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COMPOSITIONS AND METHODS FOR TREATING CANCER WITH ANTI-
CD22 IMMUNOTHERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority under 35 U.S.C. Section 119(e) to U.S.
Provisional Patent Application No. 62/572,926 filed on October 16, 2017, the entire contents of

which are incorporated herein by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. The ASCII
copy, created on October 12, 2018, is named Sequence Listing.txt and is 234 kilobytes in size.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

This invention was created in the performance of a Cooperative Research and
Development Agreement with the National Institutes of Health, an Agency of the Department of
Health and Human Services. The Government of the United States has certain rights in this

nvention.

FIELD OF THE DISCLOSURE

This application relates to the field of cancer, particularly to CD22 antigen binding
domains and chimeric antigen receptors (CARs) containing such CD22 antigen binding domains

and methods of use thereof.

BACKGROUND

Cancer is one of the most deadly threats to human health. In the U.S. alone, cancer affects
nearly 1.3 million new patients each year, and is the second leading cause of death after
cardiovascular disease, accounting for approximately 1 in 4 deaths. Solid tumors are responsible

for most of those deaths. Although there have been significant advances in the medical treatment
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of certain cancers, the overall 5-year survival rate for all cancers has improved only by about 10%
in the past 20 years. Cancers, or malignant tumors, metastasize and grow rapidly in an
uncontrolled manner, making treatment extremely difficult.

The present standard of care for B-lineage leukemias may consists of remission induction
treatment by high dose of chemotherapy or radiation, followed by consolidation, and may feature
stem cell transplantation and additional courses of chemotherapy as needed (see the world wide
web at cancer.gov). High toxicity associated with these treatments, as well as the risk of
complications, such as relapse, secondary malignancy, or graft versus host disease (GVHD),
motivate the search for better therapeutic alternatives. CD22, also known as SIGLEC-2 (sialic
acid-binding immunoglobulin-likelectin-2), is 95 kDa transmembrane surface glycoprotein and
contains 6  Ig-like  C2-type domains and one Ig-like V-type domain
(uniprot.org/uniprot/P20273#structure, accessed 07/12/2017). During B-cell ontogeny, CD22 is
expressed on the B-cell surface starting at the pre-B cell stage, persists on mature B cells and is
lost on plasma cells (Nitschke L, 2009, Immunological Reviews, 230:128-143). CD22 contains
intracellular ITIM (immuoreceptor tyrosine-based inhibition motifs) domains which following the
engagement of the B cell receptor for antigen serve to down-modulate cellular activation.
Antibody binding of CD22 induces co-localization with SHP-1, and intracellular phosphatase that
also serves to down-modulate phosorylation-based signal transduction (Lumb S, Fleishcer SJ,
Wiedemann A, Daridon C, Maloney A, Shock A, Dorner T, 2016, Journal of Cell Communication
and Signaling, 10:143-151). The key point of relevance for treatment of B cell malignancies is
that CD22 is expressed in a tightly regulated manner on normal B cells, but not expressed on
hematopoietic stem cells, or mature plasma cells, making it a suitable target antigen for B cell
leukemias. The expression of CD22 on both adult and pediatric (pre-B-ALL) B cell malignancies
has led to exploiting this target for both antibody and chimeric antigen receptor (CAR)-T cell-
based therapy (Haso W, Lee DW, Shah NN, Stetler-Stevenson M, Yuan CM, Pastan IH, Dimitrov
DS, Morgan RA, FitzGerlad DJ, Barrett DM, Wayne AS, Mackall CL, Orentas RJ, 2013, Blood,
121:1165-1174) (Wayne AS, Kreitman RJ, Findley HW, Lew G, Delbrook C, Steinberg SM,
Stetler-Stevenson M, FitzGerald DJ, Pastan I, 2010, Clinical Cancer Research, 16:1894-1903).

A number of novel approaches to treat B cell leukemia and lymphoma have been
developed, including anti-CD22 antibodies linked to bacterial toxins or chemotherapeutic agents
(Wayne AS, FitzGerald DJ, Kreitman RJ, Pastan I, 2014, Immunotoxins for leukemia, Blood,
123:2470-2477). Inotuzumab Ozogamicin (CMC-544, a humanized version of the murine
monoclonal antibody G5/44) is an antibody drug conjugate and is currently being evaluated in

clinical trials, either as a single agent or given in combination with chemotherapy (NCT01664910,
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sponsor: M.D. Anderson Cancer Center) (DiJoseph JF, et al., 2004, Blood, 103:1807-1814). As a
single agent, outcomes exceeded those seen with standard therapy, although significant liver
toxicity was noted (Kantarjian H, et al., 2016, Inotuzumb ozogamicin versus standard therapy for
acute lymphoblastic leukemia (ALL), New England Journal of Medicine, 375:740-753).
Unmodified CD22 therapeutic antibody, Epratuzumab, is also being tested in combination with
chemotherapy (NCT01219816, sponsor: Nantes University Hospital). Epratuzumab is a chimeric
protein composed of murine CDRs grafted onto a human antibody framework. Although effective
in some leukemias, Moxetumomab pasudotox in not in broad clinical development due to
problems with both immunogenicity of the bacterial toxin to which the antibody is fused and
modest or comparable levels of activity with other agents (see NCTO01829711, sponsor:
Medlmmune, LLC). To date, many of the binding moieties for CD22 employed in CAR
constructs utilize a domain derived from these murine antibodies and do not effectively activate T
cells that target this CD22 domain (such as the HA22 anti-CD22 binder used as the basis for
Moxetumomab pasudotox, see James SE, Greenberg PD, Jensen MC, Lin Y, Wang J, Till BG,
Raubitschek AA, Forman SJ, Press OW, 2008, Jounral of Immunology 180:7028-7038). One
anti-CD22 binder that is effective as an anti-CD22 CAR is currently in clinical trial at the
National Institutes of Health (NIH), although results have not been published (ClinicalTrials.gov
Identifier: NCT02315612, Anti-CD22 Chimeric Receptor T Cells in Pediatric and Young Adults
with Recurrent or Refractory CD22-expressing B Cell Malignancies, sponsor: NCI). This binder
is based on the m971 fully human antibody developed in the laboratory of one of the inventors in
this application, Dr. Dimiter Dimitrov (Xiao X, Ho M, Zhu Z, Pastan I, Dimitrov D, 2009,
Identification and characterization of fully human anti-CD22 monoclonal antibodies, MABS,
1:297-303). The m971 domain was proven effective as a CAR in work supervised by another of
the inventors in this application, Dr. Rimas Orentas (Haso W, et al., 2013, Anti-CD22-CARs
targeting B-cell precursor ALL, Blood, 121:1165-1174).

Chimeric Antigen Receptors (CARs) are hybrid molecules comprising three essential
units: (1) an extracellular antigen-binding motif, (2) linking/transmembrane motifs, and (3)
intracellular T-cell signaling motifs (Long AH, Haso WM, Orentas RJ. Lessons learned from a
highly-active CD22-specific CAR. Oncoimmunology. 2013; 2 (4):e23621). The antigen-binding
motif of a CAR is commonly fashioned after a single chain Fragment variable (ScFv), the
minimal binding domain of an immunoglobulin (Ig) molecule. Alternate antigen-binding motifs,
such as receptor ligands (i.e., IL-13 has been engineered to bind tumor expressed 1L-13 receptor),
intact immune receptors, library-derived peptides, and innate immune system effector molecules

(such as NKG2D) also have been engineered into CARs. Alternate cell targets for CAR
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expression (such as NK or gamma-delta T cells) are also under development (Brown CE et al Clin
Cancer Res. 2012;18(8):2199-209; Lehner M et al. PLoS One. 2012; 7 (2):e31210). There
remains significant work to be done with regard to defining the most active T-cell population to
transduce with CAR vectors, determining the optimal culture and expansion techniques, and
defining the molecular details of the CAR protein structure itself.

The linking motifs of a CAR can be a relatively stable structural domain, such as the
constant domain of IgG, or designed to be an extended flexible linker. Structural motifs, such as
those derived from IgG constant domains, can be used to extend the ScFv binding domain away
from the T-cell plasma membrane surface. This may be important for some tumor targets where
the binding domain is particularly close to the tumor cell surface membrane (such as for the
disialoganglioside GD2; Orentas et al., unpublished observations). To date, the signaling motifs
used in CARs always include the CD3-( chain because this core motif is the key signal for T cell
activation. The first reported second-generation CARs featured CD28 signaling domains and the
CD28 transmembrane sequence. This motif was used in third-generation CARs containing
CD137 (4-1BB) signaling motifs as well (Zhao Y et al J Immunol. 2009; 183 (9): 5563-74). With
the advent of new technology, the activation of T cells with beads linked to anti-CD3 and anti-
CD28 antibody, and the presence of the canonical “signal 2” from CD28 was no longer required
to be encoded by the CAR itself. Using bead activation, third-generation vectors were found to be
not superior to second-generation vectors in in vitro assays, and they provided no clear benefit
over second-generation vectors in mouse models of leukemia (Haso W, Lee DW, Shah NN,
Stetler-Stevenson M, Yuan CM, Pastan IH, Dimitrov DS, Morgan RA, FitzGerald DJ, Barrett
DM, Wayne AS, Mackall CL, Orentas RJ. Anti-CD22-CARs targeting B cell precursor ALL,
Blood. 2013; 121 (7):1165-74; Kochenderfer JN et al. Blood. 2012; 119 (12):2709-20). In
addition to CD137, other tumor necrosis factor receptor superfamily members such as OX40 also
are able to provide important persistence signals in CAR-transduced T cells (Yvon E et al. Clin
Cancer Res. 2009;15(18):5852-60). Equally important are the culture conditions under which the
CAR T-cell populations were cultured, for example the inclusion of the cytokines IL-2, IL-7,
and/or IL-15 (Kaiser AD et al. Cancer Gene Ther. 2015; 22(2):72-78.

Current challenges in the more widespread and effective adaptation of CAR therapy for
cancer relate to a paucity of compelling targets. Creating binders to cell surface antigens is now
readily achievable, but discovering a cell surface antigen that is specific for tumor while sparing
normal tissues remains a formidable challenge. One potential way to imbue greater target cell
specificity to CAR-expressing T cells is to use combinatorial CAR approaches. In one system, the

CD3-{ and CD28 signal units are split between two different CAR constructs expressed in the
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same cell; in another, two CARs are expressed in the same T cell, but one has a lower affinity and
thus requires the alternate CAR to be engaged first for full activity of the second (Lanitis E et al.
Cancer Immunol Res. 2013;1(1):43-53; Kloss CC et al. Nat Biotechnol. 2013;31(1):71-5). A
second challenge for the generation of a single ScFv-based CAR as an immunotherapeutic agent
is tumor cell heterogeneity. At least one group has developed a CAR strategy for glioblastoma
whereby the effector cell population targets multiple antigens (HER2, IL-13Ra, EphA2) at the
same time in the hope of avoiding the outgrowth of target antigen-negative populations. (Hegde M
et al. Mol Ther. 2013;21(11):2087-101).

T-cell-based immunotherapy has become a new frontier in synthetic biology; multiple
promoters and gene products are envisioned to steer these highly potent cells to the tumor
microenvironment, where T cells can both evade negative regulatory signals and mediate effective
tumor killing. The elimination of unwanted T cells through the drug-induced dimerization of
inducible caspase 9 constructs with chemical-based dimerizers, such as AP1903, demonstrates one
way in which a powerful switch that can control T-cell populations can be initiated
pharmacologically (Di Stasi A et al. N Engl J Med. 2011;365(18):1673-83). The creation of
effector T-cell populations that are immune to the negative regulatory effects of transforming
growth factor-p by the expression of a decoy receptor further demonstrates the degree to which
effector T cells can be engineered for optimal antitumor activity (Foster AE et al. J Immunother.
2008;31(5):500-5). Thus, while it appears that CARs can trigger T-cell activation in a manner
similar to an endogenous T-cell receptor, a major impediment to the clinical application of this
technology to date has been limited in vivo expansion of CAR+ T cells, rapid disappearance of the
cells after infusion, and disappointing clinical activity. This may be due in part to the murine
origin of some of the CAR sequences employed, an obstacle directly addressed by our inventions
disclosed herein.

Accordingly, there is an urgent and long felt need in the art for discovering novel
compositions and methods for treatment of B-ALL, DLBCL, FL, and other CD22-expressing B
cell malignancies using an approach that can exhibit specific and efficacious anti-tumor effect
without the aforementioned short comings.

The present invention addresses these needs by providing CAR compositions and
therapeutic methods that can be used to treat cancers and other diseases and/or conditions. In
particular, the present invention as disclosed and described herein provides CARs that may be
used for the treatment of diseases, disorders or conditions associated with dysregulated expression

of CD22 and which CARs contain CD22 antigen binding domains that exhibit a high surface
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expression on transduced T cells, exhibit a high degree of cytolysis of CD22-expressing cells, and
in which the transduced T cells demonstrate in vivo expansion and persistence.

It is to be understood that if any prior art publication is referred to herein, such reference
does not constitute an admission that the publication forms a part of the common general

knowledge in the art in Australia or any other country.

SUMMARY

Novel anti-CD22 antibodies or antigen binding domains thereof and chimeric antigen
receptors (CARs) that contain such CD22 antigen binding domains are provided herein, as well as
host cells (e.g., T cells) expressing the receptors, and nucleic acid molecules encoding the
receptors. The CARs exhibit a high surface expression on transduced T cells, with a high degree
of cytolysis, and with transduced T cell expansion and persistence in vivo. Methods of using the
disclosed CARs, host cells, and nucleic acid molecules are also provided, for example, to treat a
cancer in a subject.

Thus, in one aspect, an isolated polynucleotide encoding a human anti-CD22 antibody or a
fragment thereof is provided comprising a nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 1, 11, 21, 31, 41, 51, 61, 71, 81,91, 101, 111, 121, 131, 141, 151, 161,
and 171.

In one embodiment, an isolated polynucleotide encoding a fully human anti-CD22
antibody or a fragment thereof is provided, wherein the antibody or a fragment thereof comprises
a fragment selected from the group consisting of an Fab fragment, an F(ab'), fragment, an Fv
fragment, and a single chain Fv (ScFv).

In one embodiment, an isolated polynucleotide encoding a fully human anti-CD22
antibody or a fragment thereof is provided, wherein the antibody or a fragment thereof comprises
an amino acid sequence selected from the group consisting of SEQ ID NOs: 2, 12, 22, 32, 42, 52,
62,72,82,92,102, 112, 122, 132, 142, 152, 162, and 172.

In one aspect, an isolated nucleic acid molecule encoding a CAR is provided comprising,
from N-terminus to C-terminus, at least one CD22 antigen binding domain encoded by a
nucleotide sequence comprising a nucleic acid sequence selected from the group consisting of
SEQ ID NOs: 1, 11, 21, 31, 41, 51, 61, 71, 81, 91, 101, 111, 121, 131, 141, 151, 161 and 171, at

least one transmembrane domain, and at least one intracellular signaling domain.

21537896_1 (GHMatters) P113421.AU 03/03/2025
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In one embodiment, an isolated nucleic acid molecule encoding the CAR is provided
wherein the encoded extracellular CD22 antigen binding domain comprises at least one single
chain variable fragment of an antibody that binds to CD22.

In another embodiment, an isolated nucleic acid molecule encoding the CAR 1is provided
wherein the encoded extracellular CD22 antigen binding domain comprises at least one heavy
chain variable region of an antibody that binds to CD22.

In yet another embodiment, an isolated nucleic acid molecule encoding the CAR is
provided wherein the encoded CAR extracellular CD22 antigen binding domain further comprises
at least one lipocalin-based antigen binding antigen (anticalins) that binds to CD22.

In one embodiment, an isolated nucleic acid molecule is provided wherein the encoded
extracellular CD22 antigen binding domain is connected to the transmembrane domain by a linker
domain.

In another embodiment, an isolated nucleic acid molecule encoding the CAR 1is provided
wherein the encoded CD22 extracellular antigen binding domain is preceded by a sequence
encoding a leader or signal peptide.

In yet another embodiment, an isolated nucleic acid molecule encoding the CAR is
provided comprising at least one CD22 antigen binding domain encoded by a nucleotide sequence
comprising a nucleic acid sequence selected from the group consisting of SEQ ID NOs: 1, 11, 21,
31, 41, 51, 61, 71, 81, 91, 101, 111, 121, 131, 141, 151, 161, and 171 and wherein the CAR
additionally encodes an extracellular antigen binding domain targets an antigen that includes, but
is not limited to, CD20, CD22, RORI1, mesothelin, CD33, CD38, CD123 (IL3RA), CD138,
BCMA (CD269), GPC2, GPC3, FGFR4, c-Met, PSMA, Glycolipid F77, EGFRvVIII, GD-2,
TSLPR, NY-ESO-1 TCR, MAGE A3 TCR, or any combination thereof.

In certain embodiments, an isolated nucleic acid molecule encoding the CAR 1is provided
wherein the additionally encoded extracellular antigen binding domain comprises an anti-CD19
ScFv antigen binding domain, an anti-CD20 ScFv antigen binding domain, an anti-ROR1 ScFv
antigen binding domain, an anti-mesothelin ScFv antigen binding domain, an anti-CD33 ScFv
antigen binding domain, an anti-CD38 ScFv antigen binding domain, an anti-CD123 (IL3RA)
ScFv antigen binding domain, an anti-CD138 ScFv antigen binding domain, an anti-BCMA
(CD269) ScFv antigen binding domain, an anti-GPC2 ScFv antigen binding domain, an anti-
GPC3 ScFv antigen binding domain, an anti-FGFR4 ScFv antigen binding domain, an anti-
TSLPR ScFv antigen binding domain an anti-c-Met ScFv antigen binding domain, an anti-PMSA
ScFv antigen binding domain, an anti-glycolipid F77 ScFv antigen binding domain, an anti-

EGFRVIII ScFv antigen binding domain, an anti-GD-2 ScFv antigen binding domain, an anti-NY-
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ESO-1 TCR ScFv antigen binding domain, an anti-MAGE A3 TCR ScFv antigen binding domain,
or an amino acid sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof, or any
combination thereof.

In one aspect, the CARs provided herein further comprise a linker or spacer domain.

In one embodiment, an isolated nucleic acid molecule encoding the CAR is provided
wherein the extracellular CD22 antigen binding domain, the intracellular signaling domain, or
both are connected to the transmembrane domain by a linker or spacer domain.

In one embodiment, an isolated nucleic acid molecule encoding the CAR is provided
wherein the encoded linker domain is derived from the extracellular domain of CD8 or CD28, and
is linked to a transmembrane domain.

In another embodiment, an isolated nucleic acid molecule encoding the CAR 1is provided
wherein the encoded CAR further comprises a transmembrane domain that comprises a
transmembrane domain of a protein selected from the group consisting of the alpha, beta or zeta
chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CDS, CD9, CD16, CD22,
CD33, CD37, CD64, CD80, CD83, CD86, CD134, CD137, CD154, TNFRSF19, or a combination
thereof.

In yet another embodiment, an isolated nucleic acid molecule encoding the CAR is
provided wherein the encoded intracellular signaling domain further comprises a CD3 zeta
intracellular domain.

In another embodiment, an isolated nucleic acid molecule encoding the CAR 1is provided
wherein the encoded at least one intracellular signaling domain comprises a costimulatory
domain, a primary signaling domain, or a combination thereof.

In further embodiments, an isolated nucleic acid molecule encoding the CAR 1is provided
wherein the encoded at least one costimulatory domain comprises a functional signaling domain
of 0X40, CD70, CD27, CD28, CD5, ICAM-1, LFA-1 (CD112/CD18), ICOS (CD278), DAP10,
DAP12, and 4-1BB (CD137), or a combination thereof.

In one embodiment, an isolated nucleic acid molecule encoding the CAR 1is provided that
further contains a leader sequence or signal peptide wherein the leader or signal peptide
nucleotide sequence comprises the nucleotide sequence of SEQ ID NO: 190.

In yet another embodiment, an isolated nucleic acid molecule encoding the CAR is
provided wherein the encoded leader sequence comprises the amino acid sequence of SEQ ID
NO: 191.
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In one aspect, a CAR is provided herein comprising, from N-terminus to C-terminus, at
least one CD22 antigen binding domain, at least one transmembrane domain, and at least one
intracellular signaling domain.

In one embodiment, a CAR is provided wherein the extracellular CD22 antigen binding
domain comprises at least one single chain variable fragment of an antibody that binds to the
antigen, or at least one heavy chain variable region of an antibody that binds to the antigen, or a
combination thereof.

In another embodiment, a CAR is provided wherein the at least one transmembrane
domain comprises a transmembrane domain of a protein selected from the group consisting of the
alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS5, CDS,
CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154, TNFRSF19, or a
combination thereof.

In some embodiments, the CAR is provided wherein CAR additionally encodes an
extracellular antigen binding domain comprising CD19, CD20, RORI1, mesothelin, CD33, CD38,
CD123 (IL3RA), CD138, BCMA (CD269), GPC2, GPC3, FGFR4, TSLPR, c-Met, PSMA,
Glycolipid F77, EGFRVIII, GD-2, TSLPR, NY-ESO-1 TCR, MAGE A3 TCR, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof, or any combination
thereof.

In one embodiment, the CAR is provided wherein the extracellular antigen binding domain
comprises an anti-CD19 ScFv antigen binding domain, an anti-CD20 ScFv antigen binding
domain, an anti-ROR1 ScFv antigen binding domain, an anti-mesothelin ScFv antigen binding
domain, an anti-CD33 ScFv antigen binding domain, an anti-CD38 ScFv antigen binding domain,
an anti-CD123 (IL3RA) ScFv antigen binding domain, an anti-CD138 ScFv antigen binding
domain, an anti-BCMA (CD269) ScFv antigen binding domain, an anti-GPC2 ScFv antigen
binding domain, an anti-GPC3 ScFv antigen binding domain, an anti-FGFR4 ScFv antigen
binding domain, anti-TSLPR ScFv antigen binding domain, an anti-c-Met ScFv antigen binding
domain, an anti-PMSA ScFv antigen binding domain, an anti-glycolipid F77 ScFv antigen
binding domain, an anti-EGFRVIII ScFv antigen binding domain, an anti-GD-2 ScFv antigen
binding domain, an anti-NY-ESO-1 TCR ScFv antigen binding domain, an anti-MAGE A3 TCR
ScFv antigen binding domain, or an amino acid sequence with 85%, 90%, 95%, 96%, 97%, 98%
or 99% identity thereof, or any combination thereof.

In another embodiment, a CAR is provided wherein the at least one intracellular signaling

domain comprises a costimulatory domain and a primary signaling domain.
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In yet another embodiment, a CAR is provided wherein the at least one intracellular
signaling domain comprises a costimulatory domain comprising a functional signaling domain of
a protein selected from the group consisting of 0X40, CD70, CD27, CD28, CD5, ICAM-1, LFA-
1 (CD11a/CD18), ICOS (CD278), DAP10, DAPI12, and 4-1BB (CD137), or a combination
thereof.

In one embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic acid
sequence of SEQ ID NO: 3 (LTG 2202 LP-16P-CD8 TM-41BB-CD3zeta CAR nucleic acid
sequence (FIGURE 2A)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 4 (LTG 2202 LP-16P-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2A)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 13 (LTG 2246 LP-24P-CD8 TM-41BB-CD3zeta CAR nucleic acid
sequence (FIGURE 2B)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 14 (LTG 2246 LP-24P-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2B)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 23 (LTG 2247 LP-25P-CD8 TM-41BB-CD3zeta CAR nucleotide
sequence (FIGURE 2C)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 24 (LTG 2247 LP-25P-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2C)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 33 (LTG 2248 LP-11S-CD8 TM-41BB-CD3zeta CAR nucleic acid
sequence (FIGURE 2D)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 34 (LTG 2248 LP-11S-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2D)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 43 (LTG 2249 LP-12S8-CD8 TM-41BB-CD3zeta CAR nucleic acid
sequence (FIGURE 2E)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 28 LTG 2208 LP-12S-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2E)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 53 (LTG 2203 LP-16P3-CD8 TM-41BB-CD3zeta CAR nucleic

acid sequence (FIGURE 2F)). In one embodiment, the nucleic acid sequence encodes a CAR
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comprising the amino acid sequence of SEQ ID NO: 54 (LTG 2203 LP-16P3-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2F)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 63 (LTG 2204 LP-16P16-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2G)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 34 (LTG 2204 LP-16P16-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2G)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 73 (LTG 2205 LP-16P20-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2H)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 74 (LTG 2205 LP-16P20-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2H)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 83 (LTG 2206 LP-16P2-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2I)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 84 (LTG 2206 LP-16P2-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2I)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 93 (LTG 2207 LP-16P6-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2J)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 94 (LTG 2205 LP-16P20-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2))).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 103 (LTG 2208 LP-16P10-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2K)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 104 (LTG 2208 LP-16P10-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2K)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 113 (LTG 2209 LP-16P17-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2L)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 114 (LTG 2209 LP-16P17-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2L)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic

acid sequence of SEQ ID NO: 123 (LTG 2210 LP-16P20v2-CD8 TM-41BB-CD3zeta CAR
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nucleic acid sequence (FIGURE 2M)). In one embodiment, the nucleic acid sequence encodes a
CAR comprising the amino acid sequence of SEQ ID NO: 124 (LTG 2210 LP-16P20v2-CD8
TM-41BB-CD3zeta CAR amino acid sequence (FIGURE 2M)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 133 (LTG 2216 LP-16P1-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2N)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 134 (LTG 2216 LP-16P1-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2H)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 143 (LTG 2217 LP-16P3v2-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 20)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 144 (LTG 2217 LP-16P3v2-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 20)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 153 (LTG 2218 LP-16P8-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2P)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 154 (LTG 2218 LP-16P8-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2P)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 163 (LTG 2219 LP-16P13-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2Q)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 164 (LTG 2219 LP-16P13-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2Q)).

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 173 (LTG 2220 LP-16P15-CD8 TM-41BB-CD3zeta CAR nucleic
acid sequence (FIGURE 2R)). In one embodiment, the nucleic acid sequence encodes a CAR
comprising the amino acid sequence of SEQ ID NO: 174 (LTG 2220 LP-16P15-CD8 TM-41BB-
CD3zeta CAR amino acid sequence (FIGURE 2R)).

In one aspect, the CARs disclosed herein are modified to express or contain a detectable
marker for use in diagnosis, monitoring, and/or predicting the treatment outcome such as
progression free survival of cancer patients or for monitoring the progress of such treatment.

In one embodiment, the nucleic acid molecule encoding the disclosed CARs can be

contained in a vector, such as a viral vector. The vector is a DNA vector, an RNA vector, a
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plasmid vector, a cosmid vector, a herpes virus vector, a measles virus vector, a lentivirus vector,
adenoviral vector, or a retrovirus vector, or a combination thereof.

In certain embodiments, the vector further comprises a promoter wherein the promoter is
an inducible promoter, a tissue specific promoter, a constitutive promoter, a suicide promoter or
any combination thereof.

In yet another embodiment, the vector expressing the CAR can be further modified to
include one or more operative elements to control the expression of CAR T cells, or to eliminate
CAR-T cells by virtue of a suicide switch. The suicide switch can include, for example, an
apoptosis inducing signaling cascade or a drug that induces cell death. In a preferred
embodiment, the vector expressing the CAR can be further modified to express an enzyme such
thymidine kinase (TK) or cytosine deaminase (CD).

In another aspect, host cells including the nucleic acid molecule encoding the CAR are
also provided. In some embodiments, the host cell is a T cell, such as a primary T cell obtained
from a subject. In one embodiment, the host cell is a CD8+ T cell.

In yet another aspect, a pharmaceutical composition is provided comprising an anti-tumor
effective amount of a population of human T cells, wherein the T cells comprise a nucleic acid
sequence that encodes a CAR, wherein the CAR comprises at least one extracellular antigen
binding domain comprising a CD22 antigen binding domain comprising the amino acid sequence
of SEQ ID NO. 2, 12, 22, 32, 42, 52, 62, 72, 82, 92, 102, 112, 122, 132, 142, 152, 162, or 172, at
least one linker domain, at least one transmembrane domain, and at least one intracellular
signaling domain, wherein the T cells are T cells of a human having a cancer. The cancer
includes, inter alia, a hematological cancer such as leukemia (e.g., (CLL, ALL, AML or CML,
lymphoma (e.g., mantle cell lymphoma, non-Hodgkin's lymphoma (NHL) or Hodgkin's
lymphoma) or multiple myeloma, or a combination thereof.

In one embodiment, a pharmaceutical composition is provided wherein the at least one
transmembrane domain of the CAR contains a transmembrane domain of a protein selected from
the group consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon,
CD45, CD4, CD5, CDS, CD9, CD16, CD22, Mesothelin, CD33, CD37, CD64, CD80, CD83,
CD86, CD134, CD137, CD154, TNFRSF19, or a combination thereof.

In another embodiment, a pharmaceutical composition is provided wherein the human
cancer includes an adult carcinoma comprising coral and pharynx cancer (tongue, mouth,
pharynx, head and neck), digestive system cancers (esophagus, stomach, small intestine, colon,
rectum, anus, liver, interhepatic bile duct, gallbladder, pancreas), respiratory system cancers

(larynx, lung and bronchus), bones and joint cancers, soft tissue cancers, skin cancers (melanoma,
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basal and squamous cell carcinoma), pediatric tumors (neuroblastoma, rhabdomyosarcoma,
osteosarcoma, Ewing’s sarcoma), tumors of the central nervous system (brain, astrocytoma,
glioblastoma, glioma), and cancers of the breast, the genital system (uterine cervix, uterine corpus,
ovary, vulva, vagina, prostate, testis, penis, endometrium), the urinary system (urinary bladder,
kidney and renal pelvis, ureter), the eye and orbit, the endocrine system (thyroid), and the brain
and other nervous system, or any combination thereof.

In yet another embodiment, a pharmaceutical composition is provided comprising an anti-
tumor effective amount of a population of human T cells of a human having a cancer wherein the
cancer is a refractory cancer non-responsive to one or more chemotherapeutic agents. The cancer
includes hematopoietic cancer, myelodysplastic syndrome pancreatic cancer, head and neck
cancer, cutaneous tumors, minimal residual disease (MRD) in ALL, AML, adult B cell
malignancies including, CLL , CML, NHL, pediatric B cell malignancies (including B lineage
ALL), multiple myeloma lung cancer, breast cancer, ovarian cancer, prostate cancer, colon cancer,
melanoma or other hematological cancer and solid tumors, or any combination thereof.

In another aspect, methods of making CAR-containing T cells (hereinafter “CAR-T cells™)
are provided. The methods include transducing a T cell with a vector or nucleic acid molecule
encoding a disclosed CAR that specifically binds CD22, thereby making the CAR-T cell.

In yet another aspect, a method of generating a population of RNA-engineered cells is
provided that comprises introducing an in vitro transcribed RNA or synthetic RNA of a nucleic
acid molecule encoding a disclosed CAR into a cell of a subject, thereby generating a CAR cell.

In yet another aspect, a method for diagnosing a disease, disorder or condition associated
with the expression of CD22 on a cell, is provided comprising a) contacting the cell with a human
anti-CD19 antibody or fragment thereof, wherein the antibody or a fragment thereof comprises an
amino acid sequence selected from the group consisting of SEQ ID NOs: 2, 12, 22, 32, 42, 52, 62,
72,82,92,102, 112,122,132, 142, 152, 162, 172; and b) detecting the presence of CD22 wherein
the presence of CD19 diagnoses for the disease, disorder or condition associated with the
expression of CD22.

In one embodiment, the disease, disorder or condition associated with the expression of
CD22 is cancer including hematopoietic cancer, myelodysplastic syndrome pancreatic cancer,
head and neck cancer, cutaneous tumors, minimal residual disease (MRD) in ALL, AML, adult B
cell malignancies including, CLL, CML, NHL, pediatric B cell malignancies (including B lineage
ALL), multiple myeloma lung cancer, breast cancer, ovarian cancer, prostate cancer, colon cancer,

melanoma or other hematological cancer and solid tumors, or any combination thereof.
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In another embodiment, a method of diagnosing, prognosing, or determining risk of a
CD19-related disease in a mammal, is provided comprising detecting the expression of CD22 in a
sample derived from the mammal comprising: a) contacting the sample with a human anti-CD22
antibody or fragment thereof, wherein the antibody or a fragment thereof comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 2, 12, 22, 32, 42, 52, 62,72, 82, 92,
102, 112, 122, 132, 142, 152, 162, or 172; and b) detecting the presence of CD22 wherein the
presence of CD22 diagnoses for a CD22-related disease in the mammal.

In another embodiment, a method of inhibiting CD22-dependent T cell inhibition, is
provided comprising contacting a cell with a human anti-CD22 antibody or fragment thereof,
wherein the antibody or a fragment thereof comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 2, 12, 22, 32, 42, 52, 62, 72, 82, 92, 102, 112, 122, 132, 142,
152, 162, or 172. In one embodiment, the cell is selected from the group consisting of a CD22-
expressing tumor cell, a tumor-associated macrophage, and any combination thereof.

In another embodiment, a method of blocking T-cell inhibition mediated by a CD22-
expressing cell and altering the tumor microenvironment to inhibit tumor growth in a mammal, is
provided comprising administering to the mammal an effective amount of a composition
comprising an isolated anti-CD22 antibody or fragment thereof, wherein the antibody or a
fragment thereof comprises an amino acid sequence selected from the group consisting of SEQ 1D
NOs: 2, 12, 22, 32, 42, 52, 62, 72, 82, 92, 102, 112, 122, 132, 142, 152, 162, and 172. In one
embodiment, the cell is selected from the group consisting of a CD19-expressing tumor cell, a
tumor-associated macrophage, and any combination thereof.

In another embodiment, a method of inhibiting, suppressing or preventing
immunosuppression of an anti-tumor or anti-cancer immune response in a mammal, is provided
comprising administering to the mammal an effective amount of a composition comprising an
isolated anti-CD22 antibody or fragment thereof, wherein the antibody or a fragment thereof
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 2, 12, 22,
32, 42, 52, 62, 72, 82, 92, 102, 112, 122, 132, 142, 152, 162 and 172. In one embodiment, the
antibody or fragment thereof inhibits the interaction between a first cell with a T cell, wherein the
first cell is selected from the group consisting of a CD22-expressing tumor cell, a tumor-
associated macrophage, and any combination thereof,

In another aspect, a method is provided for inducing an anti-tumor immunity in a mammal
comprising administering to the mammal a therapeutically effective amount of a T cell transduced

with vector or nucleic acid molecule encoding a disclosed CAR.
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In another embodiment, a method of treating or preventing cancer in a mammal is
provided comprising administering to the mammal one or more of the disclosed CARs, in an
amount effective to treat or prevent cancer in the mammal. The method includes administering to
the subject a therapeutically effective amount of host cells expressing a disclosed CAR that
specifically binds CD22 and/or one or more of the aforementioned antigens, under conditions
sufficient to form an immune complex of the antigen binding domain on the CAR and the
extracellular domain of CD22 and/or one or more of the aforementioned antigens in the subject.

In yet another embodiment, a method is provided for treating a mammal having a disease,
disorder or condition associated with an elevated expression of a tumor antigen, the method
comprising administering to the subject a pharmaceutical composition comprising an anti-tumor
effective amount of a population of T cells, wherein the T cells comprise a nucleic acid sequence
that encodes a CAR, wherein the CAR includes at least one extracellular CD22 antigen binding
domain comprising the amino acid sequence of SEQ ID NOs. 2, 12, 22, 32,42, 52, 62, 72, 82, 92,
102, 112, 122, 132, 142, 152, 162, or 172, or any combination thereof, at least one linker or spacer
domain, at least one transmembrane domain, at least one intracellular signaling domain, and
wherein the T cells are T cells of the subject having cancer.

In yet another embodiment, a method is provided for treating cancer in a subject in need
thereof comprising administering to the subject a pharmaceutical composition comprising an anti-
tumor effective amount of a population of T cells, wherein the T cells comprise a nucleic acid
sequence that encodes a CAR, wherein the CAR comprises at least one CD22 antigen binding
domain comprising the amino acid sequence of SEQ ID NOs. 2, 12, 22, 32,42, 52, 62, 72, 82, 92,
102, 112, 122, 132, 142, 152, 162, or 172, or any combination thereof, at least one linker or spacer
domain, at least one transmembrane domain, at least one intracellular signaling domain, wherein
the T cells are T cells of the subject having cancer. In some embodiments of the aforementioned
methods, the at least one transmembrane domain comprises a transmembrane the alpha, beta or
zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS5, CDS8, CD9, CD16,
CD19, CD22, Mesothelin, CD33, CD37, CD64, CD80, CD83, CD86, CD134, CD137, CD154,
TNFRSF16, TNFRSF19, or a combination thereof.

In yet another embodiment, a method is provided for generating a persisting population of
genetically engineered T cells in a human diagnosed with cancer. In one embodiment, the method
comprises administering to a human a T cell genetically engineered to express a CAR wherein the
CAR comprises at least one CD22 antigen binding domain comprising the amino acid sequence of
SEQ ID NOs. 2, 12, 22, 32, 42, 52, 62, 72, 82, 92, 102, 112, 122, 132, 142, 152, 162, or 172, or

any combination thereof, at least one transmembrane domain, and at least one intracellular

16



WO 2019/079249 PCT/US2018/056011

signaling domain wherein the persisting population of genetically engineered T cells, or the
population of progeny of the T cells, persists in the human for at least one month, two months,
three months, four months, five months, six months, seven months, eight months, nine months, ten
months, eleven months, twelve months, two years, or three years after administration.

In one embodiment, the progeny T cells in the human comprise a memory T cell. In
another embodiment, the T cell is an autologous T cell.

In all of the aspects and embodiments of methods described herein, any of the
aforementioned cancers, diseases, disorders or conditions associated with an elevated expression
of a tumor antigen that may be treated or prevented or ameliorated using one or more of the CARs
disclosed herein,

In yet another aspect, a kit is provided for making a CAR T-cell as described supra or for
preventing, treating, or ameliorating any of the cancers, diseases, disorders or conditions
associated with an elevated expression of a tumor antigen in a subject as described supra,
comprising a container comprising any one of the nucleic acid molecules, vectors, host cells, or
compositions disclosed supra or any combination thereof, and instructions for using the kit.

It will be understood that the CARs, host cells, nucleic acids, and methods are useful
beyond the specific aspects and embodiments that are described in detail herein. The foregoing
features and advantages of the disclosure will become more apparent from the following detailed

description, which proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 depicts a schematic of the general domain structure of CARs with novel
extracellular CD22 antigen binding domain sequences. A CAR is composed of an extracellular
CD22-binding ScFv domain, a CD8 spacer and transmembrane domain, an intracellular signaling
CD137 costimulatory domain and CD3 zeta signaling domain.

FIGURES 2A-R depict several CARs containing novel extracellular CD22 antigen binding
domain sequences. The general scheme for the CARs includes, from the N terminus to the C
terminus, a Signal peptide, anti-CD22 binder variable heavy chain fragment or a linked single
chain fragment variable (ScFv), extracellular linker, transmembrane, 4-1BB, CD3 zeta.

FIGURE 2A depicts a lentiviral vector expressing the CAR containing the LTG 2202 16P
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 3) and the encoded
amino acid sequence (SEQ ID NO: 4).
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FIGURE 2B depicts a lentiviral vector expressing the CAR containing the LTG 2246 24P
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 13) and the encoded
amino acid sequence (SEQ ID NO: 14).

FIGURE 2C depicts a lentiviral vector expressing the CAR containing the LTG 2247 25P
CD22ScFv-CD8 TM-41BB-CD3zeta nucleotide sequence (SEQ ID NO: 23) and the encoded
amino acid sequence (SEQ ID NO: 24).

FIGURE 2D depicts a lentiviral vector expressing the CAR containing the LTG 2248 11s
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 33) and the encoded
amino acid sequence.

FIGURE 2E depicts a lentiviral vector expressing the CAR containing the LTG 2249 12s
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 43) and the encoded
amino acid sequence (SEQ ID NO: 44).

FIGURE 2F depicts a lentiviral vector expressing the CAR containing the LTG 2203 16P3
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 53) and the encoded
amino acid sequence (SEQ ID NO: 54).

FIGURE 2G depicts a lentiviral vector expressing the CAR containing the LTG 2204 16P16
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 63) and the encoded
amino acid sequence (SEQ ID NO: 64).

FIGURE 2H depicts a lentiviral vector expressing the CAR containing the LTG 2205 16P20
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 73) and the encoded
amino acid sequence (SEQ ID NO: 74).

FIGURE 2I depicts a lentiviral vector expressing the CAR containing the LTG 2206 16P2
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 83) and the encoded
amino acid sequence (SEQ ID NO: 84).

FIGURE 2J depicts a lentiviral vector expressing the CAR containing the LTG 2207 16P6
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 93) and the encoded
amino acid sequence (SEQ ID NO: 94).

FIGURE 2K depicts a lentiviral vector expressing the CAR containing the LTG 2208 16P10
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 103) and the encoded
amino acid sequence (SEQ ID NO: 104).

FIGURE 2L depicts a lentiviral vector expressing the CAR containing the LTG 2209 16P17
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 113) and the encoded
amino acid sequence (SEQ ID NO: 114).
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FIGURE 2M depicts a lentiviral vector expressing the CAR containing the LTG 2210
16P20v2 CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 123) and the
encoded amino acid sequence (SEQ ID NO: 124).

FIGURE 2N depicts a lentiviral vector expressing the CAR containing the LTG 2216 16P1
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 133) and the encoded
amino acid sequence (SEQ ID NO: 134).

FIGURE 20 depicts a lentiviral vector expressing the CAR containing the LTG 2217 16P3v2
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 143) and the encoded
amino acid sequence (SEQ ID NO: 144).

FIGURE 2P depicts a lentiviral vector expressing the CAR containing the LTG 2218 16P8
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 153) and the encoded
amino acid sequence (SEQ ID NO: 154).

FIGURE 2Q depicts a lentiviral vector expressing the CAR containing the LTG 2219 16P13
CD22ScFv-CD8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 163) and the encoded
amino acid sequence (SEQ ID NO: 164).

FIGURE 2R depicts a lentiviral vector expressing the CAR containing the LTG 2220 16P15
CD22ScFv-CDS8 TM-41BB-CD3zeta nucleic acid sequence (SEQ ID NO: 173) and the encoded
amino acid sequence (SEQ ID NO: 174).

FIGURE 3 depicts Anti-CD22 CART surface expression in primary human T cells. CAR T
cells redirected to CD22 tumor antigen via the use of ScFv domains (as listed in each row of the
figure) were generated by lentiviral transduction with CAR expression constructs. CART
detection was performed by flow cytometry. T cells were washed twice in cold PBS-EDTA
buffer and stained with CD22-Fc¢ peptide followed by anti Fc-PE reagent. At least 20,000 cells
were acquired for each analysis. Cells were gated based on forward scatter and side scatter,
singlet discrimination, and 7AAD negativity so that only viable cells were analyzed. Data were
acquired on MACSQuant 10 flow cytometer (Miltenyi Biotec, Inc.). The vertical dotted line
running through the panel identifies the CAR-expressing population (those falling to the right of
this gate). At the top of the panel untransduced cells (UTD) are shown as a negative control and
immediately below, in the second row, cells transduced with the m971 positive control are shown.
Subsequent rows show CAR expression for each vector construct listed on the left axis of the
figure. Results are representative of T cell transductions in three donors.

FIGURE 4 depicts anti CD22 CAR T cells incorporating ScFv binders (16P, 16P1, 16P3v2,
16P8, 16P10, 16P13, 16P15, 16P17), utd=untransduced negative control, m971= previously
published anti-CD22 CAR positive control) mediating cytolysis of CD22-positive tumors in vitro.
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CAR T cells expressing anti-CD22 constructs were incubated with CD22-positive cell lines (Raji
and Reh), or CD19-negative lines (K562 and 293T) that were stably transduced with firefly
luciferase, at effector to target ratio of 1.25, 2.5, 5, 10, 20, and 40 (x-axis) overnight. Then,
CART cytotoxic activity was assessed by luciferase activity measurement as described in the
Materials and Methods. Each bar is the mean of 3 technical replicates and error bars represent
SD. Representative of at least three separate experiments.

FIGURE 5 depicts CD22-specifc CART cell production of three cytokines (interferon-
gamma, TNF-alpha, and IL-2) when co-cultured alone (medium gray, CAR only), with CD22-
positive leukemia lines (Raji, black bars, Reh, light gray), or a CD22-negative line (293T, pale
gray). The assay was carried out overnight at E:T ratio of 10:1, then supernatants were analyzed
for cytokine concentrations by ELISA. N=3 +SEM. Negative control: untransduced T cells (utd),
positive control: transduced m971 CD22 CAR-T cells. LTG numbers of each LV used to
transduce human T cells are listed on the x-axis.

FIGURE 6 shows two-dimensional flow cytometric analysis of CAR expression on the surface
of T cells transduced with LV to express: no CAR (UTD), or LTG2200, 2202, 2216, 2206, 2217,
2207, 2218, 2208, 2219, 2220, 2209, 2205, control GFP-expressing vector, or control CAR-19
(LTG1538), as shown reading down the rows, left to right, and listed above each plot. The y-axis
dimension shows staining for CD4 and the x-axis dimension shows CAR expression by virtue of
staining with target antigen (CD22-Fc recombinant protein (R&D Biosystems), secondarily stained

with anti-Fc¢ PE antibody).

FIGURES 7A-B show cytolytic activity (CTL activity) as percent lysis of target cell lines that
each express luciferase.

FIGURE 7A shows the CD22 positive cell lines Raji and Reh and the CD22 non-expressing
line K562.

FIGURE 7B shows K562-CD19 and K562-CD22 cell lines, which were specifically transfected
to express the target antigens. Three effector to target ratios were tested (E:T 10:1, 5:1, 2.5:1) for
each LV-transduced T cell population, as listed on the x-axis: utd (untransduced, GFP-LV,
LTG1538 (anti-CD19), m971 (LTG2200, control anti-CD22), 16p (LTG2202), 16p1 (LTG2216),
16p2 (LTG2206), 16p3v2 (LTG2217), 16p6 (LTG2207), 16p8 (LTG2218), 16p10 (LTG2208),
16p13 (LTG2219), 16p15 (LTG2220), 16p17 (TG2209), 16p20 (LTG2205).

FIGURE 8 shows the production of IFN-gamma (top), IL-2 (middle), and TNF-alpha (lower
panel) by anti-CD22 CART cells upon co-incubated with CD22-positive Raji and Reh leukemia

cell lines (black or gray bars, respectively), or without target tumor cells (T cells only), overnight
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at E:T ratio of 10:1, then supernatants analyzed for cytokine concentration by ELISA. CAR only
negative control groups were used to assess spontaneous cytokine secretion by CAR T cells.
Representative of at least three separate experiments. CAR-T activity is illustrated, as listed on the
x-axis, for untransduced T cells (utd), T cells transduced with GFP-LV (GFP), CD19-CAR
(LTG1538), CD22 control CAR (LTG2220, m971), 16p (LTF2202), 16pl (LTG2216), 16p2
(LTG2206), 16p3v2 (LTG2217), 16p6 (LTG2207), 16p8 (LTG2218), 16p10 (LTG2208), 16p13
(LTG2219), 16pl5 (LTG2220), 16p17 (LTG2209), 16p20 (LTG2205), or leukemia targets
incubated without CAR T cells (tumor only).

FIGURE 9 shows the ability of CAR T specific for CD22 to control disease in an animal
model. Immunodeficient mice (NSG) were injected i.v. with Raji leukemia cells that stably
express firefly luciferase on study day 0. The disease burden is measured on the x-axis, reported
as average radiance for each group, following injection with the luciferase substrate luciferin and
imaged in an IVIS instrument that images each animal. Animals were assigned to equivalent
disease burden groups of 6 mice each on day 6 and injected with CAR T cells on day 7 and disease
progression was followed over time. Animals infused with Raji cells and not treated with T cells
(TA, open circle) progressed rapidly and had to be sacrificed by day 21. Other groups received
untransduced T cells (UTD, open square), CAR-19 transduced T cells (1538 CAR 19, open
triangle), control anti-CD22 CAR (2200 m971, -x-), new CAR LTG2209 (2209 16P17, open
diamond), new CAR LTG2219 (2219 16P13, open inverted triangle)

DETAILED DESCRIPTION

Definitions

As used herein, the singular forms “a,” “an,” and “the,” refer to both the singular as well as
plural, unless the context clearly indicates otherwise. For example, the term “an antigen™ includes
single or plural antigens and can be considered equivalent to the phrase “at least one antigen.” As
used herein, the term “comprises” means “includes.” Thus, “comprising an antigen” means
“including an antigen™ without excluding other elements. The phrase “and/or” means “and” or
“or.” It is further to be understood that any and all base sizes or amino acid sizes, and all
molecular weight or molecular mass values, given for nucleic acids or polypeptides are
approximate, and are provided for descriptive purposes, unless otherwise indicated. Although

many methods and materials similar or equivalent to those described herein can be used, particular
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suitable methods and materials are described below. In case of conflict, the present specification,
including explanations of terms, will control. In addition, the materials, methods, and examples
are illustrative only and not intended to be limiting. To facilitate review of the various
embodiments, the following explanations of terms are provided:

The term "about" when referring to a measurable value such as an amount, a temporal
duration, and the like, is meant to encompass variations of .+-.20% or in some instances .+-.10%,
or in some instances .+-.5%, or in some instances .+-.1%, or in some instances .+-.0.1% from the
specified value, as such variations are appropriate to perform the disclosed methods.

Unless otherwise noted, the technical terms herein are used according to conventional
usage. Definitions of common terms in molecular biology can be found in Benjamin Lewin,
Genes VII, published by Oxford University Press, 1999; Kendrew et al. (eds.), The Encyclopedia
of Molecular Biology, published by Blackwell Science Ltd., 1994; and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive Desk Reference, published by VCH
Publishers, Inc., 1995; and other similar references.

The present disclosure provides for CD22 antibodies or fragments thereof as well as CARs
having such CD22 antigen binding domains. The enhancement of the functional activity of the
CAR directly relates to the enhancement of functional activity of the CAR-expressing T cell. As a
result of one or more of these modifications, the CARs exhibit both a high degree of cytokine-
induced cytolysis and cell surface expression on transduced T cells, along with an increased level
of in vivo T cell expansion and persistence of the transduced CAR-expressing T cell.

The unique ability to combine functional moieties derived from different protein domains
has been a key innovative feature of CARs. The choice of each of these protein domains is a key
design feature, as is the way in which they are specifically combined. Each design domain is an
essential component that can be used across different CAR platforms to engineer the function of
lymphocytes. For example, the choice of the extracellular binding domain can make an otherwise
ineffective CAR be effective.

The invariable framework components of the immunoglobulin-derived protein sequences
used to create the extracellular antigen binding domain of a CAR can either be entirely neutral, or
they can self-associate and drive the T cell to a state of metabolic exhaustion, thus making the
therapeutic T cell expressing that CAR far less effective. This occurs independently of the
antigen binding function of this CAR domain. Furthermore, the choice of the intracellular
signaling domain(s) also can govern the activity and the durability of the therapeutic lymphocyte
population used for immunotherapy. While the ability to bind target antigen and the ability to

transmit an activation signal to the T cell through these extracellular and intracellular domains,
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respectively, are important CAR design aspects, what has also become apparent is that the choice
of the source of the extracellular antigen binding fragments can have a significant effect on the
efficacy of the CAR and thereby have a defining role for the function and clinical utility of the
CAR.

Surprisingly and unexpectedly it has now been discovered that use of an entirely human
antigen binding domain in a CAR, rather than using mouse-derived antigen binding fragments
which are prone to induce anti-mouse immune response and CAR T elimination in a host (c.f,, the
UPenn-sponsored clinical trial using mouse derived SS1 ScFv sequence, NCT02159716), may
also determine the functional activity of a CAR-expressing T cell.

The CARs disclosed herein are expressed at a high level in a cell. A cell expressing the
CAR has a high in vivo proliferation rate, produces large amounts of cytokines, and has a high
cytotoxic activity against a cell having, on its surface, a CD22 antigen to which a CAR binds. The
use of a human extracellular CD22 antigen binding domain results in generation of a CAR that
functions better in vivo, while avoiding the induction of anti-CAR immunity in the host immune
response and the killing of the CAR T cell population. The CARs expressing the entirely human
extracellular CD22 ScFv antigen binding domain exhibit superior activities/properties including 1)
prevention of poor CAR T persistence and function as seen with mouse-derived binding
sequences; ii) lack of regional (i.e. intrapleural) delivery of the CAR to be efficacious; and iii)
ability to generate CAR T cell designs based both on binders with high and low affinity to CD19.
This latter property allows investigators to better tune efficacy vs toxicity, and/or tissue specificity
of the CAR T product, since lower-affinity binders may have higher specificity to tumors vs
normal tissues due to higher expression of CD22 on tumors than normal tissue, which may
prevent on-target off tumor toxicity and bystander cell killing.

What follows is a detailed description of the inventive CARs including a description of
their extracellular CD22 antigen binding domain, the transmembrane domain and the intracellular
domain, along with additional description of the CARs, antibodies and antigen binding fragments
thereof, conjugates, nucleotides, expression, vectors, and host cells, methods of treatment,

compositions, and kits employing the disclosed CARs.

A. Chimeric Antigen Receptors (CARs)

The CARs disclosed herein comprise at least one CD22 antigen binding domain capable of

binding to CD22, at least one transmembrane domain, and at least one intracellular domain.
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A chimeric antigen receptor (CAR) is an artificially constructed hybrid protein or
polypeptide containing the antigen binding domains of an antibody (e.g., single chain variable
fragment (ScFv)) linked to T-cell signaling domains via the transmembrane domain.
Characteristics of CARs include their ability to redirect T-cell specificity and reactivity toward a
selected target in a non-Major Histocompatibiliy Complex (MHC)-restricted manner, and
exploiting the antigen-binding properties of monoclonal antibodies. The non-MHC-restricted
antigen recognition gives T cells expressing CARs the ability to recognize antigen independent of
antigen processing, thus bypassing a major mechanism of tumor escape. Moreover, when
expressed in T-cells, CARs advantageously do not dimerize with endogenous T cell receptor
(TCR) alpha and beta chains.

As disclosed herein, the intracellular T cell signaling domains of the CARs can include,
for example, a T cell receptor signaling domain, a T cell costimulatory signaling domain, or both.
The T cell receptor signaling domain refers to a portion of the CAR comprising the intracellular
domain of a T cell receptor, such as, for example, and not by way of limitation, the intracellular
portion of the CD3 zeta protein. The costimulatory signaling domain refers to a portion of the
CAR comprising the intracellular domain of a costimulatory molecule, which is a cell surface
molecule other than an antigen receptor or their ligands that are required for an efficient response

of lymphocytes to antigen.

1. Extracellular Domain

In one embodiment, the CAR comprises a target-specific binding element otherwise
referred to as an antigen binding domain or moiety. The choice of domain depends upon the type
and number of ligands that define the surface of a target cell. For example, the antigen binding
domain may be chosen to recognize a ligand that acts as a cell surface marker on target cells
associated with a particular disease state. Thus examples of cell surface markers that may act as
ligands for the antigen binding domain in the CAR include those associated with viral, bacterial
and parasitic infections, autoimmune disease and cancer cells.

In one embodiment, the CAR can be engineered to target a tumor antigen of interest by
way of engineering a desired antigen binding domain that specifically binds to an antigen on a
tumor cell. Tumor antigens are proteins that are produced by tumor cells that elicit an immune

response, particularly T-cell mediated immune responses. The selection of the antigen binding
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domain will depend on the particular type of cancer to be treated. Tumor antigens include, for
example, a glioma-associated antigen, carcinoembryonic antigen (CEA), .beta.-human chorionic
gonadotropin, alphafetoprotein (AFP), lectin-reactive AFP, thyroglobulin, RAGE-1, MN-CA IX,
human telomerase reverse transcriptase, RU1, RU2 (AS), intestinal carboxyl esterase, mut hsp70-
2, M-CSF, prostase, prostate-specific antigen (PSA), PAP, NY-ESO-1, LAGE-1a, p53, prostein,
PSMA, Her2/neu, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1),
MAGE, ELF2M, neutrophil elastase, ephrinB2, CD19, insulin growth factor (IGF)-1, IGF-II, IGF-
I receptor and CD22. The tumor antigens disclosed herein are merely included by way of
example. The list is not intended to be exclusive and further examples will be readily apparent to
those of skill in the art.

In one embodiment, the tumor antigen comprises one or more antigenic cancer epitopes
associated with a malignant tumor. Malignant tumors express a number of proteins that can serve
as target antigens for an immune attack. These molecules include, but are not limited to, tissue-
specific antigens such as MART-1, tyrosinase and GP 100 in melanoma and prostatic acid
phosphatase (PAP) and prostate-specific antigen (PSA) in prostate cancer. Other target molecules
belong to the group of transformation-related molecules such as the oncogene HER-2/Neuw/ErbB-
2. Yet another group of target antigens are onco-fetal antigens such as carcinoembryonic antigen
(CEA). In B-cell lymphoma the tumor-specific idiotype immunoglobulin constitutes a truly
tumor-specific immunoglobulin antigen that is unique to the individual tumor. B-cell
differentiation antigens such as CD19, CD20, CD22, BCMA, RORI, and CD37 are other
candidates for target antigens in B-cell lymphoma. Some of these antigens (CEA, HER-2, CD19,
CD20, CD22, idiotype) have been used as targets for passive immunotherapy with monoclonal
antibodies with limited success.

In one preferred embodiment, the tumor antigen is CD22 and the tumors associated with
expression of CD22 comprise lung mesothelioma, ovarian, and pancreatic cancers that express
high levels of the extracellular protein CD22, or any combination thereof.

The type of tumor antigen may also be a tumor-specific antigen (TSA) or a tumor-
associated antigen (TAA). A TSA is unique to tumor cells and does not occur on other cells in the
body. A TAA is not unique to a tumor cell and instead is also expressed on a normal cell under
conditions that fail to induce a state of immunologic tolerance to the antigen. The expression of
the antigen on the tumor may occur under conditions that enable the immune system to respond to
the antigen. TAAs may be antigens that are expressed on normal cells during fetal development

when the immune system is immature and unable to respond or they may be antigens that are
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normally present at extremely low levels on normal cells but which are expressed at much higher
levels on tumor cells.

Non-limiting examples of TSAs or TAAs include the following: Differentiation antigens
such as MART-1/MelanA (MART-I), gp100 (Pmel 17), tyrosinase, TRP-1, TRP-2 and tumor-
specific multi-lineage antigens such as MAGE-1, MAGE-3, BAGE, GAGE-1, GAGE-2, pl5;
overexpressed embryonic antigens such as CEA; overexpressed oncogenes and mutated tumor-
suppressor genes such as p53, Ras, HER-2/neu; unique tumor antigens resulting from
chromosomal translocations; such as BCR-ABL, E2A-PRL, H4-RET, IGH-IGK, MYL-RAR; and
viral antigens, such as the Epstein Barr virus antigens EBVA and the human papillomavirus
(HPV) antigens E6 and E7. Other large, protein-based antigens include TSP-180, MAGE-4,
MAGE-5, MAGE-6, RAGE, NY-ESO, p185erbB2, p180erbB-3, c-met, nm-23H1, PSA, TAG-72,
CA 1999, CA 72-4, CAM 17.1, NuMa, K-ras, beta-Catenin, CDK4, Mum-1, p 15, p 16, 43-9F,
5T4, 791Tgp72, alpha-fetoprotein, beta-HCG, BCA225, BTAA, CA 125, CA 15-3\CA
2729\BCAA, CA 195, CA 242, CA-50, CAM43, CD68\P1, CO0-029, FGF-5, G250,
Ga733\EpCAM, HTgp-175, M344, MA-50, MG7-Ag, MOV18, NB/70K, NY-CO-1, RCASI,
SDCCAG16, TA-90\Mac-2 binding protein\cyclophilin C-associated protein, TAAL6, TAG72,
TLP, and TPS.

In one embodiment, the antigen binding domain portion of the CAR targets an antigen that
includes but is not limited to CD19, CD20, CD22, ROR1, CD33, CD38, CD123, CD138, BCMA,
c-Met, PSMA, Glycolipid F77, EGFRvIII, GD-2, FGFR4, TSLPR, NY-ESO-1 TCR, MAGE A3
TCR, and the like.

In a preferred embodiment, the antigen binding domain portion of the CAR targets the
extracellular CD22 antigen.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 scFvl antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 1, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 2, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
2.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 scFv2 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 11, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an

isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 antigen
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binding domain comprises an amino acid sequence of SEQ ID NO: 12, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
12.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv3 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 21, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv3 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 22, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
22,

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv4 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 31, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv4 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 32, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
32.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv5 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 41, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFvS5 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 42, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
42,

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv6 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 51, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv6 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 52, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
52.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv7 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 61, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
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isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv7 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 62, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
62.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv8 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 71, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv8 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 72, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
72.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv9 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 81, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv9 antigen
binding domain comprises an amino acid sequence of SEQ ID NO: 82, or an amino acid sequence
with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:
82.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv10 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 91, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv10
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 92, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 92.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFvl11 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 101, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv102
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 92, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 102.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular

CD22 ScFv12 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 111, or a
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sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv112
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 92, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 112.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv13 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 121, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv13
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 122, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 122.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv14 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 131, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFvl4
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 132, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 132.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv15 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 141, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv15
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 142, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 142.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv16 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 151, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFvl6
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 152, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 152.
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In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv17 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 161, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv17
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 162, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 162.

In one preferred embodiment, the isolated nucleic acid molecule encoding the extracellular
CD22 ScFv18 antigen binding domain comprises a nucleotide sequence of SEQ ID NO: 171, or a
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof. In one embodiment, an
isolated nucleic acid molecule is provided wherein the encoded extracellular CD22 ScFv18
antigen binding domain comprises an amino acid sequence of SEQ ID NO: 172, or an amino acid
sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of
SEQ ID NO: 172.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 5, SEQ ID NO: 6,
and SEQ ID NO: 7, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 8, SEQ ID NO: 9, and SEQ
ID NO: 10, respectively) that each individually contribute to create the binding characerisitcs of
the CD22 specific scFvl, as a grouping to create the light chain binding characteristic of the scFv
(LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFvl by co-
expression of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, and
SEQ ID NO: 10, in a single ScFv amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 15, SEQ ID NO: 16,
and SEQ ID NO: 17, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 18, SEQ ID NO: 19, and
SEQ ID NO: 20, respectively) that each individually contribute to create the binding characerisitcs
of the CD22 specific scFv2, as a grouping to create the light chain binding characteristic of the
scFv (LCDRI1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFv2 by co-
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expression of SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID
NO:19, and SEQ ID NO: 20, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 25, SEQ ID NO: 26,
and SEQ ID NO: 27, respectively) and the heavy chain complementarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 28, SEQ ID NO: 29,
and SEQ ID NO: 30, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFv3, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
scFv3 by co-expression of SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28,
SEQ ID NO: 29, and SEQ ID NO: 30, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 35, SEQ ID NO: 36,
and SEQ ID NO: 37, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 38, SEQ ID NO: 39, and
SEQ ID NO: 40, respectively) that each individually contribute to create the binding characerisitcs
of the CD22 specific scFv4, as a grouping to create the light chain binding characteristic of the
scFv (LCDRI1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFv4 by co-
expression of SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO:
39, and SEQ ID NO: 40, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 45, SEQ ID NO: 46,
and SEQ ID NO: 47, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 48, SEQ ID NO: 49, and
SEQ ID NO: 50, respectively) that each individually contribute to create the binding characerisitcs
of the CD22 specific scFv53, as a grouping to create the light chain binding characteristic of the
scFv (LCDRI1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFv5 by co-
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expression of SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO:
49, and SEQ ID NO: 50, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 55, SEQ ID NO: 56,
and SEQ ID NO: 57, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 58, SEQ ID NO: 59, and
SEQ ID NO: 60, respectively) that each individually contribute to create the binding characerisitcs
of the CD22 specific scFv6, as a grouping to create the light chain binding characteristic of the
scFv (LCDRI1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFv6 by co-
expression of SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO:
59, and SEQ ID NO: 60, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 65, SEQ ID NO: 66,
and SEQ ID NO: 67, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 68, SEQ ID NO: 69, and
SEQ ID NO: 70, respectively) that each individually contribute to create the binding characerisitcs
of the CD22 specific scFv7, as a grouping to create the light chain binding characteristic of the
scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFv7 by co-
expression of SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO:
69, and SEQ ID NO: 70, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 75, SEQ ID NO: 76,
and SEQ ID NO: 77, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 78, SEQ ID NO: 79, and
SEQ ID NO: 80, respectively) that each individually contribute to create the binding characerisitcs
of the CD22 specific scFv8, as a grouping to create the light chain binding characteristic of the
scFv (LCDRI1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFv8 by co-
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expression of SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO:
79, and SEQ ID NO: 80, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 85, SEQ ID NO: 86,
and SEQ ID NO: 87, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 88, SEQ ID NO: 89, and
SEQ ID NO: 90, respectively) that each individually contribute to create the binding characerisitcs
of the CD22 specific scFv9, as a grouping to create the light chain binding characteristic of the
scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy chain binding
charactersitics of the scFv (HCDR1 plus HCDR2 plus HCDR3), and as a grouping of six SEQ IDs
that together as a group create the binding characterictics of the CD22 specific scFv9 by co-
expression of SEQ ID NO: 85, SEQ ID NO: 86, SEQ ID NO: 87, SEQ ID NO: 88, SEQ ID NO:
89, and SEQ ID NO: 90, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 95, SEQ ID NO: 96,
and SEQ ID NO: 97, respectively) and the heavy chain complmentarity determining region amino
acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 98, SEQ ID NO: 99, and
SEQ ID NO: 100, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFv10, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
scFv10 by co-expression of SEQ ID NO: 95, SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 98,
SEQ ID NO: 99, and SEQ ID NO: 100, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 105, SEQ ID NO:
106, and SEQ ID NO: 107, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 108, SEQ ID NO:
109, and SEQ ID NO: 110, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFvll, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
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scFv11 by co-expression of SEQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO:
108, SEQ ID NO: 109, and SEQ ID NO: 110, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDRI1, LCDR2, LCDR2, identified as SEQ ID NO: 115, SEQ ID NO:
116, and SEQ ID NO: 117, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 118, SEQ ID NO:
119, and SEQ ID NO: 120, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFvl2, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
scFv12 by co-expression of SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO:
118, SEQ ID NO: 119, and SEQ ID NO: 120, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 125, SEQ ID NO:
126, and SEQ ID NO: 127, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 128, SEQ ID NO:
129, and SEQ ID NO: 130, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFv13, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
scFv13 by co-expression of SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO:
128, SEQ ID NO: 129, and SEQ ID NO: 130, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 135, SEQ ID NO:
136, and SEQ ID NO: 137, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 138, SEQ ID NO:
139, and SEQ ID NO: 140, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFvl4, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
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scFv14 by co-expression of SEQ ID NO: 135, SEQ ID NO: 136, SEQ ID NO:137, SEQ ID NO:
138, SEQ ID NO: 139, and SEQ ID NO: 140, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 145, SEQ ID NO:
146, and SEQ ID NO: 147, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 148, SEQ ID NO:
149, and SEQ ID NO: 150, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFvl5, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
scFv15 by co-expression of SEQ ID NO: 145, SEQ ID NO: 146, SEQ ID NO: 147, SEQ ID NO:
148, SEQ ID NO: 149, and SEQ ID NO: 150, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 155, SEQ ID NO:
156, and SEQ ID NO: 157, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 158, SEQ ID NO:
159, and SEQ ID NO: 160, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFv16, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
scFv16 by co-expression of SEQ ID NO: 155, SEQ ID NO: 156, SEQ ID NO: 157, SEQ ID NO:
158, SEQ ID NO: 159, and SEQ ID NO: 160, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 165, SEQ ID NO:
166, and SEQ ID NO: 167, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 168, SEQ ID NO:
169, and SEQ ID NO: 170, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFvl7, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
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scFv17 by co-expression of SEQ ID NO: 165, SEQ ID NO: 166, SEQ ID NO: 167, SEQ ID NO:
168, SEQ ID NO: 169, and SEQ ID NO: 170, in a single amino acid sequence.

In one preferred embodiment, the isolated light chain complementarity determining region
amino acid sequences (LCDR1, LCDR2, LCDR2, identified as SEQ ID NO: 175, SEQ ID NO:
176, and SEQ ID NO: 177, respectively) and the heavy chain complmentarity determining region
amino acid sequences (HCDR1, HCDR2, HCDR3, identified as SEQ ID NO: 178, SEQ ID NO:
179, and SEQ ID NO: 180, respectively) that each individually contribute to create the binding
characerisitcs of the CD22 specific scFv18, as a grouping to create the light chain binding
characteristic of the scFv (LCDR1 plus LCDR2 plus LCDR3), as a grouping to create the heavy
chain binding charactersitics of the scFv (HCDRI1 plus HCDR2 plus HCDR3), and as a grouping
of six SEQ IDs that together as a group create the binding characterictics of the CD22 specific
scFv18 by co-expression of SEQ ID NO: 175, SEQ ID NO: 176, SEQ ID NO: 177, SEQ ID NO:
178, SEQ ID NO: 179, and SEQ ID NO: 180, in a single amino acid sequence.

In the various embodiments of the CD22-specific CARs disclosed herein, the general
scheme is set forth in FIGURE 1 and includes, from the N-terminus to the C-terminus, a signal or
leader peptide, anti-CD22 ScFv, extracellular linker, CD8 transmembrane, 4-1BB, CD3zeta,
wherein the bolded text represents the cloning sites for linking domains.

In one embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic acid
sequence of SEQ ID NO: 3, and encodes the CAR comprising the amino acid sequence as set
forth in SEQ ID NO: 4 [LTG 2202 LP-16P-CD8 TM-41BB-CD3zeta amino acid sequence (as
depicted in Figure 2A)].

In one embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic acid
sequence of SEQ ID NO: 3, or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity
thereof, and encodes the CAR comprising the amino acid sequence as set forth in SEQ ID NO: 4
or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof, LTG 2202 LP-16P-
CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2A)].

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 13, and encodes the CAR comprising the amino acid sequence as
set forth in SEQ ID NO: 14 [LTG 2246 LP-24P-CD8 TM-41BB-CD3zeta amino acid sequence
(as depicted in Figure 2B)].

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 13 or a sequence with 85%, 90%, 95%, 96%, 97%., 98% or 99%
identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in SEQ 1D
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NO: 14 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof [LTG 2246
LP-24P-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2B)].

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 23, and encodes the CAR comprising the amino acid sequence as
set forth in SEQ ID NO: 24 [LTG 2247 LP-25P-CD8 TM-41BB-CD3zeta CAR amino acid
sequence (as depicted in Figure 2C)].

In another embodiment, the nucleic acid sequence encoding a CAR comprises the nucleic
acid sequence of SEQ ID NO: 23 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99%
identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in SEQ 1D
NO: 24 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof [LTG 2247
LP-25P-CD8 TM-41BB-CD3zeta CAR amino acid sequence (as depicted in Figure 2C)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 33, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 34 [LTG2248 LP-11S-CD8 TM-41BB-CD3zeta amino acid
sequence (as depicted in Figure 2D)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 33 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or
99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 34 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof
[LTG2248 LP-11S-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2D)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 43, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 44 [LTG2249 LP-128-CD8 TM-41BB-CD3zeta amino acid
sequence (as depicted in Figure 2E)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 43 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or
99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 44 or a sequence with 85%, 90%, 95%, 96%, 97%., 98% or 99% identity thereof
[LTG2249 LP-12S-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2E)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 53, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 54 [(LTG2203 LP-16P3-CD8 TM-41BB-CD3zeta amino

acid sequence (as depicted in Figure 2F)].
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In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 53 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or
99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 54 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof
[LTG2203 LP-16P3-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2F)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 63, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 64 [(LTG2204 LP-16P16-CD8 TM-41BB-CD3zeta amino
acid sequence (as depicted in Figure 2G)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 63 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or
99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 64 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof
[(LTG2204 LP-16P16-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2G)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 73, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 74 [(LTG2205 LP-16P20-CD8 TM-41BB-CD3zeta amino
acid sequence (as depicted in Figure 2H)|.

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 73 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or
99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 74 or a sequence with 85%, 90%, 95%, 96%, 97%., 98% or 99% identity thereof
[(LTG2205 LP-16P20-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2H)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 83, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 84 [(LTG2206 LP-16P2-CD8 TM-41BB-CD3zeta amino
acid sequence (as depicted in Figure 2I)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 83 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or
99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 84 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof
[(LTG2206 LP-16P2-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 21)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the

nucleic acid sequence of SEQ ID NO: 93, and encodes the CAR comprising the amino acid
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sequence as set forth in SEQ ID NO: 94 [(LTG2207 LP-16P6-CD8 TM-41BB-CD3zeta amino
acid sequence (as depicted in Figure 2J)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 93 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or
99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 94 or a sequence with 85%, 90%, 95%, 96%, 97%., 98% or 99% identity thereof
[(LTG2207 LP-16P6-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2J)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 103, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 104 [(LTG2208 LP-16P10-CD8 TM-41BB-CD3zeta amino
acid sequence (as depicted in Figure 2K)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 103 or a sequence with 85%, 90%, 95%, 96%, 97%, 98%
or 99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
SEQ ID NO: 104 or a sequence with 85%, 90%, 95%, 96%, 97%, 98% or 99% identity thereof
[(LTG2208 LP-16P10-CD8 TM-41BB-CD3zeta amino acid sequence (as depicted in Figure 2K)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 113, and encodes the CAR comprising the amino acid
sequence as set forth in SEQ ID NO: 114 [(LTG2209 LP-16P17-CD8 TM-41BB-CD3zeta amino
acid sequence (as depicted in Figure 2L)].

In yet another embodiment, the nucleic acid sequence encoding a CAR comprises the
nucleic acid sequence of SEQ ID NO: 113 or a sequence with 85%, 90%, 95%, 96%, 97%, 98%
or 99% identity thereof, and encodes the CAR comprising the amino acid sequence as set forth in
S