1; 

(ii) does not bind to C-10 (SEQ ID NO:825); 
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(iii) competitively inhibits binding of NME1 or NME7AB to MUC1* extra cellular 

domain or a PSMGFR peptide; 

(iv) recognizes a MUC1* generated by cleavage by a cleavage enzyme; 

(v) recognizes a conformational epitope and not a linear epitope; or 

(vi) is cancer selective by immunohistochemistry on tissues.  

62. The antibody or fragment thereof of claim 61, wherein four of the criteria (i) - (vi) are 

satisfied.  

63. The antibody or fragment thereof of claim 61, wherein five of the criteria (i) - (vi) are 

satisfied.  

64. The antibody or fragment thereof of claim 61, wherein six of the criteria (i) - (vi) are 

satisfied.  

65. The antibody or fragment thereof of claim 61, wherein at least criteria (vi) is satisfied.  

66. The antibody or fragment thereof of claim 61, wherein cleavage enzyme is MMP-9.  

67. The antibody or fragment thereof of claims 1-66, wherein the cancer is breast cancer, 

pancreatic cancer, ovarian cancer, lung cancer, colon cancer, gastric cancer or esophageal cancer.  
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