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CHIMERIC ANTIGEN RECEPTORS TARGETING CD33

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application No. 63/003,213 filed
on March 31, 2020, which is incorporated herein by reference in its entirety as if fully set forth

herein.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support under CA234203 and CA245594

awarded by the National Institutes of Health. The government has certain rights in the invention.
REFERENCE TO SEQUENCE LISTING

[0003] The Sequence Listing associated with this application is provided in text format in lieu of
a paper copy and is hereby incorporated by reference into the specification. The name of the text
file containing the Sequence Listing is 2GU3967_ST25.txt. The text file is 267 KB, was created
on March 31, 2021, and is being submitted electronically via EFS-Web.

FIELD OF THE DISCLOSURE

[0004] The current disclosure provides chimeric antigen receptors (CARs) with binding domains
derived from a novel suite of CD33-binding antibodies that include optimized short and
intermediate spacer regions. The current disclosure also provides methods of cell
expansion/activation processes utilizing IL-2, IL-7, IL-15, and/or IL-21 that improve cellular

proliferation and cell lysis of the CARs as described.
BACKGROUND OF THE DISCLOSURE

[0005] According to the World Health Organization, cancer is the second leading cause of death
globally, and was responsible for an estimated 9.6 million deaths in 2018. Acute myeloid leukemia
(AML) is a type of cancer resulting from a malignancy of clonal, proliferative myeloid blast cells.
There are 20,000 new cases of AML per year in the United States and 11,000 deaths from AML
each year (Siegel, et al., 2021, CA Cancer J Clin. 71(1): 7-33). Although high complete remission
rates can be achieved in younger patients with AML with conventional chemotherapy at rates of
60% to 80% (Déhner, et al., 2017. Blood. 129(4): 424-447), treatment outcomes for older patients,
at the age of 65 or older, remains unsatisfactory with as many as 70% of patients dying of their
disease within a year of diagnosis (Meyers, et al., Appl Health Econ Health Policy, 11:275-286,

2013). Unfortunately, because of the chemo-refractoriness of leukemic stem cells, relapse after
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conventional therapy is common (Eppert, et al., 2011. Nat. Med. 17(9): 1086-1093) and current
treatment options for relapsed/refractory (R/R) AML are dismal, resulting in less than 30% overall
survival at 12 months.

[0006] For many years, the chosen treatments for cancer have been surgery, chemotherapy,
and/or radiation therapy. In recent years, more targeted therapies have emerged to specifically
target cancer cells by identifying and exploiting specific molecular and/or immunophenotypic
changes seen primarily in those cells. For example, many cancer cells preferentially express
particular markers on their cellular surfaces and these markers have provided targets for antibody-
based therapeutics.

[0007] CD33 is a member of the sialic acid binding, immunoglobulin-like lectin (SIGLEC) protein
family. It is a 67-kDa glycosylated transmembrane protein. CD33 (also known as SIGLEC-3) is a
myeloid differentiation antigen that is found at least on some leukemic cells in almost all patients
with AML and, perhaps, on AML stem cells in some cases. Based on this broad expression
pattern, CD33 has been widely pursued as a therapeutic target in AML. Recent data from several
randomized studies have demonstrated that the CD33 antibody-drug conjugate, gemtuzumab
ozogamicin (GO), improves survival when added to chemotherapy in defined subsets of patients
with newly diagnosed AML. This data has validated CD33 as the first (and so far, only) target for
immunotherapy in AML. In parallel to the development of new, more effective CD33-directed
therapeutics (e.g. antibody-drug conjugates, radioimmunoconjugates, bispecific antibodies,
chimeric antigen receptor [CAR]-modified T cells) to overcome the limitations noted with GO,
interest has grown in CD33 as a drug target for other malignant and non-malignant disorders.
These efforts include the targeting of CD33 splice variants not recognized by GO as well as the
targeting of CD33+ tumor cells in other hematologic malignancies, CD33+ myeloid-derived
suppressor cells (MDSCs) in a variety of diseases, and normal CD33+ microglial cells in
Alzheimer disease (Walter, Expert Opin Biol Ther. 2020, 20(9):955-958).

[0008] The full length CD33 protein (CD33fl) is characterized by an amino-terminal, membrane-
distant V-set immunoglobulin (Ig)-like domain and a membrane-proximal C2-set Ig-like domain in
its extracellular portion (FIG. 2). Shorter isoforms of CD33 exist. A shorter isoform of CD33
includes one variant that lacks exon 2, which encodes the V-set domain (CD33%52). At least at the
mRNA level, CD33%2 is broadly expressed in myeloid cells in the bone marrow and peripheral
blood of patients with AML. Currently, however, almost all commercially and clinically available
CD33 antibodies recognize the immune-dominant V-set Ig-like domain. This means that these
antibodies would not recognize shorter forms of CD33 that lack the V-set domain such as

CD33%82, This may explain the observation made in one clinical trial in pediatric AML that patients
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with a single nucleotide polymorphism in the CD33 gene that leads to preferential transcription of
CD33%82 and reduced translation of CD33F did not benefit from the addition of gemtuzumab
ozogamicin (which also binds to the V-set domain of CD33) to intensive chemotherapy.

[0009] Beyond antibody-based therapeutics, significant progress has been made in genetically
engineering T cells of the immune system to target and kill unwanted cell types, such as cancer
cells. Many of these T cells have been genetically engineered to express a chimeric antigen
receptor (CAR). CARs are proteins including several distinct subcomponents that allow the
genetically modified T cells to recognize and kill cancer cells. The subcomponents include at least
an extracellular component and an intracellular component. The extracellular component includes
a binding domain that specifically binds a marker that is preferentially present on the surface of
unwanted cells (e.g., CD33). When the binding domain binds such markers, the intracellular
component signals the T cell to destroy the bound cell. CARs additionally include a
transmembrane domain that can link the extracellular component to the intracellular component.
[0010] Other subcomponents that can increase a CAR’s function can also be used. For example,
spacer regions can provide a CAR with additional conformational flexibility, often increasing the
binding domain’s ability to bind the targeted cell marker. The appropriate length of a spacer region
within a particular CAR can depend on numerous factors including how close or far a targeted
marker is located from the surface of an unwanted cell’s membrane.

[0011] When performed ex vivo, genetically modifying T cells can involve numerous cell
manipulation steps, and it has been observed that different manipulation conditions can affect the
cancer cell killing properties of the cells. Thus, in designing CARs and genetically modifying cells
to express them, numerous considerations must be taken into account, including: targeted cell

marker; presence and/or length of spacer; and ex vivo manipulation procedures.
SUMMARY OF THE DISCLOSURE

[0012] The current disclosure provides chimeric antigen receptors (CARs) for the treatment of
CD33-related disorders. The CARs include binding domains derived from a novel suite of anti-
CD33 antibodies. In particular embodiments, the CARs include a binding domain that binds CD33
regardless of which CD33 variant a patient expresses (CD33F- or CD33%52). These CD33 binding
domains are referred to as “pan” binders. In particular embodiments, the pan binders bind the
membrane-proximal C2-set |g-like domain of CD33 (see FIG. 2). In particular embodiments, these
pan binders are derived from antibodies: 9G2, 6H9, 3A5 variant 1 (3A5v1), 3A5 variant 2 (3A5v2),
7D5 variant 1 (7D5v1), 7D5 variant 2 (7D5v2), 1H7, and 2D5, and can include single chain

variable fragments (scFv) of these antibody binding domains. Additional CD33 targeting
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antibodies disclosed herein that bind the V-set domain of CD33 include 5D12 and 8F5. These
antibodies provide additional CAR-based therapeutic options for patients that express CD33t.
CD33 targeting antibodies disclosed herein that bind the C2-set domain of CD33, but only in the
absence of the V-set domain include 12B12, 11D11, 7E7, 11D5, and 13E11.

[0013] Combinations of antibody-based binding domains can be selected for use in a CAR based
on whether a subject expresses or lacks the V-set domain of CD33. For example, if a subject
expresses the V-set domain, a combination therapy including a binding domain of one or more of
B6H9, 9G2, 3A5, 7D5, 1H7, and 2D5 could be selected in combination with one or more of 5D12
and 8F5. If the subject does not express the V-set domain, a combination therapy including one
or more binding domains of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5 could be selected in combination
with one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.

[0014] In particular embodiments, the current disclosure provides CARs with a short or
intermediate spacer region. In particular embodiments, the short spacer region includes the hinge
region of 1gG4 (12 amino acids). In particular embodiments, the intermediate spacer region
includes the hinge region and the CH3 domain of IgG4 (collectively, 131 amino acids).

[0015] In particular embodiments, the current disclosure provides expanding and activating T
cells genetically modified to express a CAR disclosed herein utilizing a combination of the
cytokines IL-7, IL-15, and IL-21. In particular embodiments, the current disclosure provides
expanding and activating T cells genetically modified to express a CAR disclosed herein utilizing
a combination of cytokines including IL-2.

[0016] The CARs disclosed herein can be used in the treatment of acute myeloid leukemia (AML)
and other CD33+ disorders.

BRIEF DESCRIPTION OF THE FIGURES

[0017] FIG. 1. Expression of CD33 acute myeloid leukemia (AML) and normal hematopoietic cells
indicating that CD33 is over-expressed in AML in comparison to hematopoietic stem cells.
Relative expression data collated from bloodspot.eu. HSPC, hematopoietic stem/progenitor cell;
MPP, multipotent progenitor. ****p<0.0001, ns not significant by multiple T-test using the two-
stage linear step-up procedure of Benjamini, Krieger and Yekutieli, with Q = 1%.

[0018] FIG. 2. Diagram of full-length CD33 (CD33F-) and CD33 with deletion of exon 2, resulting
in deletion of V-set domain (CD33%52). Depicted are an antibody that binds CD33F only (anti-
CD33f), CD33%E2 only (anti-CD33%82), or CD33F- and CD33%82 (anti-CD33FL*4E2 or anti-CD33PAN),
[0019] FIG. 3. Schematic of CD33F and artificial CD33 molecules with deletion of exons 3 and 4,

resulting in membrane proximal relocation of the V-set domain (CD33%534), or insertion of either
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2 C2-set domains of CD22 (“CD33Ft + CD22 2D”) or 4 C2-set domains of CD22 (“CD33ft + CD22
4D”). CD33E*4 was engineered using site-directed mutagenesis to splice out CD33 amino acids
(aa) 140-232 of the human CD33Ft extracellular domain (ECD). CD33f- + CD22 4D was
generated using the endogenous CD33 signal peptide (aa 1-17), a 6-histidine tag, 3x glycine
linker, the human CD33 ECD (aa 18-259), a portion of the human CD22 ECD including C2-type
domains 3-6 (aa 331-683), the CD33 transmembrane domain, and the CD33 intracellular domain
(aa 260-364). CD22 aa 331-504 (C2-type domains 3 and 4) were removed from CD33Ft + CD22
24 to generate CD33F- + CD22 2D.

[0020] FIG. 4. Cloning strategy for generation of CD33 CAR expression constructs. (i)
Supernatants from antibody-secreting mouse hybridoma cells were screened for pan-CD33
binding activity, then screened for lack of binding to CD33 null cell lines, and best individual
hybridomas selected, antibody isotyping performed, RNA extracted and used for rapid
amplification of cDNA ends (RACE) amplification (Takara) and subsequent isotype-specific
polymerase chain reaction (PCR)-based amplification. (ii) Cloning of antibody variable region
sequences was performed utilizing either pPRACE (Takara) or TOPO (Invitrogen) standard cloning
vectors. (iii) Plasmid DNA was purified from individual bacterial colonies, and Sanger DNA
sequencing was performed to obtain at least 3 individual identical cDNA sequences
corresponding to each antibody variable region for both the antibody heavy and light chains. (iv)
Antibody variable region cDNA sequences were translated into amino acid sequences using the
ExPASy.org translate tool. (v) Amino acid sequences for each individual antibody variable region
were submitted to Integrated DNA Technologies (IDT, Coralville, 1A) website for human codon
optimization. (vi) Codon optimized single chain variable regions (scFvs) nucleic acid sequences
were then combined with nucleic acid sequences contained within the CAR backbone lentiviral
backbone-41BB-3z-T-CD19t, specifically, sequences within the EF1 promoter that flank the &
end of the granulocyte-macrophage colony-stimulating factor receptor (GM-CSFR) signal peptide,
including the GM-CSFR signal peptide were added 5’ to the antibody HC variable region, followed
by a flexible Gly-Ser linker sequence, and then the antibody LC variable region, and then linker
sequence from the CAR backbone lentiviral backbone-41BB-3z-T-CD19t. (vii) Complete
nucleotide sequences were then submitted to IDT for synthesis of gBlocks. (viii) gBlocks were
cloned in TOPO, and nucleic acid sequences confirmed by Sanger DNA sequencing. (ix) All
gBlocks were generated to include universal priming sequences, CAR_universal_forward primer
and CAR_universal_reverse primer. (x) Next, PCR amplification was performed using an
appropriate  TOPO vector as template, proofreading DNA polymerase, and using

CAR_universal_forward primer and a reverse primer selected from 3 options,
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CAR_universal_rev_sh, CAR_universal_rev_int or CAR_universal_rev_long. In these primers,
rev indicates reverse, sh indicates the short linker, int indicates the intermediate length linker, and
long indicates the long linker within the CAR construct. (xi) Recipient plasmid (lentiviral backbone-
41BB-3z-T-CD19t with sh, int, or long linker) was digested with Rsrll/Nhel and cut plasmid and
PCR products were gel purified. (xii) Gibson assembly (NEB) was performed using Rsrll/Nhel
digested recipient plasmid (lentiviral backbone-41BB-3z-T-CD19t with sh, int, or long linker) and
appropriate PCR amplicon. (xiii) Sanger DNA sequencing verification was used to confirm the
scFv and linker contained in each plasmid. (vii) Maxi prep and lentiviral packaging followed.
[0021] FIGs. 5A-5C. Reducing the binding distance from cell membrane enhances the anti-tumor
efficacy of CD33/CD3 BsAbs against human myeloid leukemia cells. Human CD33+ myeloid
leukemia cell lines ((5A) ML-1, (56B) HL-60, (5C) K562) with CRISPR/Cas9-mediated deletion of
the endogenous CD33 locus were engineered to overexpress either CD33f or CD33%8%4 via
lentiviral gene transfer. Relative expression of the target proteins was flow cytometrically
assessed via V-set domain CD33 antibody, P67.6, with representative histograms shown in the
bottom-right panel. Cells were then treated with a V-set domain-targeting CD33/CD3 BsAb at a
concentration of 1000 pg/mL and healthy donor T cells enriched from unstimulated peripheral
blood mononuclear cells collected from healthy adult volunteers at the effector:target (E:T) cell
ratios shown (top panel). Myeloid cells were also treated with gemtuzumab ozogamicin (GO) at
the concentrations shown (bottom left panel). Cytotoxicity was quantified flow cytometrically after
2 days (for BsAbs) or 3 days (for GO) as a change in the percentage of dead cells as measured
by 4'.6-diamidino-2-phenylindole (DAPI) staining. The anti-V-set domain-directed CD33/CD3
BsAb was constructed in the scFv-scFv format using a construct referred to herein as RC1 or A3
that utilizes the sequence as set forth in SEQ ID NO: 377 and described in United States patent
application publication US 2016/0317657 A1. *p<0.05; **p<0.01; ***p<0.001.

[0022] FIG. 6. Reducing the binding distance from cell membrane enhances the anti-tumor
efficacy of CD33/CD3 BsAbs against human acute lymphoblastic leukemia cells engineered to
express CD33 proteins. The human CD33"¢ acute lymphoblastic leukemia (ALL) cell line RS4;11
was engineered to overexpress either CD33Ft or CD33%E%4 via lentiviral gene transfer. Relative
expression of the target proteins was flow cytometrically assessed via V-set domain CD33
antibody, P67.6, with representative histograms shown in the bottom panel. Cells were then
treated with a V-set domain-targeting CD33/CD3 BsAb at a concentration of 1000 pg/mL and
healthy donor T cells enriched from unstimulated peripheral blood mononuclear cells collected
from healthy adult volunteers at the effector:target (E:T) cell ratios shown (top panel). Cytotoxicity

was quantified flow cytometrically after 2 days as a change in the percentage of dead cells as
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measured by 4'.6-diamidino-2-phenylindole (DAPI) staining. The anti-V-set domain-directed
CD33/CD3 BsAb was constructed in the scFv-scFv format using a construct referred to herein as
RC1 or A3 that utilizes the sequence as set forth in SEQ ID NO: 377 and described in United
States patent application publication US 2016/0317657 A1. *p<0.05; **p<0.01; ***p<0.001.
[0023] FIG. 7. Increasing the binding distance from cell membrane reduces the anti-tumor efficacy
of CD33/CD3 BsAbs. Human myeloid leukemia cell lines (ML-1 [upper panel], K562 [lower panel])
with CRISPR/Cas9-mediated deletion of the endogenous CD33 locus were engineered to
overexpress CD33Ft, CD33F- + CD22 2D or CD33F: + CD22 4D via lentiviral gene transfer.
Relative expression of the CD33 constructs was flow cytometrically assessed using the V-set
domain CD33 antibody, P67.6 (right panel). Cells were then treated with a V-set domain-targeting
CD33/CD33 BsAb at the concentrations shown (in pg/mL) and healthy donor T cells enriched
from unstimulated peripheral healthy donor blood mononuclear cells at an E:T cell ratio of 1:1.
Cytotoxicity was quantified flow cytometrically after 2 days as a change in the percentage of dead
cells as measured by 4',6-diamidino-2-phenylindole (DAPI) staining. The anti-V-set domain-
directed CD33/CD3 BsAb was constructed in the scFv-scFv format using a construct referred to
herein as RC1 or A3 that utilizes the sequence as set forth in SEQ ID NO: 377 and described in
United States patent application publication US 2016/0317657 A1. *p<0.05; **p<0.01; ***p<0.001.
[0024] FIGs. 8A-8C. (8A) Murine CD33PAN antibodies (clones 1H7, 9G2, 6H9, 3A5, 7D5, 2D5),
(8B) murine CD33V-set antibodies (clones 8F5, 5D12), and (8C) murine CD33¢2s¢l-gspecific
antibodies (clones 11D5, 13E11, 11D11, 7E7) were tested flow cytometrically against CD33+
parental ML-1 cells, ML-1 cells with CRISPR/Cas9-mediated deletion of CD33 (“*CD33 KO”), and
ML-1 cells with CRISPR/Cas9-mediated knockout of the CD33 locus and expression of non-
human primate CD33 “NHP CD33” as well as CD33"¢ REH sublines engineered to express
CD33FL or CD33%F2, as indicated. Secondary antibody only negative control is shown

[0025] FIG. 9. Reducing the binding distance from cell membrane enhances the anti-tumor
efficacy of CD33 chimeric antigen receptor (CAR) T cells. The human myeloid leukemia cell line
K562 with CRISPR/Cas9-mediated deletion of the endogenous CD33 locus was engineered to
overexpress CD33F or CD33%E%4 via lentiviral gene transfer. Relative expression of the target
proteins was flow cytometrically assessed via V-set domain CD33 antibody, P67.6, with
representative histograms shown in the bottom panel. The efficacy of V-set domain-directed CAR
T cells was assessed in a chromium?®! release. For CAR T cell generation, healthy donor negative
selected human CD8+ T cells were transduced with an epHIV7 lentivirus encoding the scFv from
the CD33V-s¢t/CD3 BsAb described in FIGs. 3, 5, and 6 linked to an IgGs CH3 domain spacer,

CD28-transmembrane domain, CD3zeta and 4-1BB intracellular signaling domain and truncated
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CD19 (tCD19) transduction marker. tCD19 CD8+ CAR-T cells were sorted and expanded in IL-7
and IL-15 (10ng/mL; Peprotech, Rocky Hill, NJ, USA) each for 14 days with media and cytokine
changes every other day. CAR-T cell cytotoxicity was assessed following incubation with
chromium®' labelled targets for 4 hours

[0026] FIG. 10. AML cell lines show different surface expression of CD33. CD33 expression as
measured by Quantibrite-PE was measured by staining human AML cell lines with PE-conjugated
p67.6 antibody.

[0027] FIGs. 11A-11C. C2-set directed scFv (1H7) were cloned into chimeric antigen receptor
(CAR) constructs with short (11A), intermediate (11B) and long (11C) spacer. Maps of cloned
sequences as listed.

[0028] FIG. 12. 1H7 CAR-T cells expand in response to cytokine in vitro. Healthy donor negative
selected human CD8+ T cells were transduced with epHIV7 lentivirus encoding the CD33V-set-
binding scFv 1H7 linked to a IgGs CH3 domain spacer of intermediate length, CD28-
transmembrane domain, CD3zeta and 4-1BB intracellular signaling domain and truncated CD19
(tCD19) transduction marker (as per FIG. 11). tCD19 CD8+ CAR-T cells were sorted and
expanded in IL-7 and IL-15 (10ng/mL; Peprotech, Rocky Hill, NJ, USA) each for 12 days with
media and cytokine changes every other day. Expansion, cell diameter and cell death were
assessed every other day by Cellometer with propidium iodide and acridine orange as per
manufacturer instructions (Nexcelcom, Lawrence, Massachusetts).

[0029] FIG. 13. 1H7 CAR-T cells with long spacer shows marginally enhanced naive T cell
percentage following cytokine expansion. Following IL-7 and IL-15 cytokine expansion as per FIG.
12, cells were stained with fluorescently conjugated antibodies to CD45RA and CCR7 to assess
for percentage of naive (CCR7+ CD45RA+), central memory (CCR7+ CD45RA-), effector
memory (CCR7- CD45RA-) or effector memory RA (CCR7- CD45RA+) cells. Expression was
then measured after four days by multiparameter flow cytometry (MFC). Experiments were
repeated on an additional healthy donor to confirm results.

[0030] FIGs. 14A, 14B. 1H7 CAR-T cells with short, intermediate, and long spacer show
equivalent expression of activation, proliferation (14A) and immune checkpoint markers (14B)
following cytokine expansion. Following IL-7 and IL-15 cytokine expansion as per FIG. 12, cells
were stained with fluorescently conjugated antibodies to surface and intracellular markers of
activation (CD869), proliferation (Ki-67) and immune checkpoint markers (PD-1, TIM3, LAG-3,
TIGIT, KLRG1, 2B4). Expression was then measured after four days by MFC. Experiments were

repeated on an additional healthy donor to confirm results.
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[0031] FIG. 15. 1H7 CAR-T cells with intermediate and short spacer show enhanced cytotoxicity
against multiple AML cell lines in an antigen-specific manner. Following IL-7 and IL-15 cytokine
expansion as per FIG. 12, target cells were labelled with Chromium>! (Cr>') for two hours and
then exposed to 1H7 CAR-T cells with short, intermediate (int) or long spacer for four hours.
Supernatant was then collected and analyzed for Cr5' by scintillation counter (TopCount, Perkin
Elmer, Waltham, MA). Percent cytotoxicity was calculated by (sample lysis -
background)/(maximum lysis — background lysis) x 100, where background lysis is the
spontaneous release of Cr%' over four hours and maximum lysis is Cr®' release from cells exposed
to Triton-X100 and water. All wells run in technical triplicates and repeated with an additional
donor.

[0032] FIG. 16. 1H7 CAR-T cells with int and short spacer show enhanced proliferation against
multiple AML cell lines in an antigen-specific manner. Following IL-7 and IL-15 cytokine expansion
as per FIG. 12, 1H7 CAR-T cells of varying spacer length were labelled with carboxyfluorescein
succinimidyl ester (CFSE) and co-cultured either with media alone or target cells as indicated.
CFSE dilution was then measured after four days by MFC. Experiments were repeated on an
additional healthy donor to confirm results.

[0033] FIG. 17. 1H7 CAR-T cells with short, int, and long spacer show equivalent acquisition of
immune checkpoint markers following prolonged antigen exposure. Following IL-7 and IL-15
cytokine expansion as per FIG. 12, 1H7 CAR-T cells of varying spacer length were labelled with
CFSE and co-cultured with media alone or target cells as indicated for four days. Cells were
stained with fluorescently conjugated antibodies to PD-1, LAG-3 and TIM-3 and relative proportion
of cells to expressing all three (Triple Pos), two (Double Pos), one (Single Pos) or none (Triple
Neg) of the immune checkpoint was assessed by MFC. Positive fluorescence for expressed
protein was relative to fluorescence minus one (FMO). Experiments were repeated on an
additional healthy donor to confirm results.

[0034] FIG. 18. 1H7 CAR-T cells with short and intermediate spacer show highest of percentage
of effector cytokine-positive cells in response to antigen. Following IL-7 and IL-15 cytokine
expansion as per FIG. 12, 1H7 CAR-T cells of varying spacer length co-cultured with target cells
as indicated overnight. Protein secretion was then blocked with monensin for four hours and then
cells were intracellularly stained with fluorescently conjugated antibodies tumor necrosis factor-q,
interleukin-2, interferon-y and granzyme B and relative proportion of all four (Quadruple Pos),
three (Triple Pos), two (Double Pos), one (Single Pos) or none (Triple Neg) of the effector
molecules was assessed by MFC. Positive fluorescence for expressed protein was relative to

FMO. Experiments were repeated on an additional healthy donor to confirm resullts.



WO 2021/202793 PCT/US2021/025248

[0035] FIG. 19. CD4+ 1H7 CAR-T cells with short and intermediate spacer show enhanced
elaboration of effector cytokines in response to antigen. Following IL-7 and IL-15 cytokine
expansion as per FIG. 12, CD4+ 1H7 CAR-T cells of varying spacer length co-cultured with target
cells as indicated overnight. Level of secreted cytokine in supernatant was then measured by
LegendPlex (Biolegend, San Diego, CA) as per manufacturer instructions.

[0036] FIG. 20. CD8+ 1H7 CAR-T cells with short and intermediate spacer show enhanced
elaboration of effector cytokines in response to antigen. Following IL-7 and IL-15 cytokine
expansion as per FIG. 12, CD8+ 1H7 CAR-T cells of varying spacer length co-cultured with target
cells as indicated overnight. Level of secreted cytokine in supernatant was then measured by
LegendPlex (Biolegend, San Diego, CA) as per manufacturer instructions.

[0037] FIGs. 21A, 21B. 1H7 CAR-T cells with short (21A) and intermediate (21B) spacer show
enhanced cytotoxicity in comparison to V set-directed CAR-T cells with multiple donor samples.
Following IL-7 and IL-15 cytokine expansion as per FIG. 12, ML1 or K562 target cells were
labelled with Cr%' for two hours and then exposed to C2 set- (1H7) or V-set (My96 or RC1 CD33
binding segment) directed CAR-T cells with short (21A) or int (21B) for four hours. Amino acid
and nucleic acid sequences for My96 can be found in US Pat. No. 9,777,061, while the RC1 CD33
scFv is provided as SEQ ID NO: 366 and is described in United States patent application
publication US 2016/0317657 A1. Supernatant was then collected and analyzed for Cr>' by
scintillation counter (TopCount, Perkin EImer, Waltham, MA). Percent cytotoxicity was calculated
by (sample lysis — background)/(maximum lysis — background lysis) x 100, where background
lysis is the spontaneous release of Cr5' over four hours and maximum lysis is Cr®! release from
cells exposed to Triton-X100 and water. All wells run in technical triplicates. ****p<0.0001, ns not
significant by multiple T test using the two-stage linear step-up procedure of Benjamini, Krieger
and Yekutieli, with Q = 1%.

[0038] FIG. 22. 1H7 CAR-T cells with intermediate spacer show enhanced expression of pro-
survival tonic and antigen-induced AP-1 signaling. Jurkat (J76) reporter cell lines that express
green fluorescent protein (GFP), cyan fluorescent protein (CFP) and mCherry off the nuclear
factor of activated T cells (NFAT), nuclear factor k B (NFkB) and activator protein-1 (AP-1)
promoters respectively were transduced with lentivirus harboring 1H7 short, intermediate, or long
CARs. CAR-J76 cells were then co-cultured with target cells for 24 hours and geometric mean
fluorescence intensity (geoMFI) of GFP, CFP and mCherry were then measured.

[0039] FIG. 23. Experimental set-up for in vivo trials of CAR-T cells in immunodeficient mice.
GFP-expressing, firefly luciferase (FFluc)-expressing human AML cell lines were intravenously

(1.V.) injected into immunodeficient NOD.scid.IL2rg” (NSG) mice. Established disease occurs
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over 2 weeks. In all cases where mice receive CAR-T cells, mice received an |.V. injection of
CD4* and CD8+ CAR-T cells in a 1:1 ratio. In cases where there is no irrelevant CAR-T cell
available, phosphate buffered saline (PBS) was used as a control. Mice were bled weekly to
assess for circulating tumor and CAR-T cells as well as weekly bioluminescent imaging (BLI) to
assess for disease burden following intraperitoneal injection of luciferin. Mice were then monitored
for survival.

[0040] FIGs. 24A, 24B. 1H7 short and intermediate CAR-T cells enhance survival in a HL-60 cell-
line derived xenograft model in an antigen-specific manner. As per FIG. 23, mice were treated
with 2x10°% HL-60 AML cells and 2x108 1H7 short or intermediate CAR-T cells or FMC63 CAR-T
cells directed against an antigen not expressed on HL-60 cells (CD19). Tumor bioluminescent
imaging was assessed weekly (24A) and mice were monitored for survival (24B). Lines represent
individual mice, n=5 per group, *p<0.05, **p<0.01 by log rank test.

[0041] FIG. 25. 1H7 intermediate CAR-T cells show enhanced in vivo expansion over short
spacer CAR-T cells in a HL-60 cell-line derived xenograft model. As per FIG. 23, mice were
treated with 2x10® HL-60 AML cells 2x10® 1H7 short or intermediate CAR-T cells. Circulating
CAR-T cell numbers were assessed weekly by MFC. Dots represent absolute CAR-T cell
numbers of single mice, mean absolute circulating CAR-T cell number represented by single line.
[0042] FIGs. 26A, 26B. 1H7 intermediate CAR-T cells enhance survival in HL-60 cell-line derived
xenograft model in a dose-dependent manner. As per FIG. 23, mice were treated with 2x10°® HL-
60 AML cells and 2x108 or 1x107 1H7 intermediate CAR-T cells. Tumor bioluminescent imaging
was assessed weekly (26A) and mice were monitored for survival (26B). Lines represent
individual mice, n=5 per group, *p<0.05, **p<0.01 by log rank test.

[0043] FIGs. 27A, 27B. 1H7 intermediate CAR-T cells enhance survival in a KG1a cell-line
derived xenograft model. As per FIG. 23, mice were treated with 2x10%® KG1a AML cells and 2x10°
1H7 intermediate CAR-T cells or PBS. Tumor bioluminescent imaging was assessed weekly
(27A) and mice were monitored for survival (27B). Lines represent individual mice, n=5 per group,
**p<0.01 by log rank test.

[0044] FIGs. 28A, 28B. Antigen-negative relapse is observed in a KG1a cell-line derived
xenograft model treated with 1H7 intermediate CAR-T cells. As per FIG. 23, mice were treated
with 2x10% KG1a AML cells and a 2x10° 1H7 intermediate CAR-T cells or PBS. Weekly peripheral
blood tests were taken to assess for expression of CD33 on circulating tumor cells by MFC (28A).
At the conclusion of the experiment tissues were harvested and assessed for tumor expression
of CD33 by MFC (28B). Lines represent mean CD33-pos and CD33-neg cells per mouse, n=3 for
PBS group, n=5 for CAR-T cell group.
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[0045] FIGs. 29A, 29B. Cytokine expansion of 1H7 CAR-T cells with IL-21 enhance survival in a
MOLM-14 cell-line derived xenograft model. As per FIG. 23, mice were treated with 5x105 MOLM-
14 AML cells and 5x10° 1H7 intermediate CAR-T cells expanded in IL-7 and IL-15 (1H7.int CAR-
T), or IL-7, IL-15 and IL-21 (1H7.int CAR-T +IL-21). Tumor bioluminescent imaging was assessed
weekly (29A) and mice were monitored for survival (29B). Lines represent individual mice, n=5
per group, **p<0.01 by log rank test.

[0046] FIGs. 30A-30C. CD33-directed 9G2 and 6H9 short CAR-T cells show equivalent
cytotoxicity (30A), proliferation (30B) and effector molecule expression (30C). Two scFvs directed
against the C2-set domain of CD33 were cloned into the short CAR backbone. T cells modified
to express the 6H9 short or 9G2 short CAR were then expanded in IL-7 and IL-15. These cells
were then assessed for cytotoxicity (30A), proliferation (30B) and effector cytokine production
(30C, TNFa, IL-2, IFNy and GzB) in response to target cells as previously described in FIGs 15,
16 and 18, respectively.

[0047] FIG. 31. 1H7 CD33-directed CAR-T cells with an intermediate spacer show antigen
specific lysis in vitro against multiple AML cell lines. Cr®'-labeled KG1a and ML-1 cells either
expressing endogenous CD33 (Par) or deficient for CD33 by CRISPR-Cas9 genetic deletion (KO)
were exposed for four hours to CD33-directed CD8+ CAR-T cells expanded in IL-2 (50ng/mL), IL-
7 & IL-15 (10ng/mL each), or IL-7, IL-15 & IL-21 (10ng/mL each) at various effector:target ratios.
Supernatant was harvested and analyzed for Cr>! concentration by scintillation.

[0048] FIGs. 32A-32D. 9G2 and 1H7 membrane-proximal domain (C2-set) targeting CAR-T cells
show improved in vitro antigen-specific cytotoxicity over membrane-distal (V-set) targeting CAR-
T cells. V-set-targeting CD33-directed (My96, 32A) or C2-set-targeting CD33-directed (1H7, 32B,
and 9G2, 32C) CAR-T cells were expanded in IL-7 and IL-15 as per FIG. 12. Target cells were
labelled with Cr5 for two hours and then exposed to CAR-T cells with short spacer for four hours.
Supernatant was then collected and analyzed for Cr5' by scintillation counter (TopCount, Perkin
Elmer, Waltham, MA). Percent cytotoxicity was calculated by (sample lysis -
background)/(maximum lysis — background lysis) x 100, where background lysis is the
spontaneous release of Cr%' over four hours and maximum lysis is Cr®' release from cells exposed
to Triton-X100 and water. All wells run in technical triplicates. Specific cytotoxicity (31D) against
AML targets that express high (ML1) or low (K562) levels of CD33 were compared across all three
CAR-T cell constructs. ****p<0.0001, ***p<0.001 for 9G2 versus My96; and ##p<0.01, ns not
significant for 1H7 versus My96 by two-way ANOVA with post-hoc Tukey comparison.

[0049] FIGs. 33A-33C. 9G2 and 1H7 membrane-proximal domain (C2-set) targeting CAR-T cells

show improved in vitro proliferation over membrane-distal (V-set) targeting CAR-T cells. V-set-
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targeting CD33-directed (My96) or C2-set-targeting CD33-directed (1H7 and 9G2) CAR-T cells
were expanded in IL-7 and IL-15 as per FIG. 12. CAR-T cells were then labelled with CFSE and
co-cultured either with media alone or target cells as indicaied. CFSE dilution was then measured
after four days by MFC (33A). Divided vs undivided cells were then determined by first peak on
media-alone condition and quantitated (33B). Specific division (33C) against AML targets that
express high (ML1) or low (K562) levels of CD33 were compared across all three CAR-T cell
constructs.

[0050] FIGs. 34A, 34B. 9G2 and 1H7 membrane-proximal domain (C2-set) targeting CAR-T cells
show equivalent immune checkpoint expression at rest in comparison to membrane-distal (V-set)
targeting CAR-T cells. Following IL-7 and IL-15 cytokine expansion as per FIG. 12, CAR-T cells
targeting membrane distal V-set domain (My96) or membrane-proximal C2-set domain (1H7 and
9G2) were co-cultured with target cells or media. Cells were then stained with fluorescently
conjugated antibodies to PD-1, LAG-3 and TIM-3 and relative proportion of cells to expressing all
three (Triple Pos), two (Double Pos), one (Single Pos) or none (Triple Neg) of the immune
checkpoint was assessed by MFC (34A). Positive fluorescence for expressed praigin was relative
to FMO. Specificimmune checkpoint expression in CAR-T cells without antigen stimulation (34B).
[0051] FIGs. 35A, 35B. 9G2 and 1H7 membrane-proximal domain (C2-set) targeting CAR-T cells
show improved in vitro polyfunctional cytokine production over membrane-distal (V-set) targeting
CAR-T cells. Following IL-7 and IL-15 cytokine expansion as per FIG. 12, CAR-T cells targeting
membrane distal V-set domain (My96), or membrane-proximal C2-set domain (1H7 and 9G2)
were co-cultured with target cells as indicated overnight. Protein secretion was then blocked with
monensin for four hours and then cells were intracellularly stained with fluorescently conjugated
antibodies tumor necrosis factor-a, interleukin-2, interferon-y and granzyme B and relative
proportion of all four (Quadruple Pos), three (Triple Pos), two (Double Pos), one (Single Pos) or
none (Triple Neg) of the effecior molecules was assessed by MFC (35A). Positive fluorescence
for expressed protein was relative to FMO. Specific intracellular cytokine production (35B) against
AML targets that express high (ML1) or low (K562) levels of CD33 were compared across all three
CAR-T cell constructs.

[0052] FIG. 36. Sequences supporting the disclosure: CD33/CD3 bispecific molecule (SEQ ID
NO: 220); 1H7 scFvy coding sequence (B8ECQ 1D NGO 1), 8HS scFv coding sequence, codon
optimized (BEG 1D NO 2); 862 scFv coding seguence, codon optimized (8SEQ 1D NO: 3y, 205
schy coding sequance (SEQ D NGO 4} B2 sofv coding sequence (SEQ D NO: 53 1gG4 hinge
coding sequence-A {SEG D NO: 83 1gG4 hinge coding sequence-B {SEG H NO: 73, 1gG4-int(DS)
coding sequence {SEC H3 NO: 8}, 1gG4-long coding sequence {SECH 3 NG 8}, CD3C coding
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sequence {SEG D N 10}, CD3 protein-A {(SEG 1D NO: 11); CD3( protein-B {SEC D NG 123,
4-1BB signaling coding sequence-A {ZEC 1D NG 13); 4-1BB signaling coding sequence-B {SE£Q
3 NG 143, 4-1BB protein-A {(SEQ D NO: 15}, 4-1BB protein-B (SEG D NGO 183, CD28TM coding
sequence-A {SEQ 1D NG 17}, CD28TM coding sequence-B {SEQ 13 NO: 183, CD28TM coding
sequence-C {BEC 1D N 19y, CD28TM protein-A (SEC H NO: 203; CD28TM protein-B {(BECG 1D
MNO: 213, tCD19 coding sequence {SEGH i NG 22); T2A coding sequence {SEQ {3 NGO 23);
Thoseaasigna Virus 2A (T2A) Peptide {SEQG 1D NO: 24); Porcine Teschovirus-1 2A (P2A) Peptide
{(SEQ HI NO: 25), Equine Rhinitis A Virus (ERAV) 2A (E2A) Peptide {5EG H2 NO: 263, Foot-And-
Mouth Disease Virus 2A (F2A) Peptide {SEC D NG 273, EF1 promoter-A {SEG D NO: 28}, EF1
promoter-B {SEQ 1D NG 28); Psi (3EG (D NO: 303, RRE (SEQ 1D NG: 31}, Flap (3EG 1D NO:
323, GM-CSFR encoding sequence {503 13 MO 33 WPRE (SEQ D NO: 34); delU3 {SEQ D
NC: 38y R(EEQ D NG 38, US (SEG D NGO 373 AmpR (SEQ 1D NG:38 CoE1 origin (SEQ D
MO 28Y SV40 {(SEGHD NGO 40), CMV (SEQ D NG 41); Glycosylation site; 1H7-intDS-41bb-3z-
T-CD19t Top Strand {SEG 1D NG: 42); 1H7-long-41bb-3z-T-CD19t Top Strand {SEC 13 NO: 43);
1H7-sh-41bb-3z-T-CD19t Top Strand {SECG 1D NC: 44}, 6H9-intDS-41bb-3z-T-CD19t Top Strand
(SEQ D NO: 45); 9G2-intDS-41bb-3z-T-CD19t Top Strand {SEG 1D NG: 48), 5D12-intDS-41bb-
3z-T-CD1%t Top Strand (SEQ 1D NGO 47}, CD33:CD22 4D protein (SEQ ID NO: 105);
CD33:CD22 4D nucleotides (SEQ ID NO: 106); CD33:CD22 2D protein (SEQ ID NO: 107);
CD33:CD22 2D nucleotides (SEQ ID NO: 108); CD33 V-set construct (exon 3 and 4 deleted)
protein (SEQ ID NO: 109); CD33 V-set construct (exon 3 and 4 deleted) nucleotides (SEQ ID NO:
110); CD33 signal peptide (SEQ ID NO: 111); CD33 signal peptide coding sequence (SEQ ID
NO: 112); 6-histidine tag coding sequence (SEQ ID NO: 113); 3 x glycine linker; 3 x glycine linker
coding sequence; CD33 ECD (SEQ ID NO: 114); CD33 ECD coding sequence (SEQ ID NO: 115);
CD33 ECD lacking CD33 amino acids 140-232 (SEQ ID NO: 116); CD33 ECD lacking CD33
amino acids 140-232 coding sequence (SEQ ID NO: 117); CD33 transmembrane domain (SEQ
ID NO: 118); CD33 transmembrane domain coding sequence (SEQ ID NO: 119); CD33
intracellular domain (SEQ ID NO: 120); CD33 intracellular domain coding sequence (SEQ ID NO:
121); Portion of CD22 ECD that contains CD22 domains defined as Ig-like C2-type 3, Ig-like C2-
type 4, Ig-like C2-type 5, Ig-like C2-type 6 (SEQ ID NO: 122); Portion of CD22 ECD that contains
CD22 domains defined as Ig-like C2-type 3, Ig-like C2-type 4, Ig-like C2-type 5, Ig-like C2-type 6
coding sequence (SEQ ID NO: 123); Portion of CD22 ECD that contains CD22 domains defined
as lg-like C2-type 5, Ig-like C2-type 6 (SEQ ID NO: 124); Portion of CD22 ECD that contains
CD22 domains defined as Ig-like C2-type 5, Ig-like C2-type 6 coding sequence (SEQ ID NO: 125);
1H7 VLVH scFv coding sequence (SEQ ID NO: 126); 3A5 variant 1 VHVL scFv coding sequence
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(SEQ ID NO: 127); 3A5 variant 1 VLVH scFv coding sequence (SEQ ID NO: 128); 3A5 variant 2
VHVL scFv coding sequence (SEQ ID NO: 129); 3A5 variant 2 VLVH scFv coding sequence (SEQ
ID NO: 130); 9G2 VLVH scFv coding sequence (SEQ ID NO: 131); 7D5 variant 1 VHVL scFv
coding sequence (SEQ ID NO: 132); 7D5 variant 2 VHVL scFv coding sequence (SEQ ID NO:
133); Signal peptide coding sequence (SEQ ID NO: 134); G4Sx3 linker coding sequence (SEQ
ID NO: 135); 1H7 Variable Light Chain coding sequence (SEQ ID NO: 136); 1H7 Variable Heavy
Chain coding sequence (SEQ ID NO: 137); 3A5 variant 1 and variant 2 Variable Light Chain
coding sequence (SEQ ID NO: 138); 3A5 variant 1 Variable Heavy Chain coding sequence (SEQ
ID NO: 139); 3A5 variant 2 Variable Heavy Chain coding sequence (SEQ ID NO: 140); 9G2
Variable Light Chain coding sequence (SEQ ID NO: 141); 9G2 Variable Heavy Chain coding
sequence (SEQ ID NO: 142); 7D5 variant 1 and variant 2 Variable Light Chain coding sequence
(SEQ ID NO: 143); 7D5 variant 1 Variable Heavy Chain coding sequence (SEQ ID NO: 144); 7D5
variant 2 Variable Heavy Chain coding sequence (SEQ ID NO: 145); 5D12-LvHv-intDS-41bb-3z-
T-CD19t Top Strand (SEQ ID NO: 325); 3A5v1-HvLv-intDS-41bb-3z-T-CD19t Top Strand (SEQ
ID NO: 326); 3A5v2-HvLv-intDS-41bb-3z-T-CD19t Top Strand (SEQ ID NO: 327); 3A5v1-LvHv-
intDS-41bb-3z-T-CD19t Top Strand (SEQ ID NO: 328); 3A5v2-LvHv-intDS-41bb-3z-T-CD19t Top
Strand (SEQ ID NO: 329); 1H7-LvHv-intDS-41bb-3z-T-CD19t Top Strand (SEQ ID NO: 330);
9G2-LvHv-intDS-41bb-3z-T-CD19t Top Strand (SEQ ID NO: 331); 1H7 scFv VH-VL orientation
(SEQ ID NO: 332); 1H7 scFv VL-VH orientation (SEQ ID NO: 333); 9G2 scFv VH-VL orientation
(SEQ ID NO: 334); 9G2 scFv VL-VH orientation (SEQ ID NO: 335); 5D12 scFv VH-VL orientation
(SEQ ID NO: 336); 5D12 scFv VL-VH orientation (SEQ ID NO: 337); 3A5 variant 1 scFv VH-VL
orientation (SEQ ID NO: 338); 3A5 variant 1 scFv VL-VH orientation (SEQ ID NO: 339); 3A5
variant 2 scFv VH-VL orientation (SEQ ID NO: 340); 3A5 variant 2 scFv VL-VH orientation (SEQ
ID NO: 341); human CD33 full length DNA coding (SEQ ID NO: 342); human CD33 full length
protein (SEQ ID NO: 343); Light chain signal peptide of 9G2 and/or 6H9 (SEQ ID NO: 344); Light
chain signal peptide of 3A5v1, 3A5v2, and/or 2D5 (SEQ ID NO: 345); Light chain signal peptide
of 7D5v1 and/or 7D5v2 (SEQ ID NO: 346); Light chain signal peptide of 11D5 (SEQ ID NO: 347);
Heavy chain signal peptide of 6H9 (SEQ ID NO: 348); Heavy chain signal peptide of 3A5v1 and/or
3A5v2 (SEQ ID NO: 349); Heavy chain signal peptide of 7D5v1 and/or 7D5v2 (SEQ ID NO: 350);
Heavy chain signal peptide of 2D5 (SEQ ID NO: 351); Heavy chain signal peptide of 11D5 (SEQ
ID NO: 352); Heavy chain signal peptide of 13E11 (SEQ ID NO: 353); My96 coding sequence
(SEQ ID NO: 354); My96_int_41BB_3z_TCD19 Coding Sequence (SEQ ID NO: 355); V-set
directed CD33/CD3 BsAb (RC1) (SEQ ID NO: 377); V-set directed CD33/CD3 BsAb (RC1) (SEQ
ID NO: 378); and V-set directed scFv protein sequence (SEQ ID NO: 366) and coding sequence
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(SEQ ID NO: 370).
DETAILED DESCRIPTION

[0053] According to the World Health Organization, cancer is the second leading cause of death
globally, and was responsible for an estimated 9.6 million deaths in 2018. Acute myeloid leukemia
(AML) is a type of cancer resulting from a malignancy of clonal, proliferative myeloid blast cells.
AML is also known as acute myelocytic leukemia, acute myelogenous leukemia, acute
granulocytic leukemia, and acute nonlymphocytic leukemia.

[0054] There are 20,000 new cases of AML per year in the United States (Kouchkovsky and
Abdul-Hay, Blood Cancer J. 6(7):e441, 2016) and 11,000 deaths from AML each year (American
Cancer Society, August 2018). Although high complete remission rates can be achieved in
younger patients with AML with conventional chemotherapy at rates of 60% to 80% (Déhner, et
al., 2017. Blood. 129(4): 424-447), treatment outcomes for older patients, at the age of 65 or
older, remains unsatisfactory with as many as 70% of patients dying of their disease within a year
of diagnosis (Meyers, et al., Appl Health Econ Health Policy, 11:275-286, 2013). Unfortunately,
because of the chemo-refractoriness of leukemic stem cells, relapse after conventional therapy
is common (Eppert, et al., 2011. Nat. Med. 17(9): 1086-1093) and current treatment options for
relapsed/refractory (R/R) AML are dismal, resulting in less than 30% overall survival at 12 months.
[0055] For many years, the chosen treatments for cancer have been surgery, chemotherapy,
and/or radiation therapy. In recent years, more targeted therapies have emerged to specifically
target cancer cells by identifying and exploiting specific molecular changes seen primarily in those
cells. For example, many cancer cells preferentially express particular markers on their cellular
surfaces and these markers have provided targets for antibody-based therapeutics.

[0056] One key to successful targeted therapy is in the choice of the target cancer cell marker.
An ideal target marker is immunogenic, plays a critical role in proliferation and differentiation, is
expressed only on the surface of all malignant cells and malignant stem cells, and a large portion
of patients should test positive for the marker (Cheever, et al., 2009. Clin. Cancer Res. 15(17):
5323-8337).

[0057] CD33ft is primarily displayed on maturing and mature cells of the myeloid lineage, with
initial expression on multipotent myeloid precursors. It is not found outside the hematopoietic
system and is not thought to be expressed on pluripotent hematopoietic stem cells. Consistent
with its role as a myeloid differentiation antigen, CD33F- is widely expressed on malignant cells in
patients with myeloid neoplasms; e.g., in AML, it is found on at least a subset of the AML blast

cells in almost all cases and possibly leukemic stem cells in some. Because of this expression
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pattern, CD33FL has been widely exploited as an antigen for targeted therapy of AML. (Walter et
al., Blood 119(26):6198-6208, 2012; Cowan et al., Front. Biosci. (Landmark Ed) 18:1311-1334,
2013; Laszlo et al., Blood Ref. 28(4):143-153, 2014; and Walter, Expert Opin Investig Drugs
27(4):339-348, 2018) While unconjugated monoclonal CD33 antibodies have proved ineffective
in the clinic, several recent randomized trials with the CD33 antibody-drug conjugate (ADC)
gemtuzumab ozogamicin (GO) have demonstrated improved survival in subsets of patients with
AML, establishing the value of antibodies in this disease and validating CD33F. as the first, and
so far only, therapeutic target for immunotherapy of AML (Laszlo et al., Blood Rev. 28(4):143-
153, 2014; Godwin et al., Leukemia 31(9) 31(9):1855-1868, 2017). This data has validated CD33
as the first (and so far, only) target for immunotherapy in AML. In parallel to the development of
new, more effective CD33-directed therapeutics (e.g. antibody-drug conjugates,
radioimmunoconjugates, bispecific antibodies, chimeric antigen receptor [CAR]-modified T cells)
to overcome the limitations noted with GO, interest has grown in CD33 as a drug target for other
malignant and non-malignant disorders. These efforts include the targeting of CD33 splice
variants not recognized by GO as well as the targeting of CD33+ tumor cells in other hematologic
malignancies, CD33+ myeloid-derived suppressor cells (MDSCs) in a variety of diseases, and
normal CD33+ microglial cells in Alzheimer disease (Walter, Expert Opin Biol Ther. 2020,
20(9):955-958).

[0058] However, some patients express a truncated splice variant form of CD33 that is missing
exon 2 and is referred to as CD334E2, CD33%E2 has been identified at the mRNA level in normal
hematopoietic cells as well as leukemia cells. Regarding the latter, CD3352 mRNA was identified
in 29 of 29 tested AML patient specimens, indicating universal expression in human AML.
CD33%E2 contains the C2-set Ig-like domain but not the V-set Ig-like domain of CD33 (FIG. 2).
Additional splice variants, identified at the mRNA level, include CD33F72 and CD334F2E7a, CD33E7a
uses an alternate exon 7 (E7a) which results in a truncation of the intracellular domain of CD33.
CD334E2E7a |acks exon 2 and also has the truncation of the intracellular domain of CD33.

[0059] Currently, however, almost all commercial diagnostic CD33 antibodies and currently
clinically available CD33 antibody-based therapeutics recognize the immune-dominant V-set Ig-
like domain that is encoded by exon 2 (FIG. 2). That is, CD33%52 and other CD33 proteins that
lack the V-set Ig-like domain are not recognized by almost any commercially and clinically
available CD33 antibody This means that these antibodies would not recognize shorter forms of
CD33 that lack the V-set domain such as CD33F2, This may explain the observation made in one
clinical trial in pediatric AML that patients with a single nucleotide polymorphism in the CD33 gene

that leads to preferential transcription of CD33%F2 and reduced translation of CD33FL did not
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benefit from the addition of gemtuzumab ozogamicin (which also binds to the V-set domain of
CD33) to intensive chemotherapy.

[0060] Antibodies that recognize and bind the C2-set Ig-like domain of CD33 proteins regardless
of the presence/absence of the V-set Ig-like domain (e.g. antibodies that bind the CD334F2 and
CD33FL isoforms, referred to as CD33PAN antibodies) would provide a great advance in the
targeting of all CD33 isoforms, providing for broader therapeutic efficacy. These pan-binding
antibodies would also provide an advance because they bind closer to the cell membrane (FIG.
2). For several therapeutic targets, the specifics of the targeted epitope have been shown to be
critically important for antibody-based therapy, with membrane-proximal epitopes resulting in
more potent anti-tumor effects than membrane-distal ones, as shown for CD20, CD22, CD25,
and EpCAM. See, for instance, Cleary et al., J Immunol. 2017;198(10):3999-4011; Lin,
Pharmgenomics Pers Med. 2010;3:51-59; Haso et al., Blood. 2013;121(7):1165-1174;, and
Bluemel et al., Cancer Immunol Immunother. 2010;59(8):1197-1209.

[0061] Beyond antibody-based therapeutics, significant progress has been made in genetically
engineering T cells of the immune system to target and kill unwanted cell types, such as cancer
cells. Many of these T cells have been genetically engineered to express a chimeric antigen
receptor (CAR). CARs are proteins including several distinct subcomponents that allow the
genetically modified T cells to recognize and kill cancer cells. The subcomponents include at least
an extracellular component and an intracellular component. The extracellular component includes
a binding domain that specifically binds a marker that is preferentially present on the surface of
unwanted cells (e.g., CD33). The binding domain is typically a single-chain variable fragment
(scFv) derived from a monoclonal antibody (mAb), but it can be based on other formats which
include an antibody-like antigen binding site.

[0062] When the binding domain binds such markers, the intracellular component signals the T
cell to destroy the bound cell. The intracellular components provide such activation signals based
on the inclusion of an effector domain. First generation CARs utilized the cytoplasmic domain of
CD3C as an effector domain. Second generation CARs utilized the cytoplasmic domain of CD3¢
in combination with cluster of differentiation 28 (CD28) or 4-1BB (CD137) cytoplasmic domains,
while third generation CARs have utilized the CD3( cytoplasmic domain in combination with the
CD28 and 4-1BB cytoplasmic domains as effector domains.

[0063] CARs additionally include a transmembrane domain that can link the extracellular
component to the intracellular component.

[0064] Other subcomponents that can increase a CAR’s function can also be used. For example,

spacer regions can provide a CAR with additional conformational flexibility, often increasing the
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binding domain’s ability to bind the targeted cell marker. The appropriate length of a spacer region
within a particular CAR can depend on numerous factors including how close or far a targeted
marker is located from the surface of an unwanted cell’s membrane.

[0065] When performed ex vivo, genetically modifying T cells can involve numerous cell
manipulation steps, and it has been observed that different manipulation conditions can affect the
cancer-cell killing properties of the cells. Thus, in designing CARs and genetically modifying cells
to express them, numerous considerations must be taken into account, including: targeted cell
marker; presence and/or length of spacer; and ex vivo manipulation procedures.

[0066] The current disclosure provides chimeric antigen receptors (CARs) for the treatment of
CD33-related disorders, such as AML. In particular embodiments, the CARs include a binding
domain that binds CD33 regardless of which CD33 variant a patient expresses (e.g. CD33F- or
CD33%82), These CD33 binding domains are referred to as “pan” binders. In particular
embodiments, the pan binders bind the membrane-proximal C2-set Ig-like domain of CD33. In
particular embodiments, these pan binders are derived from antibodies: 9G2, 6H9, 3A5 variant 1
(3A5v1), 3A5 variant 2 (3A5v2), 7D5 variant 1 (7D5v1), and 7D5 variant 2 (7D5v2), 1H7, and 2D5
can include single chain variable fragments (scFv) of these antibodies. As described herein, more
membrane-proximal binding enhances the immune effector function of the CAR for treatment of
AML and other CD33+ disorders. Additional CD33 targeting antibodies disclosed herein bind the
V-set domain of CD33 and include 5D12 and 8F5 which provides additional CAR-based
therapeutic options for patients expressing CD33Ft. Additional CD33 targeting antibodies
disclosed herein bind the C2-set domain of CD33, but only in the absence of the V-set domain.
These antibodies include 12B12, 11D11, 7E7, 11D5, and 13E11.

[0067] Binding domains of antibodies for use within a treatment can be based on combinations
of binding domains based on whether a subject expresses or lacks the V-set domain of CD33.
For example, if a subject expresses the V-set domain, a combination therapy including one or
more binding domains of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5 could be selected in combination
with one or more of 5D12 and 8F5. If the subject does not express the V-set domain, a
combination therapy including one or more binding domains of 6H9, 9G2, 3A5, 7D5, 1H7, and
2D5 could be selected in combination with one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.
[0068] In particular embodiments, the current disclosure provides CARs having a short or
intermediate spacer region. In particular embodiments, the short spacer region includes the hinge
region of 1gG4 (12 amino acids). In particular embodiments, the intermediate spacer region
includes the hinge region and the CH3 domain of 1gG4 (collectively, 131 amino acids). 1gG4

domains utilized as spacer regions can include mutations that prevent binding to the human Fc¢
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receptor. In particular embodiments, these mutations include replacing the first six amino acids of
the CH2 domain of IgG4 (APEFLG, SEQ ID NO: 48) with the first five amino acids of 1gG2
(APPVA, SEQ ID NO: 49).

[0069] In particular embodiments, the current disclosure provides expanding and activating T
cells genetically modified to express a CAR disclosed herein utilizing a combination of the
cytokines IL-7, IL-15, and IL-21. In particular embodiments, the current disclosure provides
expanding and activating T cells genetically modified to express a CAR disclosed herein utilizing
a combination of cytokines including IL-2. Expansion/activation with this combination of cytokines
results in increased proliferation and antigen-specific cell lysis.

[0070] Aspects of the current disclosure are now described in more supporting detail as follows:
(i) Immune Cells; (ii) Cell Sample Collection and Cell Enrichment; (iii) Genetically Modifying Cell
Populations to Express Chimeric Antigen Receptors (CAR); (ii-a) Genetic Engineering
Techniques; (iii-b) CAR Subcomponents; (iii-b-i) Binding Domains; (iii-b-ii) Spacer Regions; (iii -
b-iii) Transmembrane Domains; (iii -b-iv) Intracellular Effector Domains; (iii-b-v) Linkers; (iii-b-vi)
Control Features Including Tag Cassettes, Transduction Markers, and/or Suicide Switches; (iv)
Cell Activating Culture Conditions; (v) Ex Vivo Manufactured Cell Formulations; (vi) Methods of
Use; (vii) Reference Levels Derived from Control Populations; (viii) Exemplary Embodiments; (ix)
Experimental Examples; and (x) Closing Paragraphs. These headings are provided for
organizational purposes only and do not limit the scope or interpretation of the disclosure.

[0071] (i) Immune Cells. The present disclosure describes cells genetically modified to express
CAR. Genetically modified cells can include T-cells, B cells, natural killer (NK) cells, NK-T cells,
monocytes/macrophages, lymphocytes, hematopoietic stem cells (HSCs), hematopoietic
progenitor cells (HPC), and/or a mixture of HSC and HPC (i.e., HSPC). In particular embodiments,
genetically modified cells include T-cells.

[0072] Several different subsets of T-cells have been discovered, each with a distinct function.
For example, a majority of T-cells have a T-cell receptor (TCR) existing as a complex of several
proteins. The actual T-cell receptor is composed of two separate peptide chains, which are
produced from the independent T-cell receptor alpha and beta (TCRa and TCRp) genes and are
called a- and B-TCR chains.

[0073] yé T-cells represent a small subset of T-cells that possess a distinct T-cell receptor (TCR)
on their surface. In y3 T-cells, the TCR is made up of one y-chain and one §-chain. This group of
T-cells is much less common (2% of total T-cells) than the ag T-cells.

[0074] CD3 is expressed on all mature T cells. Activated T-cells express 4-1BB (CD137), CD69,

and CD25. CD5 and transferrin receptor are also expressed on T-cells.
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[0075] T-cells can further be classified into helper cells (CD4+ T-cells) and cytotoxic T-cells
(CTLs, CD8+ T-cells), which include cytolytic T-cells. T helper cells assist other white blood cells
in immunologic processes, including maturation of B cells into plasma cells and activation of
cytotoxic T-cells and macrophages, among other functions. These cells are also known as CD4+
T-cells because they express the CD4 protein on their surface. Helper T-cells become activated
when they are presented with peptide antigens by MHC class || molecules that are expressed on
the surface of antigen presenting cells (APCs). Once activated, they divide rapidly and secrete
small proteins called cytokines that regulate or assist in the active immune response.

[0076] Cytotoxic T-cells destroy virally infected cells and tumor cells and are also implicated in
transplant rejection. These cells are also known as CD8+ T-cells because they express the CD8
glycoprotein on their surface. These cells recognize their targets by binding to antigen associated
with MHC class |, which is present on the surface of nearly every cell of the body.

[0077] "Central memory" T-cells (or "TCM") as used herein refers to an antigen experienced CTL
that expresses CD62L or CCR7 and CD45R0O on the surface thereof and does not express or
has decreased expression of CD45RA as compared to naive cells. In particular embodiments,
central memory cells are positive for expression of CD62L, CCR7, CD25, CD127, CD45R0, and
CD95, and have decreased expression of CD45RA as compared to naive cells.

[0078] "Effector memory" T-cell (or "TEM") as used herein refers to an antigen experienced T-
cell that does not express or has decreased expression of CD62L on the surface thereof as
compared to central memory cells and does not express or has decreased expression of CD45RA
as compared to a naive cell. In particular embodiments, effector memory cells are negative for
expression of CD62L and CCR7, compared to naive cells or central memory cells, and have
variable expression of CD28 and CD45RA. Effector T-cells are positive for granzyme B and
perforin as compared to memory or naive T-cells.

[0079] "Naive" T-cells as used herein refers to a non-antigen experienced T cell that expresses
CD62L and CD45RA and does not express CD45R0O as compared to central or effector memory
cells. In particular embodiments, naive CD8+ T lymphocytes are characterized by the expression
of phenotypic markers of naive T-cells including CD62L, CCR7, CD28, CD127, and CD45RA.
[0080] Natural killer cells (also known as NK cells, K cells, and killer cells) are activated in
response to interferons or macrophage-derived cytokines. They serve to contain viral infections
while the adaptive immune response is generating antigen-specific cytotoxic T cells that can clear
the infection. NK cells express CD8, CD16 and CD56 but do not express CD3.

[0081] NK cells include NK-T cells. NK-T cells are a specialized population of T cells that express

a semi invariant T cell receptor (TCR ab) and surface antigens typically associated with natural
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killer cells. NK-T cells contribute to antibacterial and antiviral immune responses and promote
tumor-related immunosurveillance or immunosuppression. Like natural killer cells, NK-T cells can
also induce perforin-, Fas-, and TNF-related cytotoxicity. Activated NK-T cells are capable of
producing IFN-y and IL-4. In particular embodiments, NK-T cells are CD3+/CD56+.

[0082] Macrophages (and their precursors, monocytes) reside in every tissue of the body (in
certain instances as microglia, Kupffer cells and osteoclasts) where they engulf apoptotic cells,
pathogens and other non-self-components. Monocytes/macrophages express CD11b, F4/80;
CDe68; CD11c; IL-4Ra; and/or CD163.

[0083] Immature dendritic cells (i.e., pre-activation) engulf antigens and other non-self-
components in the periphery and subsequently, in activated form, migrate to T-cell areas of
lymphoid tissues where they provide antigen presentation to T cells. Dendritic cells express CD1a,
CD1b, CD1c, CD1d, CD21, CD35, CD39, CD40, CD86, CD101, CD148, CD209, and DEC-205.

[0084] Hematopoietic Stem/Progenitor Cells or HSPC refer to a combination of hematopoietic
stem cells and hematopoietic progenitor cells.

[0085] Hematopoietic stem cells refer to undifferentiated hematopoietic cells that are capable of
self-renewal either in vivo, essentially unlimited propagation in vitro, and capable of differentiation
to all other hematopoietic cell types.

[0086] A hematopoietic progenitor cell is a cell derived from hematopoietic stem cells or fetal
tissue that is capable of further differentiation into mature cell types. In certain embodiments,
hematopoietic progenitor cells are CD24" Lin-CD117* hematopoietic progenitor cells. HPC can
differentiate into (i) myeloid progenitor cells which ultimately give rise to monocytes and
macrophages, neutrophils, basophils, eosinophils, erythrocytes, megakaryocytes/platelets, or
dendritic cells; or (ii) lymphoid progenitor cells which ultimately give rise to T-cells, B-cells, and
NK-cells.

[0087] HSPC can be positive for a specific marker expressed in increased levels on HSPC
relative to other types of hematopoietic cells. For example, such markers include CD34, CD43,
CD45R0O, CD45RA, CD59, CD90, CD109, CD117, CD133, CD166, HLA DR, or a combination
thereof. Also, the HSPC can be negative for an expressed marker relative to other types of
hematopoietic cells. For example, such markers include Lin, CD38, or a combination thereof.
Preferably, the HSPC are CD34* cells.

[0088] A statement that a cell or population of cells is "positive" for or expressing a particular
marker refers to the detectable presence on or in the cell of the particular marker. When referring
to a surface marker, the term can refer to the presence of surface expression as detected by flow

cytometry, for example, by staining with an antibody that specifically binds to the marker and
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detecting said antibody, wherein the staining is detectable by flow cytometry at a level
substantially above the staining detected carrying out the same procedure with an isotype-
matched control under otherwise identical conditions and/or at a level substantially similar to that
for cell known to be positive for the marker, and/or at a level substantially higher than that for a
cell known to be negative for the marker.

[0089] A statement that a cell or population of cells is "negative" for a particular marker or lacks
expression of a marker refers to the absence of substantial detectable presence on or in the cell
of a particular marker. When referring to a surface marker, the term can refer to the absence of
surface expression as detected by flow cytometry, for example, by staining with an antibody that
specifically binds to the marker and detecting said antibody, wherein the staining is not detected
by flow cytometry at a level substantially above the staining detected carrying out the same
procedure with an isotype-matched control under otherwise identical conditions, and/or at a level
substantially lower than that for cell known to be positive for the marker, and/or at a level
substantially similar as compared to that for a cell known to be negative for the marker.

[0090] Cells to be genetically modified according to the teachings of the current disclosure can
be patient-derived cells (autologous) or allogeneic when appropriate, and can also be in vivo or
ex vivo.

[0091] (ii) Cell Sample Collection and Cell Enrichment. Methods of sample collection and
enrichment are known by those skilled in the art. In some embodiments, cells are derived from
cell lines. The cells in some embodiments are obtained from a xenogeneic source, for example,
from mouse, rat, non-human primate, or pig. In particular embodiments, cells are derived from
humans.

[0092] In some embodiments, T cells are derived or isolated from samples such as whole blood,
peripheral blood mononuclear cells (PBMCs), leukocytes, bone marrow, thymus, tissue biopsy,
tumor, leukemia, lymphoma, lymph node, gut associated lymphoid tissue, mucosa associated
lymphoid tissue, spleen, other lymphoid tissues, liver, lung, stomach, intestine, colon, kidney,
pancreas, breast, bone, prostate, cervix, testes, ovaries, tonsil, or other organ, and/or cells
derived therefrom. In particular embodiments, cells from the circulating blood of a subject are
obtained, e.g., by apheresis or leukapheresis. The samples, in particular embodiments, contain
lymphocytes, including T cells, monocytes, granulocytes, B cells, other nucleated
white blood cells, HSC, HPC, HSPC, red blood cells, and/or platelets, and in some aspects
contains cells other than red blood cells and platelets and further processing is necessary.
[0093] In some embodiments, blood cells collected from a subject are washed, e.g., to remove

the plasma fraction and to place the cells in an appropriate buffer or media for subsequent
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processing steps. In particular embodiments, the cells are washed with phosphate buffered saline
(PBS). In some embodiments, the wash solution lacks calcium and/or magnesium and/or many
or all divalent cations. Washing can be accomplished using a semi-automated "flow-through"
centrifuge (for example, the Cobe 2991 cell processor, Baxter) according to the manufacturer's
instructions. Tangential flow filtration (TFF) can also be performed. In particular embodiments,
cells can be re-suspended in a variety of biocompatible buffers after washing, such as,
Ca++/Mg++ free PBS.

[0094] The isolation can include one or more of various cell preparation and separation steps,
including separation based on one or more properties, such as size, density, sensitivity or
resistance to particular reagents, and/or affinity, e.g., immunoaffinity, to antibodies or other
binding partners. In particular embodiments, the isolation is carried out using the same apparatus
or equipment sequentially in a single process stream and/or simultaneously. In particular
embodiments, the isolation, culture, and/or engineering of the different populations is carried out
from the same starting composition or material, such as from the same sample.

[0095] In particular embodiments, a sample can be enriched for T cells by using density-based
cell separation methods and related methods. For example, white blood cells can be separated
from other cell types in the peripheral blood by lysing red blood cells and centrifuging the sample
through a Percoll or Ficoll gradient.

[0096] In particular embodiments, a bulk T cell population can be used that has not been enriched
for a particular T cell type. In particular embodiments, a selected T cell type can be enriched for
and/or isolated based on cell-marker based positive and/or negative selection. In positive
selection, cells having bound cellular markers are retained for further use. In negative selection,
cells not bound by a capture agent, such as an antibody to a cellular marker are retained for
further use. In some examples, both fractions can be retained for a further use.

[0097] The separation need not result in 100% enrichment or removal of a particular cell
population or cells expressing a particular marker. For example, positive selection of or
enrichment for cells of a particular type refers to increasing the number or percentage of such
cells but need not result in a complete absence of cells not expressing the marker. Likewise,
negative selection, removal, or depletion of cells of a particular type refers to decreasing the
number or percentage of such cells but need not result in a complete removal of all such cells.
[0098] In some examples, multiple rounds of separation steps are carried out, where the positively
or negatively selected fraction from one step is subjected to another separation step, such as a

subsequent positive or negative selection.
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[0099] In some embodiments, an antibody or binding domain for a cellular marker is bound to a
solid support or matrix, such as a magnetic bead or paramagnetic bead, to allow for separation
of cells for positive and/or negative selection. For example, in some embodiments, the cells and
cell populations are separated or isolated using immunomagnetic (or affinity magnetic) separation
techniques (reviewed in Methods in Molecular Medicine, vol. 58: Metastasis Research Protocols,
Vol. 2: Cell Behavior In Vitro and In Vivo, p 17-25 Edited by: S. A. Brooks and U. Schumacher ©
Humana Press Inc., Totowa, NJ); see also US 4,452,773; US 4,795,698; US 5,200,084; and EP
452342,

[0100] In some embodiments, affinity-based selection is via magnetic-activated cell sorting
(MACS) (Miltenyi Biotec, Auburn, CA). MACS systems are capable of high-purity selection of cells
having magnetized particles attached thereto. In certain embodiments, MACS operates in a mode
wherein the non-target and target species are sequentially eluted after the application of the
external magnetic field. That is, the cells attached to magnetized particles are held in place while
the unattached species are eluted. Then, after this first elution step is completed, the species that
were trapped in the magnetic field and were prevented from being eluted are freed in some
manner such that they can be eluted and recovered. In certain embodiments, the non-target cells
are labelled and depleted from the heterogeneous population of cells.

[0101] In some embodiments, a cell population described herein is collected and enriched (or
depleted) via flow cytometry, in which cells stained for multiple cell surface markers are carried in
a fluidic stream. In some embodiments, a cell population described herein is collected and
enriched (or depleted) via preparative scale (FACS)-sorting. In certain embodiments, a cell
population described herein is collected and enriched (or depleted) by use of
microelectromechanical systems (MEMS) chips in combination with a FACS-based detection
system (see, e.g., WO 2010/033140, Cho et al. (2010) Lab Chip 10, 1567-1573; and Godin et al.
(2008) J Biophoton. 1(5):355— 376). In both cases, cells can be labeled with multiple markers,
allowing for the isolation of well-defined cell subsets at high purity.

[0102] Cell-markers for different T cell subpopulations are described above. In particular
embodiments, specific subpopulations of T cells, such as cells positive or expressing high levels
of one or more surface markers, e.g., CCR7, CD45R0O, CD8, CD27, CD28, CD62L, CD127, CD4,
and/or CD45RA T cells, are isolated by positive or negative selection techniques.

[0103] CD3+, CD28+ T cells can be positively selected for and expanded using anti-CD3/anti-
CD28 conjugated magnetic beads (e.g., DYNABEADS® M-450 CD3/CD28 T Cell Expander).
[0104] In particular embodiments, a CD8+ or CD4+ selection step is used to separate CD4+

helper and CD8+ cytotoxic T cells. Such CD8+ and CD4+ populations can be further sorted into
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sub-populations by positive or negative selection for markers expressed or expressed to a
relatively higher degree on one or more naive, memory, and/or effector T cell subpopulations.
[0105] In some embodiments, enrichment for central memory T (TCM) cells is carried out. In
particular embodiments, memory T cells are present in both CD62L subsets of CD8+ peripheral
blood lymphocytes. PBMC can be enriched for or depleted of CD62L, CD8 and/or CD62L+CD8+
fractions, such as by using anti-CD8 and anti-CD62L antibodies.

[0106] In some embodiments, the enrichment for central memory T (TCM) cells is based on
positive or high surface expression of CCR7, CD45R0O, CD27, CD62L, CD28, CD3, and/or
CD127; in some aspects, it is based on negative selection for cells expressing or highly
expressing CD45RA and/or granzyme B. In some aspects, isolation of a CD8+ population
enriched for TCM cells is carried out by depletion of cells expressing CD4, CD14, CD45RA, and
positive selection or enrichment for cells expressing CCR7, CD45R0O, and/or CD62L. In one
aspect, enrichment for central memory T (TCM) cells is carried out starting with a negative fraction
of cells selected based on CD4 expression, which is subjected to a negative selection based on
expression of CD14 and CD45RA, and a positive selection based on CD62L. Such selections in
some aspects are carried out simultaneously and in other aspects are carried out sequentially, in
either order. In some aspects, the same CD4 expression-based selection step used in preparing
the CD8+ cell population or subpopulation, also is used to generate the CD4+ cell population or
sub-population, such that both the positive and negative fractions from the CD4-based separation
are retained, optionally following one or more further positive or negative selection steps.

[0107] In a particular example, a sample of PBMCs or other white blood cell sample is subjected
to selection of CD4+ cells, where both the negative and positive fractions are retained. The
negative fraction then is subjected to negative selection based on expression of CD14 and
CD45RA or RORI, and positive selection based on a marker characteristic of central memory T
cells, such as CCR7, CD45R0O, and/or CD62L, where the positive and negative selections are
carried out in either order.

[0108] In particular embodiments, cell enrichment results in a bulk CD8+ FACs-sorted cell
population.

[0109] Other cell types can be enriched based on known marker profiles and techniques. For
example, CD34+ HSC, HSP, and HSPC can be enriched using anti-CD34 antibodies directly or
indirectly conjugated to magnetic particles in connection with a magnetic cell separator, for
example, the CIliniIMACS® Cell Separation System (Miltenyi Biotec, Bergisch Gladbach,

Germany).
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[0110] (iii) Genetically Modifying Cell Populations to Express Chimeric Antigen Receptors (CAR).
Cell populations are genetically modified to express chimeric antigen receptors (CAR) described
herein.

[0111] (iii-a) Genetic Engineering Techniques. Desired genes encoding CAR disclosed herein
can be introduced into cells by any method known in the art, including transfection,
electroporation, microinjection, lipofection, calcium phosphate mediated transfection, infection
with a viral or bacteriophage vector including the gene sequences, cell fusion, chromosome-
mediated gene transfer, microcell-mediated gene transfer, spheroplast fusion, in vivo
nanoparticle-mediated delivery, etc. Numerous techniques are known in the art for the
introduction of foreign genes into cells (see e.g., Loeffler and Behr, 1993, Meth. Enzymol.
217:599-618; Cohen, et al., 1993, Meth. Enzymol. 217:618-644; Cline, 1985, Pharmac. Ther.
29:69-92) and may be used, provided that the necessary developmental and physiological
functions of the recipient cells are not unduly disrupted. The technique can provide for the stable
transfer of the gene to the cell, so that the gene is expressible by the cell and, in certain instances,
preferably heritable and expressible by its cell progeny.

[0112] The term “gene” refers to a nucleic acid sequence (used interchangeably with
polynucleotide or nucleotide sequence) that encodes a CAR including a CD33-binding domain as
described herein. This definition includes various sequence polymorphisms, mutations, and/or
sequence variants wherein such alterations do not substantially affect the function of the encoded
CAR. The term “gene” may include not only coding sequences but also regulatory regions such
as promoters, enhancers, and termination regions. The term further can include all introns and
other DNA sequences spliced from an mRNA transcript, along with variants resulting from
alternative splice sites. Gene sequences encoding the molecule can be DNA or RNA that directs
the expression of the chimeric molecule. These nucleic acid sequences may be a DNA strand
sequence that is transcribed into RNA or an RNA sequence that is translated into protein. The
nucleic acid sequences include both the full-length nucleic acid sequences as well as non-full-
length sequences derived from the full-length protein. The sequences can also include
degenerate codons of the native sequence or sequences that may be introduced to provide codon
preference in a specific cell type. Portions of complete gene sequences are referenced throughout
the disclosure as is understood by one of ordinary skill in the art.

[0113] Gene sequences encoding CAR are provided herein and can also be readily prepared by
synthetic or recombinant methods from the relevant amino acid sequences and other description
provided herein. In embodiments, the gene sequence encoding any of these sequences can also

have one or more restriction enzyme sites at the 5' and/or 3' ends of the coding sequence in order
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to provide for easy excision and replacement of the gene sequence encoding the sequence with
another gene sequence encoding a different sequence. In embodiments, the gene sequence
encoding the sequences can be codon optimized for expression in mammalian cells.

[0114] "Encoding” refers to the property of specific sequences of nucleotides in a gene, such as
a cDNA, or an mRNA, to serve as templates for synthesis of other macromolecules such as a
defined sequence of amino acids. Thus, a gene codes for a protein if transcription and translation
of MRNA corresponding to that gene produces the protein in a cell or other biological system. A
"gene sequence encoding a protein” includes all nucleotide sequences that are degenerate
versions of each other and that code for the same amino acid sequence or amino acid sequences
of substantially similar form and function.

[0115] Polynucleotide gene sequences encoding more than one portion of an expressed CAR
can be operably linked to each other and relevant regulatory sequences. For example, there can
be a functional linkage between a regulatory sequence and an exogenous nucleic acid sequence
resulting in expression of the latter. For another example, a first nucleic acid sequence can be
operably linked with a second nucleic acid sequence when the first nucleic acid sequence is
placed in a functional relationship with the second nucleic acid sequence. For instance, a
promoter is operably linked to a coding sequence if the promoter affects the transcription or
expression of the coding sequence. Generally, operably linked DNA sequences are contiguous
and, where necessary or helpful, join coding regions, into the same reading frame.

[0116] In any of the embodiments described herein, a polynucleotide caninclude a polynucleotide
that encodes a self-cleaving polypeptide, wherein the polynucleotide encoding the self-cleaving
polypeptide is located between the polynucleotide encoding the CAR construct and a
polynucleotide encoding a transduction marker (e.g., tEGFR). Exemplary self-cleaving
polypeptides include 2A peptide from porcine teschovirus-1 (P2A), Thosea asigna virus (T2A),
equine rhinitis A virus (E2A), foot-and-mouth disease virus (F2A), or variants thereof (see FIG.
36). Further exemplary nucleic acid and amino acid sequences of 2A peptides are set forth in, for
example, Kim et al. (PLOS One 6:18556 (2011).

[0117] A "vector" is a nucleic acid molecule that is capable of transporting another nucleic acid.
Vectors may be, e.g., plasmids, cosmids, viruses, or phage. An "expression vector" is a vector
that is capable of directing the expression of a protein encoded by one or more genes carried by
the vector when it is present in the appropriate environment.

[0118] "Lentivirus" refers to a genus of retroviruses that are capable of infecting dividing and non-
dividing cells. Several examples of lentiviruses include HIV (human immunodeficiency virus:

including HIV type 1, and HIV type 2); equine infectious anemia virus; feline immunodeficiency
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virus (FIV); bovine immune deficiency virus (BIV); and simian immunodeficiency virus (SIV).
[0119] "Retroviruses" are viruses having an RNA genome. "Gammaretrovirus" refers to a genus
of the retroviridae family. Exemplary gammaretroviruses include mouse stem cell virus, murine
leukemia virus, feline leukemia virus, feline sarcoma virus, and avian reticuloendotheliosis
viruses.

[0120] Retroviral vectors (see Miller, et al., 1993, Meth. Enzymol. 217:581-599) can be used. In
such embodiments, the gene to be expressed is cloned into the retroviral vector for its delivery
into cells. In particular embodiments, a retroviral vector includes all of the cis-acting sequences
necessary for the packaging and integration of the viral genome, i.e., (a) a long terminal repeat
(LTR), or portions thereof, at each end of the vector; (b) primer binding sites for negative and
positive strand DNA synthesis; and (c) a packaging signal, necessary for the incorporation of
genomic RNA into virions. More detail about retroviral vectors can be found in Boesen, et al,,
1994, Biotherapy 6:291-302; Clowes, et al., 1994, J. Clin. Invest. 93:644-651; Kiem, et al., 1994,
Blood 83:1467-1473; Salmons and Gunzberg, 1993, Human Gene Therapy 4:129-141; and
Grossman and Wilson, 1993, Curr. Opin. in Genetics and Devel. 3:110-114. Adenoviruses,
adeno-associated viruses (AAV) and alphaviruses can also be used. See Kozarsky and Wilson,
1993, Current Opinion in Genetics and Development 3:499-503, Rosenfeld, et al., 1991, Science
252:431-434; Rosenfeld, et al., 1992, Cell 68:143-155; Mastrangeli, et al., 1993, J. Clin. Invest.
91:225-234; Walsh, et al., 1993, Proc. Soc. Exp. Bioi. Med. 204:289-300; and Lundstrom, 1999,
J. Recept. Signal Transduct. Res. 19: 673-686. Other methods of gene delivery include use of
mammalian artificial chromosomes (Vos, 1998, Curr. Op. Genet. Dev. 8:351-359); liposomes
(Tarahovsky and Ivanitsky, 1998, Biochemistry (Mosc) 63:607-618); ribozymes (Branch and
Klotman, 1998, Exp. Nephrol. 6:78-83); and triplex DNA (Chan and Glazer, 1997, J. Mol. Med.
75:267-282).

[0121] There are a large number of available viral vectors suitable within the current disclosure,
including those identified for human gene therapy applications (see Pfeifer and Verma, 2001, Ann.
Rev. Genomics Hum. Genet. 2:177). Methods of using retroviral and lentiviral viral vectors and
packaging cells for transducing mammalian host cells with viral particles including CAR
transgenes are described in, e.g., US 8,119,772; Walchli, ef al., 2011, PLoS One 6:327930; Zhao,
etal., 2005, J. Immunol. 174:4415; Engels, et al., 2003, Hum. Gene Ther. 14:1155; Frecha, et al,,
2010, Mol. Ther. 18:1748; and Verhoeyen, et al., 2009, Methods Mol. Biol. 506:97. Retroviral and
lentiviral vector constructs and expression systems are also commercially available.

[0122] Targeted genetic engineering approaches may also be utilized. The CRISPR (Clustered

Regularly Interspaced Short Palindromic Repeats)/Cas (CRISPR-associated protein) nuclease
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system is an engineered nuclease system used for genetic engineering that is based on a
bacterial system. Information regarding CRISPR-Cas systems and components thereof are
described in, for example, US8697359, US8771945, US8795965, US8865406, US8871445,
US8889356, US8889418, US8895308, US8906616, US8932814, US8945839, US8993233 and
US8999641 and applications related thereto; and W02014/018423, WQ02014/093595,
WO02014/093622, WO02014/093635, WO2014/093655, WO2014/093661, WO2014/093694,
WO02014/093701, WO2014/093709, WO2014/093712, WO2014/093718, WO2014/145599,
WO02014/204723, WO2014/204724, WO2014/204725, WO2014/204726, WO2014/204727,
WO02014/204728, WO02014/204729, WO2015/065964, WO2015/089351, WO2015/089354,
WO02015/089364, WO02015/089419, WO2015/089427, WO2015/089462, WO2015/089465,
WO02015/089473 and W02015/089486, W0O2016205711, WO2017/106657, W0O2017/127807
and applications related thereto.

[0123] Particular embodiments utilize zinc finger nucleases (ZFNs) as gene editing agents. ZFNs
are a class of site-specific nucleases engineered to bind and cleave DNA at specific positions.
ZFNs are used to introduce double stranded breaks (DSBs) at a specific site in a DNA sequence
which enables the ZFNs to target unique sequences within a genome in a variety of different cells.
For additional information regarding ZFNs and ZFNs useful within the teachings of the current
disclosure, see, e.g., US 6,534,261; US 6,607,882; US 6,746,838; US 6,794,136; US 6,824,978,
6,866,997; US 6,933,113; 6,979,539; US 7,013,219; US 7,030,215; US 7,220,719; US 7,241,573,
US 7,241,574; US 7,585,849; US 7,595,376; US 6,903,185; US 6,479,626; US 2003/0232410
and US 2009/0203140 as well as Gaj et al., Nat Methods, 2012, 9(8):805-7; Ramirez ef al., Nucl
Acids Res, 2012, 40(12):5560-8; Kim et al., Genome Res, 2012, 22(7): 1327-33; Urnov et al.,
Nature Reviews Genetics, 2010, 11 :636-646; Miller, et al. Nature biotechnology 25, 778-785
(2007); Bibikova, et al. Science 300, 764 (2003); Bibikova, et al. Genetics 161, 1169-1175 (2002);
Wolfe, ef al. Annual review of biophysics and biomolecular structure 29, 183-212 (2000); Kim, et
al. Proceedings of the National Academy of Sciences of the United States of America 93, 1156-
1160 (1996); and Miller, et al. The EMBO journal 4, 1609-1614 (1985).

[0124] Particular embodiments can use transcription activator like effector nucleases (TALENS)
as gene editing agents. TALENSs refer to fusion proteins including a transcription activator-like
effector (TALE) DNA binding protein and a DNA cleavage domain. TALENSs are used to edit genes
and genomes by inducing double DSBs in the DNA, which induce repair mechanisms in cells.
Generally, two TALENs must bind and flank each side of the target DNA site for the DNA cleavage
domain to dimerize and induce a DSB. For additional information regarding TALENs, see US
8,440,431; US 8,440,432; US 8,450,471; US 8,586,363; and US 8,697,853, as well as Joung and
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Sander, Nat Rev Mol Cell Biol, 2013, 14(1):49-55; Beurdeley et al., Nat Commun, 2013, 4: 1762;
Scharenberg et al., Curr Gene Ther, 2013, 13(4):291-303; Gaj et al., Nat Methods, 2012,
9(8):805-7; Miller, et al. Nature biotechnology 29, 143-148 (2011); Christian, et al. Genetics 186,
757-761 (2010); Boch, et al. Science 326, 1509-1512 (2009); and Moscou, & Bogdanove, Science
326, 1501 (2009).

[0125] Particular embodiments can utilize MegaTALs as gene editing agents. MegaTALs have a
sc rare-cleaving nuclease structure in which a TALE is fused with the DNA cleavage domain of a
meganuclease. Meganucleases, also known as homing endonucleases, are single peptide chains
that have both DNA recognition and nuclease function in the same domain. In contrast to the
TALEN, the megaTAL only requires the delivery of a single peptide chain for functional activity.
[0126] Nanoparticles that result in selective in vivo genetic modification of targeted cell types have
been described and can be used within the teachings of the current disclosure. In particular
embodiments, the nanoparticles can be those described in W02014153114, W0O2017181110,
and W0201822672.

[0127] (iii-b) CAR Subcomponents. As described previously, CAR molecules include several
distinct subcomponents that allow genetically modified cells to recognize and kill unwanted cells,
such as cancer cells. The subcomponents include at least an extracellular component and an
intracellular component. The extracellular component includes a binding domain that specifically
binds a marker that is preferentially present on the surface of unwanted cells. When the binding
domain binds such markers, the intracellular component activates the cell to destroy the bound
cell. CAR additionally include a transmembrane domain that links the extracellular component to
the intracellular component, and other subcomponents that can increase the CAR’s function. For
example, the inclusion of a spacer region and/or one or more linker sequences can allow the CAR
to have additional conformational flexibility, often increasing the binding domain’s ability to bind
the targeted cell marker.

[0128] (iii-b-i)) Binding Domains. The current disclosure provides newly developed binding
domains for use in CAR based on antibodies that bind CD33. Antibodies are produced from two
genes, a heavy chain gene and a light chain gene. Generally, an antibody includes two identical
copies of a heavy chain, and two identical copies of a light chain. Within a variable heavy chain
and variable light chain, segments referred to as complementary determining regions (CDRs)
dictate epitope binding. Each heavy chain has three CDRs (i.e., CDRH1, CDRH2, and CDRH3)
and each light chain has three CDRs (i.e., CDRL1, CDRL2, and CDRL3). CDR regions are flanked
by framework residues (FR). The precise amino acid sequence boundaries of a given CDR or FR

can be readily determined using any of a number of well-known schemes, including those
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described by: Kabat et al. (1991) "Sequences of Proteins of Immunological Interest," 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, Md. (Kabat numbering scheme);
Al-Lazikani et al. (1997) J Mol Biol 273: 927-948 (Chothia numbering scheme); Maccallum et al.
(1996) J Mol Biol 262: 732-745 (Contact numbering scheme); Martin et al. (1989) Proc. Natl.
Acad. Sci., 86: 9268-9272 (AbM numbering scheme); North et al. (2011) J. Mol. Biol. 406(2):228-
56 (North numbering scheme); Lefranc M P et al. (2003) Dev Comp Immunol 27(1): 55-77 (IMGT
numbering scheme); and Honegger and Pluckthun (2001) J Mol Biol 309(3): 657-670 ("Aho"
numbering scheme). The boundaries of a given CDR or FR may vary depending on the scheme
used for identification. For example, the Kabat scheme is based on structural alignments, while
the Chothia scheme is based on structural information. Numbering for both the Kabat and Chothia
schemes is based upon the most common antibody region sequence lengths, with insertions
accommodated by insertion letters, for example, "30a," and deletions appearing in some
antibodies. The two schemes place certain insertions and deletions ("indels") at different
positions, resulting in differential numbering. The Contact scheme is based on analysis of complex
crystal structures and is similar in many respects to the Chothia numbering scheme. In particular
embodiments, the antibody CDR sequences disclosed herein are according to Kabat numbering.
North numbering uses longer sequences in the structural analysis of the conformations of CDR
loops. CDR residues can be identified using software programs such as ABodyBuilder.

[0129] CD33 binding domains for use in CARs are derived from antibodies the 1H7, 6H9, 9G2,
2D5, 5D12, 3a5v1, 3A5v2, 7D5v1, 7D5v2, 8F5, 12B12, 11D11, 7E7, 11D5, and 13E11. As
indicated elsewhere, antibodies were selected based on binding either the V-set domain of CD33,
the C2-set domain regardless of the presence or absence of the V-set domain (pan binders), or
the C2-set domain but only in the absence of the V-set domain.

[0130] CDR sets for the antibodies provided herein are provided below. A CD33 CDR set refers
to 3 light chain CDRs and 3 heavy chain CDRs that together result in binding to CD33.

Table 1: Antibody CDR Sequences according to North.

Antibody | CDR SEQUENCE SEQID NO:
CDRL1 | RASQDINYYLN 50
CDRL2 | YYSSRLHS o1
CDRL3 | QQDDALPYT 52
1H7
CDRH1 | KASGYAFSNYWMN 53
CDRH2 | QINPGDGDTN 54
CDRH3 | AREDRDYFDY 55
6HO CDRL1 | RASQDINIYLN 56
CDRL2 | YYTSRLHS 57
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Antibody | CDR SEQUENCE SEQID NO:
CDRL3 | QQGDTLPWT 58
CDRH1 | AASGFTFSSYTMS 59
CDRH2 | TISGDGGNTY 60
CDRH3 | ARQGTGTDYFDY 61
CDRL1 | KTSQDIYNYLN 62
CDRL2 | YYTSRLHS 57
9G2 CDRL3 | QQGDTLPWT 58
CDRH1 | TASGFTFSDYYMS 63
CDRH2 | SINYDGGSTY 64
CDRH3 | ARDRGDGDYFDY 65
CDRL1 | KASQNVGTNWV 66
CDRL2 | YSASDRYS 67
CDRL3 | QQYNIYPYT 68
2D5
CDRH1 | KASGYTFTDYDMH 69
CDRH2 | AIDPETGGTA 70
CDRH3 | TSDYDYFGV 71
CDRL1 | KASQDIKSYLS 72
CDRL2 | YYATTLAD 180
CDRL3 | LHHGESPWT 74
5D12
CDRH1 | RASGYAFSNYWMN 181
CDRH2 | QIYPGNFNTD 182
CDRH3 | ARFFDFGAYFTLDY 183
CDRL1 | KASQSVGSDVA 184
CDRL2 | YLASNRHT 185
3A51 CDRL3 | QQYNIYPYT 68
CDRH1 | KASGYTFTDYEMH 186
CDRH2 | SIDPETGVTA 187
CDRH3 | TSDYGYFDV 188
CDRL1 | KASQSVGSDVA 184
CDRL2 | YLASNRHT 185
CDRL3 | QQYNIYPYT 68
3A5v2
CDRH1 | KASGYTFTDYEMH 186
CDRH2 | SIDPETGVTA 187
CDRH3 | TSDYGYFNV 189
CDRL1 | RASQDIFNYLN 190
CDRL2 | YYASRLHS 191
D51 CDRL3 | QQGDTLPYT 192
CDRH1 | TVSGFSLTSYNIN 193
CDRH2 | VIWTGGDTN 194
CDRH3 | VRDGTGTGDYFDY 195
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Antibody | CDR SEQUENCE SEQID NO:
CDRL1 | RASQDIFNYLN 190
CDRL2 | YYASRLHS 191
ZD5v2 CDRL3 | QQGDTLPYT 192
CDRH1 | TVSGFSLTSYNIN 193
CDRH2 | VIWTGGDTN 194
CDRH3 | VRDGTGTGDHFDY 196
CDRL1 | KSSQSLLYSRNQYNFLA | 146
CDRL2 | YWASTRES 197
8F5 CDRL3 | QQYYSYPYT 148
CDRH1 | AASGFTFSDFYMY 198
CDRH2 | FISNAGVTTY 199
CDRH3 | TKSDYDGAWFPY 200
CDRL1 | RSSQSLLHSNGITYLY 152
CDRL2 | YQMSNLAS 201
19812 CDRL3 | AQNLELPPT 154
CDRH1 | KASGYTFTTYWMH 202
CDRH2 | AIYPGNSDTS 203
CDRH3 | EIYDGYHFIY 204
CDRL1 | RASQDISNYLN 158
CDRL2 | YYTSRLHS 57
11D11 CDRL3 | QQGSTLPPT 160
CDRH1 | ATSGFTFSDFYME 205
CDRH2 | ASRNKANDYTTE 206
CDRH3 | TRDTGPMDY 207
CDRL1 | KSSQSLLDSDGKTYLS 164
CDRL2 | HLVSKLDS 208
2E7 CDRL3 | WQGTHFPLT 166
CDRH1 | SFSGFSLNSYGMGIG 209
CDRH2 | HIVWWDDNKY 210
CDRH3 | ARDGGYSLFAY 211
CDRL1 | RSNKSLLHSNGITYLY 170
CDRL2 | YQMSNLAS 201
11D5 CDRL3 | AQNLELPPT 154
CDRH1 | KASGYTFTSYWMH 212
CDRH2 | AIYCGNSDTS 213
CDRH3 | KIYDGYHFDY 214
CDRL1 | KASHGVEYAGAHYMN 174
13E11 CDRL2 | YAASNLGS 215
CDRL3 | QQSNEDPRT 176
CDRH1 | KASGYTFTDYTLH 216
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Antibody | CDR SEQUENCE SEQID NO:
CDRH2 | WFYPTSGSIN 217
CDRH3 | ARHKFGFDY 218

Table 2: Antibody CDR Sequences according to IMGT.

Antibody | CDR SEQUENCE SEQID NO:
CDRL1 | QDINYY 219
CDRL2 | YSS N/A
1H7 CDRL3 | QQDDALPYT 52
CDRH1 | GYAFSNYW 221
CDRH2 | INPGDGDT 222
CDRH3 | AREDRDYFDY 55
CDRL1 | QDINIY 223
CDRL2 | YTS N/A
6HO CDRL3 | QQGDTLPWT 58
CDRH1 | GFTFSSYT 225
CDRH2 | ISGDGGNT 226
CDRH3 | ARQGTGTDYFDY 61
CDRL1 | QDIYNY 227
CDRL2 | YTS N/A
962 CDRL3 | QQGDTLPWT 58
CDRH1 | GFTFSDYY 228
CDRH2 | INYDGGST 229
CDRH3 | ARDRGDGDYFDY 65
CDRL1 | QNVGTN 230
CDRL2 | SAS N/A
oD5 CDRL3 | QQYNIYPYT 68
CDRH1 | GYTFTDYD 232
CDRH2 | IDPETGGT 233
CDRH3 | TSDYDYFGV 71
CDRL1 | QDIKSY 234
CDRL2 | YAT N/A
5D12 CDRL3 | LHHGESPWT 74
CDRH1 | GYAFSNYW 221
CDRH2 | IYPGNFNT 236
CDRH3 | ARFFDFGAYFTLDY 183
CDRL1 | QSVGSD 237
CDRL2 | LAS N/A
3A5v1 CDRL3 | QQYNIYPYT 68
CDRH1 | GYTFTDYE 239
CDRH2 | IDPETGVT 240
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Antibody | CDR SEQUENCE SEQID NO:
CDRH3 | TSDYGYFDV 188
CDRL1 | QSVGSD 237
CDRL2 | LAS N/A
3A5Y2 CDRL3 | QQYNIYPYT 68
CDRH1 | GYTFTDYE 239
CDRH2 | IDPETGVT 240
CDRH3 | TSDYGYFNV 189
CDRL1 | QDIFNY 241
CDRL2 | YAS N/A
CDRL3 | QQGDTLPYT 192
7D5v1
CDRH1 | GFSLTSYN 243
CDRH2 | IWTGGDT 244
CDRH3 | VRDGTGTGDYFDY 195
CDRL1 | QDIFNY 241
CDRL2 | YAS N/A
7D5v2 CDRL3 | QQGDTLPYT 192
CDRH1 | GFSLTSYN 243
CDRH2 | IWTGGDT 244
CDRH3 | VRDGTGTGDHFDY 196
CDRL1 | QSLLYSRNQYNF 245
CDRL2 | WAS N/A
8F5 CDRL3 | QQYYSYPYT 148
CDRH1 | GFTFSDFY 247
CDRH2 | ISNAGVTT 248
CDRH3 | TKSDYDGAWFPY 200
CDRL1 | QSLLHSNGITY 249
CDRL2 | QMS N/A
12812 CDRL3 | AQNLELPPT 154
CDRH1 | GYTFTTYW 251
CDRH2 | IYPGNSDT 252
CDRH3 | EIYDGYHFIY 204
CDRL1 | QDISNY 253
CDRL2 | YTS N/A
11D11 CDRL3 | QQGSTLPPT 160
CDRH1 | GFTFSDFY 247
CDRH2 | SRNKANDYTT 254
CDRH3 | TRDTGPMDY 207
CDRL1 | QSLLDSDGKTY 255
TE7 CDRL2 | LVS N/A
CDRL3 | WQGTHFPLT 166
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Antibody | CDR SEQUENCE SEQID NO:
CDRH1 | GFSLNSYGMG 257
CDRH2 | IVWWDDNK 258
CDRH3 | ARDGGYSLFAY 211
CDRL1 | KSLLHSNGITY 259
CDRL2 | QMS N/A

11D5 CDRL3 | AQNLELPPT 154
CDRH1 | GYTFTSYW 260
CDRH2 | IYCGNSDT 261
CDRH3 | KIYDGYHFDY 214
CDRL1 | HGVEYAGAHY 262
CDRL2 | AAS N/A

13E11 CDRL3 | QQSNEDPRT 176
CDRH1 | GYTFTDYT 264
CDRH2 | FYPTSGSI 265
CDRH3 | ARHKFGFDY 218

Table 3: Antibody CDR Sequences according to Kabat.

Antibody | CDR SEQUENCE SEQID
NO:
CDRL1 | RASQDINYYLN 50
CDRL2 | YSSRLHS 266
1H7 CDRL3 | QQDDALPYT 52
CDRH1 | NYWMN 267
CDRH2 | QINPGDGDTNYNGKFKG 268
CDRH3 | EDRDYFDY 269
CDRL1 | RASQDINIYLN 56
CDRL2 | YTSRLHS 159
6HO CDRL3 | QQGDTLPWT 58
CDRH1 | SYTMS 270
CDRH2 | TISGDGGNTYYSDSVKG 271
CDRH3 | QGTGTDYFDY 272
CDRL1 | KTSQDIYNYLN 62
CDRL2 | YTSRLHS 159
962 CDRL3 | QQGDTLPWT 58
CDRH1 | DYYMS 273
CDRH2 | SINYDGGSTYYLDSLKS 274
CDRH3 | DRGDGDYFDY 275
CDRL1 | KASQNVGTNWV 66
2D5 CDRL2 | SASDRYS 276
CDRL3 | QQYNIYPYT 68
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Antibody | CDR SEQUENCE SEQID
NO:
CDRH1 | DYDMH 277
CDRH2 | AIDPETGGTAYNQNFKG 278
CDRH3 | DYDYFGV 279
CDRL1 | KASQDIKSYLS 72
CDRL2 | YATTLAD 73
5D12 CDRL3 | LHHGESPWT 74
CDRH1 | NYWMN 267
CDRH2 | QIYPGNFNTDYNGQFKG 76
CDRH3 | FFDFGAYFTLDY 77
CDRL1 | KASQSVGSDVA 184
CDRL2 | LASNRHT 280
3A51 CDRL3 | QQYNIYPYT 68
CDRH1 | DYEMH 281
CDRH2 | SIDPETGVTAYNQKFTG 282
CDRH3 | DYGYFDV 283
CDRL1 | KASQSVGSDVA 184
CDRL2 | LASNRHT 280
AA5yD CDRL3 | QQYNIYPYT 68
CDRH1 | DYEMH 281
CDRH2 | SIDPETGVTAYNQKFTG 282
CDRH3 | DYGYFNV 284
CDRL1 | RASQDIFNYLN 190
CDRL2 | YASRLHS 285
CDRL3 | QQGDTLPYT 192
7D5v1
CDRH1 | SYNIN 286
CDRH2 | VIWTGGDTNYNSAFMS 287
CDRH3 | DGTGTGDYFDY 288
CDRL1 | RASQDIFNYLN 190
CDRL2 | YASRLHS 285
2D5v2 CDRL3 | QQGDTLPYT 192
CDRH1 | SYNIN 286
CDRH2 | VIWTGGDTNYNSAFMS 293
CDRH3 | DGTGTGDHFDY 289
CDRL1 | KSSQSLLYSRNQYNFLA 146
CDRL2 | WASTRES 147
8F5 CDRL3 | QQYYSYPYT 148
CDRH1 | DFYMY 290
CDRH2 | FISNAGVTTYYPDTVEG 150
CDRH3 | SDYDGAWFPY 151
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Antibody | CDR SEQUENCE SEQID
NO:
CDRL1 | RSSQSLLHSNGITYLY 152
CDRL2 | QMSNLAS 153
12B12 CDRL3 | AQNLELPPT 154
CDRH1 | TYWMH 291
CDRH2 | AIYPGNSDTSYNQKFKG 292
CDRH3 | YDGYHFIY 293
CDRL1 | RASQDISNYLN 158
CDRL2 | YTSRLHS 159
11D11 CDRL3 | QQGSTLPPT 160
CDRH1 | DFYME 294
CDRH2 | ASRNKANDYTTEYKASVKG | 295
CDRH3 | DTGPMDY 163
CDRL1 | KSSQSLLDSDGKTYLS 164
CDRL2 | LVSKLDS 296
7E7 CDRL3 | WQGTHFPLT 166
CDRH1 | SYGMGIG 297
CDRH2 | HIVWWDDNKYYKPDLKS 298
CDRH3 | DGGYSLFAY 169
CDRL1 | RSNKSLLHSNGITYLY 170
CDRL2 | QMSNLAS 153
11D5 CDRL3 | AQNLELPPT 154
CDRH1 | SYWMH 299
CDRH2 | AIYCGNSDTSYNQKFKG 300
CDRH3 | YDGYHFDY 173
CDRL1 | KASHGVEYAGAHYMN 174
CDRL2 | AASNLGS 175
13E11 CDRL3 | QQSNEDPRT 176
CDRH1 | DYTLH 301
CDRH2 | WFYPTSGSINYNERFKD 302
CDRH3 | HKFGFDY 179

Table 4: Antibody CDR Sequences according to Chothia.

Antibody | CDR SEQUENCE SEQID NO:
CDRL1 | RASQDINYYLN 50
CDRL2 | YSSRLHS 266

1H7 CDRL3 | QQDDALPYT 52
CDRH1 | GYAFSNY 303
CDRH2 | NPGDGD 304
CDRH3 | EDRDYFDY 269
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Antibody | CDR SEQUENCE SEQID NO:
CDRL1 | RASQDINIYLN 56
CDRL2 | YTSRLHS 159
6H9 CDRL3 | QQGDTLPWT 58
CDRH1 | GFTFSSY 305
CDRH2 | SGDGGN 306
CDRH3 | QGTGTDYFDY 272
CDRL1 | KTSQDIYNYLN 62
CDRL2 | YTSRLHS 159
962 CDRL3 | QQGDTLPWT 58
CDRH1 | GFTFSDY 307
CDRH2 | NYDGGS 308
CDRH3 | DRGDGDYFDY 275
CDRL1 | KASQNVGTNVV 66
CDRL2 | SASDRYS 276
D5 CDRL3 | QQYNIYPYT 63
CDRH1 | GYTFTDY 309
CDRH2 | DPETGG 310
CDRH3 | DYDYFGV 279
CDRL1 | KASQDIKSYLS 72
CDRL2 | YATTLAD 73
5D12 CDRL3 | LHHGESPWT 74
CDRH1 | GYAFSNY 303
CDRH2 | YPGNFN 311
CDRH3 | FFDFGAYFTLDY 77
CDRL1 | KASQSVGSDVA 184
CDRL2 | LASNRHT 280
3A5V CDRL3 | QQYNIYPYT 68
CDRH1 | GYTFTDY 309
CDRH2 | DPETGV 312
CDRH3 | DYGYFDV 283
CDRL1 | KASQSVGSDVA 184
CDRL2 | LASNRHT 280
3A5Y2 CDRL3 | QQYNIYPYT 68
CDRH1 | GYTFTDY 309
CDRH2 | DPETGV 312
CDRH3 | DYGYFNV 284
CDRL1 | RASQDIFNYLN 190
ZD5v1 CDRL2 | YASRLHS 285
CDRL3 | QQGDTLPYT 192
CDRH1 | GFSLTSY 313
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Antibody | CDR SEQUENCE SEQID NO:
CDRH2 | WTGGD 314
CDRH3 | DGTGTGDYFDY 288
CDRL1 | RASQDIFNYLN 190
CDRL2 | YASRLHS 285
ZD5v2 CDRL3 | QQGDTLPYT 192
CDRH1 | GFSLTSY 313
CDRH2 | WTGGD 314
CDRH3 | DGTGTGDHFDY 289
CDRL1 | KSSQSLLYSRNQYNFLA | 146
CDRL2 | WASTRES 147
8F5 CDRL3 | QQYYSYPYT 148
CDRH1 | GFTFSDF 315
CDRH2 | SNAGVT 316
CDRH3 | SDYDGAWFPY 151
CDRL1 | RSSQSLLHSNGITYLY 152
CDRL2 | QMSNLAS 153
19812 CDRL3 | AQNLELPPT 154
CDRH1 | GYTFTTY 317
CDRH2 | YPGNSD 318
CDRH3 | YDGYHFIY 293
CDRL1 | RASQDISNYLN 158
CDRL2 | YTSRLHS 159
11D11 CDRL3 | QQGSTLPPT 160
CDRH1 | GFTFSDF 315
CDRH2 | RNKANDYT 319
CDRH3 | DTGPMDY 163
CDRL1 | KSSQSLLDSDGKTYLS 164
CDRL2 | LVSKLDS 296
2E7 CDRL3 | WQGTHFPLT 166
CDRH1 | GFSLNSYGM 320
CDRH2 | VWWDDN 321
CDRH3 | DGGYSLFAY 169
CDRL1 | RSNKSLLHSNGITYLY 170
CDRL2 | QMSNLAS 153
11D5 CDRL3 | AQNLELPPT 154
CDRH1 | GYTFTSY 322
CDRH2 | YCGNSD 323
CDRH3 | YDGYHFDY 173
13E11 CDRL1 | KASHGVEYAGAHYMN 174
CDRL2 | AASNLGS 175
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Antibody | CDR SEQUENCE SEQ ID NO:
CDRL3 | QQSNEDPRT 176
CDRH1 | GYTFTDY 309
CDRH2 | YPTSGS 324
CDRH3 | HKFGFDY 179
Table 5: Antibody CDR Sequences — Set 5.
Antibody | CDR SEQUENCE SEQ ID NO:
CDRL1 | RASQDINYYLN 50
CDRL2 | YYSSRLHS 51
CDRL3 | QQDDALPYT 52
H7 CDRH1 | KASGYAFSNYWMN 53
CDRH2 | QINPGDGDTN 54
CDRH3 | AREDRDYFDY 55
CDRL1 | RASQDINIYLN 56
CDRL2 | YYTSRLHS 57
CDRL3 | QQGDTLPWT 58
6H9 CDRH1 | AASGFTFSSYTMS 59
CDRH2 | TISGDGGNTY 60
CDRH3 | ARQGTGTDYFDY 61
CDRL1 | KTSQDIYNYLN 62
CDRL2 | YYTSRLHS 57
CDRL3 | QQGDTLPWT 58
962 CDRH1 | TASGFTFSDYYMS 63
CDRH2 | SINYDGGSTY 64
CDRH3 | ARDRGDGDYFDY 65
CDRL1 | KASQNVGTNWV 66
CDRL2 | YSASDRYS 67
CDRL3 | QQYNIYPYT 68
2Ds CDRH1 | KASGYTFTDYDMH 69
CDRH2 | AIDPETGGTA 70
CDRH3 | TSDYDYFGV 71
CDRL1 | KASQDIKSYLS 72
CDRL2 | YATTLAD 73
CDRL3 | LHHGESPWT 74
°D12 CDRH1 | GYAFSNYWMN 75
CDRH2 | QIYPGNFNTDYNGQFKG | 76
CDRH3 | FFDFGAYFTLDY 77
CDRL1 | KSSQSLLYSRNQYNFLA | 146
8F5 CDRL2 | WASTRES 147
CDRL3 | QQYYSYPYT 148
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Antibody | CDR SEQUENCE SEQID NO:
CDRH1 | SGFTFSDFYMY 149
CDRH2 | FISNAGVTTYYPDTVEG | 150
CDRH3 | SDYDGAWFPY 151
CDRL1 | RSSQSLLHSNGITYLY 152
CDRL2 | QMSNLAS 153
12812 CDRL3 | AQNLELPPT 154
CDRH1 | GYTFTTYWMH 155
CDRH2 | AIYPGNSDTSYNQ 156
CDRH3 | YDGYHFI 157
CDRL1 | RASQDISNYLN 158
CDRL2 | YTSRLHS 159
11D11 CDRL3 | QQGSTLPPT 160
CDRH1 | SGFTFSDFYME 161
CDRH2 | ASRNKANDYTTEY 162
CDRH3 | DTGPMDY 163
CDRL1 | KSSQSLLDSDGKTYLS 164
CDRL2 | VSKLDSG 165
7E7 CDRL3 | WQGTHFPLT 166
CDRH1 | GFSLNSYGMGIG 167
CDRH2 | HHWWDDNKYYKPDLKS | 168
CDRH3 | DGGYSLFAY 169
CDRL1 | RSNKSLLHSNGITYLY 170
CDRL2 | QMSNLAS 153
11D5 CDRL3 | AQNLELPPT 154
CDRH1 | GYTFTSYWMH 171
CDRH2 | AIYCGNSDTSYNQ 172
CDRH3 | YDGYHFDY 173
CDRL1 | KASHGVEYAGAHYMN 174
CDRL2 | AASNLGS 175
13E11 CDRL3 | QQSNEDPRT 176
CDRH1 | GYTFTDYTLH 177
CDRH2 | WFYPTSGSINYNE 178
CDRH3 | HKFGFDY 179

[0131] Particular embodiments include an scFV derived from a CDR set, VL or VH of 1H7; 6H9;
9G2; 2D5; 5D12; 3abv1; 3A5v2; 7D5v1; 7D5v2; 8F5; 12B12; 11D11; 7E7; 11D5; or 13E11 for
use in a CAR. Examples of such scFv are provided in FIG. 36. scFv can be formed in a VH-VL
orientation or a VL-VH orientation. scFv for use in CAR can also be formulated from the variable

chains of these antibodies.
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[0132] In particular embodiments, the 1H7 antibody includes a variable light chain including the
sequence:
DIQMTQTTSSLSASLGDRVTISCRASQDINYYLNWYQQKPDGTVKLLIYYSSRLHSGVPSRFSG
SGSGTDFSLTISNLEQEDIATYFCQQDDALPYTFGGGTKLEIK (SEQ ID NO: 356) and a variable
heavy chain including the sequence:
QVQLQQSGAELVKPGASVKISCKASGYAFSNYWMNWVKQRPGKGLEWIGQINPGDGDTNYN
GKFKGKATLTADKSSSTAYMQLSSLTSEDSAVYFCAREDRDYFDYWGQGTTLTVSS (SEQ ID
NO: 357).

[0133] In particular embodiments, the 6H9 antibody includes a variable light chain including the
sequence:
DIQMTQTTSSLSASLGDRVTISCRASQDINIYLNWYQQKPDGTVKLLIYYTSRLHSGVPSRFSGS
GSGTDYSLTISNLEQEDIATYFCQQGDTLPWTFGGGTKLEIK (SEQ ID NO: 358) and a variable
heavy chain including the sequence:
EVMLVESGGGLVKPGGSLKLSCAASGFTFSSYTMSWVRQTPEKRLEWVATISGDGGNTYYSD
SVKGRFTISRDNAKNTLYLQMSSLRSEDTALYYCARQGTGTDYFDYWGQGTTLTVS (SEQ ID
NO: 359).

[0134] In particular embodiments, the 9G2 antibody includes a variable light chain including the
sequence:
DIQMTQTTSSLSASLGDRVTISCKTSQDIYNYLNWYQQKPDGTVKLLIYYTSRLHSGVPSRFSG
GGSGTDYSLTISNLEQEDIATYFCQQGDTLPWTFGGGTKLEIK (SEQ ID NO: 360) and a
variable heavy chain including the sequence:
EVKLVESEGGLVQPGSSMKLSCTASGFTFSDYYMSVWRQVPEKGLEWVASINYDGGSTYYLD
SLKSRFIISRDNTKNILYLOQMSSLKSEDTATYYCARDRGDGDYFDYWGQGTTLTVSS (SEQ ID
NO: 361).

[0135] In particular embodiments, the 2D5 antibody includes a variable light chain including the
sequence:
DIVMTQSQKFMSTSVGDRVSVTCKASQNVGTNVVWYHKKPGQSPKGLIYSASDRYSGVPDRF
TGSGSGTDFTLTINNVQSEDLAEYFCQQYNIYPYTFGGGTKLEIK (SEQ ID NO: 362) and a
variable heavy chain including the sequence:
QVQLQQSGAELVRPGASVTLSCKASGYTFTDYDMHVWWKQTPVHGLEWIGAIDPETGGTAYNQ
NFKGKAILTVDKSSRIAYMELRSLTSEDSAVFYCTSDYDYFGVWGTGTTVTVSS (SEQ ID NO:
363).

[0136] In particular embodiments, the 3A5 variant 1 antibody includes a variable light chain

including the sequence:
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DVVMTQSQKFMSTSVGDRVSITCKASQSVGSDVAWYQQRPGRCPKALIYLASNRHTGVPDRF
TGSGSGTDFTLTISNVQSEDLAEYFCQQYNIYPYTFGGGTKLEIK (SEQ ID NO: 364)

and a variable heavy chain including the sequence:
QVQLQQSGAELVRPGASVTLSCKASGYTFTDYEMHWIKQTPVHGLEWIGSIDPETGVTAYNQK
FTGKAIVTADKSSSTAYMELRSLTSEDSAVYYCTSDYGYFDVWGTGTTVTVSS (SEQ ID NO:
365).

[0137] In particular embodiments, the 3A5 variant 2 antibody includes a variable light chain
including the sequence:
DVVMTQSQKFMSTSVGDRVSITCKASQSVGSDVAWYQQRPGRCPKALIYLASNRHTGVPDRF
TGSGSGTDFTLTISNVQSEDLAEYFCQQYNIYPYTFGGGTKLEIK (SEQ ID NO: 364)

and a variable heavy chain including the sequence:
QVQLQQSGAELVRPGASVTLSCKASGYTFTDYEMHWIKQTPVHGLEWIGSIDPETGVTAYNQK
FTGKAIVTADKSSSTAYMELRSLTSEDSAVYYCTSDYGYFNVWGTGTTVTVSS (SEQ ID NO:
367).

[0138] In particular embodiments, the 7D5 variant 1 antibody includes a variable light chain
including the sequence:
DIQMTQTTSSLSASLGDRVTISCRASQDIFNYLNWYQQKPDGTVKLLIYYASRLHSGVPSRFSG
SGSGTDYSLTIHNLEQEDIATYFCQQGDTLPYTFGGGTKLEIK (SEQ ID NO: 368)

and a variable heavy chain including the sequence:
QVQLKESGPGLVAPSQSLSITCTVSGFSLTSYNINWIRQPPGKGLEWLGVIWTGGDTNYNSAF
MSRLSISKDNSKSQLFLKMNSLQTDDTAIYYCVRDGTGTGDYFDYWGQGTTLTVSS (SEQ ID
NO: 369).

[0139] In particular embodiments, the 7D5 variant 2 antibody includes a variable light chain
including the sequence:
DIQMTQTTSSLSASLGDRVTISCRASQDIFNYLNWYQQKPDGTVKLLIYYASRLHSGVPSRFSG
SGSGTDYSLTIHNLEQEDIATYFCQQGDTLPYTFGGGTKLEIK (SEQ ID NO: 368)

and a variable heavy chain including the sequence:
QVQLKESGPGLVAPSQSLSITCTVSGFSLTSYNINWIRQPPGKGLEWLGVIWTGGDTNYNSAF
MSRLSISKDNSKSQLFLKMNSLQTDDTAIYYCVRDGTGTGDHFDYWGQGTTLTVSS (SEQ ID
NO: 371).

[0140] In particular embodiments, the CD33Vs¢t antibody includes 5D12. In particular
embodiments, the 5D12 antibody includes a variable light chain including the sequence:
DIKMTQSPSSIYASLGERVTINCKASQDIKSYLSWYQQKPWKSPKTLIYYATTLADGVPSRFSGS
GSGQDYSLTISSLESDDTATYYCLHHGESPWTFGEGTKLEIK (SEQ ID NO: 372) and a variable
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heavy chain including the sequence:
QVQLQQSGAEVVKPGASVKISCRASGYAFSNYWMNVWKQRPGKGLEWIGQIYPGNFNTDYN
GQFKGKATLTVDKSSNTAYMQLSSLTSEDSAVYFCARFFDFGAYFTLDYWGQGTSVTVSS
(SEQ ID NO: 373).

[0141] In particular embodiments, the CD33Vset antibody includes 8F5. In particular
embodiments, the 8F5 antibody includes a variable light chain including the sequence:
DIVMSQSPSSLPVSVGEKVTLSCKSSQSLLYSRNQYNFLAWYQQRPGQSPKLLIYWASTRESG
VPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYSYPYTFGGGTKLEIK (SEQ ID NO: 374)
and a variable heavy chain including the sequence:
EVKLVESGGGLVQPGGSLKLSCAASGFTFSDFYMYWVRQTPEKRLEVWVAFISNAGVTTYYPD
TVEGRFTISRDNAKNTLYLQMSRLMSEDTAMYYCTKSDYDGAWFPYWGQGTLVTVS (SEQ ID
NO: 375).

[0142] In particular embodiments, the CD33¢%s¢t antibody includes 12B12. In particular
embodiments, the 12B12 antibody includes a variable light chain including the sequence:
DIVMTQAAFSNPVTLGTSASISCRSSQSLLHSNGITYLYWYLQKPGQSPQLLIYQMSNLASGVP
DRFSSSGSGTDFTLRISRVEAEDVGVYYCAQNLELPPTFGGGTKLEIK (SEQ ID NO: 376) and a
variable heavy chain including the sequence:
EVQLQASGTVLARPGASVKMSCKASGYTFTTYWMHWIKQSPGQGLEWIGAIYPGNSDTSYNQ
KFKGKAKLTAVTSASTAYMELSSLTNEDSAVYYCEIYDGYHFIYWGQGTTLTVSS (SEQ ID NO:
224).

[0143] In particular embodiments, the CD33%%s¢t antibody includes 11D11. In particular
embodiments, the 11D11 antibody includes a variable light chain including the sequence:
DIQMTQTTSSLSASLGDRVTISCRASQDISNYLNWYQQKPDGTVKLLIYYTSRLHSGVPSRFSG
SGSGTDYSLTISNLEQEDIATYFCQQGSTLPPTFGGGTKLEIK (SEQ ID NO: 231) and a variable
heavy chain including the sequence:
EVNLVESGGGLVQSGRSLRLSCATSGFTFSDFYMEWVRQAPGKGLEWIAASRNKANDYTTEY
KASVKGRFIVSRDTSQSILYLQMNALRAEDTAIYYCTRDTGPMDYWGQGTSVTVSS (SEQ ID
NO: 235).

[0144] In particular embodiments, the CD33¢%s¢t antibody includes 7E7. In particular
embodiments, the 7E7 antibody includes a variable light chain including the sequence:
DVVMTQTPLILSVTIGQPASISCKSSQSLLDSDGKTYLSWLLQRPGQSPKRLIHLVSKLDSGVPD
RFTGSGSGTDFTLKISRVEAEDLGVYYCWQGTHFPLTFGAGTKLELK (SEQ ID NO: 238) and a
variable heavy chain including the sequence:
QVTLKESGPGILQPSQTLSLTCSFSGFSLNSYGMGIGWIRQPSGKGLEWLAHIVWWDDNKYYK
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PDLKSRLTVSKDTSKNQVFLKIANVDTTDTATYFCARDGGYSLFAYWGQGTLVTVSV (SEQ ID
NO: 242).

[0145] In particular embodiments, the CD33¢%s¢t antibody includes 11D5. In particular
embodiments, the 11D5 antibody includes a variable light chain including the sequence:
DIVMTQAAFSNPVTLGTSASISCRSNKSLLHSNGITYLYWYLQKPGQSPQLLIYQMSNLASGVP
DRFSSSGSGTDFTLRISRVEAEDVGVYYCAQNLELPPTFGGGTKLEIK (SEQ ID NO: 246) and a
variable heavy chain including the sequence:
EVQFQQSETVLARPGTSVKLSCKASGYTFTSYWMHWLKQRPGQGLEWIGAIYCGNSDTSYNQ
KFKGKAKLTAVTSATTAYMELSSLTNEDSAVYYCKIYDGYHFDYWGQGTTLTVSS (SEQ ID NO:
250).

[0146] In particular embodiments, the CD33¢%s¢t antibody includes 13E11. In particular
embodiments, the 13E11 antibody includes a variable light chain including the sequence:
DIVLTQSPVSLAVSLGQRATISCKASHGVEYAGAHYMNWYQQKPGQPPKLLIYAASNLGSGIPP
RFSGSGSGTDFTLNIHPVEEEDSATYYCQQSNEDPRTFGGGTKLEIK (SEQ ID NO: 256) and a
variable heavy chain including the sequence:
KVQLQQASGAELVKPGASVKLSCKASGYTFTDYTLHWLKQRSGQGLEWIGWFYPTSGSINYNE
RFKDKATLTADKSSSTVYMELSRLTSVDSAVYFCARHKFGFDYWGQGTTLTVSS (SEQ ID NO:
263).

[0147] In some instances, additional scFvs based on the binding domains described herein and
for use in a CAR can be prepared according to methods known in the art (see, for example, Bird
et al., (1988) Science 242:423-426 and Huston et al., (1988) Proc. Natl. Acad. Sci. USA 85:5879-
5883). ScFv molecules can be produced by linking VH and VL regions of an antibody together
using flexible polypeptide linkers. If a short polypeptide linker is employed (e.g., between 5-10
amino acids) intrachain folding is prevented. Interchain folding is also required to bring the two
variable regions together to form a functional epitope binding site. For examples of linker
orientations and sizes see, e.g., Hollinger et al. 1993 Proc Natl Acad. Sci. U.S.A. 90:6444-6448,
US 2005/0100543, US 2005/0175606, US 2007/0014794, and WO2006/020258 and
WO02007/024715. More particularly, linker sequences that are used to connect the VL and VH of
an scFv are generally five to 35 amino acids in length. In particular embodiments, a VL-VH linker
includes from five to 35, ten to 30 amino acids or from 15 to 25 amino acids. Variation in the linker
length may retain or enhance activity, giving rise to superior efficacy in activity studies. scFv are
commonly used as the binding domains of CAR.

[0148] Other binding fragments, such as Fv, Fab, Fab', F(ab')2, can also be used within the CAR

disclosed herein. Additional examples of antibody-based binding domain formats for use ina CAR
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include scFv-based grababodies and soluble VH domain antibodies. These antibodies form
binding regions using only heavy chain variable regions. See, for example, Jespers et al., Nat.
Biotechnol. 22:1161, 2004; Cortez-Retamozo et al., Cancer Res. 64:2853, 2004; Baral et al.,
Nature Med. 12:580, 2006; and Barthelemy et al., J. Biol. Chem. 283:3639, 2008.

[0149] In particular embodiments, the binding domain includes a humanized antibody or an
engineered fragment thereof. In particular embodiments, a non-human antibody is humanized,
where one or more amino acid residues of the antibody are modified to increase similarity to an
antibody naturally produced in a human or fragment thereof. These nonhuman amino acid
residues are often referred to as "import" residues, which are typically taken from an "import"
variable domain. As provided herein, humanized antibodies or antibody fragments include one or
more CDRs from nonhuman immunoglobulin molecules and framework regions wherein the
amino acid residues including the framework are derived completely or mostly from human
germline. A humanized antibody can be produced using a variety of techniques known in the art,
including CDR-grafting (see, e.g., European Patent No. EP 239,400, WO 91/09967; and US
5,225,539, US 5,530,101, and US 5,585,089), veneering or resurfacing (see, e.g., EP 592,106
and EP 519,596; Padlan, 1991, Molecular Immunology, 28(4/5):489-498; Studnicka et al., 1994,
Protein Engineering, 7(6):805-814; and Roguska et al., 1994, PNAS, 91:969-973), chain shuffling
(see, e.g., US. 5,565,332), and techniques disclosed in, e.g., US 2005/0042664, US
2005/0048617, US 6,407,213, US 5,766,886, WO 9317105, Tan et al., J. Immunol., 169:1119-25
(2002), Caldas et al., Protein Eng., 13(5):353-60 (2000), Morea et al., Methods, 20(3):267-79
(2000), Baca et al., J. Biol. Chem., 272(16): 10678-84 (1997), Roguska et al., Protein Eng.,
9(10):895-904 (1996), Couto et al., Cancer Res., 55 (23 Supp):5973s-5977s (1995), Couto et al.,
Cancer Res., 55(8):1717-22 (1995), Sandhu J S, Gene, 150(2):409-10 (1994), and Pedersen et
al., J. Mol. Biol., 235(3):959-73 (1994). Often, framework residues in the framework regions will
be substituted with the corresponding residue from the CDR donor antibody to alter, for example
improve, CD33 binding. These framework substitutions are identified by methods well-known in
the art, e.g., by modeling of the interactions of the CDR and framework residues to identify
framework residues important for CD33 binding and sequence comparison to identify unusual
framework residues at particular positions. (See, e.g., US 5,585,089; and Riechmann et al., 1988,
Nature, 332:323).

[0150] Functional variants include one or more residue additions or substitutions that do not
substantially impact the physiological effects of the protein. Functional fragments include one or
more deletions or truncations that do not substantially impact the physiological effects of the

protein. A lack of substantial impact can be confirmed by observing experimentally comparable
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results in an activation study or a binding study. Functional variants and functional fragments of
intracellular domains (e.g., intracellular signaling domains) transmit activation or inhibition signals
comparable to a wild-type reference when in the activated state of the current disclosure.
Functional variants and functional fragments of binding domains bind their cognate antigen or
ligand at a level comparable to a wild-type reference.

[0151] In particular embodiments, a VL region in a binding domain of the present disclosure is
derived from or based on a VL of an antibody disclosed herein and contains one or more (e.g., 2,
3,4,5,6,7, 8,9, 10) insertions, one or more (e.g., 2, 3, 4, 5,6, 7, 8, 9, 10) deletions, one or more
(e.g., 2, 3, 4, 5 6, 7, 8 9, 10) amino acid substitutions (e.g., conservative amino acid
substitutions), or a combination of the above-noted changes, when compared with the VL of the
antibody disclosed herein. An insertion, deletion or substitution may be anywhere in the VL region,
including at the amino- or carboxy-terminus or both ends of this region, provided that each CDR
includes zero changes or at most one, two, or three changes and provided a binding domain
containing the modified VL region can still specifically bind its target with an affinity similar to the
wild type binding domain.

[0152] In particular embodiments, a binding domain VH region of the present disclosure can be
derived from or based on a VH of an antibody disclosed herein and can contain one or more (e.g.,
2,3,4,5 6,7, 8,9, 10) insertions, one or more (e.g., 2, 3, 4, 5,6, 7, 8, 9, 10) deletions, one or
more (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10) amino acid substitutions (e.g., conservative amino acid
substitutions or non-conservative amino acid substitutions), or a combination of the above-noted
changes, when compared with the VH of the antibody disclosed herein. An insertion, deletion or
substitution may be anywhere in the VH region, including at the amino- or carboxy-terminus or
both ends of this region, provided that each CDR includes zero changes or at most one, two, or
three changes and provided a binding domain containing the modified VH region can still
specifically bind its target with an affinity similar to the wild type binding domain.

[0153] In particular embodiments, a binding domain includes or is a sequence that is at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, at least 99.5%, or 100% identical to an amino acid sequence of a light
chain variable region (VL) or to a heavy chain variable region (VH), or both, wherein each CDR
includes zero changes or at most one, two, or three changes, from an antibody disclosed herein
or fragment or derivative thereof that specifically binds to CD33.

[0154] (iii-b-ii)) Spacer regions are used to create appropriate distances and/or flexibility from
other CAR sub-components. As indicated, in particular embodiments, the length of a spacer

region is customized for binding CD33-expressing cells and mediating destruction. In particular
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embodiments, a spacer region length can be selected based upon the location of a cellular marker
epitope, affinity of a binding domain for the epitope, and/or the ability of the CD33-targeting agent
to mediate cell destruction following CD33 binding.

[0155] Spacer regions typically include those having 10 to 250 amino acids, 10 to 200 amino
acids, 10 to 150 amino acids, 10 to 100 amino acids, 10 to 50 amino acids, or 10 to 25 amino
acids.

[0156] In particular embodiments, a spacer region is 5 amino acids, 8 amino acids, 10 amino
acids, 12 amino acids, 14 amino acids, 20 amino acids, 21 amino acids, 26 amino acids, 27 amino
acids, 45 amino acids, or 50 amino acids. These lengths qualify as short spacer regions.

[0157] In particular embodiments, a spacer region is 100 amino acids, 110 amino acids, 120
amino acids, 125 amino acids, 128 amino acids, 131 amino acids, 135 amino acids, 140 amino
acids, 150 amino acids, 160 amino acids, or 170 amino acids. These lengths qualify as
intermediate spacer regions.

[0158] Exemplary spacer regions include all or a portion of an immunoglobulin hinge region. An
immunoglobulin hinge region may be a wild-type immunoglobulin hinge region or an altered wild-
type immunoglobulin hinge region. In certain embodiments, an immunoglobulin hinge region is a
human immunoglobulin hinge region. As used herein, a “wild type immunoglobulin hinge region”
refers to a naturally occurring upper and middle hinge amino acid sequences interposed between
and connecting the CH1 and CH2 domains (for 1gG, IgA, and IgD) or interposed between and
connecting the CH1 and CH3 domains (for IgE and IgM) found in the heavy chain of an antibody.
[01569] An immunoglobulin hinge region may be an IgG, IgA, 1gD, IgE, or IgM hinge region. An
IgG hinge region may be an IgG1, 1gG2, 1gG3, or IgG4 hinge region. Sequences from 1gG1, 1gG2,
IgG3, IgG4 or IgD can be used alone or in combination with all or a portion of a CH2 region; all or
a portion of a CH3 region; or all or a portion of a CH2 region and all or a portion of a CH3 region.
[0160] In particular embodiments, the spacer is a short spacer including an IgGG4 hinge region. In
particular embodiments the short spacer is encoded by either of SEQ ID NOs: 6 or 7. In particular
embodiments, the spacer is an intermediate spacer including an IgG4 hinge region and an 1gG4
hinge CH3 region. In particular embodiments the intermediate spacer is encoded by SEQ ID NO:
8. In particular embodiments, the spacer is a long spacer including an 1IgG4 hinge region, an IgG4
CH3 region, and an 1gG4 CH2 region. In particular embodiments the long spacer is encoded by
SEQ ID NO: 9.

[0161] Other examples of hinge regions that can be used CAR described herein include the hinge
region present in the extracellular regions of type 1 membrane proteins, such as CD8a, CD4,

CD28 and CD7, which may be wild-type or variants thereof.
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[0162] In particular embodiments, a spacer region includes a hinge region that includes a type Il
C-lectin interdomain (stalk) region or a cluster of differentiation (CD) molecule stalk region. A
“stalk region” of a type Il C-lectin or CD molecule refers to the portion of the extracellular domain
(ECD) of the type Il C-lectin or CD molecule that is located between the C-type lectin-like domain
(CTLD; e.g., similar to CTLD of natural killer cell receptors) and the hydrophobic portion
(transmembrane domain). For example, the ECD of human CD94 (GenBank Accession No.
AAC50291.1) corresponds to amino acid residues 34-179, but the CTLD corresponds to amino
acid residues 61-176, so the stalk region of the human CD94 molecule includes amino acid
residues 34-60, which are located between the hydrophobic portion (transmembrane domain)
and CTLD (see Boyington et al., Immunity 10:15, 1999; for descriptions of other stalk regions, see
also Beavil et al., Proc. Nat'l. Acad. Sci. USA 89:153, 1992; and Figdor et al., Nat. Rev. Immunol.
2:11, 2002). These type Il C-lectin or CD molecules may also have junction amino acids
(described below) between the stalk region and the transmembrane region or the CTLD. In
another example, the 233 amino acid human NKG2A protein (GenBank Accession No. P26715.1)
has a hydrophobic portion (transmembrane domain) ranging from amino acids 71-93 and an ECD
ranging from amino acids 94-233. The CTLD includes amino acids 119-231 and the stalk region
includes amino acids 99-116, which may be flanked by additional junction amino acids. Other
type Il C-lectin or CD molecules, as well as their extracellular ligand-binding domains, stalk
regions, and CTLDs are known in the art (see, e.g., GenBank Accession Nos. NP 001993 .2;
AAHO7037.1; NP 001773.1; AAL65234.1; CAA04925.1; for the sequences of human CD23,
CDg69, CD72, NKG2A, and NKG2D and their descriptions, respectively).

[0163] (iii-b-iii) Transmembrane Domains. As indicated, transmembrane domains within a CAR
serve to connect the extracellular component and intracellular component through the cell
membrane. The transmembrane domain can anchor the expressed molecule in the modified cell’s
membrane.

[0164] The transmembrane domain can be derived either from a natural and/or a synthetic
source. When the source is natural, the transmembrane domain can be derived from any
membrane-bound or transmembrane protein. Transmembrane domains can include at least the
transmembrane region(s) of the a, B or ¢ chain of a T-cell receptor, CD28, CD27, CD3 epsilon,
CD45, CD4, CD5, CD8, CD9, CD16, CD22; CD33, CD37, CD64, CD80, CD86, CD134, CD137
and CD154. In particular embodiments, a transmembrane domain may include at least the
transmembrane region(s) of, e.g., KIRDS2, OX40, CD2, CD27, LFA-1 (CD 11a, CD18), ICOS
(CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1),
NKp44, NKp30, NKp46, CD160, CD19, IL2RB, IL2RYy, IL7R a, ITGA1, VLA1, CD49a, ITGA4, |A4,
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CD49D, ITGASB, VLA-6, CD49f, ITGAD, CDI Id, ITGAE, CD103, ITGAL, CDI la, ITGAM, CDI Ib,
ITGAX, CDllc, ITGB1, CD29, ITGB2, CD18, ITGB7, TNFR2, DNAM1(CD226), SLAMF4 (CD244,
2B4), CD84, CD96 (Tactile), CEACAM1, CRT AM, Ly9(CD229), , PSGL1, CD100 (SEMA4D),
SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG
(CD162), LTBR, PAG/Cbp, NKG2D, or NKG2C. In particular embodiments, a variety of human
hinges can be employed as well including the human Ig (immunoglobulin) hinge (e.g., an 1gG4
hinge, an IgD hinge), a GS linker (e.g., a GS linker described herein), a KIR2DS2 hinge or aCD8a
hinge.

[0165] In particular embodiments, a transmembrane domain has a three-dimensional structure
that is thermodynamically stable in a cell membrane, and generally ranges in length from 15 to
30 amino acids. The structure of a transmembrane domain can include an a helix, a § barrel, a B
sheet, a B helix, or any combination thereof.

[0166] A transmembrane domain can include one or more additional amino acids adjacent to the
transmembrane region, e.g., one or more amino acid within the extracellular region of the CAR
(e.g., up to 15 amino acids of the extracellular region) and/or one or more additional amino acids
within the intracellular region of the CAR (e.g.,, up to 15 amino acids of the intracellular
components). In one aspect, the transmembrane domain is from the same protein that the
signaling domain, co-stimulatory domain or the hinge domain is derived from. In another aspect,
the transmembrane domain is not derived from the same protein that any other domain of the
CAR is derived from. In some instances, the transmembrane domain can be selected or modified
by amino acid substitution to avoid binding of such domains to the transmembrane domains of
the same or different surface membrane proteins to minimize interactions with other unintended
members of the receptor complex. In particular embodiments, the transmembrane domain is
encoded by the nucleic acid sequence encoding the CD28 transmembrane domain (SEQ ID NOs:
17-19). In particular embodiments, the transmembrane domain includes the amino acid sequence
of the CD28 transmembrane domain (SEQ ID NOs: 20 and 21).

[0167] (iii-b-iv) Intracellular Effector Domains. The intracellular effector domains of a CAR are
responsible for activation of the cell in which the CAR is expressed. The term “effector domain” is
thus meant to include any portion of the intracellular domain sufficient to transduce an activation
signal. An effector domain can directly or indirectly promote a biological or physiological response
in a cell when receiving the appropriate signal. In certain embodiments, an effector domain is part
of a protein or protein complex that receives a signal when bound, or it binds directly to a target
molecule, which triggers a signal from the effector domain. An effector domain may directly

promote a cellular response when it contains one or more signaling domains or motifs, such as
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an immunoreceptor tyrosine-based activation motif (ITAM). In other embodiments, an effector
domain will indirectly promote a cellular response by associating with one or more other proteins
that directly promote a cellular response, such as co-stimulatory domains.

[0168] Effector domains can provide for activation of at least one function of a modified cell upon
binding to the cellular marker expressed by a cancer cell. Activation of the modified cell can
include one or more of differentiation, proliferation and/or activation or other effector functions. In
particular embodiments, an effector domain can include an intracellular signaling component
including a T cell receptor and a co-stimulatory domain which can include the cytoplasmic
sequence from co-receptor or co-stimulatory molecule.

[0169] An effector domain can include one, two, three or more intracellular signaling components
(e.g., receptor signaling domains, cytoplasmic signaling sequences), co-stimulatory domains, or
combinations thereof. Exemplary effector domains include signaling and stimulatory domains
selected from: 4-1BB (CD137), CARD11, CD3y, CD3d, CD3¢, CD3¢, CD27, CD28, CD79A,
CD79B, DAP10, FcRa, FcRB (FceR1b), FcRy, Fyn, HVEM (LIGHTR), ICOS, LAGS, LAT, Lck,
LRP, NKG2D, NOTCHA1, pTa, PTCH2, OX40, ROR2, Ryk, SLAMF1, Slp76, TCRa, TCRpB, TRIM,
Whnt, Zap70, or any combination thereof. In particular embodiments, exemplary effector domains
include signaling and co-stimulatory domains selected from: CD86, FcyRlla, DAP12, CD30,
CD40, PD-1, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-
H3, a ligand that specifically binds with CD83, CDS, ICAM-1, GITR, BAFFR, SLAMF7, NKp80
(KLRF1), CD127, CD160, CD19, CD4, CD8a, CD8B, IL2RB, IL2RYy, IL7Ra, ITGA4, VLA1, CD49a,
IA4, CD49D, ITGAB, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, ITGAM,
CD11b, ITGAX, CD11c¢, ITGB1, CD29, ITGB2, CD18, ITGB7, TNFR2, TRANCE/RANKL, DNAM1
(CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9 (CD229),
PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM (CD150, IPO-3), BLAME
(SLAMF8), SELPLG (CD162), LTBR, GADS, PAG/Cbp, NKp44, NKp30, or NKp46.

[0170] Intracellular signaling component sequences that act in a stimulatory manner may include
iTAMs. Examples of iTAMs including primary cytoplasmic signaling sequences include those
derived from CD3y, CD30, CD3¢, CD3¢, CD5, CD22, CD66d, CD79a, CD79b, and common FcRy
(FCER1G), FeyRlla, FcRp (Fce Rib), DAP10, and DAP12. In particular embodiments, variants of
CD3( retain at least one, two, three, or all ITAM regions.

[0171] In particular embodiments, an effector domain includes a cytoplasmic portion that
associates with a cytoplasmic signaling protein, wherein the cytoplasmic signaling protein is a
lymphocyte receptor or signaling domain thereof, a protein including a plurality of ITAMs, a co-

stimulatory domain, or any combination thereof.
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[0172] Additional examples of intracellular signaling components include the cytoplasmic
sequences of the CD3( chain, and/or co- receptors that act in concert to initiate signal transduction
following binding domain engagement.

[0173] A co-stimulatory domain is a domain whose activation can be required for an efficient
lymphocyte response to cellular marker binding. Some molecules are interchangeable as
intracellular signaling components or co-stimulatory domains. Examples of costimulatory domains
include CD27, CD28, 4-1BB (CD 137), OX40, CD30, CD40, PD-1, ICOS, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically
binds with CD83. For example, CD27 co-stimulation has been demonstrated to enhance
expansion, effector function, and survival of human CART cells in vitro and augments human T
cell persistence and anti-cancer activity in vivo (Song et al. Blood. 2012; 119(3):696-706). Further
examples of such co-stimulatory domain molecules include CDS, ICAM-1, GITR, BAFFR, HVEM
(LIGHTR), SLAMF7, NKp80 (KLRF1), NKp44, NKp30, NKp46, CD160, CD19, CD4, CD8a, CD8B,
IL2RB, IL2RYy, IL7Ra, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGAB, VLA-6, CD49f, ITGAD,
CDIld, ITGAE, CD103, ITGAL, CDlla, ITGAM, CDI Ib, ITGAX, CDIlc, ITGBI, CD29, ITGB2, CD18,
ITGB7, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96
(Tactile), NKG2D, CEACAM1, CRTAM, Ly9 (CD229), PSGL1, CD100 (SEMA4D), CD69,
SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG
(CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, and CD19a.

[0174] In particular embodiments, the nucleic acid sequences encoding the intracellular signaling
components includes CD3z encoding sequence (SEQ ID NO: 10) and a variant of the 4-1BB
signaling encoding sequence (SEQ ID NOs: 13 and 14). In particular embodiments, the amino
acid sequence of the intracellular signaling component includes a variant of CD3 (SEQ ID NOs:
11 and 12) and a portion of the 4-1BB (SEQ ID NO: 15 and 16) intracellular signaling component.
[0175] In particular embodiments, the intracellular signaling component includes (i) all or a portion
of the signaling domain of CD3, (ii) all or a portion of the signaling domain of 4-1BB, or (iii) all or
a portion of the signaling domain of CD3( and 4-1BB. In particular embodiments, the intracellular
signaling component includes (i) all or a portion of the signaling domain of CD3(, (ii) all or a portion
of the signaling domain of 4-1BB, (iii) all or a portion of the signaling domain of CD28, (iv) or all
or a portion of the signaling domain of CD3¢, 4-1BB, and CD28.

[0176] Intracellular components may also include one or more of a protein of a Whnt signaling
pathway (e.g., LRP, Ryk, or ROR2), NOTCH signaling pathway (e.g., NOTCH1, NOTCH2,
NOTCH3, or NOTCH4), Hedgehog signaling pathway (e.g., PTCH or SMO), receptor tyrosine
kinases (RTKs) (e.g., epidermal growth factor (EGF) receptor family, fibroblast growth factor
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(FGF) receptor family, hepatocyte growth factor (HGF) receptor family, insulin receptor (IR) family,
platelet-derived growth factor (PDGF) receptor family, vascular endothelial growth factor (VEGF)
receptor family, tropomycin receptor kinase (Trk) receptor family, ephrin (Eph) receptor family,
AXL receptor family, leukocyte tyrosine kinase (LTK) receptor family, tyrosine kinase with
immunoglobulin-like and EGF-like domains 1 (TIE) receptor family, receptor tyrosine kinase-like
orphan (ROR) receptor family, discoidin domain (DDR) receptor family, rearranged during
transfection (RET) receptor family, tyrosine-protein kinase-like (PTK7) receptor family, related to
receptor tyrosine kinase (RYK) receptor family, or muscle specific kinase (MuSK) receptor family);
G-protein-coupled receptors, GPCRs (Frizzled or Smoothened); serine/threonine kinase
receptors (BMPR or TGFR); or cytokine receptors (IL1R, IL2R, IL7R, or IL15R).

[0177] (iii-b-v) Linkers. As used herein, a linker can include any portion of a CAR molecule that
serves to connect two other subcomponents of the molecule. Some linkers serve no purpose
other than to link components while many linkers serve an additional purpose. Linkers can, for
example, link VL and VH of antibody derived binding domains of scFvs and serve as junction
amino acids between subcomponent portions of a CAR.

[0178] Linkers can be flexible, rigid, or semi-rigid, depending on the desired function of the linker.
Linkers can include junction amino acids. For example, in particular embodiments, linkers provide
flexibility and room for conformational movement between different components of CAR.
Commonly used flexible linkers include Gly-Ser linkers. In particular embodiments, the linker
sequence includes sets of glycine and serine repeats such as from one to ten repeats of
(GlyxSery)a, wherein x and y are independently an integer from O to 10 provided that x and y are
not both 0 and wherein nis anintegerof 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10). Particular examples include
(Gly4Ser)n (SEQ ID NO: 78), (Gly3Ser)n(Gly4Ser)n (SEQ ID NO: 79), (Gly3Ser)n(Gly2Ser)n
(SEQ ID NO: 80), or (Gly3Ser)n(Gly4Ser)1 (SEQ ID NO: 81). In particular embodiments, the linker
is (Gly4Ser)4 (SEQ ID NO: 82), (Gly4Ser)3 (SEQ ID NO: 83), (Gly4Ser)2 (SEQ ID NO: 84),
(Gly4Ser)1 (SEQ ID NO: 85), (Gly3Ser)2 (SEQ ID NO: 86), (Gly3Sen1 (SEQ ID NO: 87),
(Gly2Sern)2 (SEQ ID NO: 88) or (Gly2Sen1, GGSGGGSGGSG (SEQ ID NO: 89),
GGSGGGSGSG (SEQ ID NO: 90), or GGSGGGSG (SEQ ID NO: 91).

[0179] In particular embodiments, a linker region is (GGGGS)n (SEQ ID NO: 78) wherein n is an
integer including, 1, 2, 3, 4, 5, 6, 7, 8, 9, or more. |In particular embodiments, the spacer region is
(EAAAK)N (SEQ ID NO: 92) wherein n is an integer including 1, 2, 3, 4, 5, 6, 7, 8, 9, or more.
[0180] In some situations, flexible linkers may be incapable of maintaining a distance or
positioning of CAR needed for a particular use. In these instances, rigid or semi-rigid linkers may

be useful. Examples of rigid or semi-rigid linkers include proline-rich linkers. In particular
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embodiments, a proline-rich linker is a peptide sequence having more proline residues than would
be expected based on chance alone. In particular embodiments, a proline-rich linker is one having
at least 30%, at least 35%, at least 36%, at least 39%, at least 40%, at least 48%, at least 50%,
or at least 51% proline residues. Particular examples of proline-rich linkers include fragments of
proline-rich salivary proteins (PRPs).

[0181] Linkers can be susceptible to cleavage (cleavable linker), such as, acid-induced cleavage,
photo-induced cleavage, peptidase-induced cleavage, esterase-induced cleavage, and disulfide
bond cleavage. Alternatively, linkers can be substantially resistant to cleavage (e.g., stable linker
or noncleavable linker). In some aspects, the linker is a procharged linker, a hydrophilic linker, or
a dicarboxylic acid-based linker.

[0182] Junction amino acids can be a linker which can be used to connect sequences when the
distance provided by a spacer region is not needed and/or wanted. For example, junction amino
acids can be short amino acid sequences that can be used to connect co-stimulatory intracellular
signaling components. In particular embodiments, junction amino acids are 9 amino acids or less
(e.g.,2,3,4,5,6,7, 8, or 9 amino acids). In particular embodiments, a glycine-serine doublet can
be used as a suitable junction amino acid linker. In particular embodiments, a single amino acid,
e.g., an alanine, a glycine, can be used as a suitable junction amino acid.

[0183] (iii-b-vi) Control Features Including Tag Cassettes, Transduction Markers, and/or Suicide
Switches. In particular embodiments, CAR constructs can include one or more tag cassettes
and/or transduction markers. Tag cassettes and transduction markers can be used to activate,
promote proliferation of, detect, enrich for, isolate, track, deplete and/or eliminate genetically
modified cells in vitro, in vivo and/or ex vivo. "Tag cassette" refers to a unique synthetic peptide
sequence affixed to, fused to, or that is part of a CAR, to which a cognate binding molecule (e.g.,
ligand, antibody, or other binding partner) is capable of specifically binding where the binding
property can be used to activate, promote proliferation of, detect, enrich for, isolate, track, deplete
and/or eliminate the tagged protein and/or cells expressing the tagged protein. Transduction
markers can serve the same purposes but are derived from naturally occurring molecules and are
often expressed using a skipping element that separates the transduction marker from the rest of
the CAR molecule.

[0184] Tag cassettes that bind cognate binding molecules include, for example, His tag
(HHHHHH; SEQ ID NO: 93), Flag tag (DYKDDDDK; SEQ ID NO: 94), Xpress tag (DLYDDDDK;
SEQ ID NO: 95), Avi tag (GLNDIFEAQKIEWHE; SEQ ID NO: 96), Calmodulin tag
(KRRWKKNFIAVSAANRFKKISSSGAL; SEQ ID NO: 97), Polyglutamate tag, HA tag
(YPYDVPDYA; SEQ ID NO: 98), Myc tag (EQKLISEEDL; SEQ ID NO: 99), Strep tag (which refers
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the original STREP® tag (WRHPQFGG; SEQ ID NO: 100), STREP® tag Il (WSHPQFEK SEQ ID
NO: 101 (IBA Institut fur Bioanalytik, Germany); see, e.g., US 7,981,632), Softag 1
(SLAELLNAGLGGS; SEQ ID NO: 102), Softag 3 (TQDPSRVG; SEQ ID NO: 103), and V5 tag
(GKPIPNPLLGLDST; SEQ ID NO: 104).

[0185] Conjugate binding molecules that specifically bind tag cassette sequences disclosed
herein are commercially available. For example, His tag antibodies are commercially available
from suppliers including Life Technologies, Pierce Antibodies, and GenScript.Flag tag antibodies
are commercially available from suppliers including Pierce Antibodies, GenScript, and Sigma-
Aldrich. Xpress tag antibodies are commercially available from suppliers including Pierce
Antibodies, Life Technologies and GenScript. Avi tag antibodies are commercially available from
suppliers including Pierce Antibodies, IsBio, and Genecopoeia. Calmodulin tag antibodies are
commercially available from suppliers including Santa Cruz Biotechnology, Abcam, and Pierce
Antibodies. HA tag antibodies are commercially available from suppliers including Pierce
Antibodies, Cell Signal and Abcam. Myc tag antibodies are commercially available from suppliers
including Santa Cruz Biotechnology, Abcam, and Cell Signal. Strep tag antibodies are
commercially available from suppliers including Abcam, Iba, and Qiagen.

[0186] Transduction markers may be selected from at least one of a truncated CD19 (tCD19; see
Budde et al., Blood 122: 1660, 2013); a truncated human EGFR (tEGFR; see Wang et al., Blood
118: 1255, 2011); an ECD of human CD34; and/or RQR8 which combines target epitopes from
CD34 (see Fehse et al, Mol. Therapy 1( 5 Pt 1); 448-456, 2000) and CD20 antigens (see Philip
et al, Blood 124: 1277-1278).

[0187] In particular embodiments, a polynucleotide encoding an iCaspase9 construct (iCasp9)
may be inserted into a CAR construct as a suicide switch.

[0188] Control features may be present in multiple copies in a CAR or can be expressed as
distinct molecules with the use of a skipping element (SEQ ID NOs: 23-27). For example, a CAR
can have one, two, three, four or five tag cassettes and/or one, two, three, four, or five transduction
markers could also be expressed. For example, embodiments can include a CAR construct
having two Myc tag cassettes, or a His tag and an HA tag cassette, or a HA tag and a Softag 1
tag cassette, or a Myc tag and a SBP tag cassette. Exemplary transduction markers and cognate
pairs are described in US 13/463,247.

[0189] One advantage of including at least one control feature in a CAR is that cells expressing
CAR administered to a subject can be increased or depleted using the cognate binding molecule
to a tag cassette. In certain embodiments, the present disclosure provides a method for depleting

a modified cell expressing a CAR by using an antibody specific for the tag cassette, using a
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cognate binding molecule specific for the control feature, or by using a second modified cell
expressing a CAR and having specificity for the control feature. Elimination of modified cells may
be accomplished using depletion agents specific for a control feature. For example, if tEGFR is
used, then an anti-tEGFR binding domain (e.g., antibody, scFv) fused to or conjugated to a cell-
toxic reagent (such as a toxin, radiometal) may be used, or an anti-tEGFR /anti-CD3 bispecific
scFv, or an anti-tEGFR CAR T cell may be used.

[0190] In certain embodiments, modified cells expressing a chimeric molecule may be detected
or tracked in vivo by using antibodies that bind with specificity to a control feature (e.g., anti-Tag
antibodies), or by other cognate binding molecules that specifically bind the control feature, which
binding partners for the control feature are conjugated to a fluorescent dye, radio-tracer, iron-
oxide nanoparticle or other imaging agent known in the art for detection by X-ray, CT-scan, MRI-
scan, PET-scan, ultrasound, flow-cytometry, near infrared imaging systems, or other imaging
modalities (see, e.g., Yu, et al., Theranostics 2.3, 2012).

[0191] Thus, modified cells expressing at least one control feature with a CAR can be, e.g., more
readily identified, isolated, sorted, induced to proliferate, tracked, and/or eliminated as compared
to a modified cell without a tag cassette.

[0192] (iv) Cell Activating Culture Conditions. Cell populations can be incubated in a culture-
initiating composition to expand genetically modified cell populations. The incubation can be
carried out in a culture vessel, such as a bag, cell culture plate, flask, chamber, chromatography
column, cross-linked gel, cross-linked polymer, column, culture dish, hollow fiber, microtiter plate,
silica-coated glass plate, tube, tubing set, well, vial, or other container for culture or cultivating
cells.

[0193] Culture conditions can include one or more of particular media, temperature, oxygen
content, carbon dioxide content, time, agents, e.g., nutrients, amino acids, antibiotics, ions, and/or
stimulatory factors, such as cytokines, chemokines, antigens, binding partners, fusion proteins,
recombinant soluble receptors, and any other agents designed to activate the cells.

[0194] In some aspects, incubation is carried out in accordance with techniques such as those
described in US 6,040,1 77, Klebanoff et al. (2012) J Immunother. 35(9): 651-660, Terakura et al.
(2012) Blood.1:72-82, and/or Wang et al. (2012) J Immunother. 35(9):689-701.

[0195] Exemplary culture media for culturing T cells include (i) RPMI supplemented with non-
essential amino acids, sodium pyruvate, and penicillin/streptomycin; (i) RPMI with HEPES, 5-
15% human serum, 1-3% L-Glutamine, 0.5-1.5% penicillin/streptomycin, and 0.25x10-4 -
0.75x10-4 M B-MercaptoEthanol; (iii) RPMI-1640 supplemented with 10% fetal bovine serum
(FBS), 2mM L-glutamine, 10mM HEPES, 100 U/ml penicillin and 100 m/mL streptomycin; (iv)
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DMEM medium supplemented with 10% FBS, 2mM L-glutamine, 10mM HEPES, 100 U/ml
penicillin and 100 m/mL streptomycin; and (v) X-Vivo 15 medium (Lonza, Walkersville, MD)
supplemented with 5% human AB serum (Gemcell, West Sacramento, CA), 1% HEPES (Gibco,
Grand Island, NY), 1% Pen-Strep (Gibco), 1% GlutaMax (Gibco), and 2% N-acetyl cysteine
(Sigma-Aldrich, St. Louis, MO). T cell culture media are also commercially available from Hyclone
(Logan, UT). Additional T cell activating components that can be added to such culture media are
described in more detail below.

[0196] In some embodiments, the T cells are expanded by adding to the culture-initiating
composition feeder cells, such as non-dividing peripheral blood mononuclear cells (PBMC), (e.g.,
such that the resulting population of cells contains at least 5, 10, 20, or 40 or more PBMC feeder
cells for each T lymphocyte in the initial population to be expanded); and incubating the culture
(e.g. for a time sufficient to expand the numbers of T cells). In some aspects, the non-dividing
feeder cells can include gamma-irradiated PBMC feeder cells. In some embodiments, the PBMC
are irradiated with gamma rays in the range of 3000 to 3600 rads to prevent cell division. In some
aspects, the feeder cells are added to culture medium prior to the addition of the populations of T
cells.

[0197] Optionally, the incubation may further include adding non-dividing EBV-transformed
lymphoblastoid cells (LCL) as feeder cells. LCL can be irradiated with gamma rays in the range
of 6000 to 10,000 rads. The LCL feeder cells in some aspects is provided in any suitable amount,
such as a ratio of LCL feeder cells to initial T lymphocytes of at least 10: 1.

[0198] In some embodiments, the stimulating conditions include temperature suitable for the
growth of human T lymphocytes, for example, at least 25°C, at least 30°C, or 37°C.

[0199] The activating culture conditions for T cells include conditions whereby T cells of the
culture-initiating composition proliferate or expand. T cell activating conditions can include one or
more cytokines, for example, interleukin (IL)-2, IL-7, IL-15 and/or IL-21. IL-2 can be included at a
range of 10 — 100 ng/ml (e.g., 40, 50, or 60 ng/ml). IL-7, IL-15, and/or IL-21 can be individually
included at a range of 0.1 — 50 ng/ml (e.g., 5, 10, or 15 ng/ml). Particular embodiments utilize IL-
2 at 50 ng/ml. Particular embodiments utilize, IL-7, IL-15 and IL-21 individually included at 10
ng/mil.

[0200] In particular embodiments, T cell activating culture condition conditions can include T cell
stimulating epitopes. T cell stimulating epitopes include CD3, CD27, CD2, CD4, CD5, CD7, CD8,
CD28, CD30, CD40, CD56, CD83, CD90, CD95, 4-1BB (CD 137), B7-H3, CTLA-4, Frizzled-1
(FZD1), FZD2, FZD3, FZD4, FZD5, FZD6, FZD7, FZD8, FZD9, FZD10, HVEM, ICOS, IL-1R, LAT,
LFA-1, LIGHT, MHCI, MHCII, NKG2D, OX40, ROR2 and RTK.
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[0201] CD3 is a primary signal transduction element of T cell receptors. As indicated previously,
CD3 is expressed on all mature T cells. In particular embodiments, the CD3 stimulating molecule
(i.e., CD3 binding domain) can be derived from the OKT3 antibody (see US 5,929,212; US
4,361,549; ATCC® CRL-8001™: and Arakawa et al., J. Biochem. 120, 657-662 (1996)), the
20G6-F3 antibody, the 4B4-D7 antibody, the 4E7-C9, or the 18F5-H10 antibody.

[0202] In particular embodiments, CD3 stimulating molecules can be included within culture
media at a concentration of at least 0.25 or 0.5 ng/ml or at a concentration of 2.5 — 10 ug/ml.
Particular embodiments utilize a CD3 stimulating molecule (e.g., OKT3) at 5 ug/ml.

[0203] In particular embodiments, activating molecules associated with avi-tags can be
biotinylated and bound to streptavidin beads. This approach can be used to create, for example,
a removable T cell epitope stimulating activation system.

[0204] An exemplary binding domain for CD28 can include or be derived from TGN1412, CD80,
CD86 or the 9D7 antibody. Additional antibodies that bind CD28 include 9.3, KOLT-2, 15ES8,
248.23.2, EX5.3D10, and CD28.3 (deposited as a synthetic single chain Fv construct under
GenBank Accession No. AF451974.1; see also Vanhove et al., BLOOD, 15 Jul. 2003, Vol. 102,
No. 2, pages 564-570). Further, 1YJD provides a crystal structure of human CD28 in complex
with the Fab fragment of a mitogenic antibody (5.11A1). In particular embodiments, antibodies
that do not compete with 9D7 are selected.

[0205] 4-1BB binding domains can be derived from LOB12, IgG2a, LOB12.3, or IgG1 as
described in Taraban et al. Eur J Immunol. 2002 December; 32(12):3617-27. In particular
embodiments a 4-1BB binding domain is derived from a monoclonal antibody described in US
9,382,328. Additional 4-1BB binding domains are described in US 6,569,997, US 6,303,121, and
Mittler et al. Immunol Res. 2004; 29(1-3):197-208.

[0206] OX40 (CD134) and/or ICOS activation may also be used. OX40 binding domains are
described in US20100196359, US 20150307617, WO 2015/153513, WO02013/038191 and
Melero et al. Clin Cancer Res. 2013 Mar. 1; 19(5):1044-53. Exemplary binding domains that can
bind and activate ICOS are described in e.g., US20080279851 and Deng et al. Hybrid
Hybridomics. 2004 June; 23(3):176-82.

[0207] When in soluble form, T-cell activating agents can be coupled with another molecule, such
as polyethylene glycol (PEG) molecule. Any suitable PEG molecule can be used. Typically, PEG
molecules up to a molecular weight of 1000 Da are soluble in water or culture media. In some
cases, such PEG based reagent can be prepared using commercially available activated PEG

molecules (for example, PEG-NHS derivatives available from NOF North America Corporation,
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Irving, Calif., USA, or activated PEG derivatives available from Creative PEGWorks, Chapel Hills,
N.C., USA).

[0208] In particular embodiments, cell stimulating agents are immobilized on a solid phase within
the culture media. In particular embodiments, the solid phase is a surface of the culture vessel
(e.g., bag, cell culture plate, chamber, chromatography column, cross-linked gel, cross-linked
polymer, column, culture dish, hollow fiber, microtiter plate, silica-coated glass plate, tube, tubing
set, well, vial, other structure or container for culture or cultivation of cells).

[0209] In particular embodiments, a solid phase can be added to a culture media. Such solid
phases can include, for example, beads, hollow fibers, resins, membranes, and polymers.
[0210] Exemplary beads include magnetic beads, polymeric beads, and resin beads (e.g., Strep-
Tactin® Sepharose, Strep-Tactin® Superflow, and Strep-Tactin® MacroPrep IBA GmbH,
Gottingen)). Anti-CD3/anti-CD28 beads are commercially available reagents for T cell expansion
(Invitrogen). These beads are uniform, 4.5 um superparamagnetic, sterile, non-pyrogenic
polystyrene beads coated with a mixture of affinity purified monoclonal antibodies against the
CD3 and CD28 cell surface molecules on human T cells. Hollow fibers are available from
TerumoBCT Inc. (Lakewood, Colo., USA). Resins include metal affinity chromatography (IMAC)
resins (e.g., TALON® resins (Westburg, Leusden)). Membranes include paper as well as the
membrane substrate of a chromatography matrix (e.g., a nitrocellulose membrane or a
polyvinylidene difluoride (PVDF) membrane).

[0211] Exemplary polymers include polysaccharides, such as polysaccharide matrices. Such
matrices include agarose gels (e.g., Superflow™ agarose or a Sepharose® material such as
Superflow™ Sepharose® that are commercially available in different bead and pore sizes) or a
gel of crosslinked dextran(s). A further illustrative example is a particulate cross-linked agarose
matrix, to which dextran is covalently bonded, that is commercially available (in various bead sizes
and with various pore sizes) as Sephadex® or Superdex®, both available from GE Healthcare.
[0212] Synthetic polymers that may be used include polyacrylamide, polymethacrylate, a co-
polymer of polysaccharide and agarose (e.g. a polyacrylamide/agarose composite) or a
polysaccharide and N,N'-methylenebisacrylamide. An example of a copolymer of a dextran and
N,N'-methylenebisacrylamide is the Sephacryl® (Pharmacia Fine Chemicals, Inc., Piscataway,
NJ) series of materials.

[0213] Particular embodiments may utilize silica particles coupled to a synthetic or to a natural
polymer, such as polysaccharide grafted silica, polyvinylpyrrolidone grafted silica, polyethylene
oxide grafted silica, poly(2-hydroxyethylaspartamide) silica and poly(N-isopropylacrylamide)

grafted silica.
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[0214] Cell activating agents can be immobilized to solid phases through covalent bonds or can
be reversibly immobilized through non-covalent attachments.

[0215] In particular embodiments, a T-cell activating culture media includes a FACS-sorted T cell
population cultured within RPMI with HEPES, 5-15% human serum, 1-3% L-Glutamine, 0.5-1.5%
Pen/strep, 0.25x10-4 - 0.75x10* M B-MercaptoEthanol, with IL-7, IL-15 and IL-21 individually
included at 5-15 (e.g,. 10) ng/ml. The culture is carried out on a flat-bottom well plate with 0.1-
0.5x10e6 plated cells/well. On Day 3 post activation cells are transferred to a TC-treated plate.
[0216] In particular embodiments, a T-cell activating culture media includes a FACS-sorted CD8+
T population cultured within RPMI with HEPES, 10% human serum, 2% L-Glutamine, 1%
Pen/strep, 0.5x10* M B-MercaptoEthanol, with IL-7, IL-15 and IL-21 individually included at 5-15
(e.g,. 10) ng/ml. The culture is carried out on a flat-bottom non-tissue culture (TC)-treated 96/48-
well plate with 0.1-0.5x10e6 plated cells/well. On Day 3 post activation cells are transferred to
TC-treated plate.

[0001] Culture conditions for HSC/HSP can include expansion with a Notch agonist (see, e.g.,
US 7,399,633; US 5,780,300; US 5,648,464; US 5,849,869; and US 5,856,441 and growth factors
present in the culture condition as follows: 25-300 ng/ml SCF, 25-300 ng/ml Flt-3L, 25-100 ng/ml
TPO, 25-100 ng/ml IL-6 and 10 ng/ml IL-3. In more specific embodiments, 50, 100, or 200 ng/ml
SCF; 50, 100, or 200 ng/ml of FIt-3L; 50 or 100 ng/ml TPO; 50 or 100 ng/ml IL-6; and 10 ng/ml
IL-3 can be used.

[0217] (v) Ex Vivo Manufactured Cell Formulations. In particular embodiments, genetically
modified cells can be harvested from a culture medium and washed and concentrated into a
carrier in a therapeutically-effective amount. Exemplary carriers include saline, buffered saline,
physiological saline, water, Hanks' solution, Ringer's solution, Nonnosol-R (Abbott Labs),
PLASMA-LYTE A® (Baxter Laboratories, Inc., Morton Grove, IL), glycerol, ethanol, and
combinations thereof.

[0218] In particular embodiments, carriers can be supplemented with human serum albumin
(HSA) or other human serum components or fetal bovine serum. In particular embodiments, a
carrier for infusion includes buffered saline with 5% HAS or dextrose. Additional isotonic agents
include polyhydric sugar alcohols including trihydric or higher sugar alcohols, such as glycerin,
erythritol, arabitol, xylitol, sorbitol, or mannitol.

[0219] Carriers can include buffering agents, such as citrate buffers, succinate buffers, tartrate
buffers, fumarate buffers, gluconate buffers, oxalate buffers, lactate buffers, acetate buffers,
phosphate buffers, histidine buffers, and/or trimethylamine salts.

[0220] Stabilizers refer to a broad category of excipients which can range in function from a
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bulking agent to an additive which helps to prevent cell adherence to container walls. Typical
stabilizers can include polyhydric sugar alcohols; amino acids, such as arginine, lysine, glycine,
glutamine, asparagine, histidine, alanine, ornithine, L-leucine, 2-phenylalanine, glutamic acid, and
threonine; organic sugars or sugar alcohols, such as lactose, trehalose, stachyose, mannitol,
sorbitol, xylitol, ribitol, myoinisitol, galactitol, glycerol, and cyclitols, such as inositol; PEG; amino
acid polymers; sulfur-containing reducing agents, such as urea, glutathione, thioctic acid, sodium
thioglycolate, thioglycerol, alpha-monothioglycerol, and sodium thiosulfate; low molecular weight
polypeptides (i.e., <10 residues); proteins such as HSA, bovine serum albumin, gelatin or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; monosaccharides such as
xylose, mannose, fructose and glucose; disaccharides such as lactose, maltose and sucrose;
trisaccharides such as raffinose, and polysaccharides such as dextran.

[0221] Where necessary or beneficial, compositions or formulations can include a local anesthetic
such as lidocaine to ease pain at a site of injection.

[0222] Exemplary preservatives include phenol, benzyl alcohol, meta-cresol, methyl paraben,
propyl paraben, octadecyldimethylbenzyl ammonium chloride, benzalkonium halides,
hexamethonium chloride, alkyl parabens such as methyl or propyl paraben, catechol, resorcinol,
cyclohexanol, and 3-pentanol.

[0223] Therapeutically effective amounts of cells within compositions or formulations can be
greater than 102 cells, greater than 108 cells, greater than 104 cells, greater than 105 cells, greater
than 10° cells, greater than 107 cells, greater than 108 cells, greater than 10° cells, greater than
10° cells, or greater than 10"

[0224] In compositions and formulations disclosed herein, cells are generally in a volume of a liter
or less, 500 mls or less, 250 mls or less or 100 mls or less. Hence the density of administered
cells is typically greater than 10 cells/ml, 107 cells/ml or 108 cells/ml.

[0225] As indicated, compositions include at least one geneticélly modified cell type (e.g.,
modified T cells, NK cells, or stem cells). Formulations can include different types of genetically-
modified cells (e.g.,T cells, NK cells, and/or stem cells in combination).

[0226] Different types of genetically-modified cells or cell subsets (e.g., modified T cells, NK cells,
and/or stem cells) can be provided in different ratios e.g., a 1:1:1 ratio, 2:1:1 ratio, 1:2:1 ratio,
1:1:2 ratio, 5:1:1 ratio, 1:5:1 ratio, 1:1:5 ratio, 10:1:1 ratio, 1:10:1 ratio, 1:1:10 ratio, 2:2:1 ratio,
1:2:2 ratio, 2:1:2 ratio, 5:5:1 ratio, 1:5:5 ratio, 5:1:5 ratio, 10:10:1 ratio, 1:10:10 ratio, 10:1:10 ratio,
etc. These ratios can also apply to numbers of cells expressing the same or different CAR
components. If only two of the cell types are combined or only 2 combinations of expressed CAR

components are included within a formulation, the ratio can include any 2-number combination
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that can be created from the 3 number combinations provided above. In embodiments, the
combined cell populations are tested for efficacy and/or cell proliferation in vitro, in vivo and/or ex
vivo, and the ratio of cells that provides for efficacy and/or proliferation of cells is selected.
Particular embodiments include a 1:1 ratio of CD4 T cells and CD8 T cells.

[0227] The cell-based compositions disclosed herein can be prepared for administration by, e.g.,
injection, infusion, perfusion, or lavage. The compositions and formulations can further be
formulated for bone marrow, intravenous, intradermal, intraarterial, intranodal, intralymphatic,
intraperitoneal, intralesional, intratumoral, intravesicular, and/or subcutaneous injection.

[0228] (vi) Methods of Use. Methods disclosed herein include treating subjects (humans,
veterinary animals (dogs, cats, reptiles, birds, etc.) livestock (horses, cattle, goats, pigs, chickens,
etc.) and research animals (monkeys, rats, mice, fish, etc.) with compositions and formulations
disclosed herein. Treating subjects includes delivering therapeutically effective amounts.
Therapeutically effective amounts include those that provide effective amounts, prophylactic
treatments and/or therapeutic treatments.

[0229] An "effective amount” is the amount of a composition necessary to result in a desired
physiological change in the subject. For example, an effective amount can provide an
immunogenic anti-cancer effect. Effective amounts are often administered for research purposes.
Effective amounts disclosed herein can cause a statistically significant effect in an animal model
or in vitro assay relevant to the assessment of a cancer's development or progression. An
immunogenic composition can be provided in an effective amount, wherein the effective amount
stimulates an immune response.

[0230] A "prophylactic treatment" includes a treatment administered to a subject who does not
display signs or symptoms of a cancer or displays only early signs or symptoms of a cancer such
that treatment is administered for the purpose of diminishing or decreasing the risk of developing
the cancer further. Thus, a prophylactic treatment functions as a preventative treatment against
a CD33-experssing cancer. In particular embodiments, prophylactic treatments reduce, delay, or
prevent metastasis from a primary a cancer tumor site from occurring.

[0231] A "therapeutic treatment” includes a treatment administered to a subject who displays
symptoms or signs of a cancer and is administered to the subject for the purpose of diminishing
or eliminating those signs or symptoms of the cancer. The therapeutic treatment can reduce,
control, or eliminate the presence or activity of the cancer and/or reduce control or eliminate side

effects of the cancer.
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[0232] Function as an effective amount, prophylactic treatment or therapeutic treatment are not
mutually exclusive, and in particular embodiments, administered dosages may accomplish more
than one treatment type.

[0233] In particular embodiments, therapeutically effective amounts provide anti-cancer effects.
Anti-cancer effects include a decrease in the number of cancer cells, decrease in the number of
metastases, a decrease in tumor volume, an increase in life expectancy, induced chemo- or
radiosensitivity in cancer cells, inhibited angiogenesis near cancer cells, inhibited cancer cell
proliferation, inhibited tumor growth, prevented or reduced metastases, prolonged subject life,
reduced cancer-associated pain, and/or reduced relapse or re-occurrence of cancer following
treatment.

[0234] A "tumor" is a swelling or lesion formed by an abnormal growth of cells (called neoplastic
cells or tumor cells). A "tumor cell" is an abnormal cell that grows by a rapid, uncontrolled cellular
proliferation and continues to grow after the stimuli that initiated the new growth cease. Tumors
show partial or complete lack of structural organization and functional coordination with the normal
tissue, and usually form a distinct mass of tissue, which may be benign, pre-malignant or
malignant.

[0235] In particular embodiments, therapeutically effective amounts induce an immune response.
The immune response can be against a cancer cell.

[0236] Examples of CD33-related disorders include hematological cancers such as leukemias
and lymphomas and other myelo- or lymphoproliferative disorders.

[0237] Exemplary leukemias include acute lymphoblastic leukemia (ALL), acute myeloid
leukemia (AML), chronic myelogenous leukemia (CML), chronic myelomonocytic leukemia
(CML), mast cell leukemia, myelodysplastic syndrome (MDS), B-cell acute lymphoblastic
leukemia (B-ALL), T-cell acute lymphoblastic leukemia (T-ALL), and megakaryocytic leukemia.
[0238] Exemplary sub-types of AML include: acute basophilic leukemia, acute erythroid leukemia
(AML-M®B), acute megakaryoblastic leukemia (AML-M7), acute monoblastic leukemia (AML-M5a),
acute monocytic leukemia (AML-M5b), acute myeloblasts leukemia with granulocytic maturation,
acute myeloblasts leukemia without maturation, acute myelomonocytic leukemia (AML-M4),
acute panmyelosis with myelofibrosis, acute promyelocytic leukemia (APL), erythroleukemia
(AML-M6a), minimally differentiated acute myeloblasts leukemia, myelomonocytic leukemia with
bone marrow eosinophilia, and pure erythroid leukemia (AML-M6b).

[0239] An exemplary lymphoma includes multiple myeloma.

[0240] Compositions disclosed herein can also be used to treat a complication or disease related

to the above-noted lymphoproliferative disorders and hematological cancers. For example,
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complications relating to AML may include a preceding myelodysplastic syndrome (MDS, formerly
known as “preleukemia”), secondary leukemia, in particular secondary AML, high white blood cell
count, and absence of Auer rods. Among others, leukostasis and involvement of the central
nervous system (CNS), hyperleukocytosis, residual disease, are also considered complications
or diseases related to AML.

[0241] Compositions disclosed herein can be used to target myeloid-derived suppressor cells
(MDSCs). MDSCs are a major player in the immunosuppressive tumor microenvironment and
have been found to inhibit the antitumor reactivity of T cells and NK cells. Particular MDSCs have
high CD33 expression and can be targeted with anti-CD33 treatments, including monocytic
MDSCs and immature MDSCs.

[0242] Compositions disclosed herein may also find use in the treatment of other pathological
conditions or genetic syndromes associated with the risk of AML such as Down syndrome,
trisomy, Fanconi anemia, Bloom syndrome, Ataxia-telangiectasia, Diamond-Blackfan anemia,
Schwachman-Diamond syndrome, Li-Fraumeni syndrome, Neurofibromatosis type 1, Severe
congenital neutropenia (also called Kostmann syndrome).

[0243] For administration, therapeutically effective amounts (also referred to herein as doses) can
be initially estimated based on results from in vitro assays and/or animal model studies. Such
information can be used to more accurately determine useful doses in subjects of interest. The
actual dose amount administered to a particular subject can be determined by a physician,
veterinarian or researcher taking into account parameters such as physical and physiological
factors including target, body weight, severity of condition, type of cancer, stage of cancer,
previous or concurrent therapeutic interventions, idiopathy of the subject and route of
administration.

[0244] Therapeutically effective amounts of cell-based compositions can include 10* to 10°
cells’kg body weight, or 103 to 10" cells/kg body weight. Therapeutically effective amounts to
administer can include greater than 102 cells, greater than 103 cells, greater than 104 cells, greater
than 10° cells, greater than 10° cells, greater than 107 cells, greater than 108 cells, greater than
10° cells, greater than 10'° cells, or greater than 10",

[0245] Therapeutically effective amounts can be achieved by administering single or multiple
doses during the course of a treatment regimen (e.g., daily, every other day, every 3 days, every
4 days, every 5 days, every 6 days, weekly, every 2 weeks, every 3 weeks, monthly, every 2
months, every 3 months, every 4 months, every 5 months, every 6 months, every 7 months, every

8 months, every 9 months, every 10 months, every 11 months or yearly). In particular
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embodiments, the treatment protocol may be dictated by a clinical trial protocol or an FDA-
approved treatment protocol.

[0246] Therapeutically effective amounts can be administered by, e.g., injection, infusion,
perfusion, or lavage. Routes of administration can include bolus intravenous, intradermal,
intraarterial, intraparenteral, intranodal, intralymphatic, intraperitoneal, intralesional,
intraprostatic, intrathecal, intratumoral, intravesicular, and/or subcutaneous.

[0247] In certain embodiments, cells are administered to a patient in conjunction with (e.g.,
before, simultaneously or following) any number of relevant treatment modalities. In particular
embodiments, cells may be used in combination with chemotherapy, radiation,
immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate,
and FK5086, antibodies, or other immunoablative agents such as CAM PATH, anti-CD3 antibodies
or other antibody therapies, cytoxin, fludaribine, cyclosporin, FK506, rapamycin, mycoplienolic
acid, steroids, FR901228, cytokines, and irradiation.

[0248] (vii) Reference Levels Derived from Control Populations. Obtained values for parameters
associated with a therapy described herein can be compared to a reference level derived from a
control population, and this comparison can indicate whether a therapy described herein is
effective for a subject in need thereof. Reference levels can be obtained from one or more relevant
datasets from a control population. A "dataset" as used herein is a set of numerical values
resulting from evaluation of a sample (or population of samples) under a desired condition. The
values of the dataset can be obtained, for example, by experimentally obtaining measures from
a sample and constructing a dataset from these measurements. As is understood by one of
ordinary skill in the art, the reference level can be based on e.g., any mathematical or statistical
formula useful and known in the art for arriving at a meaningful aggregate reference level from a
collection of individual data points; e.g., mean, median, median of the mean, etc. Alternatively, a
reference level or dataset to create a reference level can be obtained from a service provider such
as a laboratory, or from a database or a server on which the dataset has been stored.

[0249] A reference level from a dataset can be derived from previous measures derived from a
control population. A "control population” is any grouping of subjects or samples of like specified
characteristics. The grouping could be according to, for example, clinical parameters, clinical
assessments, therapeutic regimens, disease status, severity of condition, etc. In particular
embodiments, the grouping is based on age range (e.g., ©60-65 years) and non-
immunocompromised status. In particular embodiments, a normal control population includes
individuals that are age-matched to a test subject and non-immune compromised. In particular

embodiments, age-matched includes, e.g., 0-10 years old; 30-40 years old, 60-65 years old, 70-
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85 years old, etc., as is clinically relevant under the circumstances. In particular embodiments, a
control population can include those that have a CD33-related disorder and have not been
administered a therapeutically effective amount

[0250] In particular embodiments, the relevant reference level for values of a particular parameter
associated with a therapy described herein is obtained based on the value of a particular
corresponding parameter associated with a therapy in a control population to determine whether
a therapy disclosed herein has been therapeutically effective for a subject in need thereof.
[0251] In particular embodiments, conclusions are drawn based on whether a sample value is
statistically significantly different or not statistically significantly different from a reference level. A
measure is not statistically significantly different if the difference is within a level that would be
expected to occur based on chance alone. In contrast, a statistically significant difference or
increase is one that is greater than what would be expected to occur by chance alone. Statistical
significance or lack thereof can be determined by any of various methods well-known in the art.
An example of a commonly used measure of statistical significance is the p-value. The p-value
represents the probability of obtaining a given result equivalent to a particular data point, where
the data point is the result of random chance alone. A result is often considered significant (not
random chance) at a p-value less than or equal to 0.05. In particular embodiments, a sample
value is “comparable to” a reference level derived from a normal control population if the sample
value and the reference level are not statistically significantly different.

[0252] The Exemplary Embodiments and Examples below are included to demonstrate particular,
non-limiting embodiments of the disclosure. Those of ordinary skill in the art will recognize in light
of the present disclosure that many changes can be made to the specific embodiments disclosed
herein and still obtain a like or similar result without departing from the spirit and scope of the
disclosure.

[0253] (viii) Exemplary Embodiments.

1. A chimeric antigen receptor (CAR) including

an extracellular component including a binding domain having a complementarity determining
region (CDR) set of antibody 9G2, 1H7, 6H9, 2D5, 5D12, 3a5v1, 3A5v2, 7D5v1, 7D5v2, 8F5,
12B12, 11D11, 7E7, 11D5, or 13E11, according to North, IMGT, Kabat, Chothia or Set 5;

an intracellular component including an effector domain; and

a transmembrane domain linking the extracellular component to the intracellular component.

2. A CAR of embodiment 1, wherein the binding domain includes a single chain variable
fragment (scFv).

3. A CAR of embodiment 2, wherein the scFv is encoded by
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the THY VHVL scFy coding sequence as set forth in SEQ 1D NG 1;

the 1HY VLVH scFvy coding sequence as set forth in SEG 1D NGO 128;

the 6HO VHVL scFv coding seqguence as st forth in SEG D NGO, 2;

the 8G2 VHVL scFv coding sequence as set forth in SEQ 1D NGO 3;

the 9G2 VILVH soFv coding sequence as set forth in SEQ 1D NO: 181,

the 208 VHVL scFv coding sequence as saet forth in SEQ D NG 4,

the 5012 VHVL soFv coding seguence as set forth in SEQ 1D NG 5,

tha 3A5 vanant 1 VHVL scFv coding seguance as set forth in SEQ 1D NO: 127,

tha 3AS vaniant 1 VLVH scFv coding sequance as seti forth in 3EQ 1D NO: 128,

tha 3AS variant 2 VHVL scFy coding seguence as set forth in BED 1D NG: 128,

the 3A% variant 2 VLVH scFvy coding sequence as set forth in SEQ D NG 136,

the 705 vanant 1 VHVL soFv coding sequance as sef forth in SEQ D NO: 132, or

the 708 vartant 2VHVL scFv coding sequence as sat forth in SEQ D NGO 133

4. A CAR of embodiment 2, wherein the scFv is

the 1H7 scFv VH-VL as set forth iry SEQ 15 NO: 332;

1H7 soFv VL-VH as set forth in SEG D NGO, 333;

9GZ scFv VH-VL as set forth in SEQ 1D NG 334

9GZ scFvy VL-VH as set forth in SEQ 1D NO: 335

5012 scFy VH-VL as set forth in SEQ D NG 338;

50312 scFy VL-VH as sel forth in SEG HD MO: 337,

3A5 variant 1 scFv VH-VL. as sei forth in SEQ 1D NO: 338,

3A5 variant 1 scFv VI-VH as set forth in 320 1D NG 338;

3AL variant 2 soFv VH-VL as set forth in 3EG 1D NG 340, or

3AL5 variant 2 soF v VL-VH as set forth in SEG 1D NO: 241,

5. A CAR of any of embodiments 1-4, wherein the extracellular component further includes
a spacer region.

6. A CAR of embodiment 5, wherein the spacer region is 135 amino acids or less or 16
amino acids of less.

7. A CAR of embodiments 5 or 6, wherein the spacer region is 131 amino acids or less and
includes the hinge region and CH3 domain of 1gG4.

8. A CAR of embodiments 5 or 6, wherein the spacer region is 12 amino acids or less and
includes the hinge region of 1IgG4.

9. A CAR of embodiments 7 or 8 wherein the IgG4 is human 1gG4.
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10. A CAR of any of embodiments 5-9, wherein the spacer region is encoded by the 1gG4
hinge coding sequence-A zs sat forth in SEQ D NO: 8; the IgG4 hinge coding sequence-B as
set forth in SEQ HI NG 7, or the 1gG4-int(DS) coding sequence as set forth in SEQ HD NO: 8,
11. A CAR of any of embodiments 1-10, wherein the effector domain includes: all or a
portion of the signaling domain of CD3C; all or a portion of the signaling domain of 4-1BB, all or
a portion of the signaling domain of CD28, all or a portion of the signaling domain of CD3¢ and
4-1BB; all or a portion of the signaling domain of CD3 and CD28; or all or a portion of the
signaling domain of CD3¢, 4-1BB, and CD28.

12. A CAR of any of embodiments 1-11, wherein the effector domain includes all or a portion
of the signaling domain of CD3¢ and 4-1BB.

13. A CAR of embodiments 11 or 12, wherein the CD3( signaling domain is encoded by the
CD3( coding sequence as set forth in SEQ D NO: 10,

14. A CAR of any of embodiments 11-13, wherein the CD3 signaling domain includes the
sequence as s&t forth in SEQ D NOs: 11 or 12,

15. A CAR of embodiments 11 or 12, wherein the 4-1BB signaling domain is encoded by 4-
1BB signaling coding sequence-A as s&t forth i SECQ D NO: 13 or 4-1BB signaling coding
sequence-B as st forth in SEQ 1D NG: 14,

16. A CAR of any of embodiments 11 or 15, wherein the 4-1BB signaling domain includes
the 4-1BB signaling sequence-A as sst forih in SEQ i NO: 15 or 4-1BB signaling sequence-B
as set forth in SEQ 1D NO: 18,

17. A CAR of any of embodiments 1-16, wherein the transmembrane domain includes a
CD28 transmembrane domain.

18. A CAR of embodiment 17, wherein the CD28 transmembrane domain is encoded by
CD28TM coding sequence-A {SEC 1 NO: 17);

CD28TM coding sequence-B {3EC 1D NO: 18);

or CD28TM coding sequence-C {BEC 1D NO: 18).

19. A CAR of embodiment 17, wherein the CD28 transmembrane domain includes CD28TM
protein sequence-A {SEQ 1 NO: 20} or

CD28TM protein sequence-B {SEG D NO: 213,

20. A CAR of any of embodiments 1-19, further including a control feature selected from a
tag cassette, a transduction marker, and/or a suicide switch.

21. A genetic construct encoding the CTAR of any of embodiments 1-20.

22. A gengtic construct of embodiment 21, wheregin the genetic consiruct includes the
1H7-intDS-41bb-3z-T-CD19t Top Strand as sei forih in SEQ 1D NO: 42,
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1H7-long-41bb-3z-T-CD19t Top Strand as sei forth in SEQ 3 NO: 43;
1H7-sh-41bb-3z-T-CD19t Top Strand zs set forth in SEQ D NGO 44;
1H7-LvHv-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 330
B6H9-intDS-41bb-3z-T-CD19t Top Strand as sat farth in SEQ 1D NGO 45;
9G2-intDS-41bb-3z-T-CD19t Top Strand as set forth in BEG 1D NG 48;
9G2-LvHv-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 331
5D12-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 47;
5D12-LvHv-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 325;
3A5v1-HvLv-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 326;
3A5v2-HvLv-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 327,
3A5v1-LvHv-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 328; or
3A5v2-LvHv-intDS-41bb-3z-T-CD19t Top Strand as set forth in SEQ ID NO: 329.

23. A nancpariicls encapsulaling the genelic construct of embodiments 21 or 22,

24, A cell genetically modified (o express the CAR of any of any of embodiments 1-20 and/or
including the ganetic construct of embodiments 21 or 22

25, A cell of embodiment 24, wherein the cell s an autologous cell or an allogensic call in
reference 10 a subjech

28, A call of embodiments 24 or 25, wherein the call is i vivo or ax vivo,

27. A cell of any of smbodiments 24-26, wherein the cellis a T cell, B cell, natural killer (NK)
cell, NK-T cell, monocyte/macrophage, hematopoietic stem cells (HSC), or a hematopoietic
progenitor cell (HPC).

28, A cell of any of embodiments 24 -27, wherein the cell is 3 T cali selected roma CD3+ T
cell, a CD4+ T cell, a CD8+ T cell, a central memory T cell, an effector memory T cell, and/or a
naive T cell.

29, A cell of any of embodiments 24-28, wherein the call is a CDB+ T cell.

30. A cell of any of emboediments 24-28, wherein the cell has been incubated in a cell media
including 1L-2, L7, 1L-15, and/or [L-21.

31. A cell embodiment 30, wharein the cell has been incubated in a cell media including 1L~
2.
32, A cell of embodimant 31, wherein the cell media includes 10-100 ng/ml H-2

A cell of embodiments 21 or 32, wharein the cell media incdludes 50 ng/ml -2,

3

06
B

A cell of embodiment 30, wherein tha cell has been incubated in & cell media including
-7 and 15
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35 A cell of embodiment 34, whersin the cell media includes 515 ng/mb 1LY and 515
ngd/mib 10

36. A ceil of embodiments 34 or 35, wherein the cell media includes 10 ng/mL IL-7 and
10ng/mil 18

37 A cell of embodiment 30, wherein the cell media includes L7, 15, and HL-21.

38

H~15, and 515 ng/ml H-21.

38 A cell of embodiments 37 or 38, whersin the cell media includes 10 ng/mbl 1L-7, 10ng/ml
H-15, and 10 ng/mi. H-21.

44, A population of cells of any of embodiments 24 - 39 formudated for administration ic a

A cell of embodiment 37, wherein tha cell media includes 515 ng/mb 1L-7, 515 ng/mb

suibiect.

41, A method of treating & subject with a CD33-related disorder including administienng a
therapautically effective amopunt of the naneparlicle of embodiment 22 or the cell population of
embodiment 40 {0 the subject thereby reating the subjsct with the CD33-related disorder.

42. A method of embodiment 41, whersin the cell population includes auiciogous ceils or
ailogensic celis,

43. A method of embodiments 41 or 42, wherein the CD33-related disorder includes acute
myeloid leukemia (AML).

44. A method of embodiments 41 or 42, wherein the CD33-related disorder includes acute
lymphobiastc leukemia (ALL), chronic myelogenous leukemia (CML), chronic myelomonocytic
leukemia (CML), mast cell leukemia, myelodysplastic syndrome (MDS), B-cell acute
lymphoblastic leukemia (B-ALL), T-cell acute lymphoblastic leukemia (T-ALL), or
megakaryocytic leukemia.

45. The method of any of embodiments 41-44, further including determining whether the subject
expresses or lacks the V-set domain of CD33, and

if the subject expresses the V-set domain of CD33, selecting a combination therapy including

a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
and

a binding domain of one or more of one or more of 5D12 and 8F5.

46. A method of any of embodiments 41-44, further including determining whether the subject
expresses or lacks the V-set domain of CD33, and

if the subject does not express the V-set domain of CD33, selecting a combination therapy
including

a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
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and

a binding domain of one or more of one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.

47. A method of activating an immune response against CD33-expressing cells in a subject
in need thareof including administering a therapeutically effective amount of the nancparticle of
embodimeant 23 or the call population of embodiment 40 to the subject activating an immune
response against CD33-expressing cells in the subject in need.

48. A method of embodiment 47, wherein the cell population includes autologous cells or
allogeneic cells.

49. A method of embodiments 47 or 48, wherein the CD33-expressing cells include acute
myeloid leukemia (AML) cells.

50. A method of embodiments 47 or 48, wherein the CD33-expressing cells include acute
lymphoblastic leukemia (ALL), chronic myelogenous leukemia (CML), chronic myelomonocytic
leukemia (CML), mast cell leukemia, myelodysplastic syndrome (MDS), B-cell acute
lymphoblastic leukemia (B-ALL), T-cell acute lymphoblastic leukemia (T-ALL), or
megakaryocytic leukemia.

51. A method of any of embodiments 47-50, further including determining whether the subject
expresses or lacks the V-set domain of CD33, and

if the subject expresses the V-set domain of CD33, selecting a combination therapy including

a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
and

a binding domain of one or more of one or more of 5D12 and 8F5.

52. A method of any of embodiments 47-50, further including determining whether the subject
expresses or lacks the V-set domain of CD33, and

if the subject does not express the V-set domain of CD33, selecting a combination therapy
including

a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
and

a binding domain of one or more of one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.

53. A kit including a nucleotide sequence encoding a CAR including a binding domain of one or
more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5 and a binding domain of one or more of one or more
of 5D12 and 8F5.

54. A kit including a nucleotide sequence encoding a CAR including a binding domain of one or
more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5 and a nuclecotide sequence encoding a binding
domain of one or more of one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.
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[0254] (ix) Experimental Examples. CD33 (Siglec-3) is a differentiation antigen that is primarily
displayed on maturing and mature myeloid cells and their neoplastic cell counterparts (Walter et
al., Blood. 119(26): 6198-6208, 2012; and Duan and Paulson, Annu Rev Immunol. 38. 365-395,
2020). With this expression pattern, there have been long-standing efforts in therapeutically
targeting CD33* cells, first and foremost in acute myeloid leukemia (AML) (Walter et al., Blood.
119(26): 6198-6208, 2012; Grossbard et al., Blood. 80(4): 863-878, 1992; and Laszlo et al., Blood
Rev. 28(4): 143-153, 2014) but also CD33+ tumor cells in other malignancies, CD33+ myeloid-
derived suppressor cells, and normal CD33+ microglial cells (Walter, Expert Opin Biol Ther. 20(9):
955-958, 2020). In AML, longer survival of some patients treated with the antibody-drug conjugate
gemtuzumab ozogamicin (GO) validates CD33 as drug target (Godwin et al., Leukemia. 31(9):
1855-1868, 2017).

[0255] The success and limitations of GO have fueled ongoing work to develop more effective
CD33-directed therapeutics. However, targeting CD33 has proven difficult, and several drugs
failed clinically because of lack of efficacy. Efforts have therefore centered around developing
more potent anti-CD33 treatment modalities, including T cell engaging bispecific antibodies
(BsAbs) and chimeric antigen receptor (CAR)-modified T cells. As one important limitation of
these efforts, existing and investigational therapeutics, including GO, almost exclusively
recognize immune-dominant epitope(s) within the exon 2-encoded membrane-distal V-set
domain of CD33 (FIG. 2) (Walter. Expert Opin Investig Drugs. 27(4): 339-348, 2018). Since
membrane-proximal binding of antibodies can increase their effector functions (Bluemel ef al.,
Cancer Immunol Immunother. 59(8): 1197-1209, 2010; Lin, Pharmgenomics Pers Med. 3: 51-59,
2010; Haso et al., Blood. 121(7): 1165-1174, 2013; and Cleary et al., J Immunol. 198(10): 3999-
4011, 2017), we reasoned targeting CD33 with antibodies against the membrane-proximal C2-
set domain might optimize CD33-directed therapy that engage immune effector cells. We have
tested this concept experimentally and describe the generation of a series of CAR constructs that
are based on V-set and C2-set domain-directed CD33 antibodies.

[0256] Results. Binding distance from cell membrane correlates with immune effector functions
of CD33 antibodies. To examine whether the distance between target epitope and the cell
membrane influences the efficacy of T cell-engaging immunotherapies, we generated a series of
artificial proteins in which the V-set domain of human CD33 was held at different distances from
the cell membrane to allow targeting with a V-set domain-directed CD33 antibody-based
therapeutic such as a CD33V-s¢t/CD3 BsAb or CD33Vs¢t-directed CAR T cells (FIG. 3). Specifically,
to bring the CD33 target epitope closer to the cell membrane, we generated an artificial CD33

protein that lacked the entire C2-set domain by removing exons 3 and 4 (CD33%8%4). Engineered
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human CD33+ AML cell lines in which endogenous CD33 was deleted via CRISPR/Cas9
(Humbert et al., Leukemia. 33(3): 762-808, 2019) were used to express either CD33F- or CD334&3
4 In afirst series of experiments, sublines expressing relatively similar levels of target molecules
were subjected to short-term in vitro cytotoxicity assays with various doses of a CD33V-s¢/CD3
BsAb and healthy donor T cells as immune effector cells. As comparator, we used GO, which
entirely depends on the toxic effects induced by the calicheamicin-y; payload for anti-tumor effects
(Walter et al., Blood. 119(26): 6198-6208, 2012; Laszlo et al., Blood Rev. 28(4): 143-153, 2014;
and Godwin et al., Leukemia. 31(9): 1855-1868, 2017). As shown in FIGs. 5A-5C, CD33V-s¢/CD3
BsAbs exerted greater cytotoxicity against AML and ALL cells expressing CD338%4 than cells
expressing CD33FL, whereas cytotoxic effects induced by GO were similar. Similar effects were
seen in REH and RS4;11 cells (human CD33- B-acute lymphoblastic leukemia [B-ALL] cell lines)
expressing these same CD33 constructs when treated with CD33V-s¢/CD3 BsAbs (data for
RS4;11 cells shown in FIG. 6). To further demonstrate the importance of target epitope membrane
distance for efficacy of CD33-directed therapies engaging T cells, we also generated chimeric
proteins using various portions of human CD22 to extend the distance between CD33 target
epitope and the cell membrane (FIG. 3). As summarized in FIG. 7, the cytotoxic effects of CD33V
s¢t/CD3 BsAbs were lower against AML cells expressing CD22/CD33FL chimeric proteins than
paired cells expressing CD33F-. To confirm that the importance of membrane distance modulation
effect was not isolated to BsAbs targeting CD33, we conducted a second series of similar
experiments for which we generated CAR T cells directed against the V-set domain of CD33 using
a CAR construct with known clinical activity Turtle et al., Sci Trans! Med. 8(355): 355ra116, 2016).
Indeed, as shown in FIG. 9, CD33V-set-directed CAR T cells showed significantly enhanced
cytotoxicity against engineered K562 cells expressing CD3328%4 as compared to cells expressing
matched levels of CD33Ft, consistent with our findings with CD33V-s¢t/CD3 BsAbs. Together, these
data demonstrated that altering the position of the CD33 antibody binding epitope changes the
effector functions of the CD33 antibody-derived therapies and suggested that membrane-
proximal targeting of CD33 via C2-set domain-specific therapeutics could improve the efficacy of
CD33-targeted T cell immunotherapy.

[0257] FIGs. 32-35 highlight the superior efficacy of membrane-proximal (C2-set) domain-
targeting CAR constructs over CAR-T cells that target the membrane-distal (V-set) domain
without increased expression of immune checkpoint markers. This result is especially significant
because My96 is the common scFv reported in previously reported analyses of AML-directed
CAR-T cells (see Kenderian et al. Leukemia. 29(8):1637-47, 2015) and in centers currently
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recruiting for clinical trials of AML-directed CAR-T cell therapy (e.g. NCT03971799). The nucleic
acid sequence for My96 is provided as SEQ ID NO: 354.

[0258] (x) Closing Paragraphs. The nucleic acid and amino acid sequences provided herein are
shown using letter abbreviations for nucleotide bases and amino acid residues, as defined in 37
C.F.R. §1.822 and set forth in the tables in WIPO Standard ST.25 (1998), Appendix 2, Tables 1
and 3. Only one strand of each nucleic acid sequence is shown, but the complementary strand is
understood as included in embodiments where it would be appropriate.

[0259] To the extent not explicitly provided herein, coding sequences for proteins disclosed herein
and protein sequences for coding sequences disclosed herein can be readily derived from one of
ordinary skill in the art.

[0260] Variants of the sequences disclosed and referenced herein are also included. Guidance
in determining which amino acid residues can be substituted, inserted, or deleted without
abolishing biological activity can be found using computer programs well known in the art, such
as DNASTAR™ (Madison, Wisconsin) software. Preferably, amino acid changes in the protein
variants disclosed herein are conservative amino acid changes, i.e., substitutions of similarly
charged or uncharged amino acids. A conservative amino acid change involves substitution of
one of a family of amino acids which are related in their side chains.

[0261] In a peptide or protein, suitable conservative substitutions of amino acids are known to
those of skill in this art and generally can be made without altering a biological activity of a
resulting molecule. Those of skill in this art recognize that, in general, single amino acid
substitutions in non-essential regions of a polypeptide do not substantially alter biological activity
(see, e.g., Watson et al. Molecular Biology of the Gene, 4th Edition, 1987, The
Benjamin/Cummings Pub. Co., p. 224). Naturally occurring amino acids are generally divided into
conservative substitution families as follows: Group 1: Alanine (Ala), Glycine (Gly), Serine (Ser),
and Threonine (Thr); Group 2: (acidic): Aspartic acid (Asp), and Glutamic acid (Glu); Group 3:
(acidic; also classified as polar, negatively charged residues and their amides): Asparagine (Asn),
Glutamine (GIn), Asp, and Glu; Group 4: GIn and Asn; Group 5: (basic; also classified as polar,
positively charged residues): Arginine (Arg), Lysine (Lys), and Histidine (His); Group 6 (large
aliphatic, nonpolar residues): Isoleucine (lle), Leucine (Leu), Methionine (Met), Valine (Val) and
Cysteine (Cys); Group 7 (uncharged polar): Tyrosine (Tyr), Gly, Asn, GIn, Cys, Ser, and Thr;
Group 8 (large aromatic residues): Phenylalanine (Phe), Tryptophan (Trp), and Tyr; Group 9 (non-
polar): Proline (Pro), Ala, Val, Leu, lle, Phe, Met, and Trp; Group 11 (aliphatic): Gly, Ala, Val, Leu,
and lle; Group 10 (small aliphatic, nonpolar or slightly polar residues): Ala, Ser, Thr, Pro, and Gly;
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and Group 12 (sulfur-containing): Met and Cys. Additional information can be found in Creighton
(1984) Proteins, W.H. Freeman and Company.

[0262] In making such changes, the hydropathic index of amino acids may be considered. The
importance of the hydropathic amino acid index in conferring interactive biologic function on a
protein is generally understood in the art (Kyte and Doolittle, 1982, J. Mol. Biol. 157(1), 105-32).
Each amino acid has been assigned a hydropathic index on the basis of its hydrophobicity and
charge characteristics (Kyte and Doolittle, 1982). These values are: lle (+4.5); Val (+4.2); Leu
(+3.8); Phe (+2.8); Cys (+2.5); Met (+1.9); Ala (+1.8); Gly (=0.4); Thr (-0.7); Ser (-0.8); Trp (-0.9);
Tyr (-1.3); Pro (-1.6); His (-3.2); Glutamate (-3.5); GIn (-3.5); aspartate (-3.5); Asn (-3.5); Lys
(-3.9); and Arg (-4.5).

[0263] It is known in the art that certain amino acids may be substituted by other amino acids
having a similar hydropathic index or score and still result in a protein with similar biological
activity, i.e., still obtain a biological functionally equivalent protein. In making such changes, the
substitution of amino acids whose hydropathic indices are within £2 is preferred, those within £1
are particularly preferred, and those within £0.5 are even more particularly preferred. It is also
understood in the art that the substitution of like amino acids can be made effectively on the basis
of hydrophilicity.

[0264] As detailed in U.S. Pat. No. 4,554,101, the following hydrophilicity values have been
assigned to amino acid residues: Arg (+3.0); Lys (+3.0); aspartate (+3.011); glutamate (+3.01);
Ser (+0.3); Asn (+0.2); GIn (+0.2); Gly (0); Thr (-0.4); Pro (-0.541); Ala (-0.5); His (-0.5); Cys
(=1.0); Met (-1.3); Val (-1.5); Leu (-1.8); lle (=1.8); Tyr (-2.3); Phe (=2.5); Trp (-3.4). It is
understood that an amino acid can be substituted for another having a similar hydrophilicity value
and still obtain a biologically equivalent, and in particular, an immunologically equivalent protein.
In such changes, the substitution of amino acids whose hydrophilicity values are within £2 is
preferred, those within 1 are particularly preferred, and those within £0.5 are even more
particularly preferred.

[0265] As outlined above, amino acid substitutions may be based on the relative similarity of the
amino acid side-chain substituents, for example, their hydrophobicity, hydrophilicity, charge, size,
and the like.

[0266] As indicated elsewhere, variants of gene sequences can include codon optimized variants,
sequence polymorphisms, splice variants, and/or mutations that do not affect the function of an
encoded product to a statistically significant degree.

[0267] Variants of the protein, nucleic acid, and gene sequences disclosed herein also include

sequences with at least 70% sequence identity, 80% sequence identity, 85% sequence, 90%
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sequence identity, 95% sequence identity, 96% sequence identity, 97% sequence identity, 98%
sequence identity, or 99% sequence identity to the protein, nucleic acid, or gene sequences
disclosed herein.

[0268] “% sequence identity” refers to a relationship between two or more sequences, as
determined by comparing the sequences. In the art, "identity" also means the degree of sequence
relatedness between protein, nucleic acid, or gene sequences as determined by the match
between strings of such sequences. "ldentity" (often referred to as "similarity") can be readily
calculated by known methods, including (but not limited to) those described in: Computational
Molecular Biology (Lesk, A. M., ed.) Oxford University Press, NY (1988);, Biocomputing:
Informatics and Genome Projects (Smith, D. W., ed.) Academic Press, NY (1994); Computer
Analysis of Sequence Data, Part | (Griffin, A. M., and Griffin, H. G., eds.) Humana Press, NJ
(1994); Sequence Analysis in Molecular Biology (Von Heijne, G., ed.) Academic Press (1987);
and Sequence Analysis Primer (Gribskov, M. and Devereux, J., eds.) Oxford University Press,
NY (1992). Preferred methods to determine identity are designed to give the best match between
the sequences tested. Methods to determine identity and similarity are codified in publicly
available computer programs. Sequence alignments and percent identity calculations may be
performed using the Megalign program of the LASERGENE bioinformatics computing suite
(DNASTAR, Inc., Madison, Wisconsin). Multiple alignment of the sequences can also be
performed using the Clustal method of alignment (Higgins and Sharp CABIOS, 5, 151-153 (1989)
with default parameters (GAP PENALTY=10, GAP LENGTH PENALTY=10). Relevant programs
also include the GCG suite of programs (Wisconsin Package Version 9.0, Genetics Computer
Group (GCG), Madison, Wisconsin); BLASTP, BLASTN, BLASTX (Altschul, et al., J. Mol. Biol.
215:403-410 (1990); DNASTAR (DNASTAR, Inc., Madison, Wisconsin); and the FASTA program
incorporating the Smith-Waterman algorithm (Pearson, Comput. Methods Genome Res., [Proc.
Int. Symp.] (1994), Meeting Date 1992, 111-20. Editor(s): Suhai, Sandor. Publisher: Plenum, New
York, N.Y. Within the context of this disclosure, it will be understood that where sequence analysis
software is used for analysis, the results of the analysis are based on the "default values" of the
program referenced. As used herein "default values" will mean any set of values or parameters,
which originally load with the software when first initialized.

[0269] Variants also include nucleic acid molecules that hybridizes under stringent hybridization
conditions to a sequence disclosed herein and provide the same function as the reference
sequence. Exemplary stringent hybridization conditions include an overnight incubation at 42 °C
in a solution including 50% formamide, 5XSSC (750 mM NaCl, 75 mM trisodium citrate), 50 mM
sodium phosphate (pH 7.6), 5XDenhardt's solution, 10% dextran sulfate, and 20 ug/ml denatured,
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sheared salmon sperm DNA, followed by washing the filters in 0.1XSSC at 50 °C. Changes in the
stringency of hybridization and signal detection are primarily accomplished through the
manipulation of formamide concentration (lower percentages of formamide result in lowered
stringency); salt conditions, or temperature. For example, moderately high stringency conditions
include an overnight incubation at 37°C in a solution including 6XSSPE (20XSSPE=3M NaCl;
0.2M NaH2PO4; 0.02M EDTA, pH 7.4), 0.5% SDS, 30% formamide, 100 ug/ml salmon sperm
blocking DNA; followed by washes at 50 °C with 1XSSPE, 0.1% SDS. In addition, to achieve even
lower stringency, washes performed following stringent hybridization can be done at higher salt
concentrations (e.g. 5XSSC). Variations in the above conditions may be accomplished through
the inclusion and/or substitution of alternate blocking reagents used to suppress background in
hybridization experiments. Typical blocking reagents include Denhardt's reagent, BLOTTO,
heparin, denatured salmon sperm DNA, and commercially available proprietary formulations. The
inclusion of specific blocking reagents may require modification of the hybridization conditions
described above, due to problems with compatibility.

[0270] "Specifically binds" refers to an association of a binding domain (of, for example, a CAR
binding domain or a nanoparticle selected cell targeting ligand) to its cognate binding molecule
with an affinity or K, (i.e., an equilibrium association constant of a particular binding interaction
with units of 1/M) equal to or greater than 10° M-, while not significantly associating with any other
molecules or components in a relevant environment sample. Binding domains may be classified
as "high affinity" or "low affinity". In particular embodiments, "high affinity" binding domains refer
to those binding domains with a K; of at least 107 M-, at least 108 M-, at least 10° M-, at least
10 M1, at least 10" M-, at least 10'2 M-!, or at least 10" M-'. In particular embodiments, "low
affinity" binding domains refer to those binding domains with a K, of up to 10" M-, up to 10% M-,
up to 10° M-, Alternatively, affinity may be defined as an equilibrium dissociation constant (Kq) of
a particular binding interaction with units of M (e.g., 105 M to 10-'* M). In certain embodiments, a
binding domain may have "enhanced affinity," which refers to a selected or engineered binding
domains with stronger binding to a cognate binding molecule than a wild type (or parent) binding
domain. For example, enhanced affinity may be due to a K, (equilibrium association constant) for
the cognate binding molecule that is higher than the reference binding domain or due to a Ky
(dissociation constant) for the cognate binding molecule that is less than that of the reference
binding domain, or due to an off-rate (Kor) for the cognate binding molecule that is less than that
of the reference binding domain. A variety of assays are known for detecting binding domains that
specifically bind a particular cognate binding molecule as well as determining binding affinities,
such as Western blot, ELISA, and BIACORE® analysis (see also, e.g., Scatchard, et al., 1949,
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Ann. N.Y. Acad. Sci. 51:660; and U.S. Patent Nos. 5,283,173, 5,468,614, or the equivalent).
[0271] Unless otherwise indicated, the practice of the present disclosure can employ conventional
techniques of immunology, molecular biology, microbiology, cell biology and recombinant DNA.
These methods are described in the following publications. See, e.g., Sambrook, et al. Molecular
Cloning: A Laboratory Manual, 2nd Edition (1989); F. M. Ausubel, et al. eds., Current Protocols
in Molecular Biology, (1987); the series Methods IN Enzymology (Academic Press, Inc.); M.
MacPherson, et al., PCR: A Practical Approach, IRL Press at Oxford University Press (1991);
MacPherson et al., eds. PCR 2: Practical Approach, (1995); Harlow and Lane, eds. Antibodies, A
Laboratory Manual, (1988); and R. |. Freshney, ed. Animal Cell Culture (1987).

[0272] As will be understood by one of ordinary skill in the art, each embodiment disclosed herein
can comprise, consist essentially of or consist of its particular stated element, step, ingredient or
component. Thus, the terms “include” or “including” should be interpreted to recite: “comprise,
consist of, or consist essentially of.” The transition term “comprise” or “comprises” means has, but
is not limited to, and allows for the inclusion of unspecified elements, steps, ingredients, or
components, even in major amounts. The transitional phrase “consisting of’ excludes any
element, step, ingredient or component not specified. The transition phrase “consisting essentially
of” limits the scope of the embodiment to the specified elements, steps, ingredients or
components and to those that do not materially affect the embodiment. A material effect would
cause a statistically significant reduction in CD33-expressing cell lysis in an vitro assay cell killing
assay, as described herein.

[0273] Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as molecular weight, reaction conditions, and so forth used in the specification and claims
are to be understood as being modified in all instances by the term “about.” Accordingly, unless
indicated to the contrary, the numerical parameters set forth in the specification and attached
claims are approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit the application
of the doctrine of equivalents to the scope of the claims, each numerical parameter should at least
be construed in light of the number of reported significant digits and by applying ordinary rounding
techniques. When further clarity is required, the term “about’” has the meaning reasonably
ascribed to it by a person skilled in the art when used in conjunction with a stated numerical value
or range, i.e. denoting somewhat more or somewhat less than the stated value or range, to within
a range of £20% of the stated value; +19% of the stated value; £18% of the stated value; £17%
of the stated value; +16% of the stated value; +15% of the stated value; +14% of the stated value;

+13% of the stated value; +12% of the stated value; +11% of the stated value; +10% of the stated
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value; 9% of the stated value; 8% of the stated value; +7% of the stated value; +6% of the
stated value; +5% of the stated value; +4% of the stated value; +3% of the stated value; +2% of
the stated value; or 1% of the stated value.

[0274] Notwithstanding that the numerical ranges and parameters setting forth the broad scope
of the invention are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value, however, inherently contains certain
errors necessarily resulting from the standard deviation found in their respective testing
measurements.

[0275] The terms “a,” “an,” “the” and similar referents used in the context of describing the
invention (especially in the context of the following claims) are to be construed to cover both the
singular and the plural, unless otherwise indicated herein or clearly contradicted by context.
Recitation of ranges of values herein is merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range. Unless otherwise indicated
herein, each individual value is incorporated into the specification as if it were individually recited
herein. All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element
essential to the practice of the invention.

[0276] Groupings of alternative elements or embodiments of the invention disclosed herein are
not to be construed as limitations. Each group member may be referred to and claimed individually
or in any combination with other members of the group or other elements found herein. It is
anticipated that one or more members of a group may be included in, or deleted from, a group for
reasons of convenience and/or patentability. When any such inclusion or deletion occurs, the
specification is deemed to contain the group as modified thus fulfilling the written description of
all Markush groups used in the appended claims.

[0277] Certain embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Of course, variations on these described
embodiments will become apparent to those of ordinary skill in the art upon reading the foregoing
description. The inventor expects skilled artisans to employ such variations as appropriate, and
the inventors intend for the invention to be practiced otherwise than specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter recited

in the claims appended hereto as permitted by applicable law. Moreover, any combination of the
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above-described elements in all possible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly contradicted by context.

[0278] Furthermore, numerous references have been made to patents, printed publications,
journal articles and other written text throughout this specification (referenced materials herein).
Each of the referenced materials are individually incorporated herein by reference in their entirety
for their referenced teaching.

[0279] In closing, it is to be understood that the embodiments of the invention disclosed herein
are illustrative of the principles of the present invention. Other modifications that may be employed
are within the scope of the invention. Thus, by way of example, but not of limitation, alternative
configurations of the present invention may be utilized in accordance with the teachings herein.
Accordingly, the present invention is not limited to that precisely as shown and described.

[0280] The particulars shown herein are by way of example and for purposes of illustrative
discussion of the preferred embodiments of the present invention only and are presented in the
cause of providing what is believed to be the most useful and readily understood description of
the principles and conceptual aspects of various embodiments of the invention. In this regard, no
attempt is made to show structural details of the invention in more detail than is necessary for the
fundamental understanding of the invention, the description taken with the drawings and/or
examples making apparent to those skilled in the art how the several forms of the invention may
be embodied in practice.

[0281] Definitions and explanations used in the present disclosure are meant and intended to be
controlling in any future construction unless clearly and unambiguously modified in the examples
or when application of the meaning renders any construction meaningless or essentially
meaningless. In cases where the construction of the term would render it meaningless or
essentially meaningless, the definition should be taken from Webster's Dictionary, 3rd Edition or
a dictionary known to those of ordinary skill in the art, such as the Oxford Dictionary of
Biochemistry and Molecular Biology (Eds. Attwood T et al., Oxford University Press, Oxford,
2006).
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CLAIMS
What is claimed is:
1. A chimeric antigen receptor (CAR) comprising
an extracellular component comprising a binding domain having a complementarity determining
region (CDR) set of antibody 9G2, 1H7, 6H9, 2D5, 5D12, 3a5v1, 3A5v2, 7D5v1, 7D5v2, 8F5,
12B12, 11D11, 7E7, 11D5, or 13E11, according to North, IMGT, Kabat or Chothia;
an intracellular component comprising an effector domain; and
a transmembrane domain linking the extracellular component to the intracellular component.
2. The CAR of claim 1, wherein the binding domain comprises a single chain variable
fragment (scFv).
3. The CAR of claim 2, wherein the scFv is encoded by
the 9G2 VYHVL scFv coding sequence as set forth in SEQ D NGO 3;
the 8G2 VILVH scFv coding sequence as set forth in SEQ D NO 181,
the TH? VHVL sofv coding sequence as sef forth in BEQ 1D NG 1
the 1H7 VLVH scFv coding sequence as set forth in SEQ D NG 1
the 8HE VHVL sofv coding sequence as set forth in SEQ 1D NGO 2
tha 208 VHVL scFy coding sequence as set forth in SEQ 1D NG 4
the 5012 VHVL sclv coding sequence as set forth in 832G 1D NG &;
the 3A% variant 1 VHVYL scFvy coding sequence as set forth in SEQ D NG 127,
the 3A5 variant 1 VLVH scFy coding sequence as set forth in SEQ 1D NGO 128,
the 3A5 variant 2 VHVL scFv coding sequence as set forth in SEQ 1D NG 128
the AL variant 2 VLVH soFv coding sequencs as set forth in SEQ 1D MO 130,
the 705 variant 1 VHVL schy coding sequance as set forth in S0 D NO: 132, or
the Y05 variant 2 VHYL scFy coding seguencs as set forth in SEQ D NO: 133,
4. The CAR of claim 2, wherein the scFv has the sequence as set forth in SEC D NCx 334,
SEGID NO: 335, SEQ D NG 332, 3EQ D NO: 333, SEQ 1D NG 338, BEQ D NGO 337, SEQ
D N 328, BEG D NO: 338, SEQ D NO: 340, or SEQ D NO: 341

5. The CAR of claim 1, wherein the extracellular component further comprises a spacer

3
26

1
1

region.

6. The CAR of claim 5, wherein the spacer region is 135 amino acids or less or 16 amino
acids of less.

7. The CAR of claim 5, wherein the spacer region is 131 amino acids or less and consists

of the hinge region and CH3 domain of IgG4.
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8. The CAR of claim 5, wherein the spacer region is 12 amino acids or less and consists of
the hinge region of IgG4.

9. The CAR of claims 7 or 8 wherein the 1gG4 is human IgG4.

10. The CAR of claim 5, wherein the spacer region is encoded by the sequence as set forth
N SEQID NG 6, SEQID NG 7, or SEQID NGO &

11. The CAR of claim 1, wherein the effector domain comprises all or a portion of the
signaling domain of CD3(; all or a portion of the signaling domain of 4-1BB, all or a portion of
the signaling domain of CD28, all or a portion of the signaling domain of CD3( and 4-1BB; all or
a portion of the signaling domain of CD3¢ and CD28; or all or a portion of the signaling domain
of CD3¢, 4-1BB, and CD28.

12. The CAR of claim 11, wherein the effector domain comprises all or a portion of the
signaling domain of CD3C and 4-1BB.

13. The CAR of claim 11, wherein the CD3( signaling domain is encoded by the CD3(
coding sequence as sef forth in SEQ 1D NG 10

14. The CAR of claim 11, wherein the CD3( signaling domain comprises the sequence ax
set forth in SEQ D NOs: 11 or 12

15. The CAR of claim 12, wherein the 4-1BB signaling domain is encoded by 4-1BB SEQ 13
NO: 13 or SEG D NGO 14,

16. The CAR claim 12, wherein the 4-1BB signaling domain comprises the sequence a3 sst
forth in SEQ D NGO AS or SEQ D NO: 18

17. The CAR of claim 1, wherein the transmembrane domain comprises a CD28
transmembrane domain.

18. The CAR of claim 17, wherein the CD28 transmembrane domain is encoded by 3£ 3
MO 17, SEGHHD NG 18, or SEG D NGO 19,

19. The CAR of claim 17, wherein the CD28 transmembrane domain comprises SEQ ID NO:
20 or SEQ ID NO:21.

20. The CAR of claim 1, further comprising a control feature selected from a tag cassette, a
transduction marker, and/or a suicide switch.

21. A genetic construct encoding the CAR of claim 1.

22. The genetic construct of claim 21, whersin the genetlic construct comprises

the sequence as set forth in SEQ 1D NO: 48, SEQ ID NO: 331, BEG 1D NO: 42, SEQ 1D NOx 43,
SEQ D NGO 44, 3EQ HI NG 45, SEQ 1D NG: 47, SEQ ID NO: 325, SEQ ID NO: 326, SEQ ID
NO: 327, SEQ ID NO: 328, SEQ ID NO: 329, or SEQ ID NO: 330.

23, A nanoparticle encapsulating the genetic consiruet of claim 21.
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24, A cell genstically modified o exprass the CAR of any of claims 1-20,

25, The cell of claim 24, wherein the cell is an autclogous oall or an allogeneic cell in
reference 1o & subject.

28. The call of claim 24, wherein the call is in vivo or e vivo,

27, The cell of claim 24, wherein the cellis a T cell, B cell, natural killer (NK) cell, NK-T cell,
monocyte/macrophage, hematopoietic stem cells (HSC), or a hematopoietic progenitor cell
(HPC).

28 The cell of claim 24, wherein the call is 5 T call selected from a CD3+ T cell, aCD4+ T
cell, a CD8+ T cell, a central memory T cell, an effector memory T cell, and/or a naive T cell.
29 The cell of claim 24, whersin the cell is 3 CD8+ T cell.

30. The cell of claim 24, wherein the cell has besn incubaled in 3 cell media comprising 1IL-2,
-7, H15, andior 1L-21,

31 The cell of claim 20, whereinn the cell has been incubated in a cell media comprising 1L-2.
32. The cell of claim 21, wherein the cell media comprises 10100 ng/ml -2,
33 The cell of claim 32, wherein the coll media comprises 50 ng/mb L-2.

34 The cell of daim 30, wherein the cell has been incubaiad 2 cell media comprising HL-7
and iL-15.

35. The cell of claim 34, wherein the cell media comprises 515 ng/mb 1.7 and 515 ng/mb
15,

36. The cell of claim 35, wherein the cell media comprises 10 ng/mbl -7 and 10ng/mb -

37, The cell of claim 30, wherein the cell media comprises 117, 115, and HL-21.

33. The cell of claim 37, wherein the coll media comprises 515 ng/mb 1L-7, 515 ng/mb 1L~
15, and 515 ng/imL 121

38. The cell of claim 38, wherein the cell media comprizes 10 ng/ml -7, 10ng/mL HL-15,
and 10 ng/mib 1L-21.

44, A population of cells of any of claims 24-38 formulatad for administration © a subject.

41, A method of reating 3 subject with g CD33% related disorder comprising administenng a
therapeutically effective amount of the nanopariicle of claim 23 or the cell population of claim 40
i the subject thereby treating the subjeci with the CD33-relatad disorder,

42. The method of claim 41, wherein the cell population comprises autologous cells or allogeneic
cells.

43. The method of claim 41, wherein the CD33-related disorder comprises acute lymphoblastic

leukemia (ALL), chronic myelogenous leukemia (CML), chronic myelomonocytic leukemia (CML),
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mast cell leukemia, myelodysplastic syndrome (MDS), B-cell acute lymphoblastic leukemia (B-
ALL), T-cell acute lymphoblastic leukemia (T-ALL), or megakaryocytic leukemia.

44. The method of claim 41, further comprising determining whether the subject expresses or
lacks the V-set domain of CD33, and

if the subject expresses the V-set domain of CD33, selecting a combination therapy comprising
a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
and

a binding domain of one or more of one or more of 5D12 and 8F5.

45. The method of claim 41, further comprising determining whether the subject expresses or
lacks the V-set domain of CD33, and

if the subject does not express the V-set domain of CD33, selecting a combination therapy
comprising

a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
and

a binding domain of one or more of one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.

46. A method of activating an immune response against CD33-expressing cells in a subject in
need thereof comprising administering a therapeutically effective amount of the nanopariicls of
claim 23 or the cell population of claim 40 to the subject activating an immune response against
CD33-expressing cells in the subject in need.

47. The method of claim 46, wherein the cell population comprises autologous cells or allogeneic
cells.

48. The method of claim 46, wherein the CD33-expressing cells comprise acute myeloid leukemia
(AML) cells.

49. The method of claim 46, wherein the CD33-expressing cells comprise acute lymphoblastic
leukemia (ALL), chronic myelogenous leukemia (CML), chronic myelomonocytic leukemia (CML),
mast cell leukemia, myelodysplastic syndrome (MDS), B-cell acute lymphoblastic leukemia (B-
ALL), T-cell acute lymphoblastic leukemia (T-ALL), or megakaryocytic leukemia.

50. The method of claim 46, further comprising determining whether the subject expresses or
lacks the V-set domain of CD33, and

if the subject expresses the V-set domain of CD33, selecting a combination therapy comprising
a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
and

a binding domain of one or more of one or more of 5D12 and 8F5.

51. The method of claim 46, further comprising determining whether the subject expresses or
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lacks the V-set domain of CD33, and

if the subject does not express the V-set domain of CD33, selecting a combination therapy
comprising

a composition encoding a binding domain of one or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5
and

a binding domain of one or more of one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.

52. A kit comprising a nucleotide sequence encoding a CAR comprising a binding domain of one
or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5 and a nuclectide sequence encoding a binding
domain of one or more of one or more of 5D12 and 8F5.

53. A kit comprising a nucleotide sequence encoding a CAR comprising a binding domain of one
or more of 6H9, 9G2, 3A5, 7D5, 1H7, and 2D5 and a nuclectide sequence encoding a binding
domain of one or more of one or more of 12B12, 11D5, 13E11, 11D11, and 7E7.
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CD33/CD3 bispecific molecule:
QVQLVQSGAEVKKPGESVKVSCKASGYTFTNYGMNVWVKQAPGQGLEWMGWINTYTGEPTY
ADKFQGRVTMTTDTSTSTAYMEIRNLGGDDTAVYYCARWSWSDGYYVYFDYWGQGTSVTVS
SGGGGSGGGGESGGGGSDIVMTQSPDSLTVSLGERTTINCKSSQSVLDSSTNKNSLAWYQQK
PGQPPKLLLSWASTRESGIPDRFSGSGSGTDFTLTIDSPQPEDSATYYCQQSAHFPITFGQGT
RLEIKSGGGGSEVQLVESGGGLVQPGGSLKLSCAASGFTFNKYAMNWVRQAPGKGLEWVARI
RSKYNNYATYYADSVKDRFTISRDDSKNTAYLQMNNLKTEDTAVYYCVRHGNFGNSYISYWAY
WGQGTLVTVSSGGGGSGGGGSGGGGSQTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGNY
PNWVQQKPGQAPRGLIGGTKFLAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCVLWYSN
RWVFGGGTKLTVLHHHHHHA (SEQ ID NO: 220, similar to SEQ ID NO: 377 and 378)

scly coding sequence in YH-VL orientation, codon optimized for use in CAR:
The seguence snceding the starter mathioning is in bold, the signal peptide is underlined and
Haticized, the G40x3 finker is underlined, and the variable Hight chain is in dalics.

1H7 VHVL scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTICTGCTG
ATCCCCCAAGTACAACTTCAACAAAGTGGAGCCGAACTGGTAAAACCCGGAGCGTCTGTG
AAGATTAGTTGCAAGGCATCCGGTTACGCCTTCTCAAATTATTGGATGAACTGGGTAAAGC
AGCGGCCCGGAAAGGGTCTCGAGTGGATTGGGCAAATCAACCCAGGGGACGGGGATACG
AACTACAACGGTAAGTTCAAAGGCAAGGCTACGTTGACGGCTGATAAGAGCTCAAGCACC
GCTTACATGCAGTTGTCTTCTTTGACAAGTGAGGATAGTGCCGTTTACTTCTGCGCCCGAG
AGGACCGAGATTATTTTGATTATTGGGGCCAGGGAACAACTCTCACCGTCAGCTCCGGAG
GCGGAGGATCTCGCGGCAGGGGGCTCTGGAGGAGGAGGATCTGATATTCAGATGACCCAA
ACTACGAGTTCCCTGTCTGCCAGCCTTGGCGACCGGGTCACAATTAGTTGCAGGGCTTCT
CAGGATATCAACTACTATTTGAACTGGTACCAGCAGAAACCTGATGGGACGGTCAAACTTC
TCATCTACTATTCATCCAGACTGCACAGTGGCGTACCGTCTAGATTCTCAGGAAGCGGCAG
TGGTACGGATTTTAGTCTTACCATTAGTAATCTGGAACAGGAGGACATCGCCACGTATTTTT
GCCAGCAGGATGACGCACTGCCCTATACCTTCGGCGGAGGCACTAAGTTGGAGATAAAA
(SEQ ID NO: 1)

6H9 VHVL scFv coding sequence, codon optimized:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTICTGCTG
ATCCCCGAAGTTATGCTCGTTGAAAGCGGTGGAGGTCTCGTCAAACCCGGTGGCAGTCTG
AAGTTGAGCTGTGCAGCTTCAGGTTTCACTTTCAGCAGCTACACAATGTCATGGGTTCGGC
AGACACCAGAGAAGCGCTTGGAATGGGTCGCTACGATTTCCGGCGATGGAGGCAACACCT
ATTATTCAGACTCAGTGAAAGGACGATTTACAATTTCACGGGACAACGCGAAAAATACGCTT
TACCTTCAAATGTCCTCACTTCGATCTGAAGATACCGCTCTTTACTATTGCGCTCGACAAGG
AACTGGAACGGATTACTTCGACTACTGGGGACAAGGCACCACTCTTACGGTCTCTTCTGGA
GGCGGAGGATCTGGCGGAGGGGGCTCTCGGAGGAGGAGGATCTGATATACAGATGACACA
GACCACATCATCCTTGTCTGCCAGTCTGGGCGACCGGGTAACTATCAGTTGCAGAGCGTC
TCAGGATATAAACATTTATCTCAATTGGTATCAACAGAAACCGGACGGTACAGTAAAGTTGC
TCATTTACTACACAAGCAGATTGCACAGTGGCGTGCCGAGTAGATTTTCTGGGTCAGGTAG
CGGAACTGATTACAGTTTGACCATCTCTAATTTGGAACAGGAGGATATTGCGACTTACTTTT
GTCAACAGGGAGATACACTTCCATGGACATTTGGCGGGGGGACCAAACTCGAAATTAAG
(SEQ ID NQ: 2)
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FIG. 36 cont'd

9G2 VHVL scFv coding sequence, codon optimized:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTCTGCTG
ATCCCCGAGGTCAAGCTTGTCGAGTCAGAGGGAGGTTTGGTCCAGCCGGGTTCTTCTATG
AAACTCTCCTGCACAGCCAGTGGCTTTACATTTAGTGATTACTACATGAGTTGGGTGAGAC
AGGTGCCTGAGAAAGGGCTGGAGTGGGTAGCTTCCATTAACTACGACGGAGGTAGCACCT
ATTACTTGGACTCCTTGAAAAGCAGATTCATAATTTCCAGGGATAATACGAAAAACATACTT
TATCTTCAAATGTCCTCTTTGAAGAGCGAGGACACAGCCACATACTATTGCGCCAGGGATA
GAGGCGATGGTGATTATTTTGACTATTGGGGACAGGGCACAACACTCACGGTCAGCAGCG
GAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTGATATACAAATGACT
CAGACAACGAGCAGTTTGTCCGCATCTCTTGGCGATCGAGTAACTATTAGCTGCAAGACAT
CCCAGGACATATATAATTATTTGAATTGGTATCAGCAGAAACCGGACGGAACTGTCAAACT
CCTCATTTATTATACCTCCAGGCTTCATAGTGGGGTTCCTTCCCGATTTAGTGGAGGAGGC
TCAGGTACGGACTACAGCCTGACGATTTCCAACCTTGAACAAGAAGATATAGCTACATACT
TCTGTCAGCAAGGTGACACCTTGCCCTGGACATTCGGTGGGGGTACAAAACTCGAAATAAA
G (SEQ ID NO: 3)

2D5 VHVL scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTCTGCTG
ATCCCCCAGGTGCAGCTGCAGCAGAGCGGCGCGGAACTGGTGCGCCCGGGCGCGAGCG
TGACCCTGAGCTGCAAAGCGAGCGGCTATACCTTTACCGATTATGATATGCATTGGGTGAA
ACAGACCCCGGTGCATGGCCTGGAATGGATTGGCGCGATTGATCCGGAAACCGGCGGCA
CCGCGTATAACCAGAACTTTAAAGGCAAAGCGATTCTGACCGTGGATAAAAGCAGCCGCAT
TGCGTATATGGAACTGCGCAGCCTGACCAGCGAAGATAGCGCGGTGTTTTATTGCACCAG
CGATTATGATTATTTTGGCGTGTGGGGCACCGGCACCACCGTGACCGTGAGCAGCGGAGG
CGGAGGATCTGGCGGAGGGGGCTCTGCGAGGAGGAGGATCTGATATTGTGATGACCCAGA
GCCAGAAATTTATGAGCACCAGCGTGGGCGATCGCGTGAGCGTGACCTGCAAAGCGAGC
CAGAACGTGGGCACCAACGTGGTGTGGTATCATAAAAAACCGGGCCAGAGCCCGAAAGG
CCTGATTTATAGCGCGAGCGATCGCTATAGCGGCGTGCCGGATCGCTTTACCGGCAGCGG
CAGCGGCACCGATTTTACCCTGACCATTAACAACGTGCAGAGCGAAGATCTGGCGGAATA
TTTTTGCCAGCAGTATAACATTTATCCGTATACCTTTGGCGGCGGCACCAAACTGGAAATTA
AA (SEQ ID NO: 4)

5D12 VHVL scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTICTGCTG
ATCCCCCAAGTTCAGTTGCAACAATCAGGTGCTGAGGTGGTAAAGCCAGGTGCCAGTGTC
AAAATATCTTGCCGGGCGTCTGGTTATGCGTTCTCCAACTATTGGATGAACTGGGTAAAAC
AACGCCCAGGTAAGGGACTCGAGTGGATAGGACAAATATACCCAGGCAACTTCAACACAG
ACTACAATGGTCAATTCAAGGGAAAGGCTACTCTTACAGTCGATAAATCTTCAAACACGGCT
TACATGCAGTTGTCCTCCTTGACCTCCGAGGATTCAGCAGTCTATTTCTGTGCCCGATTCTT
TGATTTTGGCGCTTATTTTACGTTGGATTATTGGGGCCAAGGGACATCTGTCACAGTTTCCT
CCGGAGGCGGAGGATCTGGCGGAGGGGGCTCTCGCAGGAGGAGGATCTGATATAAAGATG
ACTCAGTCACCCAGCAGTATATACGCTAGTCTGGGAGAAAGGGTCACGATAAATTGTAAGG
CTTCACAAGACATAAAAAGTTATCTTTCATGGTATCAACAGAAACCCTGGAAAAGCCCCAAG
ACCCTTATCTACTACGCTACGACTCTTGCAGATGGTGTACCAAGTCGGTTTTCCGGGAGCG
GCTCCGGGCAAGACTATTCTTTGACAATTTCCTCTTTGGAGTCCGATGATACCGCAACCTA
CTACTGCCTGCATCACGGTGAGTCACCATGGACATTTGGCGAAGGGACAAAGCTTGAAATA
AAG (SEQ ID NO: 5)

IgG4 hinge coding sequence-A
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FIG. 36 cont'd
GAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCT (SEQ ID NO: 6)

IgG4 hinge coding sequence-B
GAGTCTAAGTACGGACCGCCTTGCCCACCGTGCCCA (SEQID NO: 7)

IgG4-int(DS) coding sequence
GGCCAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAA
GAACCAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGA
ATGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACA
GCGACGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAA
GGCAACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAG
TCCCTGAGCCTGAGCCTGGGCAAG (SEQ ID NO: 8)

IgG4-long coding sequence
GCACCACCTGTGGCAGGACCGTCAGTCTTCCTCTTCCCACCAAAACCCAAGGACACCCTG
ATGATCAGCCGGACCCCCGAGGTGACCTGCGTGGTGGTGGACGTGAGCCAGGAAGATCC
CGAGGTCCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCC
CAGAGAGGAACAGTTCCAAAGCACCTACCGGGTGGTGTCTGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAACAAGGGCCTGCCCAGCA
GCATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCTCGCGAGCCCCAGGTGTACACC
CTGCCTCCCTCCCAGGAAGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGAAG
GGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCTGAGAACAA
CTACAAGACCACCCCTCCCGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCCGGCT
GACCGTGGACAAGAGCCGGTGGCAGGAAGGCAACGTCTTTAGCTGCAGCGTGATGCACG
AGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAG (SEQID
NQ: 9)

CD3{ coding sequence
CGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCT
GTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAG
GCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTAT
AACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGA
GCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAG
GATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGG (SEQ ID NQ: 10)

CD3( protein-A
RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:
11)

CD3( protein-B
ELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:
12)

4-1BB signaling coding sequence-A
AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAAC
TACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGA
ACTG (SEQ ID NO: 13)
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4-1BB signaling coding sequence-B
GTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTAC
AAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGAT
GTGAACTG (SEQ ID NO: 14)

4-1BB protein-A
VKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO: 15)

4-1BB protein-B
VKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC (SEQ ID NO: 16)

CD28TM coding sequence-A
ATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCCTGCTACAGCCTGCTGGTCAC
CGTGGCCTTCATCATCTTTTGGGTG (SEQ ID NO: 17)

CD28TM coding sequence-B
ATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCCTGCTACAGCCTGCTGGTCAC
CGTGGCCTTCATCATCTTTTGG (SEQ ID NO: 18)

CD28TM coding sequence-C
ATGTTCTGGGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGAC
AGTGGCCTTCATCATCTTTTGG (SEQ ID NO: 19)

CD28TM protein-A
MFVWLVVVGGVLACYSLLVTVAFIIFW (SEQ ID NO: 20)

CD28TM protein-B
FWVLVVVGGVLACYSLLVTVAFIIFW (SEQ ID NO: 21)

tCD19 coding sequence
ATGCCACCTCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTG
AGGAACCTCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGG
GAACCTCAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCT
TCCTGAAACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCT
GGCTGTTCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACC
ACCTTCTGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCT
GTTCCGGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTC
AGAGGGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAA
AGACCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGA
ACCAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTG
GGGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAG
GGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGG
GTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTAT
TGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACTAT
GGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCTGA
TCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAGGAG
GAAAAGATGA (SEQ ID NO: 22)
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T2A coding sequence
CTCGAGGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAA
TCCAGGCCCTAGG (SEQ ID NO: 23)

Thoseaasigna Virus 2A (T2A) Peptide
GSGEGRGSLLTCGDVEENPGP (SEQ ID NO: 24)

Porcine Teschovirus-1 2a (P2A) Peptide
GSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 25)

Equine Rhinitis A Virus (ERAV) 2A (E2A) Peptide
GSGQCTNYALLKLAGDVESNPGP (SEQ ID NO: 26)

Foot-And-Mouth Disease Virus 2A (F2A) Peptide
GSGVKQTLNFDLLKLAGDVESNPGP (SEQ ID NO: 27)

EF1 promoter-A
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCC
GAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGG
TAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAAC
CGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAAC
ACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGG
CCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAAC
TGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCT
CCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCA
ACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCG
CCTAC (SEQID NO: 28)

EF1 promoter-B
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCC
GAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGG
TAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAAC
CGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAAC
ACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACCTGAGG
CCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAAC
TGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTCCGGCGCT
CCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCA
ACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCG
CCTACG (SEQ ID NO: 29)

Psi
CTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTALCGCC
AAAAATTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGT (SEQ
ID NO: 30)

RRE

GCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTT
GGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACA
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GGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAG
GCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATC
CTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGA
AAACTCATTTGCACCACTGCTGTGCCTTGGATC (SEQ ID NO: 31)

SUBSTITUTE SHEET (RULE 26)



WO 2021/202793 55/92 PCT/US2021/025248

FIG. 36 cont'd

Flap
TACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGC
AGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAA
TTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGG (SEQ ID
NO: 32)

GM-CSFR encoding sequence
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTCTGCTG
ATCCCC (SEQ ID NO: 33)

WPRE
ATCGATAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTT
GCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCG
TATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTG
GCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGG
TTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATT
GCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTT
GGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGC
CTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAA
TCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCG
CCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGAT (SEQ ID
NO: 34)

delU3
GTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAA
GGGGGGACTGGAAGGGCTAATTCACTCCCAAAGAAGACAAGAT (SEQ ID NO: 35)

R
CTGCTTTTTGCCTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTG
GCTAACTAGGGAACCCACTG (SEQ ID NO: 36)

us
CTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTG
ACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCT (SEQ ID NO:
37)

AmpR
ATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTT
TTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGA
GTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAG
AACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATT
GACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAG
TACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTG
CTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACC
GAAGGAGCTAACCGCTTTTTTGCACAACATGGGCGGATCATGTAACTCGCCTTGATCGTTGG
GAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCA
ATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAAC
AATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTC
CGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCA
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TTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGA
GTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAA
GCATTGGT (SEQ ID NO: 38)

CoE1 origin
AAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTT
TTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTT
TTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTT
GCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATA
CCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCAC
CGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGT
ATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAA
CGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTG
TGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACG
GTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTG
TGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCG
AGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAG (SEQ ID NO: 39)

SV40
GGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCC
TAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCA

GAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGA
GGCCTAGGCTTTTGCAAA (SEQ ID NO: 40)

CMV
ATCGATTGGCTCATGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATA
GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTA
CGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGA
CGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTT
ACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
GACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGAC
TTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCC
CATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGT
AACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGAATTC (SEQ ID NO:
41)

Glycosylation site
CAA

1H7-intDS-41bb-3z-T-CD19t Top Strand
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
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TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCCAAGTACAACTTCAACAAAGTGGAGCCGAA
CTGGTAAAACCCGGAGCGTCTGTGAAGATTAGTTGCAAGGCATCCGGTTACGCCTTCTCAA
ATTATTGGATGAACTGGGTAAAGCAGCGGCCCGGAAAGGGTCTCGAGTGGATTGGGCAAA
TCAACCCAGGGGACGGGGATACGAACTACAACGGTAAGTTCAAAGGCAAGGCTACGTTGA
CGGCTGATAAGAGCTCAAGCACCGCTTACATGCAGTTGTCTTCTTTGACAAGTGAGGATAG
TGCCGTTTACTTCTGCGCCCGAGAGGACCGAGATTATTTTGATTATTGGGGCCAGGGAACA
ACTCTCACCGTCAGCTCCGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAG
GATCTGATATTCAGATGACCCAAACTACGAGTTCCCTGTCTGCCAGCCTTGGCGACCGGGT
CACAATTAGTTGCAGGGCTTCTCAGGATATCAACTACTATTTGAACTGGTACCAGCAGAAA
CCTGATGGGACGGTCAAACTTCTCATCTACTATTCATCCAGACTGCACAGTGGCGTACCGT
CTAGATTCTCAGGAAGCGGCAGTGGTACGGATTTTAGTCTTACCATTAGTAATCTGGAACA
GGAGGACATCGCCACGTATTTTTGCCAGCAGGATGACGCACTGCCCTATACCTTCGGCGG
AGGCACTAAGTTGGAGATAAAAGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTGG
CCAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAAGAA
CCAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGAATG
GGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCG
ACGGCAGCTTCTTCCTGTACTCCCGGCTGACCCGTCGCACAAGAGCCGGTGGCAGGAAGGC
AACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCC
CTGAGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGC
CTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAA
GAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGA
AGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCGGGTG
AAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAAC
GAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGA
CCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAACGAAC
TGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGCGGAGG
CCGGGCAAGGGCCACCACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGATACCTA
CGACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGGCAGA
GGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCACCTCCA
AGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAACCTCTA
GTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCTCAG
ATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGAAA
CTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCTGTT
CATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACCTTC
TGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGTTCC
GGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCAGAG
GGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAAAGA
CCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGAAC
CAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTGG
GGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAGG
GGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGG
GTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTA
TTGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACT
ATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCT
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GATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAG
GAGGAAAAGATGA (SEQ ID NO: 42)

Within the above sequence, EF1a promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 1H7-HvLv is
the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence above.

1H7-long-41bb-3z-T-CD19t Top Strand
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCCAAGTACAACTTCAACAAAGTGGAGCCGAA
CTGGTAAAACCCGGAGCGTCTGTGAAGATTAGTTGCAAGGCATCCGGTTACGCCTTCTCAA
ATTATTGGATGAACTGGGTAAAGCAGCGGCCCGGAAAGGGTCTCGAGTGGATTGGGCAAA
TCAACCCAGGGGACGGGGATACGAACTACAACGGTAAGTTCAAAGGCAAGGCTACGTTGA
CGGCTGATAAGAGCTCAAGCACCGCTTACATGCAGTTGTCTTCTTTGACAAGTGAGGATAG
TGCCGTTTACTTCTGCGCCCGAGAGGACCGAGATTATTTTGATTATTGGGGCCAGGGAACA
ACTCTCACCGTCAGCTCCGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAG
GATCTGATATTCAGATGACCCAAACTACGAGTTCCCTGTCTGCCAGCCTTGGCGACCGGGT
CACAATTAGTTGCAGGGCTTCTCAGGATATCAACTACTATTTGAACTGGTACCAGCAGAAA
CCTGATGGGACGGTCAAACTTCTCATCTACTATTCATCCAGACTGCACAGTGGCGTACCGT
CTAGATTCTCAGGAAGCGGCAGTGGTACGGATTTTAGTCTTACCATTAGTAATCTGGAACA
GGAGGACATCGCCACGTATTTTTGCCAGCAGGATGACGCACTGCCCTATACCTTCGGCGG
AGGCACTAAGTTGGAGATAAAAGAGTCTAAGTACGGACCGCCTTGCCCACCGTGCCCAG
CACCACCTGTGGCAGGACCGTCAGTCTTCCTCTTCCCACCAAAACCCAAGGACACCCTGA
TGATCAGCCGGACCCCCCAGGTGACCTGCGTGGTGGTGGACGTGAGCCAGGAAGATCCC
GAGGTCCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGCCAAGACCAAGCCC
AGAGAGGAACAGTTCCAAAGCACCTACCGGGTGGTGTCTGTGCTGACCGTGCTGCACCAG
GACTGGCTGAACGGCAAAGAATACAAGTGCAAGGTGTCCAACAAGGGCCTGCCCAGCAGC
ATCGAAAAGACCATCAGCAAGGCCAAGGGCCAGCCTCGCGAGCCCCAGGTGTACACCCT
GCCTCCCTCCCAGGAAGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGAAGG
GCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCTGAGAACAAC
TACAAGACCACCCCTCCCGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCCGGCTG
ACCGTGGACAAGAGCCGGTGGCAGGAAGGCAACGTCTTTAGCTGCAGCGTGATGCACGA
GGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAGATGTTCTG
GGTGCTGGTGGTGGTGGGCGGGGTGCTGGCCTGCTACAGCCTGCTGGTGACAGTGGCC
TTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATT
TATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAA
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GAAGAAGGAGGATGTGAACTGCGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTA
CCAGCAGGGCCAGAATCAGCTGTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACG
ACGTCCTGGATAAGCGGAGAGGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAA
GAACCCCCAGGAAGGCCTGTATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAG
CGAGATCGGCATGAAGGGCGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAG
GGCCTGTCCACCGCCACCAAGGATACCTACGACGCCCTGCACATGCAGGCCCCTGCCcce
AAGGCTCGAGGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAG
GAGAATCCAGGCCCTAGGATGCCACCTCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACAC
CAATGGAAGTCAGGCCTGAGGAACCTCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTG
TGTTACAGTGCCTCAAGGGAACCTCAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGG
AGTCTCCGCTTAAACCCTTCCTGAAACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACAT
GAGGCCACTGGCTATCTGGCTGTTCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTAC
CTGTGTCAGCCTGGACCACCTTCTGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTG
GAGGGTTCTGGTGAGCTGTTCCGGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGT
CTGAAGAACAGGTCCTCAGAGGGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAG
CTGTATGTGTGGGCCAAAGACCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCC
ACCGAGGGACAGCCTGAACCAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCA
CACTCTGGCTGTCCTGTGGGGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGA
CCCATGTGCACCCCAAGGGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCC
CTGCCAGAGATATGTGGGTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAG
ACGCTGGAAAGTATTATTGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCAC
TGCTCGGCCAGTACTATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGT
GACTTTGGCTTATCTGATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAG
CCCTGGTCCTGAGGAGGAAAAGATGA (SEQ ID NO: 43)

Within the above sequence, EF1p is the first bold sequence; the sequence encoding GM-CSFR
signal peptide is the first underlined sequence; the sequence encoding 1H7_HvLyv is the first
italicized sequence; the sequence encoding IgG4hinge S10P is the second bold sequence; the
sequence encoding 1gG4-long (2NQ) is the second underlined sequence; the sequence
encoding a glycosylation site is the second italicized sequence; the sequence encoding
CD28TM the third bold sequence; the sequence encoding 4-1BB is the third underlined
sequence; the sequences encoding CD3z is the third italicized sequence; the sequence
encoding T2A is the fourth bold sequence; and tCD19-Fully sequenced is the fourth underlined
sequence section of the sequence above.

1H7-sh-41bb-3z-T-CD19t Top Strand
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCCAAGTACAACTTCAACAAAGTGGAGCCGAA
CTGGTAAAACCCGGAGCGTCTGTGAAGATTAGTTGCAAGGCATCCGGTTACGCCTTCTCAA
ATTATTGGATGAACTGGGTAAAGCAGCGGCCCGGAAAGGGTCTCGAGTGGATTGGGCAAA
TCAACCCAGGGGACGGGGATACGAACTACAACGGTAAGTTCAAAGGCAAGGCTACGTTGA
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CGGCTGATAAGAGCTCAAGCACCGCTTACATGCAGTTGTCTTCTTTGACAAGTGAGGATAG
TGCCGTTTACTTCTGCGCCCGAGAGGACCGAGATTATTTTGATTATTGGGGCCAGGGAACA
ACTCTCACCGTCAGCTCCGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAG
GATCTGATATTCAGATGACCCAAACTACGAGTTCCCTGTCTGCCAGCCTTGGCGACCGGGT
CACAATTAGTTGCAGGGCTTCTCAGGATATCAACTACTATTTGAACTGGTACCAGCAGAAA
CCTGATGGGACGGTCAAACTTCTCATCTACTATTCATCCAGACTGCACAGTGGCGTACCGT
CTAGATTCTCAGGAAGCGGCAGTGGTACGGATTTTAGTCTTACCATTAGTAATCTGGAACA
GGAGGACATCGCCACGTATTTTTGCCAGCAGGATGACGCACTGCCCTATACCTTCGGCGG
AGGCACTAAGTTGGAGATAAAAGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTAT
GTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCCTGCTACAGCCTGCTGGTCACCG
TGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAA
CCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAG
AAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCT
GCCTACCAGCAGGGCCAGAATCAGCTGTACAACGAGCTGAACCTGGGCAGAAGGGAAG
AGTACGACGTCCTGGATAAGCGGAGAGGCCGGGACCCTGAGATGGGCGGCAAGCCTCG
GCGGAAGAACCCCCAGGAAGGCCTGTATAACGAACTGCAGAAAGACAAGATGGCCGAG
GCCTACAGCGAGATCGGCATGAAGGGCGAGCGGAGGCGGGGCAAGGGCCACGACGGC
CTGTATCAGGGCCTGTCCACCGCCACCAAGGATACCTACGACGCCCTGCACATGCAGGC
CCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTG
ACGTGGAGGAGAATCCAGGCCCTAGGATGCCACCTCCAAGACTCCTCTTCTTCCTCCTCTT
CCTGACACCAATGGAAGTCAGGCCTGAGGAACCTCTAGTGGTGAAGGTGGAAGAGGGAG
ATAACGCTGTGTTACAGTGCCTCAAGGGAACCTCAGATGGACCCACTCAGCAGCTGACCT
GGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGAAACTCAGCCTTGGACTGCCAGGTCTGG
GAATCCACATGAGGCCACTGGCTATCTGGCTGTTCATCTTCAACGTCTCTCAACAGATGGG
AGGCTTCTACCTGTGTCAGCCTGGACCACCTTCTGAGAAGGCATGGCAGCCTGGTTGGAC
AGTCAATGTGGAGGGTTCTGGTGAGCTGTTCCGGTGGAATGTTTCGGACCTAGGTGGACT
GGGATGTGGTCTGAAGAACAGGTCCTCAGAGGGACCTAGCTCTCCTTCCGGGAAGCTCAT
GAGCCCCAAGCTGTATGTGTGGGCCAAAGACCGCCCTGAGATCTGGGAGGGAGAGCCTC
CGTGTGTCCCACCGAGGGACAGCCTGAACCAGAGCCTCAGCCAGGACCTCACCATGGCC
CCTGGCTCCACACTCTGGCTGTCCTGTGGGGTACCCCCTGACTCTGTGTCCAGGGGCCCC
CTCTCCTGGACCCATGTGCACCCCAAGGGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAG
GACGATCGCCCTGCCAGAGATATGTGGGTAATGGAGACGGGTCTGTTGTTGCCCCGGGC
CACAGCTCAAGACGCTGGAAAGTATTATTGTCACCGTGGCAACCTGACCATGTCATTCCAC
CTGGAGATCACTGCTCGGCCAGTACTATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAG
GTCTCAGCTGTGACTTTGGCTTATCTGATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCA
TCTTCAAAGAGCCCTGGTCCTGAGGAGGAAAAGATGA (SEQ ID NQ: 44)

Within the above sequence, EF 1a promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 1H7_HvLv is
the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding CD28-TM is the second underlined sequence; the sequence
encoding 4-1BB is the second italicized sequence; the sequences encoding CD3Z is the third
bold sequence ; the sequence encoding T2A is the third underlined sequence; and tCD19-Fully
sequenced is the third italicized sequence section of the sequence above.

6H9-intDS-41bb-3z-T-CD19t Top Strand
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
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GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCGAAGTTATGCTCGTTGAAAGCGGTGGAGG
TCTCGTCAAACCCGGTGGCAGTCTGAAGTTGAGCTGTGCAGCTTCAGGTTTCACTTTCAGC
AGCTACACAATGTCATGGGTTCGGCAGACACCAGAGAAGCGCTTGGAATGGGTCGCTACG
ATTTCCGGCGATGGAGGCAACACCTATTATTCAGACTCAGTGAAAGGACGATTTACAATTT
CACGGGACAACGCGAAAAATACGCTTTACCTTCAAATGTCCTCACTTCGATCTGAAGATAC
CGCTCTTTACTATTGCGCTCGACAAGGAACTGGAACGGATTACTTCGACTACTGGGGACAA
GGCACCACTCTTACGGTCTCTTCTGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGG
AGGAGGATCTGATATACAGATGACACAGACCACATCATCCTTGTCTGCCAGTCTGGGCGAC
CGGGTAACTATCAGTTGCAGAGCGTCTCAGGATATAAACATTTATCTCAATTGGTATCAACA
GAAACCGGACGGTACAGTAAAGTTGCTCATTTACTACACAAGCAGATTGCACAGTGGCGTG
CCGAGTAGATTTTCTGGGTCAGGTAGCGGAACTGATTACAGTTTGACCATCTCTAATTTGG
AACAGGAGGATATTGCGACTTACTTTTGTCAACAGGGAGATACACTTCCATGGACATTTGG
CGGGGGGACCAAACTCGAAATTAAGGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCC
CTGGCCAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCA
AGAACCAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGG
AATGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGAC
AGCGACGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGA
AGGCAACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAA
GTCCCTGAGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGC
TGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCA
GAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAG
AGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCG
GGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGT
ACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGC
CGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAA
CGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATCGAAGGGCGAGC
GGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGAT
ACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGG
GCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCA
CCTCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAA
CCTCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAAC
CTCAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCT
GAAACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGC
TGTTCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCAC
CTTCTGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTG
TTCCGGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTC
AGAGGGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCA
AAGACCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCT
GAACCAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCT
GTGGGGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCC
AAGGGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATAT
GTGGGTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGT
ATTATTGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAG
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TACTATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTT
ATCTGATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCT
GAGGAGGAAAAGATGA (SEQ ID NO: 45)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 6H9_HvLv is
the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section in the sequence .

9G2-intDS-41bb-3z-T-CD19t Top Strand
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCGAGGTCAAGCTTGTCGAGTCAGAGGGAGG
TTTGGTCCAGCCGGGTTCTTCTATGAAACTCTCCTGCACAGCCAGTGGCTTTACATTTAGT
GATTACTACATGAGTTGGGTGAGACAGGTGCCTGAGAAAGGGCTGGAGTGGGTAGCTTCC
ATTAACTACGACGGAGGTAGCACCTATTACTTGGACTCCTTGAAAAGCAGATTCATAATTTC
CAGGGATAATACGAAAAACATACTTTATCTTCAAATGTCCTCTTTGAAGAGCGAGGACACAG
CCACATACTATTGCGCCAGGGATAGAGGCGATGGTGATTATTTTGACTATTGGGGACAGG
GCACAACACTCACGGTCAGCAGCGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGG
AGGAGGATCTGATATACAAATGACTCAGACAACGAGCAGTTTGTCCGCATCTCTTGGCGAT
CGAGTAACTATTAGCTGCAAGACATCCCAGGACATATATAATTATTTGAATTGGTATCAGCA
GAAACCGGACGGAACTGTCAAACTCCTCATTTATTATACCTCCAGGCTTCATAGTGGGGTT
CCTTCCCGATTTAGTGGAGGAGGCTCAGGTACGGACTACAGCCTGACGATTTCCAACCTT
GAACAAGAAGATATAGCTACATACTTCTGTCAGCAAGGTGACACCTTGCCCTGGACATTCG
GTGGGGGTACAAAACTCGAAATAAAGGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCC
CTGGCCAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCA
AGAACCAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGG
AATGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGAC
AGCGACGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGA
AGGCAACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAA
GTCCCTGAGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGC
TGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCA
GAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAG
AGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCG
GGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGT
ACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGC
CGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAA
CGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGC
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GGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGAT
ACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGG
GCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCA
CCTCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAA
CCTCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAAC
CTCAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCT
GAAACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGC
TGTTCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCAC
CTTCTGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTG
TTCCGGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTC
AGAGGGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCA
AAGACCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCT
GAACCAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCT
GTGGGGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCC
AAGGGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATAT
GTGGGTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGT
ATTATTGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAG
TACTATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTT
ATCTGATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCT
GAGGAGGAAAAGATGA (SEQ ID NO: 46)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 9G2_HvLv is
the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence above.

5D12-intDS-41bb-3z-T-CD19t Top Strand
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCCAAGTTCAGTTGCAACAATCAGGTGCTGAG
GTGGTAAAGCCAGGTGCCAGTGTCAAAATATCTTGCCGGGCGTCTGGTTATGCGTTCTCCA
ACTATTGGATGAACTGGGTAAAACAACGCCCAGGTAAGGGACTCGAGTGGATAGGACAAA
TATACCCAGGCAACTTCAACACAGACTACAATGGTCAATTCAAGGGAAAGGCTACTCTTAC
AGTCGATAAATCTTCAAACACGGCTTACATGCAGTTGTCCTCCTTGACCTCCGAGGATTCA
GCAGTCTATTTCTGTGCCCGATTCTTTGATTTTGGCGCTTATTTTACGTTGGATTATTGGGG
CCAAGGGACATCTGTCACAGTTTCCTCCGGAGGCGGAGGATCTGGCGGAGGGGGCTCTG
GAGGAGGAGGATCTGATATAAAGATGACTCAGTCACCCAGCAGTATATACGCTAGTCTGG
GAGAAAGGGTCACGATAAATTGTAAGGCTTCACAAGACATAAAAAGTTATCTTTCATGGTAT
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CAACAGAAACCCTGGAAAAGCCCCAAGACCCTTATCTACTACGCTACGACTCTTGCAGATG
GTGTACCAAGTCGGTTTTCCGGGAGCGGCTCCGGGCAAGACTATTCTTTGACAATTTCCTC
TTTGGAGTCCGATGATACCGCAACCTACTACTGCCTGCATCACGGTGAGTCACCATGGACA
TTTGGCGAAGGGACAAAGCTTGAAATAAAGGAGTCTAAGTACGGACCGCCCTGCCCCCCT
TGCCCTGGCCAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGAT
GACCAAGAACCAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGC
CCTGGAATGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGC
TGGACAGCGACGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGG
CAGGAAGGCAACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACC
CAGAAGTCCCTGAGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGG
CGTGCTGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACG
GGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTAC
TCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAA
CTGCGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCA
GCTGTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGA
GAGGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCT
GTATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGG
CGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGCTATCAGGGCCTGTCCACCGCCACC
AAGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGLGG
AGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGA
TGCCACCTCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTG
AGGAACCTCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAG
GGAACCTCAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACC
CTTCCTGAAACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTA
TCTGGCTGTTCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTG
GACCACCTTCTGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGT
GAGCTGTTCCGGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAG
GTCCTCAGAGGGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGT
GGGCCAAAGACCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGA
CAGCCTGAACCAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGC
TGTCCTGTGGGGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTG
CACCCCAAGGGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCA
GAGATATGTGGGTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCT
GGAAAGTATTATTGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCT
CGGCCAGTACTATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGAC
TTTGGCTTATCTGATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCC
CTGGTCCTGAGGAGGAAAAGATGA (SEQ ID NO: 47)

Within the above sequence, EF 1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_HvLv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence .

CD33:CD22 4D protein (CD33 signal peptide is in bold and italicized; 6-histidine tag is
underlined; 3 x glycine linker is italicized, bold, and underlined; CD33 extracellular domain
is in normal font; the portion of CD22 extracellular domain that contains CD22 domains
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defined as Ig-like C2-type 3, Ig-like C2-type 4, Ig-like C2-type 5, Ig-like C2-type 6 is in

bold; CD33 transmembrane domain is double underlined: and CD33 intracellular domain is
italicized):
MPLLLLLPLIWAGALAMHHHHHHGGGDPNFWLQVQESVTVQEGLCVLVPCTFFHPIPYYDK
NSPVHGYWFREGAIISRDSPVATNKLDQEVQEETQGRFRLLGDPSRNNCSLSIVDARRRDNGS
YFFRMERGSTKYSYKSPQLSVHVTDLTHRPKILIPGTLEPGHSKNLTCSVSWACEQGTPPIFSW
LSAAPTSLGPRTTHSSVLITPRPQDHGTNLTCQVKFAGAGVTTERTIQLNVTYVPQNPTTGIFP
GDGSGKQETRAGVVHPEPSTVQILHSPAVEGSQVEFLCMSLANPLPTNYTWYHNGKEMQGR
TEEKVHIPKILPWHAGTYSCVAENILGTGQRGPGAELDVQYPPKKVTTVIQNPMPIREGDTVTL
SCNYNSSNPSVTRYEWKPHGAWEEPSLGVLKIQNVGWDNTTIACAACNSWCSWASPVALN
VQYAPRDVRVRKIKPLSEIHSGNSVSLQCDFSSSHPKEVQFFWEKNGRLLGKESQLNFDSISP
EDAGSYSCWVNNSIGQTASKAWTLEVLYAPRRLRVSMSPGDQVMEGKSATLTCESDANPPV
SHYTWFDWNNQSLPYHSQKLRLEPVKVQHSGAYWCQGTNSVGKGRSPLSTLTVYYSPETG
AIGGAGVTALLALCLCLIFFIVKTHRRKAARTAVGRNDTHPTTGSASPKHQKKSKLHGPTETSSC
SGAAPTVEMDEELHYASLNFHGMNPSKDTSTEYSEVRTQ (SEQ ID NO: 105)

CD33:CD22 4D nucleotides (CD33 signal peptide is in bold and italicized; 8-histidine tag is
underlined; 3 x glycine linker is italicized, bold, and underlined: CD33 extracellular domain
is in normal font; the portion of CD22 extracellular domain that contains CD22 domains
defined as Ig-like C2-type 3, 1g-like C2-type 4, Ig-like C2-type 5, Ig-like C2-type 6 is in
bold; CD33 transmembrane domain is double underlined: and CD33 intracellular domain is
italicized):
ATGCCTCTGCTGCTACTGCTACCTCTGCTGTGGGCTGGAGCCCTGGCTATGCATCATCAC
CACCATCACGGCGGCGGCGATCCAAATTTCTGGCTGCAAGTGCAGGAGTCAGTGACGGTA
CAGGAGGGTTTGTGCGTCCTCGTGCCCTGCACTTTCTTCCATCCCATACCCTACTACGACA
AGAACTCCCCAGTTCATGGTTACTGGTTCCGGGAAGGAGCCATTATATCCAGGGACTCTCC
AGTGGCCACAAACAAGCTAGATCAAGAAGTACAGGAGGAGACTCAGGGCAGATTCCGCCT
CCTTGGGGATCCCAGTAGGAACAACTGCTCCCTGAGCATCGTAGACGCCAGGAGGAGGG
ATAATGGTTCATACTTCTTTCGGATGGAGAGAGGAAGTACCAAATACAGTTACAAATCTCCC
CAGCTCTCTGTGCATGTGACAGACTTGACCCACAGGCCCAAAATCCTCATCCCTGGCACTC
TAGAACCCGGCCACTCCAAAAACCTGACCTGCTCTGTGTCCTGGGCCTGTGAGCAGGGAA
CACCCCCGATCTTCTCCTGGTTGTCAGCTGCCCCCACCTCCCTGGGCCCCAGGACTACTC
ACTCCTCGGTGCTCATAATCACCCCACGGCCCCAGGACCACGGCACCAACCTGACCTGTC
AGGTGAAGTTCGCTGGAGCTGGTGTGACTACGGAGAGAACCATCCAGCTGAACGTCACCT
ATGTTCCACAGAACCCAACAACTGGTATCTTTCCAGGAGATGGCTCAGGGAAACAAGAGAC
CAGAGCAGGAGTGGTTCATCCGGAACCTTCCACGGTTCAGATCCTCCACTCACCGGCTGT
GGAGGGAAGTCAAGTCGAGTTTCTTTGCATGTCACTGGCCAATCCTCTTCCAACAAATTA
CACGTGGTACCACAATGGGAAAGAAATGCAGGGAAGGACAGAGGAGAAAGTCCACATC
CCAAAGATCCTCCCTTGGCACGCTGGGACTTATTCCTGTGTGGCAGAAAACATTCTTGGT
ACTGGACAGAGGGGCCCTGGAGCTGAGCTGGATGTCCAGTATCCTCCCAAGAAGGTGA
CCACAGTGATTCAAAACCCCATGCCGATTCGAGAAGGAGACACAGTGACCCTTTCCTGT
AACTACAATTCCAGTAACCCCAGTGTTACCCGGTATGAATGGAAACCCCATGGCGCCTG
GGAGGAGCCATCGCTTGGGGTGCTGAAGATCCAAAACGTTGGCTGGGACAACACAACC
ATCGCCTGCGCAGCTTGTAATAGTTGGTGCTCGTGGGCCTCCCCTGTCGCCCTGAATGTC
CAGTATGCCCCCCGAGACGTGAGGGTCCGGAAAATCAAGCCCCTTTCCGAGATTCACTC
TGGAAACTCGGTCAGCCTCCAATGTGACTTCTCAAGCAGCCACCCCAAAGAAGTCCAGT
TCTTCTGGGAGAAAAATGGCAGGCTTCTGGGGAAAGAAAGCCAGCTGAATTTTGACTCC
ATCTCCCCAGAAGATGCTGGGAGTTACAGCTGCTGGGTGAACAACTCCATAGGACAGAC
AGCGTCCAAGGCCTGGACACTTGAAGTGCTGTATGCACCCAGGAGGCTGCGTGTGTCCA
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TGAGCCCAGGGGACCAAGTGATGGAGGGGAAGAGTGCAACCCTGACCTGTGAGAGCGA
CGCCAACCCTCCCGTCTCCCACTACACCTGGTTTGACTGGAATAACCAAAGCCTCCCCTA
CCACAGCCAGAAGCTGAGATTGGAGCCGGTGAAGGTCCAGCACTCGGGTGCCTACTGG
TGCCAGGGGACCAACAGTGTGGGCAAGGGCCGTTCGCCTCTCAGCACCCTCACCGTCTA
CTATAGCCCGGAGACCGGGGCCATTGGAGGAGCTGGTGTTACAGCCCTGCTCGCTCTTT
GTCTCTGCCTCATCTTCTTCATAGTGAAGACCCACAGGAGGAAAGCAGCCAGGACAGCAG
TGGGCAGGAATGACACCCACCCTACCACAGGGTCAGCCTCCCCGAAACACCAGAAGAAGT
CCAAGTTACATGGCCCCACTGAAACCTCAAGCTGTTCAGGTGCCGCCCCTACTGTGGAGA
TGGATGAGGAGCTGCATTATGCTTCCCTCAACTTTCATGGGATGAATCCTTCCAAGGACAC
CTCCACCGAATACTCAGAGGTCAGGACCCAG (SEQ ID NO: 106)

CD33:CD22 2D protein (CD33 signal peptide is in bold and italicized; 6-histidine tag is
underlined; 3 x glycine linker is italicized, bold, and underlined: CD33 extracellular domain
is in normal font; the portion of CD22 extracellular domain that contains CD22 domains
defined as Ig-like C2-type 5, Ig-like C2-type 6is in bold; CD33 transmembrane domain is
double underlined; and CD33 intracellular domain is italicized):
MPLLLLLPLIWAGALAMHHHHHHGGGDPNFWLQVQESVTVQEGLCVLVPCTFFHPIPYYDK
NSPVHGYWFREGAIISRDSPVATNKLDQEVQEETQGRFRLLGDPSRNNCSLSIVDARRRDNGS
YFFRMERGSTKYSYKSPQLSVHVTDLTHRPKILIPGTLEPGHSKNLTCSVSWACEQGTPPIFSW
LSAAPTSLGPRTTHSSVLITPRPQDHGTNLTCQVKFAGAGVTTERTIQLNVTYVPQNPTTGIFP
GDGSGKQETRAGVVHPRDVRVRKIKPLSEIHSGNSVSLQCDFSSSHPKEVQFFWEKNGRLLG
KESQLNFDSISPEDAGSYSCWVNNSIGQTASKAWTLEVLYAPRRLRVSMSPGDQVMEGKSA
TLTCESDANPPVSHYTWFDWNNQSLPYHSQKLRLEPVKVQHSGAYWCQGTNSVGKGRSPL
STLTVYYSPETGAIGGAGVTALLALCLCLIFFIVKTHRRKAARTAVGRNDTHPTTGSASPKHQKK
SKLHGPTETSSCSGAAPTVEMDEELHYASLNFHGMNPSKDTSTEYSEVRTQ (SEQ ID NO:
107)

CD33:CD22 2D nucleotides (CD33 signal peptide is in bold and italicized; 6-histidine taqg is
underlined; 3 x glycine linker is italicized, bold, and underlined; CD33 extracellular domain
is in normal font; the portion of CD22 extracellular domain that contains CD22 domains
defined as Ig-like C2-type 5, Ig-like C2-type 6is in bold; CD33 transmembrane domain is
double underlined; and CD33 intracellular domain is italicized);
ATGCCTCTGCTGCTACTGCTACCTCTGCTGTGGGCTGGAGCCCTGGCTATGCATCATCAC
CACCATCACGGCGGCGGCGATCCAAATTTCTGGCTGCAAGTGCAGGAGTCAGTGACGGTA
CAGGAGGGTTTGTGCGTCCTCGTGCCCTGCACTTTCTTCCATCCCATACCCTACTACGACA
AGAACTCCCCAGTTCATGGTTACTGGTTCCGGGAAGGAGCCATTATATCCAGGGACTCTCC
AGTGGCCACAAACAAGCTAGATCAAGAAGTACAGGAGGAGACTCAGGGCAGATTCCGCCT
CCTTGGGGATCCCAGTAGGAACAACTGCTCCCTGAGCATCGTAGACGCCAGGAGGAGGG
ATAATGGTTCATACTTCTTTCGGATGGAGAGAGGAAGTACCAAATACAGTTACAAATCTCCC
CAGCTCTCTGTGCATGTGACAGACTTGACCCACAGGCCCAAAATCCTCATCCCTGGCACTC
TAGAACCCGGCCACTCCAAAAACCTGACCTGCTCTGTGTCCTGGGCCTGTGAGCAGGGAA
CACCCCCGATCTTCTCCTGGTTGTCAGCTGCCCCCACCTCCCTGGGCCCCAGGACTACTC
ACTCCTCGGTGCTCATAATCACCCCACGGCCCCAGGACCACGGCACCAACCTGACCTGTC
AGGTGAAGTTCGCTGGAGCTGGTGTGACTACGGAGAGAACCATCCAGCTGAACGTCACCT
ATGTTCCACAGAACCCAACAACTGGTATCTTTCCAGGAGATGGCTCAGGGAAACAAGAGAC
CAGAGCAGGAGTGGTTCATCCCCGAGACGTGAGGGTCCGGAAAATCAAGCCCCTTTCCG
AGATTCACTCTGGAAACTCGGTCAGCCTCCAATGTGACTTCTCAAGCAGCCACCCCAAA
GAAGTCCAGTTCTTCTGGGAGAAAAATGGCAGGCTTCTGGGGAAAGAAAGCCAGCTGAA
TTTTGACTCCATCTCCCCAGAAGATGCTGGGAGTTACAGCTGCTGGGTGAACAACTCCAT
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AGGACAGACAGCGTCCAAGGCCTGGACACTTGAAGTGCTGTATGCACCCAGGAGGCTG
CGTGTGTCCATGAGCCCAGGGGACCAAGTGATGGAGGGGAAGAGTGCAACCCTGACCT
GTGAGAGCGACGCCAACCCTCCCGTCTCCCACTACACCTGGTTTGACTGGAATAACCAA
AGCCTCCCCTACCACAGCCAGAAGCTGAGATTGGAGCCGGTGAAGGTCCAGCACTCGG
GTGCCTACTGGTGCCAGGGGACCAACAGTGTGGGCAAGGGCCGTTCGCCTCTCAGCAC
CCTCACCGTCTACTATAGCCCGGAGACCGGGGCCATTGCGAGGAGCTGGTGTTACAGCCC
TGCTCGCTCTTTGTCTCTGCCTCATCTTCTTCATAGTGAAGACCCACAGGAGGAAAGCAGC
CAGGACAGCAGTGGGCAGGAATGACACCCACCCTACCACAGGGTCAGCCTCCCCGAAAC
ACCAGAAGAAGTCCAAGTTACATGGCCCCACTGAAACCTCAAGCTGTTCAGGTGCCGCCC
CTACTGTGGAGATGGATGAGGAGCTGCATTATGCTTCCCTCAACTTTCATGGGATGAATCC
TTCCAAGGACACCTCCACCGAATACTCAGAGGTCAGGACCCAG (SEQ ID NO: 108)

CD33 V-set construct (exon 3 and 4 deleted) protein (CD33 signal peptide is in bold and
italicized; 6-histidine tag is underlined; 3 x glycine linker is italicized, bold, and underlined;
CD33 extracellular domain lacking CD33 amino acids 140-232 is in normal font; CD33
transmembrane domain is double underlined; and CD33 intracellular domain is italicized).
MPLLLLLPLIWAGALAMHHHHHHGGGDPNFWLQVQESVTVQEGLCVLVPCTFFHPIPYYDK
NSPVHGYWFREGAIISRDSPVATNKLDQEVQEETQGRFRLLGDPSRNNCSLSIVDARRRDNGS
YFFRMERGSTKYSYKSPQLSVHVTYVPQNPTTGIFPGDGSGKQETRAGVVHGAIGGAGVTALL
ALCLCLIFFIVKTHRRKAARTAVGRNDTHPTTGSASPKHQKKSKLHGPTETSSCSGAAPTVEMD
EELHYASLNFHGMNPSKDTSTEYSEVRTQ (SEQ ID NO: 109)

CD33 V-set construct (exon 3 and 4 deleted) nucleotides (CD33 signal peptide is in bold
and italicized; B-histidine tag is underlined; 3 x glycine linker is italicized, bold, and
underlined; CD33 extracellular domain lacking CD33 amino acids 140-232 is in normal font;
CD33 transmembrane domain is double underlined; and CD33 intracellular domain is italicized):
ATGCCTCTGCTGCTACTGCTACCTCTGCTGTGGGCTGGAGCCCTGGCTATGCATCATCAC
CACCATCACGGCGGCGGCGATCCAAATTTCTGGCTGCAAGTGCAGGAGTCAGTGACGGTA
CAGGAGGGTTTGTGCGTCCTCGTGCCCTGCACTTTCTTCCATCCCATACCCTACTACGACA
AGAACTCCCCAGTTCATGGTTACTGGTTCCGGGAAGGAGCCATTATATCCAGGGACTCTCC
AGTGGCCACAAACAAGCTAGATCAAGAAGTACAGGAGGAGACTCAGGGCAGATTCCGCCT
CCTTGGGGATCCCAGTAGGAACAACTGCTCCCTGAGCATCGTAGACGCCAGGAGGAGGG
ATAATGGTTCATACTTCTTTCGGATGGAGAGAGGAAGTACCAAATACAGTTACAAATCTCCC
CAGCTCTCTGTGCATGTGACATATGTTCCACAGAACCCAACAACTGGTATCTTTCCAGGAG
ATGGCTCAGGGAAACAAGAGACCAGAGCAGGAGTGGTTCATGGGGCCATTGGAGGAGCT
GGTGTTACAGCCCTGCTCGCTCTTTGTCTCTGCCTCATCTTCTTCATAGTGAAGACCCACA
GGAGGAAAGCAGCCAGGACAGCAGTGGGCAGGAATGACACCCACCCTACCACAGGGTCA
GCCTCCCCGAAACACCAGAAGAAGTCCAAGTTACATGGCCCCACTGAAACCTCAAGCTGTT
CAGGTGCCGCCCCTACTGTGGAGATGGATGAGGAGCTGCATTATGCTTCCCTCAACTTTCA
TGGGATGAATCCTTCCAAGGACACCTCCACCGAATACTCAGAGGTCAGGACCCAG(SEQID
NO: 110)

CD33 signal peptide: MPLLLLLPLLWAGALAM (SEQ ID NO: 111)

CD33 signal peptide coding sequence:
ATGCCTCTGCTGCTACTGCTACCTCTGCTGTGGGCTGGAGCCCTGGCTATG (SEQ ID NO:
112)

6-histidine tag coding sequence: CATCATCACCACCATCAC (SEQ ID NO: 113)
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3 x glycine linker: GGG
3 x glycine linker coding sequence: GGCGGCGGC

CD33 extracellular domain:
DPNFWLQVQESVTVQEGLCVLVPCTFFHPIPYYDKNSPVHGYWFREGAIISRDSPVATNKLDQ
EVQEETQGRFRLLGDPSRNNCSLSIVDARRRDNGSYFFRMERGSTKYSYKSPQLSVHVTDLT
HRPKILIPGTLEPGHSKNLTCSVSWACEQGTPPIFSWLSAAPTSLGPRTTHSSVLIITPRPQDHG
TNLTCQVKFAGAGVTTERTIQLNVTYVPQNPTTGIFPGDGSGKQETRAGVVH (SEQ ID NO:
114)

CD33 extracellular domain coding sequence:
GATCCAAATTTCTGGCTGCAAGTGCAGGAGTCAGTGACGGTACAGGAGGGTTTGTGCGTC
CTCGTGCCCTGCACTTTCTTCCATCCCATACCCTACTACGACAAGAACTCCCCAGTTCATG
GTTACTGGTTCCGGGAAGGAGCCATTATATCCAGGGACTCTCCAGTGGCCACAAACAAGC
TAGATCAAGAAGTACAGGAGGAGACTCAGGGCAGATTCCGCCTCCTTGGGGATCCCAGTA
GGAACAACTGCTCCCTGAGCATCGTAGACGCCAGGAGGAGGGATAATGGTTCATACTTCT
TTCGGATGGAGAGAGGAAGTACCAAATACAGTTACAAATCTCCCCAGCTCTCTGTGCATGT
GACAGACTTGACCCACAGGCCCAAAATCCTCATCCCTGGCACTCTAGAACCCGGCCACTC
CAAAAACCTGACCTGCTCTGTGTCCTGGGCCTGTGAGCAGGGAACACCCCCGATCTTCTC
CTGGTTGTCAGCTGCCCCCACCTCCCTGGGCCCCAGGACTACTCACTCCTCGGTGCTCAT
AATCACCCCACGGCCCCAGGACCACGGCACCAACCTGACCTGTCAGGTGAAGTTCGCTGG
AGCTGGTGTGACTACGGAGAGAACCATCCAGCTGAACGTCACCTATGTTCCACAGAACCC
AACAACTGGTATCTTTCCAGGAGATGGCTCAGGGAAACAAGAGACCAGAGCAGGAGTGGT
TCAT (SEQ ID NO: 115)

CD33 extracellular domain lacking CD33 amino acids 140-232:
DPNFWLQVQESVTVQEGLCVLVPCTFFHPIPYYDKNSPVHGYWFREGAIISRDSPVATNKLDQ
EVQEETQGRFRLLGDPSRNNCSLSIVDARRRDNGSYFFRMERGSTKYSYKSPQLSVHVTYVP
QNPTTGIFPGDGSGKQETRAGVVH (SEQ ID NO: 116)

CD33 extracellular domain lacking CD33 amino acids 140-232 coding sequence:
GATCCAAATTTCTGGCTGCAAGTGCAGGAGTCAGTGACGGTACAGGAGGGTTTGTGCGTC
CTCGTGCCCTGCACTTTCTTCCATCCCATACCCTACTACGACAAGAACTCCCCAGTTCATG
GTTACTGGTTCCGGGAAGGAGCCATTATATCCAGGGACTCTCCAGTGGCCACAAACAAGC
TAGATCAAGAAGTACAGGAGGAGACTCAGGGCAGATTCCGCCTCCTTGGGGATCCCAGTA
GGAACAACTGCTCCCTGAGCATCGTAGACGCCAGGAGGAGGGATAATGGTTCATACTTCT
TTCGGATGGAGAGAGGAAGTACCAAATACAGTTACAAATCTCCCCAGCTCTCTGTGCATGT
GACATATGTTCCACAGAACCCAACAACTGGTATCTTTCCAGGAGATGGCTCAGGGAAACAA
GAGACCAGAGCAGGAGTGGTTCAT (SEQ ID NO: 117)

CD33 transmembrane domain: GAIGGAGVTALLALCLCLIFFIV (SEQ ID NO: 118)
CD33 transmembrane domain coding sequence:

GGGGCCATTGGAGGAGCTGGTGTTACAGCCCTGCTCGCTCTTTGTCTCTGCCTCATCTTCT
TCATAGTG (SEQ ID NO: 119)
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CD33 intracellular domain:
KTHRRKAARTAVGRNDTHPTTGSASPKHQKKSKLHGPTETSSCSGAAPTVEMDEELHYASLN
FHGMNPSKDTSTEYSEVRTQ (SEQ ID NO: 120)

CD33 intracellular domain coding sequence:
AAGACCCACAGGAGGAAAGCAGCCAGGACAGCAGTGGGCAGGAATGACACCCACCCTAC
CACAGGGTCAGCCTCCCCGAAACACCAGAAGAAGTCCAAGTTACATGGCCCCACTGAAAC
CTCAAGCTGTTCAGGTGCCGCCCCTACTGTGGAGATGGATGAGGAGCTGCATTATGCTTC
CCTCAACTTTCATGGGATGAATCCTTCCAAGGACACCTCCACCGAATACTCAGAGGTCAGG
ACCCAG (SEQ ID NO: 121)

Portion of CD22 extracellular domain that contains CD22 domains defined as Ig-like C2-
type 3, lg-like C2-type 4, Ig-like C2-type 5, Ig-like C2-type 6:
PEPSTVQILHSPAVEGSQVEFLCMSLANPLPTNYTWYHNGKEMQGRTEEKVHIPKILPWHAGT
YSCVAENILGTGQRGPGAELDVQYPPKKVTTVIQNPMPIREGDTVTLSCNYNSSNPSVTRYEW
KPHGAWEEPSLGVLKIQNVGWDNTTIACAACNSWCSWASPVALNVQYAPRDVRVRKIKPLSEI
HSGNSVSLQCDFSSSHPKEVQFFWEKNGRLLGKESQLNFDSISPEDAGSYSCWVNNSIGQTA
SKAWTLEVLYAPRRLRVSMSPGDQVMEGKSATLTCESDANPPVSHYTWFDWNNQSLPYHSQ
KLRLEPVKVQHSGAYWCQGTNSVGKGRSPLSTLTVYYSPET (SEQ ID NO: 122)

Portion of CD22 extracellular domain that contains CD22 domains defined as Ig-like C2-
type 3, Ig-like C2-type 4, Ig-like C2-type 5, Ig-like C2-type 6 coding sequence:
CCGGAACCTTCCACGGTTCAGATCCTCCACTCACCGGCTGTGGAGGGAAGTCAAGTCGAG
TTTCTTTGCATGTCACTGGCCAATCCTCTTCCAACAAATTACACGTGGTACCACAATGGGAA
AGAAATGCAGGGAAGGACAGAGGAGAAAGTCCACATCCCAAAGATCCTCCCTTGGCACGC
TGGGACTTATTCCTGTGTGGCAGAAAACATTCTTGGTACTGGACAGAGGGGCCCTGGAGC
TGAGCTGGATGTCCAGTATCCTCCCAAGAAGGTGACCACAGTGATTCAAAACCCCATGCC
GATTCGAGAAGGAGACACAGTGACCCTTTCCTGTAACTACAATTCCAGTAACCCCAGTGTT
ACCCGGTATGAATGGAAACCCCATGGCGCCTGGGAGGAGCCATCGCTTGGGGTGCTGAA
GATCCAAAACGTTGGCTGGGACAACACAACCATCGCCTGCGCAGCTTGTAATAGTTGGTG
CTCGTGGGCCTCCCCTGTCGCCCTGAATGTCCAGTATGCCCCCCGAGACGTGAGGGTCC
GGAAAATCAAGCCCCTTTCCGAGATTCACTCTGGAAACTCGGTCAGCCTCCAATGTGACTT
CTCAAGCAGCCACCCCAAAGAAGTCCAGTTCTTCTGGGAGAAAAATGGCAGGCTTCTGGG
GAAAGAAAGCCAGCTGAATTTTGACTCCATCTCCCCAGAAGATGCTGGGAGTTACAGCTGC
TGGGTGAACAACTCCATAGGACAGACAGCGTCCAAGGCCTGGACACTTGAAGTGCTGTAT
GCACCCAGGAGGCTGCGTGTGTCCATGAGCCCAGGGGACCAAGTGATGGAGGGGAAGAG
TGCAACCCTGACCTGTGAGAGCGACGCCAACCCTCCCGTCTCCCACTACACCTGGTTTGA
CTGGAATAACCAAAGCCTCCCCTACCACAGCCAGAAGCTGAGATTGGAGCCGGTGAAGGT
CCAGCACTCGGGTGCCTACTGGTGCCAGGGGACCAACAGTGTGGGCAAGGGCCGTTCGC
CTCTCAGCACCCTCACCGTCTACTATAGCCCGGAGACC (SEQ ID NO: 123)

Portion of CD22 extracellular domain that contains CD22 domains defined as Ig-like C2-
type 5, Ig-like C2-type 6:
PRDVRVRKIKPLSEIHSGNSVSLQCDFSSSHPKEVQFFWEKNGRLLGKESQLNFDSISPEDAG
SYSCWVNNSIGQTASKAWTLEVLYAPRRLRVSMSPGDQVMEGKSATLTCESDANPPVSHYT
WFDWNNQSLPYHSQKLRLEPVKVQHSGAYWCQGTNSVGKGRSPLSTLTVYYSPET (SEQ ID
NO: 124)
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Portion of CD22 extracellular domain that contains CD22 domains defined as Ig-like C2-
type 5, Ig-like C2-type 6 coding sequence:
CCCCGAGACGTGAGGGTCCGGAAAATCAAGCCCCTTTCCGAGATTCACTCTGGAAACTCG
GTCAGCCTCCAATGTGACTTCTCAAGCAGCCACCCCAAAGAAGTCCAGTTCTTCTGGGAGA
AAAATGGCAGGCTTCTGGGGAAAGAAAGCCAGCTGAATTTTGACTCCATCTCCCCAGAAGA
TGCTGGGAGTTACAGCTGCTGGGTGAACAACTCCATAGGACAGACAGCGTCCAAGGCCTG
GACACTTGAAGTGCTGTATGCACCCAGGAGGCTGCGTGTGTCCATGAGCCCAGGGGACCA
AGTGATGGAGGGGAAGAGTGCAACCCTGACCTGTGAGAGCGACGCCAACCCTCCCGTCT
CCCACTACACCTGGTTTGACTGGAATAACCAAAGCCTCCCCTACCACAGCCAGAAGCTGA
GATTGGAGCCGGTGAAGGTCCAGCACTCGGGTGCCTACTGGTGCCAGGGGACCAACAGT
GTGGGCAAGGGCCGTTCGCCTCTCAGCACCCTCACCGTCTACTATAGCCCGGAGACC
(SEQ ID NO: 125)

scFv coding sequence, codon optimized for use in CAR:

The sequences encoding the starter methionine is in bold, the signal peptide is underlined and
italicized, the G4Sx3 linker is underlined, and the variable heavy chain is in italics. Mutations
between variants are in bold italics within the variable heavy chain.

1H7 VLVH scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTICTGCTG
ATCCCCGATATTCAGATGACCCAAACTACGAGTTCCCTGTCTGCCAGCCTTGGCGACCGG
GTCACAATTAGTTGCAGGGCTTCTCAGGATATCAACTACTATTTGAACTGGTACCAGCAGA
AACCTGATGGGACGGTCAAACTTCTCATCTACTATTCATCCAGACTGCACAGTGGCGTACC
GTCTAGATTCTCAGGAAGCGGCAGTGGTACGGATTTTAGTCTTACCATTAGTAATCTGGAA
CAGGAGGACATCGCCACGTATTTTTGCCAGCAGGATGACGCACTGCCCTATACCTTCGGC
GGAGGCACTAAGTTGGAGATAAAAGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGG
AGGAGGATCTCAAGTACAACTTCAACAAAGTGGAGCCGAACTGGTAAAACCCGGAGCGTC
TGTGAAGATTAGTTGCAAGGCATCCGGTTACGCCTTCTCAAATTATTGGATGAACTGGGTA
AAGCAGCGGCCCGGAAAGGGTCTCGAGTGGATTGGGCAAATCAACCCAGGGGACGGGGA
TACGAACTACAACGGTAAGTTCAAAGGCAAGGCTACGTTGACGGCTGATAAGAGCTCAAG
CACCGCTTACATGCAGTTGTCTTCTTTGACAAGTGAGGATAGTGCCGTTTACTTCTGCGCC
CGAGAGGACCGAGATTATTTTGATTATTGGGGCCAGGGAACAACTCTCACCGTCAGCTCC
(SEQ ID NO: 126)

3A5 variant 1 VHVL scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTCTGCTG
ATCCCCCAGGTGCAACTCCAGCAGTCCGGCGCCGAGCTGGTCAGGCCAGGTGCATCCGT
AACTCTGTCATGTAAGGCGTCCGGATACACCTTCACGGACTACGAAATGCATTGGATAAAA
CAAACTCCAGTTCATGGGTTGGAGTGGATTGGCTCCATAGACCCGGAAACGGGAGTAACG
GCGTATAACCAGAAATTCACGGGGAAAGCGATAGTAACGGCAGACAAGTCTAGTAGCACT
GCCTACATGGAACTTAGAAGTCTCACAAGTGAAGACAGCGCGGTATATTATTGCACCTCCG
ATTATGGATACTTTGACGTTTGGGGTACGGGCACGACAGTGACTGTTAGTTCTGGAGGCG
GAGGATCTGGCGGAGGGGGCTCTCGGAGGAGGAGGATCTGATGTTGTAATGACGCAGTCT
CAAAAGTTTATGTCAACGTCTGTTGGTGATCGCGTTAGCATTACCTGCAAAGCATCTCAAAG
TGTAGGATCTGATGTGGCATGGTACCAGCAACGGCCTGGACGCTGTCCTAAAGCGCTGAT
TTATCTTGCTTCTAACCGGCATACGGGGGTCCCAGACAGGTTTACTGGGTCTGGATCTGGA
ACGGACTTTACACTGACCATATCAAACGTTCAGTCAGAGGACCTGGCCGAGTATTTCTGTC
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AACAATATAACATATACCCCTATACCTTCGGTGGAGGAACTAAATTGGAGATAAAG (SEQ ID
NO: 127)

3A5 variant 1 VLVH scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTICTGCTG
ATCCCCGATGTTGTAATGACGCAGTCTCAAAAGTTTATGTCAACGTCTGTTGGTGATCGCG
TTAGCATTACCTGCAAAGCATCTCAAAGTGTAGGATCTGATGTGGCATGGTACCAGCAACG
GCCTGGACGCTGTCCTAAAGCGCTGATTTATCTTGCTTCTAACCGGCATACGGGGGTCCC
AGACAGGTTTACTGGGTCTGGATCTGGAACGGACTTTACACTGACCATATCAAACGTTCAG
TCAGAGGACCTGGCCGAGTATTTCTGTCAACAATATAACATATACCCCTATACCTTCGGTG
GAGGAACTAAATTGGAGATAAAGGGAGGCGGAGGATCTCGGCGGAGGGGGCTCTGGAGGA
GGAGGATCTCAGGTGCAACTCCAGCAGTCCGGCGCCGAGCTGGTCAGGCCAGGTGCATC
CGTAACTCTGTCATGTAAGGCGTCCGGATACACCTTCACGGACTACGAAATGCATTGGATA
AAACAAACTCCAGTTCATGGGTTGGAGTGGATTGGCTCCATAGACCCGGAAACGGGAGTA
ACGGCGTATAACCAGAAATTCACGGGGAAAGCGATAGTAACGGCAGACAAGTCTAGTAGC
ACTGCCTACATGGAACTTAGAAGTCTCACAAGTGAAGACAGCGCGGTATATTATTGCACCT
CCGATTATGGATACTTTGACGTTTGGGGTACGGGCACGACAGTGACTGTTAGTTCT (SEQ
ID NO: 128)

3AS variant 2 VHVL scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTICTGCTG
ATCCCCCAGGTGCAACTCCAGCAGTCCGGCGCCGAGCTGGTCAGGCCAGGTGCATCCGT
AACTCTGTCATGTAAGGCGTCCGGATACACCTTCACGGACTACGAAATGCATTGGATAAAA
CAAACTCCAGTTCATGGGTTGGAGTGGATTGGCTCCATAGACCCGGAAACGGGAGTAACG
GCGTATAACCAGAAATTCACGGGGAAAGCGATAGTAACGGCAGACAAGTCTAGTAGCACT
GCCTACATGGAACTTAGAAGTCTCACAAGTGAAGACAGCGCGGTATATTATTGCACCTCCG
ATTATGGATACTTTAACGTTTGGGGTACGGGCACGACAGTGACTGTTAGTTCTGGAGGCG
GAGGATCTGGCGGAGGGGGCTCTCGAGGAGGAGGATCTGATGTTGTAATGACGCAGTCT
CAAAAGTTTATGTCAACGTCTGTTGGTGATCGCGTTAGCATTACCTGCAAAGCATCTCAAAG
TGTAGGATCTGATGTGGCATGGTACCAGCAACGGCCTGGACGCTGTCCTAAAGCGCTGAT
TTATCTTGCTTCTAACCGGCATACGGGGGTCCCAGACAGGTTTACTGGGTCTGGATCTGGA
ACGGACTTTACACTGACCATATCAAACGTTCAGTCAGAGGACCTGGCCGAGTATTTCTGTC
AACAATATAACATATACCCCTATACCTTCGGTGGAGGAACTAAATTGGAGATAAAG (SEQ ID
NO: 129)

3A5 variant 2 VLVH scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTICTIGCTG
ATCCCCGATGTTGTAATGACGCAGTCTCAAAAGTTTATGTCAACGTCTGTTGGTGATCGCG
TTAGCATTACCTGCAAAGCATCTCAAAGTGTAGGATCTGATGTGGCATGGTACCAGCAACG
GCCTGGACGCTGTCCTAAAGCGCTGATTTATCTTGCTTCTAACCGGCATACGGGGGTCCC
AGACAGGTTTACTGGGTCTGGATCTGGAACGGACTTTACACTGACCATATCAAACGTTCAG
TCAGAGGACCTGGCCGAGTATTTCTGTCAACAATATAACATATACCCCTATACCTTCGGTG
GAGGAACTAAATTGGAGATAAAGGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGA
GGAGGATCTCAGGTGCAACTCCAGCAGTCCGGCGCCGAGCTGGTCAGGCCAGGTGCATC
CGTAACTCTGTCATGTAAGGCGTCCGGATACACCTTCACGGACTACGAAATGCATTGGATA
AAACAAACTCCAGTTCATGGGTTGGAGTGGATTGGCTCCATAGACCCGGAAACGGGAGTA
ACGGCGTATAACCAGAAATTCACGGGGAAAGCGATAGTAACGGCAGACAAGTCTAGTAGC
ACTGCCTACATGGAACTTAGAAGTCTCACAAGTGAAGACAGCGCGGTATATTATTGCACCT
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CCGATTATGGATACTTTAACGTTTGGGGTACGGGCACGACAGTGACTGTTAGTTCT (SEQ
ID NO: 130)

9G2 VLVH scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTICTGCTG
ATCCCCGATATACAAATGACTCAGACAACGAGCAGTTTGTCCGCATCTCTTGGCGATCGAG
TAACTATTAGCTGCAAGACATCCCAGGACATATATAATTATTTGAATTGGTATCAGCAGAAA
CCGGACGGAACTGTCAAACTCCTCATTTATTATACCTCCAGGCTTCATAGTGGGGTTCCTT
CCCGATTTAGTGGAGGAGGCTCAGGTACGGACTACAGCCTGACGATTTCCAACCTTGAAC
AAGAAGATATAGCTACATACTTCTGTCAGCAAGGTGACACCTTGCCCTGGACATTCGGTGG
GGGTACAAAACTCGAAATAAAGGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAG
GAGGATCTGAGGTCAAGCTTGTCGAGTCAGAGGGAGGTTTGGTCCAGCCGGGTTCTTCTA
TGAAACTCTCCTGCACAGCCAGTGGCTTTACATTTAGTGATTACTACATGAGTTGGGTGAG
ACAGGTGCCTGAGAAAGGGCTGGAGTGGGTAGCTTCCATTAACTACGACGGAGGTAGCAC
CTATTACTTGGACTCCTTGAAAAGCAGATTCATAATTTCCAGGGATAATACGAAAAACATAC
TTTATCTTCAAATGTCCTCTTTGAAGAGCGAGGACACAGCCACATACTATTGCGCCAGGGA
TAGAGGCGATGGTGATTATTTTGACTATTGGGGACAGGGCACAACACTCACGGTCAGCAG
C (SEQ ID NO: 131)

7D5 variant 1 VHVL scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTICTGCTG
ATCCCCCAGGTTCAACTTAAAGAGAGCGGCCCCGGCCTGGTCGCACCCTCTCAGTCTCTC
TCCATCACATGCACTGTGAGCGGGTTTTCACTCACAAGCTACAACATTAACTGGATAAGAC
AACCACCGGGAAAAGGATTGGAATGGTTGGGTGTGATATGGACCGGTGGAGACACGAACT
ATAACTCCGCCTTTATGAGTAGGCTTAGTATATCCAAAGACAATTCAAAGAGTCAACTGTTC
CTGAAGATGAATAGCCTCCAGACGGACGACACGGCCATCTACTACTGCGTTCGGGACGGG
ACTGGCACTGGGGACTATTTTGACTACTGGGGGCAAGGTACGACTCTGACGGTGTCAAGC
GGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTGATATTCAGATGAC
CCAAACGACTTCATCATTGAGTGCCTCCCTTGGGGATCGAGTTACGATTTCATGCAGGGCC
AGCCAAGATATTTTCAATTACCTGAATTGGTATCAGCAGAAGCCTGACGGTACAGTCAAACT
TTTGATCTATTACGCCAGTAGATTGCACAGCGGCGTACCAAGTCGATTTAGCGGGAGCGG
AAGTGGCACAGACTACTCCCTTACAATTCATAACCTGGAACAGGAGGACATAGCTACCTAT
TTCTGTCAACAAGGGGACACGCTGCCTTACACGTTTGGCGGAGGCACTAAACTTGAAATAA
AG (SEQ ID NO: 132)

7D5 variant 2 VHVL scFv coding sequence:
ATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTICTIGCTG
ATCCCCCAGGTTCAACTTAAAGAGAGCGGCCCCGGCCTGGTCGCACCCTCTCAGTCTCTC
TCCATCACATGCACTGTGAGCGGGTTTTCACTCACAAGCTACAACATTAACTGGATAAGAC
AACCACCGGGAAAAGGATTGGAATGGTTGGGTGTGATATGGACCGGTGGAGACACGAACT
ATAACTCCGCCTTTATGAGTAGGCTTAGTATATCCAAAGACAATTCAAAGAGTCAACTGTTC
CTGAAGATGAATAGCCTCCAGACGGACGACACGGCCATCTACTACTGCGTTCGGGACGGG
ACTGGCACTGGGGACCATTTTGACTACTGGGGGCAAGGTACGACTCTGACGGTGTCAAGC
GGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTGATATTCAGATGAC
CCAAACGACTTCATCATTGAGTGCCTCCCTTGGGGATCGAGTTACGATTTCATGCAGGGCC
AGCCAAGATATTTTCAATTACCTGAATTGGTATCAGCAGAAGCCTGACGGTACAGTCAAACT
TTTGATCTATTACGCCAGTAGATTGCACAGCGGCGTACCAAGTCGATTTAGCGGGAGCGG
AAGTGGCACAGACTACTCCCTTACAATTCATAACCTGGAACAGGAGGACATAGCTACCTAT
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TTCTGTCAACAAGGGGACACGCTGCCTTACACGTTTGGCGGAGGCACTAAACTTGAAATAA
AG (SEQ ID NO: 133)

Signal peptide coding sequence:
CTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAACTGCCCCACCCTGCCTTTCTGCTGATC
CCC (SEQ ID NO: 134)

G4Sx3 linker coding sequence:
GGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAGGATCT (SEQ ID NO: 135)

1H7 Variable Light Chain coding sequence:

GATATTCAGATGACCCAAACTACGAGTTCCCTGTCTGCCAGCCTTGGCGACCGGGTCACA
ATTAGTTGCAGGGCTTCTCAGGATATCAACTACTATTTGAACTGGTACCAGCAGAAACCTG
ATGGGACGGTCAAACTTCTCATCTACTATTCATCCAGACTGCACAGTGGCGTACCGTCTAG
ATTCTCAGGAAGCGGCAGTGGTACGGATTTTAGTCTTACCATTAGTAATCTGGAACAGGAG
GACATCGCCACGTATTTTTGCCAGCAGGATGACGCACTGCCCTATACCTTCGGCGGAGGC
ACTAAGTTGGAGATAAAA (SEQ ID NO: 136)

1H7 Variable Heavy Chain coding sequence:
CAAGTACAACTTCAACAAAGTGGAGCCGAACTGGTAAAACCCGGAGCGTCTGTGAAGATTA
GTTGCAAGGCATCCGGTTACGCCTTCTCAAATTATTGGATGAACTGGGTAAAGCAGCGGCC
CGGAAAGGGTCTCGAGTGGATTGGGCAAATCAACCCAGGGGACGGGGATACGAACTACA
ACGGTAAGTTCAAAGGCAAGGCTACGTTGACGGCTGATAAGAGCTCAAGCACCGCTTACA
TGCAGTTGTCTTCTTTGACAAGTGAGGATAGTGCCGTTTACTTCTGCGCCCGAGAGGACCG
AGATTATTTTGATTATTGGGGCCAGGGAACAACTCTCACCGTCAGCTCC (SEQ ID NO: 137)

3A5 variant 1 and variant 2 Variable Light Chain coding sequence:
GATGTTGTAATGACGCAGTCTCAAAAGTTTATGTCAACGTCTGTTGGTGATCGCGTTAGCAT
TACCTGCAAAGCATCTCAAAGTGTAGGATCTGATGTGGCATGGTACCAGCAACGGCCTGG
ACGCTGTCCTAAAGCGCTGATTTATCTTGCTTCTAACCGGCATACGGGGGTCCCAGACAG
GTTTACTGGGTCTGGATCTGGAACGGACTTTACACTGACCATATCAAACGTTCAGTCAGAG
GACCTGGCCGAGTATTTCTGTCAACAATATAACATATACCCCTATACCTTCGGTGGAGGAA
CTAAATTGGAGATAAAG (SEQ ID NO: 138)

3A5 variant 1 Variable Heavy Chain coding sequence;
CAGGTGCAACTCCAGCAGTCCGGCGCCGAGCTGGTCAGGCCAGGTGCATCCGTAACTCT
GTCATGTAAGGCGTCCGGATACACCTTCACGGACTACGAAATGCATTGGATAAAACAAACT
CCAGTTCATGGGTTGGAGTGGATTGGCTCCATAGACCCGGAAACGGGAGTAACGGCGTAT
AACCAGAAATTCACGGGGAAAGCGATAGTAACGGCAGACAAGTCTAGTAGCACTGCCTAC
ATGGAACTTAGAAGTCTCACAAGTGAAGACAGCGCGGTATATTATTGCACCTCCGATTATG
GATACTTTGACGTTTGGGGTACGGGCACGACAGTGACTGTTAGTTCT (SEQ ID NO: 139)

3A5 variant 2 Variable Heavy Chain coding sequence:
CAGGTGCAACTCCAGCAGTCCGGCGCCGAGCTGGTCAGGCCAGGTGCATCCGTAACTCT
GTCATGTAAGGCGTCCGGATACACCTTCACGGACTACGAAATGCATTGGATAAAACAAACT
CCAGTTCATGGGTTGGAGTGGATTGGCTCCATAGACCCGGAAACGGGAGTAACGGCGTAT
AACCAGAAATTCACGGGGAAAGCGATAGTAACGGCAGACAAGTCTAGTAGCACTGCCTAC
ATGGAACTTAGAAGTCTCACAAGTGAAGACAGCGCGGTATATTATTGCACCTCCGATTATG
GATACTTTAACGTTTGGGGTACGGGCACGACAGTGACTGTTAGTTCT (SEQ ID NO: 140)
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9G2 Variable Light Chain coding sequence:
GATATACAAATGACTCAGACAACGAGCAGTTTGTCCGCATCTCTTGGCGATCGAGTAACTA
TTAGCTGCAAGACATCCCAGGACATATATAATTATTTGAATTGGTATCAGCAGAAACCGGAC
GGAACTGTCAAACTCCTCATTTATTATACCTCCAGGCTTCATAGTGGGGTTCCTTCCCGATT
TAGTGGAGGAGGCTCAGGTACGGACTACAGCCTGACGATTTCCAACCTTGAACAAGAAGA
TATAGCTACATACTTCTGTCAGCAAGGTGACACCTTGCCCTGGACATTCGGTGGGGGTACA
AAACTCGAAATAAAG (SEQ ID NO: 141)

9G2 Variable Heavy Chain coding sequence:
GAGGTCAAGCTTGTCGAGTCAGAGGGAGGTTTGGTCCAGCCGGGTTCTTCTATGAAACTC
TCCTGCACAGCCAGTGGCTTTACATTTAGTGATTACTACATGAGTTGGGTGAGACAGGTGC
CTGAGAAAGGGCTGGAGTGGGTAGCTTCCATTAACTACGACGGAGGTAGCACCTATTACTT
GGACTCCTTGAAAAGCAGATTCATAATTTCCAGGGATAATACGAAAAACATACTTTATCTTC
AAATGTCCTCTTTGAAGAGCGAGGACACAGCCACATACTATTGCGCCAGGGATAGAGGCG
ATGGTGATTATTTTGACTATTGGGGACAGGGCACAACACTCACGGTCAGCAGC (SEQID
NO: 142)

7D5 variant 1 and variant 2 Variable Light Chain coding sequence:
GATATTCAGATGACCCAAACGACTTCATCATTGAGTGCCTCCCTTGGGGATCGAGTTACGA
TTTCATGCAGGGCCAGCCAAGATATTTTCAATTACCTGAATTGGTATCAGCAGAAGCCTGA
CGGTACAGTCAAACTTTTGATCTATTACGCCAGTAGATTGCACAGCGGCGTACCAAGTCGA
TTTAGCGGGAGCGGAAGTGGCACAGACTACTCCCTTACAATTCATAACCTGGAACAGGAG
GACATAGCTACCTATTTCTGTCAACAAGGGGACACGCTGCCTTACACGTTTGGCGGAGGC
ACTAAACTTGAAATAAAG (SEQ ID NO: 143)

7D5 variant 1 Variable Heavy Chain coding sequence:
CAGGTTCAACTTAAAGAGAGCGGCCCCGGCCTGGTCGCACCCTCTCAGTCTCTCTCCATC
ACATGCACTGTGAGCGGGTTTTCACTCACAAGCTACAACATTAACTGGATAAGACAACCAC
CGGGAAAAGGATTGGAATGGTTGGGTGTGATATGGACCGGTGGAGACACGAACTATAACT
CCGCCTTTATGAGTAGGCTTAGTATATCCAAAGACAATTCAAAGAGTCAACTGTTCCTGAAG
ATGAATAGCCTCCAGACGGACGACACGGCCATCTACTACTGCGTTCGGGACGGGACTGGC
ACTGGGGACTATTTTGACTACTGGGGGCAAGGTACGACTCTGACGGTGTCAAGC (SEQ ID
NO: 144)

7D5 variant 2 Variable Heavy Chain coding sequence:
CAGGTTCAACTTAAAGAGAGCGGCCCCGGCCTGGTCGCACCCTCTCAGTCTCTCTCCATC
ACATGCACTGTGAGCGGGTTTTCACTCACAAGCTACAACATTAACTGGATAAGACAACCAC
CGGGAAAAGGATTGGAATGGTTGGGTGTGATATGGACCGGTGGAGACACGAACTATAACT
CCGCCTTTATGAGTAGGCTTAGTATATCCAAAGACAATTCAAAGAGTCAACTGTTCCTGAAG
ATGAATAGCCTCCAGACGGACGACACGGCCATCTACTACTGCGTTCGGGACGGGACTGGC
ACTGGGGACCATTTTGACTACTGGGGGCAAGGTACGACTCTGACGGTGTCAAGC (SEQID
NO: 145)

5D12-LvHv-intDS-41bb-3z-T-CD19t Top Strand:
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
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GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCGATATAAAGATGACTCAGTCACCCAGCAGT
ATATACGCTAGTCTGGGAGAAAGGGTCACGATAAATTGTAAGGCTTCACAAGACATAAAAA
GTTATCTTTCATGGTATCAACAGAAACCCTGGAAAAGCCCCAAGACCCTTATCTACTACGCT
ACGACTCTTGCAGATGGTGTACCAAGTCGGTTTTCCGGGAGCGGCTCCGGGCAAGACTAT
TCTTTGACAATTTCCTCTTTGGAGTCCGATGATACCGCAACCTACTACTGCCTGCATCACG
GTGAGTCACCATGGACATTTGGCGAAGGGACAAAGCTTGAAATAAAGGGAGGCGGAGGAT
CTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTCAAGTTCAGTTGCAACAATCAGGTGCT
GAGGTGGTAAAGCCAGGTGCCAGTGTCAAAATATCTTGCCGGGCGTCTGGTTATGCGTTC
TCCAACTATTGGATGAACTGGGTAAAACAACGCCCAGGTAAGGGACTCGAGTGGATAGGA
CAAATATACCCAGGCAACTTCAACACAGACTACAATGGTCAATTCAAGGGAAAGGCTACTC
TTACAGTCGATAAATCTTCAAACACGGCTTACATGCAGTTGTCCTCCTTGACCTCCGAGGAT
TCAGCAGTCTATTTCTGTGCCCGATTCTTTGATTTTGGCGCTTATTTTACGTTGGATTATTG
GGGCCAAGGGACATCTGTCACAGTTTCCTCCGAGTCTAAGTACGGACCGCCCTGCCCCC
CTTGCCCTGGCCAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGA
TGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCG
CCGTGGAATGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTG
CTGGACAGCGACGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTG
GCAGGAAGGCAACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC
CCAGAAGTCCCTGAGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAG
GCGTGCTGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTIGGGTGAAAC
GGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTA
CTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGA
ACTGCGGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATC
AGCTGTACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGG
AGAGGCCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGLC
TGTATAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGG
GCGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCAC
CAAGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGLGGLG
GAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGG
ATGCCACCTCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCT
GAGGAACCTCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAA
GGGAACCTCAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAAC
CCTTCCTGAAACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCT
ATCTGGCTGTTCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCT
GGACCACCTTCTGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGG
TGAGCTGTTCCGGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACA
GGTCCTCAGAGGGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTG
TGGGCCAAAGACCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGG
ACAGCCTGAACCAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGG
CTGTCCTGTGGGGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGT
GCACCCCAAGGGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCC
AGAGATATGTGGGTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGC
TGGAAAGTATTATTGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGC

SUBSTITUTE SHEET (RULE 26)



WO 2021/202793 76/92 PCT/US2021/025248

FIG. 36 cont'd

TCGGCCAGTACTATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGA
CTTTGGCTTATCTGATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGC
CCTGGTCCTGAGGAGGAAAAGATGA (SEQ ID NO: 325)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_LvHv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence.
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3A5v1-HvLv-intDS-41bb-3z-T-CD19t Top Strand:
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCCAGGTGCAACTCCAGCAGTCCGGCGCCGA
GCTGGTCAGGCCAGGTGCATCCGTAACTCTGTCATGTAAGGCGTCCGGATACACCTTCAC
GGACTACGAAATGCATTGGATAAAACAAACTCCAGTTCATGGGTTGGAGTGGATTGGCTCC
ATAGACCCGGAAACGGGAGTAACGGCGTATAACCAGAAATTCACGGGGAAAGCGATAGTA
ACGGCAGACAAGTCTAGTAGCACTGCCTACATGGAACTTAGAAGTCTCACAAGTGAAGACA
GCGCGGTATATTATTGCACCTCCGATTATGGATACTTTGACGTTTGGGGTACGGGCACGAC
AGTGACTGTTAGTTCTGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAGGAT
CTGATGTTGTAATGACGCAGTCTCAAAAGTTTATGTCAACGTCTGTTGGTGATCGCGTTAG
CATTACCTGCAAAGCATCTCAAAGTGTAGGATCTGATGTGGCATGGTACCAGCAACGGCCT
GGACGCTGTCCTAAAGCGCTGATTTATCTTGCTTCTAACCGGCATACGGGGGTCCCAGAC
AGGTTTACTGGGTCTGGATCTGGAACGGACTTTACACTGACCATATCAAACGTTCAGTCAG
AGGACCTGGCCGAGTATTTCTGTCAACAATATAACATATACCCCTATACCTTCGGTGGAGG
AACTAAATTGGAGATAAAGGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTGGCCA
GCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAAGAACCA
GGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGAATGGGA
GAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACG
GCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAAGGCAAC
GTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTG
AGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCCTG
CTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAA
ACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGA
TGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAGT
TCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAACGAG
CTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAACGAACTGC
AGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGCGGAGGCG
GGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGATACCTACG
ACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGGCAGAGG
AAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCACCTCCAAG
ACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAACCTCTAGT
GGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCTCAGAT
GGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGAAACT
CAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCTGTTCA
TCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACCTTCTG
AGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGTTCCGG
TGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCAGAGGG
ACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAAAGACC
GCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGAACCA
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GAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTGGGG
TACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAGGGG
CCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGGGT
AATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTATT
GTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACTAT
GGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCTG
ATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAGGA
GGAAAAGATGA (SEQ ID NO: 326)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_LvHv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence.

3A5v2-HvLv-intDS-41bb-3z-T-CD19t Top Strand:
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCCAGGTGCAACTCCAGCAGTCCGGCGCCGA
GCTGGTCAGGCCAGGTGCATCCGTAACTCTGTCATGTAAGGCGTCCGGATACACCTTCAC
GGACTACGAAATGCATTGGATAAAACAAACTCCAGTTCATGGGTTGGAGTGGATTGGCTCC
ATAGACCCGGAAACGGGAGTAACGGCGTATAACCAGAAATTCACGGGGAAAGCGATAGTA
ACGGCAGACAAGTCTAGTAGCACTGCCTACATGGAACTTAGAAGTCTCACAAGTGAAGACA
GCGCGGTATATTATTGCACCTCCGATTATGGATACTTTAACGTTTGGGGTACGGGCACGAC
AGTGACTGTTAGTTCTGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAGGAT
CTGATGTTGTAATGACGCAGTCTCAAAAGTTTATGTCAACGTCTGTTGGTGATCGCGTTAG
CATTACCTGCAAAGCATCTCAAAGTGTAGGATCTGATGTGGCATGGTACCAGCAACGGCCT
GGACGCTGTCCTAAAGCGCTGATTTATCTTGCTTCTAACCGGCATACGGGGGTCCCAGAC
AGGTTTACTGGGTCTGGATCTGGAACGGACTTTACACTGACCATATCAAACGTTCAGTCAG
AGGACCTGGCCGAGTATTTCTGTCAACAATATAACATATACCCCTATACCTTCGGTGGAGG
AACTAAATTGGAGATAAAGGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTGGCCA
GCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAAGAACCA
GGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGAATGGGA
GAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACG
GCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAAGGCAAC
GTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTG
AGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCCTG
CTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAA
ACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGA
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TGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAGT
TCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAACGAG
CTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAACGAACTGC
AGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGCGGAGGCG
GGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGATACCTACG
ACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGGCAGAGG
AAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCACCTCCAAG
ACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAACCTCTAGT
GGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCTCAGAT
GGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGAAACT
CAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCTGTTCA
TCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACCTTCTG
AGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGTTCCGG
TGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCAGAGGG
ACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAAAGACC
GCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGAACCA
GAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTGGGG
TACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAGGGG
CCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGGGT
AATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTATT
GTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACTAT
GGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCTG
ATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAGGA
GGAAAAGATGA (SEQ ID NO: 327)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_LvHv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence.

3A5v1-LvHv-intDS-41bb-3z-T-CD19t Top Strand:
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCGATGTTGTAATGACGCAGTCTCAAAAGTTT
ATGTCAACGTCTGTTGGTGATCGCGTTAGCATTACCTGCAAAGCATCTCAAAGTGTAGGAT
CTGATGTGGCATGGTACCAGCAACGGCCTGGACGCTGTCCTAAAGCGCTGATTTATCTTG
CTTCTAACCGGCATACGGGGGTCCCAGACAGGTTTACTGGGTCTGGATCTGGAACGGACT
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TTACACTGACCATATCAAACGTTCAGTCAGAGGACCTGGCCGAGTATTTCTGTCAACAATAT
AACATATACCCCTATACCTTCGGTGGAGGAACTAAATTGGAGATAAAGGGAGGCGGAGGA
TCTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTCAGGTGCAACTCCAGCAGTCCGGCGC
CGAGCTGGTCAGGCCAGGTGCATCCGTAACTCTGTCATGTAAGGCGTCCGGATACACCTT
CACGGACTACGAAATGCATTGGATAAAACAAACTCCAGTTCATGGGTTGGAGTGGATTGGC
TCCATAGACCCGGAAACGGGAGTAACGGCGTATAACCAGAAATTCACGGGGAAAGCGATA
GTAACGGCAGACAAGTCTAGTAGCACTGCCTACATGGAACTTAGAAGTCTCACAAGTGAAG
ACAGCGCGGTATATTATTGCACCTCCGATTATGGATACTTTGACGTTTGGGGTACGGGCAC
GACAGTGACTGTTAGTTCTGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTGGCCA
GCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAAGAACCA
GGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGAATGGGA
GAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACG
GCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAAGGCAAC
GTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTG
AGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCCTG
CTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAA
ACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGA
TGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAGT
TCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAACGAG
CTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAACGAACTGC
AGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGCGGAGGCG
GGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGATACCTACG
ACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGGCAGAGG
AAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCACCTCCAAG
ACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAACCTCTAGT
GGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCTCAGAT
GGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGAAACT
CAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCTGTTCA
TCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACCTTCTG
AGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGTTCCGG
TGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCAGAGGG
ACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAAAGACC
GCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGAACCA
GAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTGGGG
TACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAGGGG
CCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGGGT
AATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTATT
GTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACTAT
GGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCTG
ATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAGGA
GGAAAAGATGA (SEQ ID NO: 328)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_LvHv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
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3A5v2-LvHv-intDS-41bb-3z-T-CD19t Top Strand:
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCGATGTTGTAATGACGCAGTCTCAAAAGTTT
ATGTCAACGTCTGTTGGTGATCGCGTTAGCATTACCTGCAAAGCATCTCAAAGTGTAGGAT
CTGATGTGGCATGGTACCAGCAACGGCCTGGACGCTGTCCTAAAGCGCTGATTTATCTTIG
CTTCTAACCGGCATACGGGGGTCCCAGACAGGTTTACTGGGTCTGGATCTGGAACGGACT
TTACACTGACCATATCAAACGTTCAGTCAGAGGACCTGGCCGAGTATTTCTGTCAACAATAT
AACATATACCCCTATACCTTCGGTGGAGGAACTAAATTGGAGATAAAGGGAGGCGGAGGA
TCTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTCAGGTGCAACTCCAGCAGTCCGGCGC
CGAGCTGGTCAGGCCAGGTGCATCCGTAACTCTGTCATGTAAGGCGTCCGGATACACCTT
CACGGACTACGAAATGCATTGGATAAAACAAACTCCAGTTCATGGGTTGGAGTGGATTGGC
TCCATAGACCCGGAAACGGGAGTAACGGCGTATAACCAGAAATTCACGGGGAAAGCGATA
GTAACGGCAGACAAGTCTAGTAGCACTGCCTACATGGAACTTAGAAGTCTCACAAGTGAAG
ACAGCGCGGTATATTATTGCACCTCCGATTATGGATACTTTAACGTTTGGGGTACGGGCAC
GACAGTGACTGTTAGTTCTGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTGGCCA
GCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAAGAACCA
GGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGAATGGGA
GAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACG
GCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAAGGCAAC
GTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTG
AGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCCTG
CTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAGAA
ACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGA
TGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAGT
TCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAACGAG
CTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGACCC
TGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAACGAACTGC
AGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGCGGAGGCG
GGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGATACCTACG
ACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGGCAGAGG
AAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCACCTCCAAG
ACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAACCTCTAGT
GGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCTCAGAT
GGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGAAACT
CAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCTGTTCA
TCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACCTTCTG
AGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGTTCCGG
TGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCAGAGGG
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ACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAAAGACC
GCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGAACCA
GAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTGGGG
TACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAGGGG
CCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGGGT
AATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTATT
GTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACTAT
GGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCTG
ATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAGGA
GGAAAAGATGA (SEQ ID NO: 329)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_LvHv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence.

1H7-LvHv-intDS-41bb-3z-T-CD19t Top Strand:
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCGATATTCAGATGACCCAAACTACGAGTTCC
CTGTCTGCCAGCCTTGGCGACCGGGTCACAATTAGTTGCAGGGCTTCTCAGGATATCAACT
ACTATTTGAACTGGTACCAGCAGAAACCTGATGGGACGGTCAAACTTCTCATCTACTATTCA
TCCAGACTGCACAGTGGCGTACCGTCTAGATTCTCAGGAAGCGGCAGTGGTACGGATTTT
AGTCTTACCATTAGTAATCTGGAACAGGAGGACATCGCCACGTATTTTTGCCAGCAGGATG
ACGCACTGCCCTATACCTTCGGCGGAGGCACTAAGTTGGAGATAAAAGGAGGCGGAGGAT
CTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTCAAGTACAACTTCAACAAAGTGGAGCC
GAACTGGTAAAACCCGGAGCGTCTGTGAAGATTAGTTGCAAGGCATCCGGTTACGCCTTCT
CAAATTATTGGATGAACTGGGTAAAGCAGCGGCCCGGAAAGGGTCTCGAGTGGATTGGGC
AAATCAACCCAGGGGACGGGGATACGAACTACAACGGTAAGTTCAAAGGCAAGGCTACGT
TGACGGCTGATAAGAGCTCAAGCACCGCTTACATGCAGTTGTCTTCTTTGACAAGTGAGGA
TAGTGCCGTTTACTTCTGCGCCCGAGAGGACCGAGATTATTTTGATTATTGGGGCCAGGGA
ACAACTCTCACCGTCAGCTCCGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTGGC
CAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAAGAAC
CAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGAATGG
GAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGA
CGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAAGGCA
ACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCC
TGAGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCTGGCC
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TGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAGAAAG
AAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAA
GATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAA
GTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAACG
AGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGAC
CCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAACGAACT
GCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGCGGAGGC
GGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGATACCTAC
GACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGGCAGAG
GAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCACCTCCAA
GACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAACCTCTAG
TGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCTCAGAT
GGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGAAACT
CAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCTGTTCA
TCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACCTTCTG
AGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGTTCCGG
TGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCAGAGGG
ACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAAAGACC
GCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGAACCA
GAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTGGGG
TACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAGGGG
CCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGGGT
AATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTATT
GTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACTAT
GGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCTG
ATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAGGA
GGAAAAGATGA (SEQ ID NO: 330)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_LvHv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence.

9G2-LvHv-intDS-41bb-3z-T-CD19t Top Strand:
GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCC
CGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAG
AACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTACC
TGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCCTC
CTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGTC
CGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGT
GACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGA
ACTGCCCCACCCTGCCTTTCTGCTGATCCCCGATATACAAATGACTCAGACAACGAGCAGT
TTGTCCGCATCTCTTGGCGATCGAGTAACTATTAGCTGCAAGACATCCCAGGACATATATA
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ATTATTTGAATTGGTATCAGCAGAAACCGGACGGAACTGTCAAACTCCTCATTTATTATACC
TCCAGGCTTCATAGTGGGGTTCCTTCCCGATTTAGTGGAGGAGGCTCAGGTACGGACTAC
AGCCTGACGATTTCCAACCTTGAACAAGAAGATATAGCTACATACTTCTGTCAGCAAGGTG
ACACCTTGCCCTGGACATTCGGTGGGGGTACAAAACTCGAAATAAAGGGAGGCGGAGGAT
CTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTGAGGTCAAGCTTGTCGAGTCAGAGGGA
GGTTTGGTCCAGCCGGGTTCTTCTATGAAACTCTCCTGCACAGCCAGTGGCTTTACATTTA
GTGATTACTACATGAGTTGGGTGAGACAGGTGCCTGAGAAAGGGCTGGAGTGGGTAGCTT
CCATTAACTACGACGGAGGTAGCACCTATTACTTGGACTCCTTGAAAAGCAGATTCATAATT
TCCAGGGATAATACGAAAAACATACTTTATCTTCAAATGTCCTCTTTGAAGAGCGAGGACAC
AGCCACATACTATTGCGCCAGGGATAGAGGCGATGGTGATTATTTTGACTATTGGGGACAG
GGCACAACACTCACGGTCAGCAGCGAGTCTAAGTACGGACCGCCCTGCCCCCCTTGCCC
TGGCCAGCCTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAGAGATGACCAA
GAACCAGGTGTCCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGATATCGCCGTGGA
ATGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACA
GCGACGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAA
GGCAACGTCTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAG
TCCCTGAGCCTGAGCCTGGGCAAGATGTTCTGGGTGCTGGTGGTGGTCGGAGGCGTGCT
GGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACGGGGCAG
AAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGA
GGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCGG
GTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTA
CAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCC
GGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATAAC
GAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAGCG
GAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGGATA
CCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAGGG
CAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCACC
TCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAACC
TCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCT
CAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTG
AAACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCT
GTTCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACC
TTCTGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGT
TCCGGTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCA
GAGGGACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAA
AGACCGCCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTG
AACCAGAGCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTG
TGGGGTACCCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCA
AGGGGCCTAAGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATG
TGGGTAATGGAGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTA
TTATTGTCACCGTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGT
ACTATGGCACTGGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTT
ATCTGATCTTCTGCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCT
GAGGAGGAAAAGATGA (SEQ ID NO: 331)

Within the above sequence, EF1 promoter is the first bold sequence; the sequence encoding
GM-CSFR signal peptide is the first underlined sequence; the sequence encoding 5D12_LvHv
is the first italicized sequence; the sequence encoding IgG4hinge S10P is the second bold
sequence; the sequence encoding IgG4-int(DS) is the second underlined sequence; the
sequence encoding CD28tm is the second italicized sequence; the sequence encoding 4-1BB
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signaling is the third bold sequence; the sequence encoding CD3z is the third underlined
sequence; the sequence encoding T2A is the third italicized sequence; and tCD19-Fully
sequenced is the fourth bold sequence section of the sequence.

1H7 scFv VH-VL orientation (IgK signal peptide is bold and italicized; VH is underlined;
G4Sx3 linker is italicized, VL is normal font):
METDTLLLWVLLLWVPGSTGQVQLQQSGAELVKPGASVKISCKASGYAFSNYWMNWVKQRP
GKGLEWIGQINPGDGDTNYNGKFKGKATLTADKSSSTAYMQLSSLTSEDSAVYFCAREDRDYF
DYWGQGTTLTVSSGGGGSGGGGSGGGGSDIQMTQTTSSLSASLGDRVTISCRASQDINYYLN
WYQQKPDGTVKLLIYYSSRLHSGVPSRFSGSGSGTDFSLTISNLEQEDIATYFCQQDDALPYTF
GGGTKLEIK (SEQ ID NO: 332)

1H7 scFv VL-VH orientation (/gK signal peptide is bold and italicized; VL is normal font;
G4Sx3 linker is italicized; VH is underlined):
METDTLLLWVLLLWVPGSTGDIQMTQTTSSLSASLGDRVTISCRASQDINYYLNWYQQKPDGT
VKLLIYYSSRLHSGVPSRFSGSGSGTDFSLTISNLEQEDIATYFCQQDDALPYTFGGGTKLEIKG
GGGSGGGGSGGGGSQVQALQQSGAELVKPGASVKISCKASGYAFSNYWMNWVKQRPGKGLE
WIGQINPGDGDTNYNGKFKGKATLTADKSSSTAYMQLSSLTSEDSAVYFCAREDRDYFDYWG
QGTTLTVSS (SEQ ID NO: 333)

9G2 scFv VH-VL orientation (IgK signal peptide is bold and italicized; VH is underlined;
G4Sx3 linker is italicized; VL is normal font):
METDTLLLWVLLLWVPGSTGEVKLVESEGGLVQPGSSMKLSCTASGFTFSDYYMSWVRQVP
EKGLEWVASINYDGGSTYYLDSLKSRFIISRDNTKNILYLQMSSLKSEDTATYYCARDRGDGDY
FDYWGQGTTLTVSSGGGGSGGGGSGGGGSDIQMTQTTSSLSASLGDRVTISCKTSQDIYNYL
NWYQQKPDGTVKLLIYYTSRLHSGVPSRFSGGGSGTDYSLTISNLEQEDIATYFCQQGDTLPW
TFGGGTKLEIK (SEQ ID NO: 334)

9G2 scFv VL-VH orientation (IgK signal peptide is bold and italicized; VL is normal font;
G4Sx3 linker is italicized; VH is underlined):
METDTLLLWVLLLWVPGSTGDIQMTQTTSSLSASLGDRVTISCKTSQDIYNYLNWYQQKPDGT
VKLLIYYTSRLHSGVPSRFSGGGSGTDYSLTISNLEQEDIATYFCQQGDTLPWTFGGGTKLEIK
GGGGSGGGGSGGGGSEVKLVESEGGLVQPGSSMKLSCTASGFTFSDYYMSWVRQVPEKGL
EVWVASINYDGGSTYYLDSLKSRFIISRDNTKNILYLQMSSLKSEDTATYYCARDRGDGDYFDYW
GQGTTLTVSS (SEQ ID NO: 335)

5D12 scFv VH-VL orientation (IgK signal peptide is bold and italicized; VH is underlined,;
G4Sx3 linker is italicized; VL is normal font):
METDTLLLWVLLLWVPGSTGQVQLQQSGAEVVKPGASVKISCRASGYAFSNYWMNVWKQRP
GKGLEWIGQIYPGNFNTDYNGQFKGKATLTVDKSSNTAYMQLSSLTSEDSAVYFCARFFDFGA
YETLDYWGQGTSVTVSSGGGGSGGGGSGGGGSDIKMTQSPSSIYASLGERVTINCKASQDIK
SYLSWYQQKPWKSPKTLIYYATTLADGVPSRFSGSGSGQDYSLTISSLESDDTATYYCLHHGE
SPWTFGEGTKLEIK (SEQ ID NO: 336)

5D12 scFv VL-VH orientation (IgK signal peptide is bold and italicized, VL is normal font;
G4Sx3 linker is italicized; VH is underlined):
METDTLLLWVLLLWVPGSTGDIKMTQSPSSIYASLGERVTINCKASQDIKSYLSWYQQKPWKS
PKTLIYYATTLADGVPSRFSGSGSGQDYSLTISSLESDDTATYYCLHHGESPWTFGEGTKLEIK
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GGGGSGGGGSGGGGSQVALQQASGAEVVKPGASVKISCRASGYAFSNYWMNWVKQRPGKG
LEWIGQIYPGNENTDYNGQFKGKATLTVDKSSNTAYMQLSSLTSEDSAVYFCARFFDFGAYFTL
DYWGQGTSVTVSS (SEQ ID NO: 337)

3A5 variant 1 scFv VH-VL orientation (IgK signal peptide is bold and italicized;, VH is
underlined; G+Sx3 linker is italicized; VL is normal font):
METDTLLLWVLLLWVPGSTGQVQLQQSGAELVRPGASVTLSCKASGYTFTDYEMHWIKQTPV
HGLEWIGSIDPETGVTAYNQKFTGKAIVTADKSSSTAYMELRSLTSEDSAVYYCTSDYGYFDV
WGTGTTVTVSSGGGGSGGGGSGGGGSDVVMTQSQKFMSTSVGDRVSITCKASQSVGSDVA
WYQQRPGRCPKALIYLASNRHTGVPDRFTGSGSGTDFTLTISNVQSEDLAEYFCQQYNIYPYT
FGGGTKLEIK (SEQ ID NO: 338)

3A5 variant 1 scFv VL-VH orientation (IgK signal peptide is bold and italicized; VL is
normal font; G4Sx3 linker is italicized; \H is underlined):
METDTLLLWVLLLWVPGSTGDVVMTQSQKFMSTSVGDRVSITCKASQSVGSDVAWYQQRPG
RCPKALIYLASNRHTGVPDRFTGSGSGTDFTLTISNVQSEDLAEYFCQQYNIYPYTFGGGTKLEI
KGGGGSGGGGSGGGGESQVAQLQQSGAELVRPGASVTLSCKASGYTFTDYEMHWIKQTPVHG
LEWIGSIDPETGVTAYNQKFTGKAIVTADKSSSTAYMELRSLTSEDSAVYYCTSDYGYFDVWGT
GTTVTVSS (SEQ ID NQO: 339)

3A5 variant 2 scFv VH-VL orientation (IgK signal peptide is bold and italicized;, VH is
underlined; G,Sx3 linker is italicized, VL is normal font):
METDTLLLWVLLLWVPGSTGQVQLQQSGAELVRPGASVTLSCKASGYTFTDYEMHWIKQTPV
HGLEWIGSIDPETGVTAYNQKFTGKAIVTADKSSSTAYMELRSLTSEDSAVYYCTSDYGYFNV
WGTGTTVTVSSGGGGSGGGGSGGGGSDVVMTQSQKFMSTSVGDRVSITCKASQSVGSDVA
WYQQRPGRCPKALIYLASNRHTGVPDRFTGSGSGTDFTLTISNVQSEDLAEYFCQQYNIYPYT
FGGGTKLEIK (SEQ ID NO: 340)

3A5 variant 2 scFv VL-VH orientation (IgK signal peptide is bold and italicized; VL is
normal font; G+Sx3 linker is italicized: VH is underlined):
METDTLLLWVLLLWVPGSTGDVVMTQSQKFMSTSVGDRVSITCKASQSVGSDVAWYQQRPG
RCPKALIYLASNRHTGVPDRFTGSGSGTDFTLTISNVQSEDLAEYFCQQYNIYPYTFGGGTKLEI
KGGGGSGGGGSGGGGESQVAQLQQSGAELVRPGASVTLSCKASGYTFTDYEMHWIKQTPVHG
LEWIGSIDPETGVTAYNQKFTGKAIVTADKSSSTAYMELRSLTSEDSAVYYCTSDYGYFNVWGT
GTTVTVSS (SEQ ID NO: 341)

human CD33 full length DNA coding (used for cell based immunogen; coding sequence
for human CD33 signal peptide is underlined):
ATGCCGCTGCTGCTACTGCTGCCCCTGCTGTGGGCAGGGGCCCTGGCTATGGATCCAAAT
TTCTGGCTGCAAGTGCAGGAGTCAGTGACGGTACAGGAGGGTTTGTGCGTCCTCGTGCCC
TGCACTTTCTTCCATCCCATACCCTACTACGACAAGAACTCCCCAGTTCATGGTTACTGGTT
CCGGGAAGGAGCCATTATATCCAGGGACTCTCCAGTGGCCACAAACAAGCTAGATCAAGA
AGTACAGGAGGAGACTCAGGGCAGATTCCGCCTCCTTGGGGATCCCAGTAGGAACAACTG
CTCCCTGAGCATCGTAGACGCCAGGAGGAGGGATAATGGTTCATACTTCTTTCGGATGGA
GAGAGGAAGTACCAAATACAGTTACAAATCTCCCCAGCTCTCTGTGCATGTGACAGACTTG
ACCCACAGGCCCAAAATCCTCATCCCTGGCACTCTAGAACCCGGCCACTCCAAAAACCTG
ACCTGCTCTGTGTCCTGGGCCTGTGAGCAGGGAACACCCCCGATCTTCTCCTGGTTGTCA
GCTGCCCCCACCTCCCTGGGCCCCAGGACTACTCACTCCTCGGTGCTCATAATCACCCCA
CGGCCCCAGGACCACGGCACCAACCTGACCTGTCAGGTGAAGTTCGCTGGAGCTGGTGT
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GACTACGGAGAGAACCATCCAGCTCAACGTCACCTATGTTCCACAGAACCCAACAACTGGT
ATCTTTCCAGGAGATGGCTCAGGGAAACAAGAGACCAGAGCAGGAGTGGTTCATGGGGCC
ATTGGAGGAGCTGGTGTTACAGCCCTGCTCGCTCTTTGTCTCTGCCTCATCTTCTTCATAG

TGAAGACCCACAGGAGGAAAGCAGCCAGGACAGCAGTGGGCAGGAATGACACCCACCCT

ACCACAGGGTCAGCCTCCCCGAAACACCAGAAGAAGTCCAAGTTACATGGCCCCACTGAA
ACCTCAAGCTGTTCAGGTGCCGCCCCTACTGTGGAGATGGATGAGGAGCTGCATTATGCT

TCCCTCAACTTTCATGGGATGAATCCTTCCAAGGACACCTCCACCGAATACTCAGAGGTCA
GGACCCAG (SEQ ID NO: 342)

human CD33 full length protein (used for cell based immunogen):
MPLLLLLPLLWAGALAMDPNFWLQVQESVTVQEGLCVLVPCTFFHPIPYYDKNSPVHGYWFRE
GAIISRDSPVATNKLDQEVQEETQGRFRLLGDPSRNNCSLSIVDARRRDNGSYFFRMERGSTK
YSYKSPQLSVHVTDLTHRPKILIPGTLEPGHSKNLTCSVSWACEQGTPPIFSWLSAAPTSLGPR
TTHSSVLITPRPQDHGTNLTCQVKFAGAGVTTERTIQLNVTYVPQNPTTGIFPGDGSGKQETR
AGVVHGAIGGAGVTALLALCLCLIFFIVKTHRRKAARTAVGRNDTHPTTGSASPKHQKKSKLHG
PTETSSCSGAAPTVEMDEELHYASLNFHGMNPSKDTSTEYSEVRTQ* (SEQ ID NO: 343)

Light chain signal peptide of 9G2 and/or 6H9: MMSSAQFLGLLLLCFQGTRC (SEQ ID NO:
344)

Light chain signal peptide of 3A5v1, 3A5v2, and/or 2D5: MESQTQVFVYMLLWLSGVDG
(SEQ ID NO: 345)

Light chain signal peptide of 7D5v1 and/or 7D5v2: MSSAQFLGLLLLCFQGTRC (SEQ ID
NO: 346)

Light chain signal peptide of 11D5: MRFSAQLLGLLVLWIPESTA (SEQ ID NO: 347)
Heavy chain signal peptide of 6H9: MNFGLSLIFLVLILKGVQC (SEQ ID NO: 348)

Heavy chain signal peptide of 3A5v1 and/or 3A5v2: MEWSWVFLFLLSVIAGVQS (SEQ ID
NO: 349)

Heavy chain signal peptide of 7D5v1 and/or 7D5v2: MAVLALLLCLVAFPSCTLS (SEQ ID
NO: 350)

Heavy chain signal peptide of 2D5: MEWSWVCLFLLSVIAGVQS (SEQ ID NO: 351)
Heavy chain signal peptide of 11D5: MESNWILPFILSVTSGVYS (SEQ ID NO: 352)
Heavy chain signal peptide of 13E11: MEWCVWFLFLLSVTAGVHS (SEQ ID NO: 353)

My96 Coding Sequence:
GAGATCGTGCTGACACAGAGCCCTGGAAGCCTGGCCGTGTCTCCTGGCGAGCGCGTGAC
AATGAGCTGCAAGAGCAGCCAGAGCGTGTTCTTCAGCAGCTCCCAGAAGAACTACCTGGC
CTGGTATCAGCAGATCCCCGGCCAGAGCCCCAGACTGCTGATCTACTGGGCCAGCACCAG
AGAAAGCGGCGTGCCCGATAGATTCACCGGCAGCGGCTCTGGCACCGACTTCACCCTGA
CAATCAGCAGCGTGCAGCCCGAGGACCTGGCCATCTACTACTGCCACCAGTACCTGAGCA
GCCGGACCTTTGGCCAGGGCACCAAGCTGGAAATCAAGAGAGGCGGCGGAGGCTCTGGC
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GGAGGCGGATCTAGTGGCGGAGGATCTCAGGTGCAGCTGCAGCAGCCTGGCGCCGAGGT
CGTGAAACCTGGCGCCTCTGTGAAGATGTCCTGCAAGGCCAGCGGCTACACCTTCACCAG
CTACTACATCCACTGGATCAAGCAGACCCCTGGACAGGGCCTGGAATGGGTGGGAGTGAT
CTACCCCGGCAACGACGACATCAGCTACAACCAGAAGTTCCAGGGCAAGGCCACCCTGAC
CGCCGACAAGTCTAGCACCACCGCCTACATGCAGCTGTCCAGCCTGACCAGCGAGGACA
GCGCCGTGTACTACTGCGCCAGAGAAGTGCGGCTGCGGTACTTCGATGTGTGGGGCCAG
GGAACCACCGTGACCGTGTCATCT (SEQ ID NO: 354)

My96_int_41BB_3z_TCD19 Coding Sequence:
GTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCC
TCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGT
AACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAA
CAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGCTCTCTCGACGCAGGACTCGGCTTG
CTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTTG
ACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAG
AATTAGATCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAAA
ACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAA
ACATCAGAAGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAGACAGGATCAG
AAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAG
ATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAGAAAA
AAGCACAGCAAGCAGCAGCTGACACAGGACACAGCAATCAGGTCAGCCAAAATTACCCTA
TAGTGCAGAACATCCAGGGGCAAATGGTACATCAGGCCATATCACCTAGAACTTTAAATGC
ATGGGTAAAAGTAGTAGAAGAGAAGGCTTTCAGCCCAGAAGTGATACCCATGTTTTCAGCA
TTATCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAAACACAGTGGGGGGACATC
AAGCAGCCATGCAAATGTTAAAAGAGACCATCAATGAGGAAGCTGCAGGCAAAGAGAAGA
GTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTTCTTGGGA
GCAGCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAGACAATTA
TTGTCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATC
TGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGGAAA
GATACCTAAAGGATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCAC
CACTGCTGTGCCTTGGATCTACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGG
GGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAA
CTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCA
GAGATCCAGTTTGGGGATCAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTG
CTTCGCGAGGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCA
CAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGG
CGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGG
GGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCG
CCAGAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCCGCCGCCCTA
CCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGCCGCCTCCCGCCTGTGGTGCC
TCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAGCTCAGGTCGAGACCGGGCCTTTGT
CCGGCGCTCCCTTGGAGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCTGACCCTG
CTTGCTCAACTCTACGTCTTTGTTTCGTTTTCTGTTCTGCGCCGTTACAGATCCAAGCTGTG
ACCGGCGCCTACGGCTAGCCACCATGCTGCTGCTCGTGACCAGCCTGCTGCTGTGCGAA
CTGCCCCACCCTGCCTTTCTGCTGATCCCCGAGATCGTGCTGACACAGAGCCCTGGAAGC
CTGGCCGTGTCTCCTGGCGAGCGCGTGACAATGAGCTGCAAGAGCAGCCAGAGCGTGTT
CTTCAGCAGCTCCCAGAAGAACTACCTGGCCTGGTATCAGCAGATCCCCGGCCAGAGCCC
CAGACTGCTGATCTACTGGGCCAGCACCAGAGAAAGCGGCGTGCCCGATAGATTCACCGG
CAGCGGCTCTGGCACCGACTTCACCCTGACAATCAGCAGCGTGCAGCCCGAGGACCTGG
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CCATCTACTACTGCCACCAGTACCTGAGCAGCCGGACCTTTGGCCAGGGCACCAAGCTGG
AAATCAAGAGAGGCGGCGGAGGCTCTGGCGGAGGCGGATCTAGTGGCGGAGGATCTCAG
GTGCAGCTGCAGCAGCCTGGCGCCGAGGTCGTGAAACCTGGCGCCTCTGTGAAGATGTC
CTGCAAGGCCAGCGGCTACACCTTCACCAGCTACTACATCCACTGGATCAAGCAGACCCC
TGGACAGGGCCTGGAATGGGTGGGAGTGATCTACCCCGGCAACGACGACATCAGCTACA
ACCAGAAGTTCCAGGGCAAGGCCACCCTGACCGCCGACAAGTCTAGCACCACCGCCTACA
TGCAGCTGTCCAGCCTGACCAGCGAGGACAGCGCCGTGTACTACTGCGCCAGAGAAGTG
CGGCTGCGGTACTTCGATGTGTGGGGCCAGGGAACCACCGTGACCGTGTCATCTGAGTCT
AAGTACGGACCGCCCTGCCCCCCTTGCCCTATGTTCTGGGTGCTGGTGGTGGTCGGAGG
CGTGCTGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGGGTGAAACG
GGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTC
AAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGC
GGGTGAAGTTCAGCAGAAGCGCCGACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTG
TACAACGAGCTGAACCTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGG
CCGGGACCCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTATA
ACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAGGGCGAG
CGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTGTCCACCGCCACCAAGG
ATACCTACGACGCCCTGCACATGCAGGCCCTGCCCCCAAGGCTCGAGGGCGGCGGAGAG
GGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCAGGCCCTAGGATGCCA
CCTCCAAGACTCCTCTTCTTCCTCCTCTTCCTGACACCAATGGAAGTCAGGCCTGAGGAAC
CTCTAGTGGTGAAGGTGGAAGAGGGAGATAACGCTGTGTTACAGTGCCTCAAGGGAACCT
CAGATGGACCCACTCAGCAGCTGACCTGGTCTCGGGAGTCTCCGCTTAAACCCTTCCTGA
AACTCAGCCTTGGACTGCCAGGTCTGGGAATCCACATGAGGCCACTGGCTATCTGGCTGT
TCATCTTCAACGTCTCTCAACAGATGGGAGGCTTCTACCTGTGTCAGCCTGGACCACCTTC
TGAGAAGGCATGGCAGCCTGGTTGGACAGTCAATGTGGAGGGTTCTGGTGAGCTGTTCCG
GTGGAATGTTTCGGACCTAGGTGGACTGGGATGTGGTCTGAAGAACAGGTCCTCAGAGGG
ACCTAGCTCTCCTTCCGGGAAGCTCATGAGCCCCAAGCTGTATGTGTGGGCCAAAGACCG
CCCTGAGATCTGGGAGGGAGAGCCTCCGTGTGTCCCACCGAGGGACAGCCTGAACCAGA
GCCTCAGCCAGGACCTCACCATGGCCCCTGGCTCCACACTCTGGCTGTCCTGTGGGGTAC
CCCCTGACTCTGTGTCCAGGGGCCCCCTCTCCTGGACCCATGTGCACCCCAAGGGGCCTA
AGTCATTGCTGAGCCTAGAGCTGAAGGACGATCGCCCTGCCAGAGATATGTGGGTAATGG
AGACGGGTCTGTTGTTGCCCCGGGCCACAGCTCAAGACGCTGGAAAGTATTATTGTCACC
GTGGCAACCTGACCATGTCATTCCACCTGGAGATCACTGCTCGGCCAGTACTATGGCACT
GGCTGCTGAGGACTGGTGGCTGGAAGGTCTCAGCTGTGACTTTGGCTTATCTGATCTTCT
GCCTGTGTTCCCTTGTGGGCATTCTTCATCTTCAAAGAGCCCTGGTCCTGAGGAGGAAAAG
ATGAGCGGCCGCTCTAGACCCGGGCTGCAGGAATTCGATATCAAGCTTATCGATAATCAAC
CTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGC
TATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTT
TCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAG
GCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGC
CACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAA
CTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAA
TTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACC
TGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTT
CCTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAG
ACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACTAGCCGTACCT
TTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGG
GACTGGAAGGGCTAATTCACTCCCAAAGAAGACAAGATCTGCTTTTTGCCTGTACTGGGTC
TCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTT
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AAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACT
CTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGAATTCG
ATATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACCCAATTCGCCCTAT
AGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTG
GCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGA
AGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGAAATT
GTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACC
AATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAG
TGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGG
CGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTT
TGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAG
CTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGC
GGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCG
CGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGA
ACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCC
TGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGC
CCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGA
AAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAA
CAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTT
AAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGT
CGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACAC
TGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCAC
AACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATA
CCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTA
TTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGG
ATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAA
ATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTA
AGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAA
ATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGT
TTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAG
ATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTC
AGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCT
GCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACC
AACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAG
TGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCT
GCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGA
CTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCA
CACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTAT
GAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGT
CCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGG
CGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGG
CCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGC
CTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGA
GCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATT
CATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCA
ATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCG
TATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATT
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ACGCCAAGCTCGAAATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCGGTG
GCGGCCTCGAGGTCGAGATCCGGTCGACCAGCAACCATAGTCCCGCCCCTAACTCCGCC
CATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTT
TTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGA
GGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTTCGACGGTATCGATTGGCTCATGTCC
AACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGT
CATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCC
TGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTA
ACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAA
ATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTAC
ATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGC
GTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGA
GTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATT
GACGCAAATGGGCGGTAGGCGTGTACGGAATTCGGAGTGGCGAGCCCTCAGATCCTGCA
TATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTCTCTG (SEQ ID NO: 355)

V-set directed CD33/CD3 BsAb (RC1) (/gk leader sequence italicized; CD33 scFv in bold;
linker is italicized and underlined; CD3 scFv is in normal text; and His tag is underlined):
METDTLLIWVLLLWVPGSTGQVQLVQSGAEVKKPGESVKVSCKASGYTFTNYGMNWVKQA
PGQGLEWMGWINTYTGEPTYADKFQGRVTMTTDTSTSTAYMEIRNLGGDDTAVYYCARWS
WSDGYYVYFDYWGQGTSVTVSSGGGGSGGGGSGGGGSDIVMTQSPDSLTVSLGERTTINC
KSSQSVLDSSTNKNSLAWYQQKPGQPPKLLLSWASTRESGIPDRFSGSGSGTDFTLTIDSPQ
PEDSATYYCQQSAHFPITFGQGTRLEIKSGGGGSEVQLVESGGGLVQPGGSLKLSCAASGFT
FNKYAMNWVRQAPGKGLEWVARIRSKYNNYATYYADSVKDRFTISRDDSKNTAYLQMNNLKT
EDTAVYYCVRHGNFGNSYISYWAYWGQGTLVTVSSGGGGSGGGGSGGGGSQTVVTQEPSL
TVSPGGTVTLTCGSSTGAVTSGNYPNWVQQKPGQAPRGLIGGTKFLAPGTPARFSGSLLGGK
AALTLSGVQPEDEAEYYCVLWYSNRWVFGGGTKLTVLHHHHHH (SEQ ID NO: 377)

V-set directed CD33/CD3 BsAb (RC1) without leader sequence or His tag (CD33 scFv in
bold; linker is italicized and underlined; CD3 scFv is in normal text):
QVQLVQSGAEVKKPGESVKVSCKASGYTFTNYGMNWVKQAPGQGLEWMGWINTYTGEPTY
ADKFQGRVTMTTDTSTSTAYMEIRNLGGDDTAVYYCARWSWSDGYYVYFDYWGQGTSVTV
SSGGGGSGGGGSGGGGSDIVMTQSPDSLTVSLGERTTINCKSSQSVLDSSTNKNSLAWYQQ
KPGQPPKLLLSWASTRESGIPDRFSGSGSGTDFTLTIDSPQPEDSATYYCQQSAHFPITFGQG
TRLEIKSGGGGSEVQLVESGGGLVQPGGSLKLSCAASGFTFNKYAMNVWWRQAPGKGLEWVA
RIRSKYNNYATYYADSVKDRFTISRDDSKNTAYLQMNNLKTEDTAVYYCVRHGNFGNSYISYW
AYWGQGTLVTVSSGGGGSGGGGSGGGGSQTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSG
NYPNWVQQKPGQAPRGLIGGTKFLAPGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCVLWY
SNRWVFGGGTKLTVL (SEQ ID NO: 378)

V-set directed CD33 scFv:
QVQLVQSGAEVKKPGESVKVSCKASGYTFTNYGMNVYWKQAPGQGLEWMGWINTYTGEPTY
ADKFQGRVTMTTDTSTSTAYMEIRNLGGDDTAVYYCARWSWSDGYYVYFDYWGQGTSVTVS
SGGGGSGGGGSGGGGSDIVMTQSPDSLTVSLGERTTINCKSSQSVLDSSTNKNSLAWYQQK
PGQPPKLLLSWASTRESGIPDRFSGSGSGTDFTLTIDSPQPEDSATYYCQQSAHFPITFGQGT
RLEIK (SEQ ID NO: 366)
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FIG. 36 cont'd

V-set directed CD33 scFv coding sequence:

CAAGTTCAGCTCGTGCAGAGTGGTGCAGAGGTCAAGAAGCCTGGAGAGAGCGTCAAGGT

CAGCTGTAAAGCATCTGGCTATACATTCACTAATTACGGAATGAACTGGGTCAAGCAGGCG
CCAGGTCAGGGACTTGAATGGATGGGCTGGATAAACACATATACAGGAGAGCCAACTTAT

GCTGACAAATTCCAGGGTAGAGTCACGATGACGACGGACACATCAACCTCCACCGCGTAT

ATGGAAATCAGGAATTTGGGCGGAGACGATACAGCGGTTTACTACTGCGCCCGATGGAGT
TGGTCTGATGGCTATTATGTGTATTTCGACTACTGGGGTCAGGGTACAAGCGTCACAGTAA
GTTCAGGAGGCGGAGGATCTGGCGGAGGGGGCTCTGGAGGAGGAGGATCTGATATTGTA
ATGACCCAATCCCCTGACTCATTGACAGTATCCCTCGGAGAGCGGACCACTATAAACTGCA
AATCCAGCCAGTCTGTATTGGACTCCAGCACCAACAAAAATAGCCTTGCGTGGTATCAGCA
AAAGCCGGGTCAACCACCCAAGCTGCTCTTGAGTTGGGCGAGTACCAGAGAGAGTGGGAT
ACCCGACAGGTTTAGTGGATCTGGCTCTGGCACCGATTTTACGCTTACAATCGACAGTCCG

CAACCCGAAGACTCCGCGACGTACTACTGTCAGCAATCTGCACACTTTCCAATAACCTTCG
GGCAAGGGACACGGCTGGAGATCAAA (SEQ ID NO: 370)
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