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LAT ACTIVATING CHIMERIC ANTIGEN RECEPTOR T CELLS AND METHODS OF
USE THEREQF

RELATED APPLICATIONS
{0081} This application claims priority to, and the benefit of, UK. Provisional Patent Application
No. 63/321,549, filed on March 18, 2022, and U.S. Provisional Patent Application No.
63/229,344, filed on August 4, 2021, each of which 1s incorporated herein by reference n its

entirety.

GOVERNMENT SUPPORY
{8002} This invention was made with government support ander Grant No. K12CA086913-20

awarded by the National Institutes of Health. The government has certain righis in the imvention.

FIELD OF INVENTION
{0003} The present ivention relates generally to the Hlelds of molecular biology, immunology,
oncology and medicine. More particularly, it concerns immune cells expressing chimeric antigen

receptors, such as chimeric antigen receptors that bind to a target protein.

BAUKGROUND OF THE INVENTION
{0004} Over the past decade, Chimeric Antigen Receptor (CAR) T cell therapy has demonstrated
remarkable efficacy against B-lineage leukemias, iyvmphomas and multiple myeloma and held
pronuse for the treatment of all malignancies which are otherwise incurable with conventional
therapies. Across multiple chinical trials, CAR T cells targeting the {119 antigen have induced
complete remission in 70-90% of patients with multiply-relapsed and/or refractory acuie
iymphoblastic leukemia (ALL). This remarkable upfront success does not, however, transiate to
long term remissions for many patients, as longitudmal studies have demonstrated that less than
S0% of CAR T cell treated patients remain in renussion beyond 1 year after therapy due to post-
CAR relapses. Post-CAR relapses present a clinical chalienge as conventional chemotherapy,
antibody-based therapies (blinatumomab and inotuzumab) and retreatment with the same CAR T
cells have been found to infrequently be capable of reinducing patients into remissions, the

majority of which were short-lived.
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{8605] CD19-directed CAR T cell therapy for relapse and/or refractory B-lineage lvmphomas has
demonstrated sinular results, with Objective Response Rates (ORR) of 52-82%, and 40-54% of
patients achieving a Complete Response (CR), yet disease recurrence and/or progression after CAR T
cell therapy remains conumon with less than 40% of patients remaining progression-free 1 vear later.
Consistent with the experience i leukenua, there are no established therapies which are effective for
iymphoma patients whose disease relapsed and/or progressed after CAR T cells and remnfusion of the
same CAR T cells has been largely meffective.

[08006] Relapses afier CAR therapy occur through a vanety of mechanisms. In B cell leukemias treated
with CD19-directed CAR T cells, upfront treatment failures and relapses in which the leukemia
continues 1o express the CD19 antigen are highly correlated to low levels of CAR T cell
expansion and a short duration of CAR T cell persistence in the patient, and 1t 15 generally held
that improving CAR T cell expansion and persistence would improve outcomes by preventing
relapses of antigen-positive leukemuas, Another major mechanism of relapse after CAR T cell
therapy 1s the modulation of the targeted antigen on the malignant cells as a means of escaping
CAR T cell detection. In B cell leukemuas, this has been mostly observed as the emergence of
{D19%negative leukemua cells upon relapse. Sumilarly, decreased surface expression of the CD19
antigen on B-hineage lymphomas has been implicated n refractoriness to and relapse after
treatment with CD19-directed CAR T cells. In etther antigen-loss or down-modulation current
CAR T cell therapies directed at CD19 are neffective, an outcome which has been generalizable
to other CAR-targeted antigens bevond CD19,

{8807} To overcome antigen-modulated relapses in leakemia/lymphoma CARs have been
developed to target alternative antigens. CD22-directed CAR T celis have demonstrated the
ability to induce remissions in 70-80% of patients with ALL, including patients with CD19-
negative relapses after immunotherapy. Unfortunately, relapse after {D22-directed CAR T cell
therapy was frequently observed in patients, due largely to down-reguiation of the CD22 antigen.
Currently, CD22 CAR T cell therapy is being used to bridge patients to a consolidative
hematopotetic stem cell transplant (HSCT), however the long-term outcomes of this strategy are
not yet known and many patients may be meligible due to significant co-morbidities, prior
HSCT(s}) or a lack of a sustable donor. Thus, the chinical utility of CD22-directed CAR T cells 15
fimited by the inability to target malignant cells expressing low-levels of antigen, similar to

CD19 CAR T cell experience in lymphoma and likely representing a fundamental problem for

|\
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any therapy targeting an antigen using T cells (or other immune effector cells) expressing a 2™

generation CAR.

{8608] Thus, there 15 a need in the art for alternative approaches for generating genetically
engineered immune cells {e.g. T cells) that are useful as therapeutics. There exists a need for new
strategies to mitigate relapse after CAR T cell therapy to improve patient outcomes by enhancing
the persistence and antigen-sensitivity of CAR T cells, and to improve the clinical efficacy of
CAR T cell therapy against a variety of antigens and malignancies. The present invention

addresses these unmet needs in the art,

SUMMARY OF INVENTION
[0009] The present disclosure provides genetically modified immune cells comprising: a) a first
chimeric antigen receptor {CAR) comprising an antigen recognition domain that binds to a first
antigen, a transmembrane dornan and an intracellular signaling domain; b) a second CAR
comprising an antigen recognition doman that binds to an antigen, a transmernbrane domaim and
a Lanker for Activation of T cell (LAT) mtracellular signaling domain,
{8818} In some aspects, the first antigen and the second antigen are different. In some aspects,
first antigen and the second antigen are the same.
{80811} In some aspects, the intraceliular signaling domain of the first CAR comprises a CD3zeta
mtracellular signaling domain. In some aspects, the CD3zeta mtracellular signaling domain
comprises the amino acid sequence of SEQ ID NO: 24 or SEQ ID NO: 25, preferably wherein
the CD3zeta ntracellular signabing domain comprises the amino acid sequence of SEQ 1D NO:
24,
{0012} In some aspects, the intracelivlar signaling domain of the first CAR further comprises at
ieast one additional ntracellular signaling domains selected from the group consisting of a CD97
mtracellular signaling domain, a CD11a-CD18 mtracellular signaling domain, a CD2
mtracellular signaling domain, an HCOS intracelluiar signaling domain, a CD27 intracellular
signaling domain, a CD154 intracellular signaling domain, a CD8a intracellular signaling
domain, an OX40 mtracetolar signaling domain, a 4-1BB intracellular signaling domain, a CD28&
mtracellular signaling domain, 3 ZAP40 intracellular signaling domain, a CD30 mtracellular
signaling domain, a GITR intracellular signaling domain, an HVEM intracelluiar signaling

domain, a DAP10 intracellular signaling domain, a DAP12 intracellular signaling domain, a
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MyvII8E intracellular signaling domain, a 2B4 intracellular signaling domain and any
combimation thereof. In some aspects, the at least one additional mntracellular signaling domain is
a 4-1BB mtracellular signaling domain comprising the aming acid sequence of SEQ 1D NO: 17,
{0013} In some aspects, the LAT intracellular signaling domain of the second CAR comprises
the amino acid sequence of any one of SEQ ID NOs: 26-34, preferably wherein the LAT
ntracellular signaling domain of the second CAR comprises the amino acid sequence of SEGQ 1D
NO: 27

{8814} In some aspects, the LAT ntracellular signaling domain of the second CAR comprises
the amino acid sequence of SEGQ ID NO: 26 having a substitution of arginine for the lysine
{(K25R) at posiion 25 of SEQID NO: 26, a substitution of ghutanuc acid for the glvone at
posifion 133 (GI33E) of SEQ I NG 26, a substiution of arguune for the lysine at position 206
{(K206R) of SEQ 1D No: 26, or any combination of the preceding substitutions.

{315} Tn some aspects, the LAT mtracellular signaling domain of the second CAR comprises
the amino acid sequence of SEQ D NG 32 having a substitution of arginme for the bysine
{(K25R}) at postion 25 of REQ ID NO» 32, a substitotion of glutamie acid for the glveine at
posiion 104 (GIO4E) of SEQ I NO: 32, a eubstitution of arginme for the lysine at posttion 177
{(K177R) o

{8016} In some aspects, the LAT mtracelhular signaling domain of the second CAR comprises

...;

fSEQID No: 32, or any combmnation of the preceding substitutions,

the aming acid sequence of SECQ D NG 33 having a substitation of arginme for the lysine
{K2Z5R ) at posttion 25 of SEQ D NQO: 33, a substitution of ghutamuc acid for the glyane at
posifion 103 (GIO3E) of SEQ I NO» 33, a substitution of arginine for the lysine at position 176
{(KAT76R) of REQ H3 No: 33 or any combination of the preceding substitutions.

{00817} In some aspects, the LAT intracellular signaling domain of the second CAR comprises
the amino acid sequence of XEQ ID NO» 34 having a substitution of arginine for the lysme

(K25R) at postton 25 of NEQ I NO: 34, 4 substitution of glutamic acid for the glveine at

o~

posiiion 132 (GI32E) of SEQ D NO: 34, a substitution of arginine for the lysime at position 205

/

(K205R) of SEQ {0 N 34

i.\.,

. or any combunation of the preceding substitutions.

{8618} In some aspects, the transmembrane domain of the first CAR and/or the second CAR i
dertved from a transmembrane domain selected from the group consisting of a CD8a
transmembrane domain, a CD28 transmembrane domain, a CD3z transmembrane domain, a D4

transmembrane domain, a 4-18BB transmembrane domain, a $X40 transmembrane domain, a
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ICOS transmembrane domain, a PI-1 transmembrane domain, a LAG-3 transmembrane domain,
a 2B4 transmembrane domain, a BTLA transmembrane domain and any combination thereof. In
some aspects, the transmembrane domain of the first CAR 1s derived from a CD8alpha
transmembrane domain comprising the aming acid sequence of SEQ ID NO: 13 In some
aspects, the transmembrane domain of the second CAR s derived from a CD28 transmembrane
domain comprising the amino acid sequence of SEQ 1D NO: 14

{8619] In some aspects, the antigen recognition domain of the first CAR and/or the antigen
recognition domain of the second CAR 13 an antibody, an antibody fragment, a single chan
antibody, a single domain antibody, an scFv, a VH or a VHH or antigen binding fragment
thereof

[0028] Tn some aspects, the antigen recognition domain of the first CAR and the antigen
recognition domain of the second CAR further coraprises a leader domain selected from the
group consisting of a CD8alpha leader domain. In some aspects, the leader domain s a
CD3alpha leader domain comprising the amino acid sequence of SEQ ID NO: | or SEQ ID NO:

2

{8021} In some aspects, the first antigen and the second antigen are tumor associated antigens.
In some aspects, a tumor associated antigen 13 selected from a group consisting of CB19, CD22,
D20, CD138, BOMA, (D33, CD123, FLT, CLL, CD56, (D34, CD117, CD14, CD133,
CD44v6, CD47, CD64, CDO6, CDY7, CD99, CD4S, CD9, Mucl, Lewis-Y, TLIRAP, FR-beta,
CD5, CD7, D38, CD30, B7-H3, HER2, CD44v6, CEA, o-Met, EGFRVIIL Epcam, EphA2, FR-
alpha, GD2, GPC3, IL13R-alpha2, IL11R-alpha, L1-CAM, mesothelin, MUCT, MUCH,
NKGDZ and PSCA. In some aspects, the first antigen 1s CD22. In some aspects, the second
antigen s CD19

{08622} In some aspects, the immune cell 15 a T-cell, a Natural Killer (NK} cell, a Natural Killer
(NK}-like cell, a Cviokine Induced Killer {(CIK) cell, a hematopoietic progenitor cell, a
peripheral blood (PB) derived T celi or an umbilical cord blood (UCB) derived T-cell In some
aspects, the immune cell 15 a T-cell. In some aspects, the immune cell 1s an iPS-derived immune
cell.

{0023} In some aspects, the first CAR comprises an amino acid sequence of SEQ 1D NO: 69,
SEG ID NO: 102, SEQ ID NO: 306, or SEQ 1D NG: 309, In some aspects, the second CAR
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comprises an amino acid sequence of SEQ 1D NG 71, SEQ ID NO: 100, SEQ 1D NO: 206, or
SEQ ID NO: 300-308.

{8024} In some aspects, the genetically modified immune cell comprises a first CAR comprising
the amino he amino acid sequence of SEQ 1D NO: 102 and a second CAR comprising SEQ ID
NQO: 100. In some aspects, the genetically modified immune cell comprises a first CAR
comprising the amino acid sequence of SEQ ID NO: 102 and a second CAR comprising the
amino acid sequence of SEQ ID NO: 306, In some aspecis, the genetically modified immmune cell
comprises a first CAR comprising the amino acid sequence of SEQ 1D NOG: 309 and a second
CAR comprising the amino acid sequence of SEQ 1D NG: 100,

{0023} The present disclosure provides a composition comprising genetically modified immune
cells of the present disclosure and a pharmaceutically acceptable carnier.

[08026] The present disclosure provides a composition comprising a population of cells, wherem
the plurality of cells of the population comprises the genetically modified immune cells of the
present disclosure. In some aspects, the plurality of the cells of the population comprises at least
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%;, &5%, 90%, 95%, 97%, 99% or any percentage in between of
the genetically modified momune cells of the present disclosure.

{8027} The present disclosure provides polynuclestides encoding the first CAR and the second
CAR of the present disclosure. In some aspects, a nucleic acid sequence encoding a self-cleaving
peptide sequence 15 located m between the nucleic acid sequence encoding the first CAR and the
nucleic acid sequence encoding the second CAR. In some aspects, the self-cleaving peptide
sequence comprises the amino acid sequence of SEQ D NGQ: 79, In some aspects, the {urst CAR
and the second CAR encoded on a single vector. In some aspects, the vector 18 a viral vector, a
fentivirus vector, a non-viral vector or a fransposon. In some aspects, the vector is a bicistronic
lentiviral vector.

{8028] The present disclosure provides a method of producing a population of genetically
modified immune cells, comprising: a} introducing into a plorality of immune cells a
composition comprising the polynuclectide sequence of the present disclosure, thereby
generating a population of genetically modified immune cells; b) culturing the population of

genetically modified immune cells under conditions suitable for integration of the polynucleotide
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sequence; ¢} expanding and/or selecting at least one cell from the population of genetically
modified immune cells that expresses the first CAR and the second CAR on the cell surface.
{8029] The present disclosure provides a method of treating cancer in a subject in need thereof
comprising administrating a composition of the present disclosure. In some aspects, the
admirustration of a composition comprising a modified immune cell comprising first CAR and
the second CAR increases the immune response against a target cell in comparison to the
admirustration of a composition comprising a modified immune cell comprising a first CAR
alone. In some aspects, the increased vnumune response at least 196, 2%, 3%, 4%, 5%, 6%, 7%,
8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 8§0%,
85%, 90%, 95%, 97%, 99% or any percentage in between greater than a composition comprising
a modified immune cell corprising a first CAR alone. Tn some aspects, the cancer 1s a solud
tumor, a B cell malignancy, a myeloitd malignancy, a T-cell malignancy, acute lyrophoblastic
ieukerma, acute lymphoblastic lymphoma, Non-Hodgkin lymphoma, Hodgkin's lymphoma,
chronic lymphocyiic leukemia, multiple myeloma, acute royeloid leukemia, myelodysplastic
syndrome, myeloproliferative neoplasms, chromic myeloid leukemia, T lymphoblastic leukemia,
T lymphoblastic lymphoma or Anaplastic Large Cell Leukenia. In some aspects, the cancer has
a low cell surface expression of the first antigen and/or a low cell surface expression of the

second antigen.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] FIGS, 1A-D show that antigen density iropacts CAR T cell efficacy and signaling
through LAT. FIGLA are images showing NSG mice imoculated with NALMG expressing no,
low- or WT-levels of CD22. Mice were treated with CD22 CAR T cells generated from a healthy
donor 5 days later. Leukerma progression was followed by bisluminescent imaging. FIGS.AB
and 1C are western blots showing hurkat cells stably expressimng CD22 CAR that were stimulated
with NALMG cells expressing No, Low- or WT-levels of CD22 for 2, S or 10 mn. Western blot
analysis was performed on lysate and probed for phospho-~ and total ZAP7O (FIG, 1By and LAT
(FIG. 1C). FIG, 1D is a histogram depicting CD22 CAR T cells that were co-incubated with
NALMGO cells expressing No, Low-, WT- or High-levels of CB22 antigen for 15 min. Cells were
fixed and permeabilized and phospho-ERK was evaluated by flow cytometry.
{80631} FIGS, 2A-B show the design of exemplary bicistronic LAT-CAR and ALA-CAR

constructs disclosed herein. FEG, 2ZA s a schematic of a standard 2nd Generation (Gen} (23G)

7



CA 03228262 2024-02-02

WO 2023/014922 PCT/US2022/039487

D22 CAR. FIG. 2B 15 a schematic of an exemplary bicistronic LAT-CAR or ALA-CAR
comprising a fust CAR (e.g. 2G CD22 CAR) expressed with a second CAR {eg. “"LAT-CAR” or
“ALA-CAR” such as a CD19-directed CAR incorporating the LAT intracellular domain that will
amphify the CAR response to low antigen).

{08032] FIGS, 2C-F show that bicistronic LAT-CAR mcreases antigen sensitivity of CD22 CAR
FIG. 2C are whole-body bioluminescent images of N8G mice inoculated with 10° CD22-Low
NALMS and treated with 3x10° or 2.5 x 10° standard 2G CD22 CAR T {CD22 CART) cells or
bicistronie LAT-CAR T cells (ALA-CART) or unireated (No Tx) and followed by BLI twice
weekly, FEG. 2 1s a line graph showing the quantification of the BLI imaging shown in FIG.
2¢. FIG. 2K 15 a graph showing the survival of the mice cohorts treated m FIG, 2C. FIG. 2F s
a series of graphs showing the analysis of bone marrow samples obtamed from the surviving
nuce treated with bicistronic LAT-CAR T cells 1n FIG. 2C and dermonstrates the continued
persistence of bicistronic LAT-CAR T cells 50 days after inttial treatment.

[8033] FIG. 315 a graph showing that 2G-CAR T cells have reduced in virro leukerma killing
against CD22-low NALMS6, CB22 2G-CAR T cells were generated from healthy donor T cells
and co~-incubated for 6 days with GFP+ NALMS cells expressing WT- {upright triangles) or
Low- {upside down tniangles} levels of CD22 antigen at an E:T of 111, Leukemia cell killing was
monitored over time by flow ¢yviometry. Leukemia cell counts were normalized to counting
beads in the co-culture and are depicted on the y-axis. Days in co-culture are depicted on the x-
[0034] FIG. 4 15 a senies of flow cytometry listograms showing post-transduction enrichment of
CAR-positive T celis. T cells from a healthy donor were activated and transduced with lentiviras
containing the bicistronic CD22/19 LAT-CAR construct. Two days later, surface expression of
CAR was determined by staining cells with fluorescently- fabeled CD22-F¢ and CD19-Fc {top}.
CAR+ cells were postively selected using Miltenvi beads and T cells were expanded for 4 more
days. At the end of expansion, T cells were stained again for surface CAR expression {bottom)
demonstrating enrichment of CAR+ cells for downstream experiments.

{8635 ¥F1G. S 15 a sernies of graphs showing surface co-expression of the first and second CAR of
the bicistronic CAR of the present disclosure as measured by flow cytometry (top panels) and
relative intensity of surface expression of the first CAR (ALA-CART — CD22BBz) of the present

disclosure relative to a standard 2™ generation CAR (2G CD22 BRz) (hottom panel).
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{08636} ¥, 6 15 a sernies of graphs showing surface expression of CAR constructs utilizing
different transmembrane domains in the second CAR {e.g. LAT CAR) of the bicistronic CAR of
the present disclosure. Use of the LAT transmembrane domain in the LAT-CAR resulied in
nmunimal expression of the presently disclosed hicistronic CAR on the surface of T cells from 3
healthy donors (top), whereas the incorporation of a transmembrane domain derived from the
CD28 molecule into the second CAR (e.g. LAT CAR) of the presently disclosed bicistronic CAR
construct resulted in efficient surface expression of the LAT CAR in the T cells of the same
healthy donors (bottom).

{8037] ¥F1G. 7 15 a series of western blot images and graphs showing the increased expression of
LAT and mereased activating phosphorylation of LAT {(p-LAT225) in cells transduced with the
bicistronic CAR constructs of the present disclosure ("ALA-CART” or “22x19 ALACART”), n
response to normal {(+) or low (Low) levels of CD22 on leukera cells, relative to cells
transduced with a 2G CD22Bz ("22B27).

[0038] FIG. 8 15 a series of western blot images and graphs showing the expression levels of
total Phospholipase C-gamma (PL{Lg) and the enhanced activation of PLCg by phosphorylation
{p~PLCg) m cells transduced with the bicistronic CAR constructs of the present disclosure
(“22X19 LAT or “22X19 ALACART) 1 response to normal (+) or low (Low) levels of CD22
on leukera cells, relative to cells transduced with a 2G CD22Bz (“22B27).

[0038] FIG. 9 13 a graph showing leukenia-killing by CAR T cells as the ratio of leukemia cells
to CAR cells in cultures comprising NALMG leukemia cells expressing various combinations of
CD19 and CD22 antigens (DN — double negative, 19+, 22-, WT or 22 Low} and bicistronic CAR
T cells of the present disclosure (22x19LAT) or a CD22 CAR control.

{0040} FIG. 10 15 a series of graphs showing hIL-2 concentration and hIFNg concentration in
cultures {as measured by ELISA) comprising NALMS6 leukemia cells co-coltured with the
bicistronic CAR T cells of the present disclosure (22x19LAT).

{0041} FIG, 11A 15 a series of images showing whole-body bioluminescent imaging {BLI)
analysis in mice bearing leukemia expressing wild type levels of CD22, subsequently treated
with the bicistronic CAR constructs of the present disclosure (ALA-CART) compared to mice
treated with a standard 2™ generation CAR (CD22 CART) and mice undergoing no treatment

{No Tx}.
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{80642 ¥1G., 118 1s a graph showing the guantification of the broluminescent imaging (BLI}
analysis in mice treated with the bicistronic CAR constructs of the present disclosure (22X19
ALACART) or the second generation CAR constructs (CD22BBz CAR) in FIG. 11A

{0043} FIG, 11 are flow cytometry plots and a graph showing analysis of bone marrow
samples taken from mice treated with standard 2% generation CARs compared to mice treated
with exemplary bicistronic CAR constructs of the present disclosure 50 days after CAR T cell
mfusion. These data demonstrate enhanced persistence of the presently disclosed bicistronic
CAR T cells (ALA-CART) relative to standard second generation CAR T cells (CD22 CART).
[6044] FIG, 12A-12D 15 a senies of charts, flow cytometry plots and graphs showing the
increased in vivo persistence of the disclosed bicistroniec CAR ("22X19 LAT” or “22X19ALA-
CART™). FIG, 124 15 a series of graphs showing flow cytometric analysis of bone marrow
samples taken from mice treated with standard 2™ generation CAR T cells (“228A”) versus
those treated with the bicistronic CAR T cells (“22X19LAT”} of the present disclosure. These
data demonstrate enhanced persistence of the presently disclosed CAR T cells (“22x19LAT ) 5
primarily driven by persistence of CD4+ CAR T cells (top panels) relative to T8+ CAR T cells
{bottom panels}. FI1G., 12B 1s a serigs of flow eytometry histograms showing decreased
expression of the exhaustion marker, CD39, on the surface of the bicistronic CAR T cells of the
present disclosure (“22x19ALACART ) relative to standard second generation CD22 CAR T
cells (“22BBz7) at 50 days after CAR T cell infusion. FIG, 12C 15 a series of flow cytometry
plots and summarnizing graphs showing the analysis of various T cell populations i samples
obtained from nuce treated with the bicistronic CAR T cells of the present disclosure (22X19
ALA-CART) versus mice treated with the standard second generation CD22 CAR T cells
(“228A”} 50 days after CAR T cell infusion. These data demonstrate an increased proportion of
the CAR T cells of the present disclosure having a central memory (CM) phenotype that has
been correlated with long-term persistence. FEG. 12P s a series of flow cytometry plots,
histograms and summarizing graphs showing the analysis of IL-7 Receptor-alpha (IL7RA)
expression on CAR T cells obtaimed from mice treated with the bicistronic CAR T cells of the
present disclosure (“22XI1SALACART” or “22X19L AT} versus mice treated with the standard
second generation CAR22 CAR T cells ("22BBz”). These resuits demonstrate increased

expression of the IL7RA on CB4 T cells with an Effector Memory (EM)} and Effector Memory-
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expressing CD45RA {T-EMRA)} subpopulations in bicistronic CAR T cells versus second
generation CD CAR T cells, suggesting enhanced ability for long-term persistence of these cells.
{0045] FIGS, 13A-138B 15 a series of imaging data and graphs showing an exemplary bicistronic
LAT-CAR (ALA-CART) s effective against each targeted antigen. ¥FIG. 13A 13 a series of
mmages showing biolummescent imaging (BLI} analysis in mice inoculated with leukemia
expressing both antigens targeted by the bicistronic CAR constructs of the present disclosure
{(WT NALMo6 CD19+/CD22-+) or inoculated with leukemia expressing one or the other antigen
targeted by the CAR of the present disclosure (CD19- NALMOG(CD22+) or CD22-
NALMO{CD19+})). Leukemia-bearing mice were treated with the bicistronic CAR T celis of the
present disclosure (ALA-CART) versus the standard second-generation CAR T cells (CD22
CART) versus no treatruent {No Tx). Leukemia was eradicated by the bicistronic CAR T cell of
the present disclosure regardless of which antigen{s) were present on the leukenua. FIG, 13B 15
a graph showing the percentage of CAR T cells in bone marrow samples obtained from mice
treated with the bicistrorue CAR T cellsof the present disclosure after complete leukemia
clearance, demonstrating the persistence of the bicistronic CAR T cell from the present
disclosure in response to leukerma expressing both {WT) or etther (CD19-, CD22-) targeted
antigens.

{08046] Fi{s. 14A-14C are a series of flow cytometry istograms and graphs showing
phosphorylation of signaling molecules m exemplary bicistronic CAR T cells of the present
disclosure (22X19LAT) or second generation CD22 CAR T cells (22BBz) co-cultured with
NALMSG leukemia cells express no (BN}, both (WT) or one or the other {19+, 22-} of the targeted
antigens. FIG, 14A shows ERK (p-ERK} expression. FIG, 148 shows p38 {(p-p38) expression.
FIG. 14C shows PLCg (p-PLLg) expression.

{80647 ¥1{. 15 shows images and graphs of the quantified biolumingscent imaging (BLI)
analysis in mice moculated with CD22-low leukemuia and treated with the bicistronic CAR
consiructs of the present disclosure designed to solely target the CD22 antigen {SAfI/SAF-LAT,
SAfFFRARLLAT, HIAF/SALAT, HHAfVHIATELAT) versus mice treated with standard CD22
CAR T cells (22SAfE (SEQ 1D NG: 69)). Various combinations of antigen-binding domains
{scFv’s) were tested etilizing a standard atfinity (SAfT) and a hugh-affinity (HiAf) scFv on etther

the first, second or both CARs of the presently disclosed construct. Of these various
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combinations, the use of the high-affinity scFv on both CARs (HiAfVHIAL) demonstrated the
best clearance of CD22-low leukemia.

{0048] ¥z, 16 shows images and graphs of guantified bioluminescent imaging (BLI} analysis
of mice noculated with leukenua expressing normal (NALMG W) or low (NALM6 22low)
ievels of the CD22 antigen followed by treatment with the hicistronic CAR constructs of the
present disclosure utilizing the high-affinity scFv at both posttions ("HIATHIATTLAT or
“22ALACARTA”) versus mice treated with the standard second generation (D22 CAR (2Z8AfY)
versus nuce treated with untransduced T cells (Mock). These data demonstrate the ability of the
HIAT/HIARLAT version of the present disclosure to eradicate CD22-low leukemia while only
targeting the CD22 antigen.

[0049] FiGs. 17A-17D show a senes of graphs showing the tlow cytometric analysis of the
phenotypes of CAR cells of the present disclosure at the completion of manufacturing relative to
the phenotypes of standard second generation CD22 CAR T cells (22BBz). Various versions of
the present disclosure analyzed i this figure include CAR T cells targeting CD22 only with the
standard-affinity scFv on both CARs (22ALACARTL), CAR T cells targeting CD22 only with
the standard-affinity scFv on the first CAR and the high-affinity scFv on the second CAR
22ALACARTZ), CAR T cells targeting CD22 only with the high-affinity scFv on the first CAR
and the standard-atfinity scFv on the second CAR (ZZALACART3), CAR T cells targeting
CD22 only with the high-affinity scFv on both CARs (22ALACART4Y), CAR T cells targeting
D22 and CB19 with the standard-affinity CD22 scFv on the first CAR and a CD19-targeting
scFyv on the second CAR (2Z2X19ALACART) Phenotypic analysis of T cells subsets, including
T stem cell memory (Tsem}, central memory (Tem), effector memory (Tem) and effector
memory re-expressing CD45RA {temra) were analyzed m CD4 (FIG. 17A) and CDS (FIG. 170)
CAR T cells. IL-7 Receptor-alpha (IL7R A} surface expression was also evaluated on CD4 (Fig.
178) and CD8 (Fig. 17D) CAR T cells. These data demonstrate that transduction of T cells with
the presently disciosed bicistronic {U AR construct yielded CAR T cell products composed of a
higher percentage of Tscm celis than the standard second generation CAR, regardless of the
combination of scFvs used. Similarly, IL7RA expression was uniformly higher in ail
configurations of the presently disclosed bicistronic CAR T cells relative to the IL7TRA

expression of standard CE22 CAR T celis.
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{0650 ¥FIG. 18 15 a series of graphs showing the flow cytometric analysis of the expression of
CD39, a marker associated with T cell exhaustion, on T cells transduced with the various
contigurations of the presently disclosed hicistronic CAR (22-ALA-CART) (SAff/SAT-LAT,
SAf (SAYVHEAT-LAT, HIATT/SAS (SA)Y -LAT, HIAT/HIAF-LATT) versus expression on T cells
transduced with the standard 2% generation CD22 CAR T (228A). Analysis of T cells was
subdivided into analysis of CD4+CAR (“CAR4”) (top) and CDE+CAR (“CARS”} (bottom) CAR
T cells. Expression of the CDI3% exhaustion marker was lower on T cells transduced with any of
the configurations of the presently disclosed bicistronic CAR than on T cells transduced with the
standard 2° generation CD22 CAR.

{0031} FIG. 19 15 a series of whole-body biolumunescent images depicting leukemia progression
and i vivo activity of exemplary bicistronic LAT-CAR T cells (19ALA-CART) 0 moice
compared to standard 2nd generation CD19 CAR T cells (CD19BBz) and non-transduced T cell
{Mock) controls in mice. Images were taken between | day {(D-1) and 14 days (D14) after T cell
injection, as mdicated. Broluminescent activity is indicated by color (Radiance).

[0052] FIG. 28 18 a series of whole-body bioluminescent images depicting leukemua progression
and iz vive potency of an exemplary bicistronic LAT-CAR T cells (19ALA-CART) in mice
engrafted with CD19-high NALMG cells compared to a standard 2nd generation CDIO CAR T
cells (CD19BBz) and non-transduced T cell {Mock) controls. Images were taken between 1 day
{D-1} and 42 days {D42) after T cell injection, as indicated. Biolumuinescent activity s indicated
by color {Radiance).

{0053} FIG. 21 18 a graph of CAR T cell-mediated kilhing of CD22-low leckerma cells after
overnight co-culture with exemplary breistronic 22ZALA-CAR T cell vanants (LAT-WT (SEQ ID
NG 263, LAT-KS2R (SEQ ID NG: 27y, LAT-233R (SEQ 1D NO: 28), LAT-KSZR+KZ33R
{SEQ 1D NO: 29)) variants compared to control T cells (Mock) at multiple ratios. The ratio of
effector CAR T cells to target leukemia cells (E:T Ratio} is depicted on the x-axis. Cell killing s
mdicated on the v-axis as specific lysis (%),

{0054] FIGS., 22A-228 are a series of graphs showing CAR T celi-mediated killing of CD22-
iow leukemia cels after overmight co-culture with exemplary 2ZZALA-CART vanants (LAT-
K352R (SEQ ID NG: 27y, LAT-KS52R+GI160E (SEQ 1D NO: 30), LAT-KSZR+K233R (SEQ 1D
NQO: 29), LAT-KS5ZR+K233R+G160E (SEQ ID NG: 313} compared to control T cells (Mock} at

multiple ratios. The ratio of effector CAR T cells to target leukemia cells (E:T Ratio) 15 depicted
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on the x-axis. Cell killing 1s indicated on the v-axis as specific lysis (%) FIG. 224 shows cell
killing by LAT-CARs with mutations at the ubiquitination site K52 with (LAT-K32R+G160E,
LAT-KSZRHK233R+G160E) or without the PLC-activating mutation G160E (LAT-KS2ZR).
FIG. 228 shows cell killing by LAT-CARs with mutations at the ubiquitination sites K52 and
K233 with (LAT-KS52R-+G160E) or without the PLC-activating mutation G160E (LAT-
KS52R+K233R).

{B055] FIG, 23A-23B are a series of graphs showing the function of the bicistronic LAT-CAR T
cells (ALA-CART) relative to the standard 2™ generation CD22 CAR T cells. FIG. 23A are
eraphs of the quantification of the cytokines [L-2 and Interferon-gamma {(IFNg) produced by
either the bicistronic ALA-CART cells (22X19ALACART) or standard 2% generation CD22
CAR T cells (22BBz=) after overmght co-culture with CD22-low NALMG cells or CD22(-)
NALMGO cells. FEG. 23B 15 a graph showing the specific lysis of CD22-low NALMS cells and
CD22(~) NALMGS cells by either bicistronic ALA-CART cells (22XI19ALACART) or standard
2™ generation CD22 CAR T cells (22BBz) after overnight co-culture at various E: T ratiog, #¥¥*
mdicates a statistical significance with a p value of <0.0001.

{80536] FI{. 24A-24C show a series of whole-body bioluminescent images and graphs depicting
the n vivo persistence of the disclosed CAR targeting NALMG through recognition of the (D22
antigen only. FIG. 244 shows bioluminescent images of mice engrafted with WT NALM6G
ieukerma and treated with the disclosed bicistromic LAT-CAR T cells solely targeting (D22
(22AL.A-CART) versus mice treated with standard 2° generation CD22 CAR T cells (22BBz)
versus mice treated with untransduced (Mock) T cells. FEG. 24B are a series of graphs showing
the quantification of persistent bicistronic CAR T cells (22ALACART4) or 2nd generation CD22
CAR T cells (22BBz) in the bone marrow of mice 40 days after initial treatment, demonstrating
enhanced in vivo persistence of the disclosed bicistronic CAR (22ALACART4E). FIG, 24C are a
series of graphs showing the quantification of the differentiation states (CM, EM and TEMRA)
of persistent bicistronic CAR T cells and 2nd generation CD22 CAR T cells from FIG. 24B,
demonstrating increased percentages of the disclosed CAR with a memory phenotype.

{B057] FIGS, 25A-258 are a series of graphs showing phenotypes of exemplary CAR cells of
the present disclosure at the completion of manufacturing compared to standard CD22 CAR T
cells (22BBz). FIG. 25A are a series of pie charis showing the phenotypic analysis of T cells

subsets, including T stem cell memory (TSCM), central memory (TCM), effector memory
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{TEM) and effector memory re-expressing CD4SRA (TEMRA) 1n the presently disclosed
bicistronic CAR T cells (22ALA-CART) compared to standard 2™ generation CAR T cells
(2288z). FIG, 258 are a series of graphs showing the percentage of T cells
(CD4+CAR("CAR4”) or CDS+CAR ("CARE”)) with a TSCM phenotype from 3 different T cell
donors after manufacturing the disclosed CAR (22ZALA-CART) and the standard 2nd generation

CAR (22BBz).

DETAILED DESCRIPTION OF THE INVENTION
[0038] The present mvention generally provides cells, including immune cells {e.g., T cells, B
cells, Natural Killer (NK) cells, monocytes, macrophages or artificially generated cells with
samune effector function) derived from a patient, a healthy donor, a differentiated stem cell
{including but not limuted to induced pluripotent stem cells ({IPSC), embryonic stem cells,
hematopoietic and/or other tissue specific stem cells) or a non-human source, which are
genetically modified to express a first antigen recognizing receptor {e.g., chimernic antigen
receptor {CAR}) that binds to a first antigen along with a second antigen recognizing receptor
{e.g., CAR} comprsing the intracellular signaling domain of the Linker for Activation of T cell
{LLAT} that binds to a second antigen, and methods of use thereof for the treatment of cancer,
mfection, astoimmunity, alloimmunity, lymphoprohiferative disease, pathologic numune
dysregulation and other pathologies where an increase n an antigen-specific tmmune response is
desired or for the facilitation of solid organ or hematopotetic stem cell transplantation. The first
CAR and the second CAR may recognize an identical epitope or different epitopes on the same
antigen, or epitopes found on two distingt antigens. Immune cell {e.g. T cell} activation is
mediated by engagement of either the first CAR to its cognate antigen {e.g., CD2Z)} or the second
CAR comprising a LAT mtracelivlar domain to its cognate antigen {e.g., CD19) with signal
amplification leading to enhanced persistence, antigen-sensitivity and efficacy occurring when
both the first and second CARs are simultaneously engaged to their respective cognate (e.g.,
D22 and CD19).
{0059} CARs, which are at times referred to as artificial T cell receptors, chimeric T cell
receptors (¢TCR), T-bodies or chimeric immunoreceptors, are engineered receptors now well

known 1n the art. They are used primarily to transform immune effector cells, in particular T
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cells, to provide those cells with a desired antigen specificity and effector response. Adoptive
cell therapies using CAR-T cells are particularly under investigation in the field of cancer
therapy. In these therapies, T cells are removed from a patient, donor or are derive from a stem
cell source and engineered to express CARSs specific to the antigens found in a particular form of
cancer. The CAR-T cells, which can then recognize and kill the cancer cells, are reintroduced
into the patient whereupon the CAR T cells undergo proliferative expansion, elimination of
target antigen-positive cells and, in a minornity of patients, transition to a long-lasting, persistent
population with retained anti-tumor effector activity.

{8066} First generation CARs provide a TCR-like signal from an Immunoreceptor Tyrosine-
based Activation Motif (ITAM) containing intracellular signaling domain, most commonly
derived trom the CD3 zeta (CD32) molecule, and thereby ehicit tumoricidal functions. However,
the engagement of CD33z-chain fusion receptors may not suffice to elicit substantial 112
secretion and/or T cell proliferation in the absence of a concomttant co-stimulatory signal In
physiological T cell responses, optimal lymphocyte activation requires the engagement of one or
more co-stimulatory receptors such as CD28 or 4-1BB. In the setting of suboptimal activation
elicited by {irst generation CARs, T cell activity 1n vive 18 often transient and incapable of
controlling the malignancy.

{8061} Second (2ud) generation CARs have been constructed to transduce a functional antigen-
dependent co-stimulatory signal m human primary T cells m addition to antigen-dependent TCR-
ke signal, permutting T cell proliferation 1 addition to tumornicidal activity. Second generation
CARs most commonly provide co-stimulation using co-stimulatory domains {synonymously, co-
stimulatory signaling regions) derived from CD28 or 4-1BB. The combined delivery of co-
stimulation plus a CI23 zeta signal renders 2nd generation CARs superior in terms of function as
compared to their first generation counterparts (CD3z signal alone). An exampie of a Znd
generation CAR is found mm US Patent No 7,446,190, incorporated herein by reference.

{8662} Third (3rd) generation CARs have also been prepared. These combine multiple co-
stimulatory domains (synonvmously, co-stimulatory signaling regions} with a TCR-like
signaling domain 1n ¢is , such as CD28+4-1BB+CD3z or CD28+0X40+CD3z, to further
augment potency. In the 3rd generation CARs, the co-stimulatory domains are aligned in series
in the CAR endodomain and are generally placed upstream of CD3z or its equivalent. In general,

however, the results achueved with these third generation CARs have been disappointing,
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showing only a margmnal improvement over 2nd generation configurations, with some 3rd
generation CARs being inferior to 2Znd generation configurations.

{8063} This present invention 15 the first to utilize a first CAR {(1.e a 1st generation, a 2nd
generation or a 3rd generation CAR) in conjunction with a second CAR having the mtracellular
signaling domain of LAT as a means of amplifying CAR signaling and enhancing persistence
and antigen-sensitivity. Unlike the first CAR, the second CAR lacks a TCR-like signaling region
such as CD3z These T cells genetically engineered to express the dual CAR system demonstrate
superior activity and persistence as compared to st generation CAR-T cells, 2nd generation

CAR-T cells, and 3rd generation CAR-T cells. Thus, the present invention overcomes probigms

1.

associated with current technologies by providing antigen-specific immune celis {e.g T cells) for

wmunotherapy, such as for the treatroent of immune-related diseases, mcloading cancer,

autormmune disorders and infection,

[0064] The mnvention 1s based, at least in part, on the discovery that low levels of antigen resulied
i dumumshed Linker of T cell Activation (LAT) utihzation downstream of the CAR. LAT 15 a
scaffolding protein which acts as a key component of the signalosome and has been shown to
amphify signals generated by antigen receptors 1 T cells by increasing cytokine release after
receptor activation. The incorporation of a second, LAT-contaming chimertic antigen receptor
leads to sigmficantly higher levels of LAT activation upon antigen stimulation than a second
generation CAR by itself

{8065 The invention 1s based, at least i part, on the discovery that the simultaneous
engagement of two antigens co~expressed by a tumor cell by a first co-stimulatory and ITAM-
containing receptor and a second LAT-containing antigen recognizing receptor 1s useful for
activating and stimulating an immunoreactive cell. In particular, the reactivity against celis
expressing gither antigen alone may be diminished relative to responses to cells expressing both
antigens due to a lack of cooperative signaling, vet productive T cell activation can occur against
target cells expressing even low levels of either targeted antigen. However, T cell activation in
the presence of both antigens is greater than the T cell activation with either CAR alone. Thus,
this approach augments the T cell reactivity against tumors expressing low levels of tumor
associated antigens.

{8066] The sensitivity of CARs for their cognate antigen greatly impacts patient outcomes of

those who received CAR T therapy. Multiple sub-clones of the pre-B ALL cell line, NALMSG,

nni
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expressing variable amounts of the D22 antigen were generated and when the level of CD22
falls below 1500-2000 molecules per cell there is a significant decrease in CAR T cell cyviokine
production, cytotoxicity, effector differentiation, persistence and in vivo efficacy. The impact of
antigen density onn CAR T cell function is not unique to CD22 CAR T cells, as CAR T cells
against CD19, CD20, HER2, ALK and B7-H3 have all been shown to have decreased activity
against antigen-low targets. Furthermore, recent clinical observations have associated low levels
of CD19 antigen with treatment failure and/or relapse in patients undergoing CD19-directed
CAR T cell therapy for diffuse large B cell lymphoma.

{8067] While the impact of low antigen-sensitivity of CAR T cells has been described, the
mecharusm underlying it has not vet been elucidated. A high sensitivity to low levels of antigen s
a hallroark of conventional T cells activated through their endogenous T cell receptor {TCR),
with evidence of T cell activation occurring i response to fewer than 10 antigen-MHC
complexes/cell and full effector responses to fewer than 200 antigen-MHC complexes/cell The
sensitivity of the TCR is due, 11 part, to the formation of a highly organized immune synapse and
subsequently, the formation of the signalosome around a conglomerate of LAT molecules o
which the signal transduction machmnery of the T cell localizes at the site of antigen binding to
amphify proximal signaling events and activate maltiple divergent downstream signaling
pathways. CARs, conversely, do not form well-organized immune synapses 1 which to
concentrate the necessary components of the signalosome to the site of receptor-activation
within a cell. The disorganization of the CAR immune synapse and subsequent inefficient
assembly and utilization of the signalosome leads to suboptimal signaling within the T cell,
mapairing the T cell response to low levels of antigen and diminishing higher-level T cell
functions, such as the establishment of a long-lived population of persistent CAR T cells in
Vivo.

{0068} The inability of CAR T cells to target low-levels of antigen 15 immediately of clinical
importance, as this s the major mechanism for relapse in patients treated with CD22 CART cells,
which 18 the most proven therapeutic option for patients with CE 9-negative leukemia after
immunctherapy. Similarly, evidence 1s mounting that low levels of U319 antigen are associated
with increased risk of primary treatment failure and relapse in patients with Diffuse Large B cell
Lymphoma. {linical studies of B Cell Maturation Antigen (BCMA)-directed CAR T cell have

suggested that upfront efficacy of the CAR T cells s diminished in patients with multiple
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myeloma expressing low levels of the targeted BCMA antigen. Furthermore, reduced expression
of BCMA has been commonly observed upon disease progression and/or relapse after CAR T
cell therapy, further emphasizing the clinical importance of enabling CAR T celis to efficiently
target antigen low malignant cells.
{08069] Accordingly the present invention provides a novel approach to addressing the
shortcoming of current CAR T cell therapy by improving the ability of the T cells to recognize
tumor cell that express low levels of antigen, and by increasing CAR T cell persistence, thereby
waproving clinical patient outcomes.
{8076] While the mmune cells of the present disclosure may be targeted to any combination of
antigens, exemplary antigens for the CARs disclosed berem include but are not hmated to CD22
and CD9 o particular aspects, the munune cells are dually targeied 1o an antigen cornbination
wluding but not imued to CD19 and D20, CD20 and CD22, T2 and CH7%, {22 and
CI¥79a, CD20 and CD79%, CD% and CD70b, C22 and CDMV0L, CD20 and CD70h, D19 and
CDS, C38 and BCMA, CD38 and BOMA, CD 1% and BUMA, €19 and CDMAE, 9 and
GPROSD, BOMA and GPROSD, D138 and GPROSD, CD3E and GPROSD, C5S and CDHY7,
CDS and TOR alpha or beta cham, CD7 and TCOR alpha or beta chain, CIS and CD38, CO7 and
CD3E, T30 and ALK, T35 and FLT3, CD33 and CD123, TD33 and CLECIA, CD33 and
T56, CB33 and O34, CD33 and CD1I7, CO33 and CD14, CH33 and CDI33, D33 and
CD44v6, T332 and D47, CD33 and CD64, T35 and CH96, CD33 and U097, CD33 and
CD90, CD33 and CD6, CD33 and CD4S, D33 and CD9, UD33 and Macl, CD33 and Lewis-
Y, CI33 and HUL-RAP, T35 and FRebeta, TD33 and RORY, CD123 and FLT3, D123 and
CLECIA, U123 and 56, TD123 and T34, TDI23 and CDITT, CD123 and O 14, CD123
and CDI33, CH23 and CD44ve, CDM23 and UD47, CDI23 and CD64, TR 123 and CDYs,
CD123 and 97, D123 and CH9%, D123 and TS, CD123 and U485, CD1Z3 and U9,
CD23 and Mucl, D23 and Lewis-Y, CD123 and ILT-RAP, CD123 and FR-beta, CD123 and
RORL, FLT3 and CLECTA, FUTS and CDS6, FLT3 and OD34, FLT3 and CT7, FLT3 and
CD4, FLTS and CD133) FLTI and CD4dve, FLT3 and U147, FLT3 and CDO4, FLTS and
D96, FLTS and D97, FLT3 and B9, FLT3 and CD16, FLT3 and CD4S, FLT3 and DY,
FLT3 and Much, FLT3 and Lewis-Y, FLT3 and ILT-RAP, FLT3 and FR-beta, FLT3 and ROR 1,
CLECIA and CDSs, CLECTA and U034, CLECIA and CDIVY, CLECIA and CD14, CLECIA
and C 133, CLECIA and CDdavs, CLECTA and CD47, CLECTA and CDad, CLECIA and
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D96, CLECTA and CD97, CLECIA and CD99, CLECTA and (D16, CLECTA and CD45,
CLECIA and CDO, CLECHA and Mucl, CLECIA and Lewis-Y, CLECIA and ILI-RAP,
{CLECTA and FR-beta, CLECTA and RORI, CDS6 and CD34, CDSO and D117, CDS6 and
CD4 CD86 and CD133, CD386 and C44vo, U186 and CR4Y, (D56 and CDH64, CDHSH and
1096, CDS6 and CH97, CD36 and CD9S, CDS56 and CD1G, TG and CD4S, 156 and CHR,
D86 and Muel, OD536 and Lewis-Y, CDS6 and ILI-RAP, CDS6 and FR-beta, CDS6 and
RORY, CD34 and CD117, CD34 and B4, CB34 and CD133, CH34 and CD44ve, T34 and
C47, CD34 and CDod, £D34 and CDS6, 134 and CDOT, O34 and €99, {34 and CD1G,
{34 and CEMS, CD34 and CD9, CD34 and Mucl, CB34 and Lewis-Y, CD34 and HL1T-RAP,
CI334 and FR-beta, CD34 and RORY, CDT and CDU4, CDTT and T3, CDET and
C44ve, CDUT and CD47, CDUTT and OD64, CD1ET and CD9G, CDEIT and CDO7, CDIET
and O399, ORI 7 and ODS, CDET and CD4S, CDTT and CD9, CDTT and Muel, T T
and Lewis-¥, CDRUTT7 and IL1-RAP, CDUTT and FR-beta, CH 117 and RORY, CD 14 and £1133,
U4 and CDd4ve, CD 4 and CD47, CD4 and CHad, CD14 and CD9s, CD4 and CDST,
C4and CD99, CDH4 and CBI6, U4 and O3, C4 and €D, T4 and Mucl, CD14
and Lewis-Y, CD14 and IL1-RAP, CD14 and FR-beta, CD14 and RORE, CDI33 and ChH44ve,
CM33 and CD4T7, CDI33 and CD64, T3 and CDY6, CD33 and D97, T3 and CD9Y,
CIH33 and COG, T3 and €45, D33 and U9, CD133 and Mucl, €133 and Lewis-Y,
CD133 and ILI-RAP, CD33 and FR-beta, CI33 and RORT, CD44VS and D47, ID44Ve
and Co4, CD44VE and CDS6, C44VE and TDO7, CD44VS and D09, UD44VE and CDHG,
CD44V6 and C45, CD44VE and CDO, D44V and Muel, CD44VO and Lewis-Y, T44VE
and HLI-RAP, D44V and FR-beta, UIM4AVE and RORY, D47 and CDo4, CD47 and D96
CD47 and CD97, CD47 and CD99, CB47 and CD16, CD47 and CD45, {047 and RS, CD47
and Mucl, €47 and Lewis-Y, U047 and ILI-RAP, U047 and FR-beta, U147 and ROR,
CDo4 and CDSG, Ch64 and CDY7, T304 and CD99, U6 and CDIo, UD64 and D45, (Ded
and e, Chad and Mucl, OD64 and Lewis-Y, U064 and L-RAP, D64 and FR-beta, {64
and RORY CD96 and CDY7, C96 and CD99, CD96 and TS, D06 and €45, CDSG and
OO, CD96 and Muct, CD98 and Lewis-Y, CD96 and ILT-RAP, CD9S and FR-beta, CD9S and
RORL, OD97 and CHe%, CD97 and TG, CDO7 and 4SS, CD9T and CD9, CDO7 and Mucl,
{07 and Lewis Y, CD97 and TLI-RAP, CD97 and FR-beta, CDO7 and RORI, CDO% and
CDES, {199 and CH4S, C199 and CD9, CD99 and Mucl, CD9% and Lewis-Y, C1399 and Ho1-
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RAP, CDYS and FR-beta, CDOS and RO, CDI6 and CD45, CD10 and CDS, D16 and Muci,
OIS and Lews-Y, T 6 and ILT-RAP, C16 and FR-beta, €16 and RORL, CH45 and CHe,
{1345 and Mucl, CD45 and Lewis-Y, U549 and ILI-RAP, TD45 and FR-beta, CD43 and
RORY, {139 and Muct, CD% and Lewis-Y, £D9 and IL-RAP, 19 and FR-beta, {139 and
RORY, MUCT and Lewis-Y, MUCT and HLI-RAP, MUCHT and FR-beta, MUCT and RORY,
Lewis-Y and IL1-RAP, Lewis-Y and FR-beta, Lewis-Y and RORY, ILI-RAP and FR-bet, 1L1-
RAP and ROR1, FR-beta and ROR1, B7-H3 and HER2, BT-H3 and CD4d4v6, B7-H3 and CEA|
B7-H3 and CD133, B7-H3 and o-Met, B7-H3 and HGFRVIH, B7-H3 and EPCAM, B7-H3 and
EPHAZ B7-H3 and FR-alpha, B7-H3 and GDZ, B7-H3 and GPC3, B7-H3 and H-13R-alpha?,
B7-H3 and H-11R-alpha, B7-H3 and LI-CAM, B7-H3 and Mesothelin, B7-H3 and MUCL, B7-
H3 and MUCTS, B7-H3 and IL1-RAP, B7-H3 and CDO9, B7-H3 and PSCA, B7-H3 and PSMA,
B7-H3 and RORL, B7-H3 and ALK, HERZ and CDddve, HERZ and CEA, HERZ and CDM33,
HERZ and ¢-Met, HER2 and BEGFRVHL HERZ and EPCAM, HER2 and EPHAZ HERZ and FR-
alpha, HER2 and G2, HER2 and GPC3, HERZ and IE-13 R»afmbaz HER?2 and .-11R-alpha,
HERZ and L1-CAM, HERZ and Megothelin, HERZ and MUCT, HER2 and MUC16, HER2 and
IL1-RAP, HERZ and CD99, HERZ and PRUA, HERZ and PSMA, HERZ and RORY, HERZ and
ALK, CDddvs and CEA, CD44v6 and T35, CD44v6 and o-Met, CD44v6 and BGFRVI,
CDd4ve and FPCAM, C44v0 and BPHAZ, CD44v6 and FRealpha, CD44v6 and GD2, Uhiddvs
and GPC3, CD44v6 and H~13R-alpha?, U544vo and 1L-11R-alpha, CD44v6 and L1-CAM,
CId4ve and Mesothelin, CD44ve and MUCT, TD44v6 and MUC TS, C44¢0 and HLI-RAP,
CI4v6 and CD99, C44v6 and PSCA, U44ve and PSMA, T144v6 and ROR, T4y and
ALK, CEA and CDN33, TFEA and o-Met, CEA and EGFRVIH, CHA and EPCAM, UEA and
EPHAZ, CEA and FR-alpha, CEA and GD2, CEA and GPC3, CEA and 1L-13R-aiphal, {EA
and H.-11R-alpha, CEA and L1-CAM, CEA and Mesothelin, CEA and MUCT, CEA and
MUCHS, CEA and ILT-RAP, CEA and U099, CEA and PSCA, CEA and PSMA, CEA and
RORY, CEA and ALK, €133 and o-Met, CD133 and HGEFRIEE, OD133 and EPCAM, D33
and EPHAZ, D133 and FRealpha, CD133 and GD2, O 133 and GPO3, 33 and IL-13R-
alphaZ, C33 and IL-11Ralpha, CD133 and L1-CAM, D133 and Mesothelin, CD133 and
MUCHE, CDi133 and MUCTS, CD133 and ILT-RAP, CD133 and U099, CD133 and PSCA,
C133 and PRMA, CD133 and RORE, D133 and ALK, o-Met and BGFRVHL o-Met and
EPCAM, o-Met and EPHAZ2, ¢-Met and FR-alpba, o-Met and G2, o-Met and GPU3, o-Met and
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E~13R-aiphaZ, o-Met and EL--HR«aiphu ~Met and L1-CAM, ¢-Met and Mesothelin, o-Met and

MUCH, e-Met and MUCTS, ¢-Mer and ILT-RAP, o-Met and CD99, o-Met and PSCA, o-Met and
PEMA, ¢-Met and RORY, o-Met and ALK, EGFRVIT and EPCAM, EGFRvEH and EFHAZ,
EGEFRy and FR-alpha, EGFRvIH and GD2, EGFRvIl and GPU3, EGFRVET and HL-13K-
alphal, BGFRVI and IL-11R-alpha, BGFRvEH and L1-CAM, EGFRVIT and Mesotheln,
BEGERy and MUCHT, EGFRvIH and MUCTS, EGFRVITT and TL1-RAP, EGFRVIH and {69,
EGFRvIH and PSCA, EGFRvE and PSMA, EGFRvHE and RORY, EGFRvIH and ALK,
EPCAM and EPHAZ, EPCAM and FR-alpha, EPCAM and GBI, EPCAM and GPO3, HPCAM
and IL-13R-alpha?, EPCAM and HL-11R-alphg, HFPCAM and L1-CAM, BPCAM and
Mesothehn, EFCAM and MUCH, EPCAM and MUCHs, EPCAM and TL1-RAP, EFCAM and
1399, EPCAM and PSCA, EPCAM and PSMA, EPCAM and RORY, EFCAM and ALK,

EPHAZ and FR-alpha, EPFHAZ and G2, EPHAZ and GPO3, EPHAZ and -1 3R-alphal,
FPHAZ and TL-11 R-alpha, FPHAZ and LI-CAM, EPHAZ and Mesothelin, EPHAZ and MUCH,
EPHAZ and MUCTS, EPHAZ and TL1-RAP, EPHAZ and CDO%, FFHAZ and FSCA, FFHAZ and

PSMA, EPHAZ and RORL, EPHAZ and ALK, FR-alpha and GD2, FR-alpha and GPC3, FR-
alpha and IL-13R-aipha?, FR.alpha and H.-1 1 R-alpha, FR-alpha and LT-CAM, FR-alpha and
Mesothelin, FR-alpha and MUCT, FRealpha and MUCS, FR-alpha and 1L1T-RAP, FR-alpha and
{99, FR-alpha and PSCA, FR-alpha and PSMA |, FR-alpha and RORT, FR-alpha and ALK,
G2 and GPC3, G2 and TL-13Ralpha?, GD2 and HL-11R-alpha, GD2 and L1-CAM, G2 and
Mesothelin, G2 and MUCH, GD2 and MUCLS, G2 and HU1T-RAP, G2 and CDO9, G2 and
PSCA, GD2 and PRMA, G2 and RORT, G2 and ALK, GPO3 and IL-13R-aiphaZ, GPC3 and
IL-11R-alpha, GPO3 and LI-CAM, GPO3 and Mesothelin, GPOS and MU, GPO3 and
MUCTHS, GPUS3 and ILE-RAP, GPC3 and CDO9, GPC3 and PSCA, GRS and PSMA, GPO3 and
RORY, GPC3 and ALK, Ho-13Ralipha? and -1 1 Realpha, T-13R-alphal and L1-CAM, 1L~
13R-alpha? and Mesothelin, IL-13R-alphaZ and MUCH, IL-13R-alpha2 and MUCI6, IL-13R-
alphaZ and IL1-RAP, IL-13R-alpha2 and CD99, {1 -13R-alpha2 and PSCA, 1L.-13R-alpha2 and
PSMA, IL-13R-alphaZ and ROR1, 1L-13R-alpha? and ALK, IL-11R-alpha and L1-CAM, IL-
11R-alpha and Mesothelin, 1L-11R-alpha and MUCH, 1L-11R-alpha and MUC16, IL.-11R-alpha
and IL1-RAP, IL-11R-alpha and CD99, IL-11R-alpha and PSCA, 1L-11R-alpha and PSMA, IL-
11R-alpha and ROR1, IL-11R-alpha and ALK, L1-CAM and Mesothelin, L1-CAM and MUCH,
L1-CAM and MUCH6, L1-CAM and IL1-RAP, LI-CAM and CD99 L1-CAM and PSCA, L1-
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CAM and PSMA, L1-CAM and ROR1, L1-CAM and ALK, Mesothelin and MUCH, Mesothelin
and MUC16, Mesothelin and [L1-RAP, Mesothelin and CD99, Mesothelin and PSCA,
Mesothelin and PSMA, Mesothelin and ROR1, Mesothelin and ALK, MUCT and MUC16,
MUCHT and IL1-RAP, MUCT and CD%9, MUCT and PSCA, MUCT and PSMA, MUCT and
ROR1, MUCT and ALK, MUC16 and IL1-RAP, MUC16 and CD99, MUC16 and PSCA,
MUC16 and PSMA, MUC16 and ROR1, MUC16 and ALK, IL1-RAP and CD99, IL1-RAP and
PSCA, [L1-RAP and PSMA, IL1-RAP and ROR1, IL1-RAP and ALK, CD99 and PSCA, CD9S
and PSMA, CD9%% and RORL, CD9% and ALK, PSCA and PSMA, PSCA and ROR!I, PSCA and
ALK, PSMA and ROR1, PSMA and ALK, RORI and ALK In any of the preceding antigen
corabinations, etther the fust CAR or the second CAR {e.g. the first co-stimulatory and ITTAM-
containing CAR and the second LAT-containing antigen recognizing CAR) can be specific for
either of the antigens 10 the combination. Tn a non-limiting example, for the CD20 and CD22
antigen cornbination, the first CAR {co-stimulatory and ITAM-containing CAR) can be specific
for CD20 and the second CAR (LAT-contamning antigen recognizing CAR) can be specific for
CD22, or the first CAR {co-stimudatory and ITAM-contamming CAR) can be specific for D22
and the second CAR (LAT-contamming antigen recognizing CAR} ean be specific for CD20.
{80711 In addition, the expression of two CARs provides the T cells increased specificity by
miting the off-target toxicity of the cells, such that 8 signal 1s only provided to the T cells to kill
when the cells contact both antigens expressed on a tumor, as well as enhanced i# vive
proliferation and persistence. Thus, normal cells that express only one antigen may not be
targeted by the T cells of the disclosure.

{8072} Genetic reprogramming of immune cells, such as NK cells and T cells, for adoptive
cancer immunotherapy has clinically relevant applications and benefits such as 1}

mcreased ability to recognize tumor cells expressing low levels of antigen 2} increased cell
persistence and proliferation. Accordingly, the present disclosure also provides methods for
treating immune-related disorders, such as cancer, comprising adoptive cell immunotherapy with
any of the engineered immune cells provided herein.

i. Definitions

{0073} As used herein, "essentially free," in terms of a specified component, is used herein to
mean that none of the specified component has been purposefully formulated into a composition

and/or 1s present only as a contaminant or in trace amounts. The total amount of the specified

3
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component resulting from any vnintended contamination of a composition is therefore well
below 0.05%, preferably below 0.01%. Most preferred is a composition in which no amount of
the specified component can be detected with standard analytical methods.

{0074} As used herein in the specification, "a" or "an" may mean one or more. As used herein in
the claim{s}, when used in conjunction with the word "comprising,” the words "a" or "an" may
mean one or more than one.

{8075] As used herein, the term "or" in the claims 15 used to mean "and/or" unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only aliernatives and "and/or." As used herein
"another” may rean at least a second or more,

[0076] As used herein, the term "about” 15 used to indicate that a value ncludes the mherent
varation of error for the device, the method being employed to determune the value, or the
variation that exisis among the study subjects.

{8877} As used herem, the term “portion” when used in reference to a polypeptide or a peptide
refers to a fragment of the polypeptide or peptide. In some embodiments, a “portion” of a
polypeptide or peptide retains at least one function and/or activity of the full-length polypeptide
or peptide from which 1t was derived. For example, m some embodiments, f a full-length
polypeptide binds a given ligand, a portion of that full-length polypeptide also binds to the same
figand.

{8078] The terms “protem” and “polypeptide” are used mterchangeably herein.

{8079} The term "exogenous,” when used n relation to a protein, gene, nucleic acid, or
polynucleotide 1n a cell or organism refers to a protein, gene, nucleic acid, or polynuciestide that
has been introduced into the cell or organism by artificial or natural means; or in relation to a
cell, the term refers to a cell that was isolated and subsequently introduced into a cell population
or to an orgamism by artificial or natural means. An exogenous nucleic acid may be from a
different organism or cell, or it may be one or more additional copies of a nucleic acid that
occurs naturally within the organism or cell. An exogenous cell may be from a different
organism, or it may be from the same orgamsm. By way of a non-limiting example, an
exogenous nucleic acid is one that 1s in a chromosomal location different from where it would be
m natural cells, or is otherwise flanked by a different nucleic acid sequence than that found m

nature. The term “exogenous” 1s used interchangeably with the term “heterologous”.
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{80806} By "expression construct” or "expression casseite” 15 used to mean 3 nucleic acid
molecule that is capable of directing transcription. An expression construct includes, ata
mintmum, one or more transcriptional control elements (such as promoters, enhancers or a
structure functionally equivalent thereof) that direct gene expression in one or more desired cell
types, tissues or organs. Additional elements, such as a transcription termination signal, may also
be included.

{8081 A "vector” or "construct” (sometimes referred to as a gene delivery system or gene
transfer "vehicle") refers to a macromolecule or complex of molecules comprising a
polynucieotide, or the protein expressed by said polynucleotide, to be delivered to a host cell,
either s vitro or in vivo,

[0082] A "plasmid,” a common type of a vector, 1s an extra-chromosomal DNA molecule
separate from the chromosomal DNA that 1s capable of replicating independently of the
chromosomal DNA. In certain cases, it is circular and double-stranded.

[B083] An "onigin of rephication” ("ori") or "rephication orgmm” 15 a DNA sequence, that when
present in a plasmid m a cell 1s capable of mamntaining linked sequences m the plasoud and/or a
stte at or near where DNA synthesis inifiates. As an example, an ort for EBV (Ebstein-Barr
virus) includes FR sequences {20 imperfect coptes of a 30 bp repeat), and preferably DS
sequences; however, other sites m EBY bind EBNA-1, e.g, Rep* sequences can subsiitute for
DS as an origin of replication (Karshmater and Sugden, 1998). Thus, a replication origin of EBV
mcludes FR, DS or Rep™ sequences or any functionally equivalent sequences through nucleic
acid modifications or synthetic combination derived therefrom. For example, methods of the
present disclosure may also use genetically engineered replication origin of EBV, such as by
msertion or mutation of individueal elements.

{0084 A "gene,” "polvnucleotide;’

non

coding region,” "sequence,” "segment," "fragment.” or
"transgene” that "encodes" a particular protein, 1s a section of a nuclei¢ acid molecule that 1s
transcribed and optionally also transiated into a gene product, e.g., a polypeptide, in vitro or in
vive when placed under the control of appropriate regulatory sequences. The coding region may
be present in either a cDNA, genomic DNA, or RNA form. When present in a DNA form, the
nucleic acid molecule may be single-stranded {1.e., the sense strand} or double-stranded. The

boundaries of a coding region are determined by a start codon at the 5' (amino} terminus and a

translation stop codon at the 3' {carboxy) terminus. A gene can include, but 5 not limited to,
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cDNA from prokarystic or eukaryotic mRNA, genomic DNA sequences from prokaryotic or
eukaryotic DNA, and synthetic DNA sequences. A transcription termination sequence will
usually be located 3’ to the gene sequence.

{0085} The term "control elements"” refers collectively to promoter regions, polyadenviation
signals, transcription termination sequences, upstream regulatory domains, origins of replication,
internal ribosome entry sites (IRES), enhancers, splice junctions, and the like, which collectively
provide for the replication, transcription, post-transcriptional processing, and translation of a
coding sequence 1 a recipient cell. Not all of these control elements need be present 50 Jong as
the selected coding sequence is capable of being replicated, transcribed, and translated in an
appropriate host cell.

[0086] The term "promoter” 18 used herein to refer to a nucleotide region comprising a DNA
regulatory sequence, wherein the regulatory sequence is derived from a gene that 1s capable of
binding to a RNA polymerase and allowing for the imtiation of transcription of a downstream (3
direction) coding sequence. It may contam genetic elements at which regulatory proteins and
molecules may bind, such as RNA polymerase and other transcription factors, to mitiate the
spectfic transeription of a nucleic acid sequence. The phrases "operatively positioned,”
“operatively linked,” "under control," and "under transcriptional control” mean that a promoter 1s
m a correct functional location and/or ortentation i relation to a nucleic acid sequence to control
transcriptional mutiation and/or expression of that sequence.

{8087] By "enhancer” 1s meant a nucleic acid sequence that, when positioned proximate to a
promoter, confers increased transcription activity relative to the transcription activity resulting
from the promoter in the absence of the enhancer domain.

{0088} By "operably linked" with reference to nucleic acid molecules 1s meant that two or more
nucleic acid molecules (e g, a nucleic acid molecule to be transcribed, a promoter, and an
functional effector element) are connected in such a way as to permit transcription of the nucleic
acid molecule. "Operably hinked" with reference to pepiide and/or polypeptide molecules means
that two or more peptide and/or polypeptide molecules are connected in such a way as to yield a
single polypeptide chain, t.e., a fusion polypeptide, having at ieast one property of each peptide
and/or polypeptide component of the fusion. The fusion polypeptide is preferably chimeric, 1.e.,

composed of molecules that are not found n a single polypeptide in nature,
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{00689} The term “homology” refers to the percent of identity between the nucleic acid residues
of two polynucleotides or the amino acid residues of two polypeptides. The correspondence
between one sequence and another can be determined by technigues known in the art. For
example, homology can be determuned by a direct comparison of the sequence information
between two polypeptides by aligning the sequence information and using readily available
computer programs. Alternatively, homology can be determined by hybridization of
polynucieotides under conditions that promote the formation of stable duplexes between
homologous regions, followed by digestion with single strand-specific nuclease(s), and size
determination of the digested fragments. Two polvnucleotide {e.g., DNA), or two polypeptide,
sequences are "substantially homologous” 1o each other when at least about 80%, at least about
90%, and most preferably at least about 95% of the nucleotides, or amino acids, respectively
match over a defined length of the molecules, as determined using the wethods above.

{0696 The term "cell” 15 herein used m s broadest sense in the art and refers to a living body
that 1s a structural unit of tissue of a roulticellular organism, 15 surrounded by a membrane
structure that 1solates 1t from the outside, has the capability of self-replicating, and has genetic
mformation and a mechanism for expressing . Cells used herein may be naturally-occurning
cells or artificially modified cells (e.g., fusion cells, genetically modified cells, etc ).

{8091} The term "stern cell” refers herein to a cell that under sustable conditions is capable of
differentiating into a diverse range of specialized cell types, while under other suttable conditions
15 capable of self -renewing and remaing in an essentially undifferentiated pluripotent state.
The term "stem cell” also encompasses a pluripotent cell, multipotent cell, precursor cell and
progenitor cell. Exemplary human stem cells can be obtamed from hematopoietic or
mesenchymal stem cells obtained from bone marrow tissue, embryonic stem cells obtained from
embryonic tissue, or embryonic germ celis obtained from genital tissue of a fetus. Exemplary
pluripotent stem cells can also be produced from somatic cells by reprogramming them to a
pluripotent state by the expression of certain transcription factors associated with pluripotency;
these celis are called "induced pluripotent stem cells” or "iPScs, "iPSCs" or "iPS cells”.

{8692] An "embryonic stem (ES) cell” 15 an undifferentiated pluripotent cell which is obtained
from an embryo in an early stage, such as the inner cell mass at the blastocyst stage, or produced
by artificial means (e.g., nuclear transfer) and can give rise to any differentiated cell tvpe in an

embryo or an adult, including germ cells {e.g., sperm and eggs).
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{8693} "Induced pluripotent stem cells” {iPScs, 1PSUs or iP5 cells) are cells generated by
reprogramming a somatic cell by expressing or inducing expression of a combination of factors
{(herein referred to as reprogramming factors). 1PS cells can be generated using fetal, postnatal,
newborn, juvenile, or adult somatic cells. In certain embodiments, factors that can be used to
reprogram somatic cells to pluripotent stem cells include, for example, Octd (sometimes referred
to as Oct 3/4), Sox2, ¢-Myc, Kif4, Nanog, and Lin28. In some embodiments, somatic cells are
reprogrammed by expressing at least two reprogramming factors, at least three reprogramming
factors, at least four reprogramnung factors, at least five reprogramming factors, at least six
reprogramming factors, or at least seven reprogrammung factors to reprogram a somatic cell to a
pluripotent stem cell.

[0604] "Hematopotetic progenitor cells” or "hematopoietic precursor cells” refers to cells which
are committed to a hematopoietic lineage but are capable of further hematopoietic differentiation
and mclude hematopoietic stem cells, multipotential hernatopoietic sterm cells, common myeloid
progemntors, megakaryocyte progentiors, erythrocyte progenttors, and lymphoid progenitors.
Hematopoietic stem cells (HSCs) are multipotent stem cells that give rise to all the blood cell
types inchuding myeloid {(monocytes and macrophages, granulocytes {(neutrophils, basophils,
eosinophils, and mast cells}, ervthrocytes, megakaryocytes/platelets, dendritic cells), and
iymphoid hineages (T-cells, B cells, NK cells) (see e.g., Doulatov et al, 2012; Notta et al., 2015).
[0095] A "multiiymphoid progenttor” (MLP) is defined to describe any progenttor that gives rise
to all lymphoid hineages (B, T, and NK celis), but that may or may not have other {(myeloid)
potentials (Doulatov et al |, 2010) and 1s CD4SRAT/CDI0/CD7”. Any B, T, and NK progenitor
can be referred to as an MLP. A "common myeloid progenttor” (CMP) refers to
CD45RAT/CD1357/CD107/CD7 cells that can give rise to granulocytes, monocytes,
megakaryocytes and ervthrocytes.

{0096} "Pluripotent stem cell” refers to a stem cell that has the potential to differentiate into all
cells constituting one or more tissues or organs, or preferably, any of the three germ layers:
endoderm (interior stomach lining, gastrointestinal tract, the lungs), mesoderm {muscle, bone,
blood, urogenital}, or ectoderm (epidermal tissues and nervous system}.

{0097} As used herein, the term "somatic cell” refers to any cell other than germ cells, such as an

egg, a sperm, or the hike, which does not directly transfer its BNA to the next generation.
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Typically, somatic cells have himited or no pluripotency. Somatic cells used herein may be
naturally-occurring or genetically modified.

{0098] "Programuming” 15 a process that alters the type of progeny a cell can produce. For
example, a cell has been programamed when 1t has been altered so that it can form progeny of at
ieast one new cell type, etther in culture or in vivo, as compared to what it would have been able
to form under the same conditions without programming. This means that after sufficient
proliferation, a measurable proportion of progeny having phenotypic characteristics of the new
cell type are observed, if essentially no such progeny could form before programming;
alternatively, the proportion having characteristics of the new cell type is measurably more than
before programuoing. This process ncludes differentiation, deditferentiation and
transdifferentiation.

[8099] "Differentiation” 1s the process by which a less specialized cell becormes a more
specialized cell type. "Dedifferentiation” 15 a cellular process n which a partially or ternunally
differentiated cell reverts to an earhier developmental stage, such as pluripotency or
multipotency. "Transdifferentiation” is a process of transforming one differentiated cell type nto
another differentiated cell type. Typically, transdifferentiation by programming occurs without
the cells passing through an intermediate pluripotency stage——1.e., the cells are programmed
directly from one differentiated cell type to another differentiated cell type. Under certain
conditions, the proportion of progeny with characteristics of the new cell type may be at least
about 1%, 5%, 25% or more in order of mcreasing preference.

[01008] As used herein, the term "subject” or "subject 10 need thereof refers to a mammal,
preferably a human being, male or female at any age that 15 1 need of a therapeutic mtervention,
a cell transplantation or a tissue transplantation. Typically, the subject s in need of therapeutic
mtervention, cell or tissue transplantation (also referred to herein as recipient) due to a disorder
or a pathological or undesired condition, state, or syndrome, or a physical, morphological or
physiological abnormality which 1s amenable to treatment via therapeutic intervention, cell or
tissue transplantation.

{0101} As used herein, a "disraption” or "alteration” in reference to a gene refers to a
homeologous recombination event with a nucleic acid molecule {e. g, an endogenous gene
sequence} which results 1n elimination or reduction of expression of one or more gene products

encoded by the subject gene in a cell, compared to the level of expression of the gene product in
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the absence of the disruption. Exemplary gene products include mRNA and protein products
encoded by the subject gene. Alteration in some cases is transient or reversible and in other cases
is permanent. Alteration in some cases 1s of a functional or full-length protein or mRNA | despite
the fact that a truncated or nonfunctional product may be produced. In some embodiments
herein, gene activity or function, as opposed to expression, is disrupted. Gene alteration is
generally induced by artificial methads, te, by addition or introduction of a compound,
molecule, complex, or composition, and/or by alteration of nucleic acid of or associated with the
gene, such as at the DNA level Exemplary methods for gene alteration mclude gene silencing,
knockdown, knockeout, and/or gene alteration technigues, such as gene editing. Examples of gene
editing methods include CRISPR/Cas systems, meganuclease systems, Zine Finger Protein (ZFP)
and Zinc Finger Nuclease (ZFN) systems and/or transcription activator-like protein (TAL),
transcription activator-like effector protein {TALE) or TALE nuclease protem { TALEN)
systeras. Examples of gene alteration also nclude antisense technology, such as RNAG, siRNA,
shRNA, and/or ribozymes, which generally result in transient reduction of expression, as well as
gene editing techniques which result in targeted gene mactivation or alteration, e.g., by induction
of breaks and/or homologous recombination. Examples include 1nsertions, mutations, and
deletions. The alterations typically result i the repression and/or complete absence of expression
of a normal or "wild-type" product encoded by the gene. Exemplary of such gene alterations are
msertions, frameshift and missense mutations, deletions, substitutions, knock-in, and knock-out
of the gene or part of the gene, including deletions of the entire gene. Such alterations can occur
in the coding region, e.g., i one or more exons, resulting in the mability to produce a full-length
product, functional product, or any product, such as by 1nsertion of a stop codon. Such alterations
may also occur by alterations in the promoter or enhancer or other region affecting activation of
transcription, so as to prevent transcription of the gene. Gene alterations include gene targeting,
mcluding targeted gene mactivation by homologous recombination.

{0102] An "immune disorder," "immune-related disorder," or "immune-mediated disorder” refers
to a disorder 1n which the immune response plays a key role in the development or progression
of the disease. Immune-mediated disorders include autoimmune disorders, allograft rejection,

graft versus host disease and inflammatory and allergic conditions.
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{8103] An "immune response” is a response of a cell of the immune system, such as a NK cell, B
cell, ora T cell, or mnate immune cell to a stimulus. In one embodiment, the response is specific
for a particular antigen {an "antigen-specific response”).

{0104} As used herein, the term "antigen" 1s a molecule capable of being bound by an antibody,
T-cell receptor, Chumeric Antigen Receptor and or engineered ummune receptor. An antigen may
generally be used to induce a humoral immune response and/or a cellular immune response
leading to the production of B and/or T lymphocytes.

[0103] The terms "tumor-associated antigen,” "tumor antigen” and "cancer cell antigen” are used
mterchangeably herein. In each case, the terms refer o proteins, glycoproteins or carbohydrates
that are specifically or preferentially expressed by cancer cells.

[0106] An "epitope” 1s the site on an antigen recognized by an antibody as determined by the
specificity of the anuno acid sequence. Two antibodies are said to bind to the same epitope if
each competitively mhibits (blocks) binding of the other to the antigen as measured i a
competitive binding assay. Alternatively, two antibodies bind to the same epitope 1f most anmino
acid mutations 1o the antigen that reduce or ehiminate binding of one antibody reduce or
elimunate binding of the other. Two antibodies are sard to have overlapping epitopes if each
partially mhibits binding of the other to the antigen, and/or if some amuing acid mutations that
reduce or ehimunate binding of one antibody reduce or eliminate binding of the other.

{81071 An "autowmmune disease™ refers to a disease in which the immune system produces an
mmune response {for example, a B-cell or a T-cell response) agamst an antigen that 1s part of
the normal host {that 1s, an autoantigen), with consequent injury to tissues. An autoantigen may
be derived from a host cell, or may be derived from a commensal organism such as the micro-
organisms {known as commensal organisms} that normally colonize mucosal surfaces.

{0108} The term "Graft-Versus-Host Disease (GVHE}" refers to a common and serious
complication of bone marrow or other tissue fransplantation wherein there 1s a reaction of
donated immunologically competent lymphocytes against a transplant recipient's own tissue.
GVHD 1s a possible complication of any transplant that uses or contains stem cells from either a
related or an unrelated donor. In some embodiments, the GVHD is chronic GVHD (cGVHD),
{0109} A "parameter of an immune response” is any particular measurable aspect of an immune

response, including, but not imited to, cytokine secretion (IFN-vy, etc.}, chemoking secretion,

&0

altered nugration or cell accumulation, immunoglobulin production, dendritic cell maturation,
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regulatory activity, number of immune cells and prohiferation of any cell of the immume system.
Another parameter of an immune response 15 structural damage or functional deterioration of any
organ resulting from immunological attack. One of skill in the art can readily determine an
increase in any one of these parameters, using known laboratory assays. In one specific non-
limiting example, to assess cell proliferation, incorporation of “H-thymidine can be assessed. A
"substantial”" increase in a parameter of the immune response 1s a significant increase in this
parameter as compared to a control. Specific, non-limiting examples of a substantial increase are
at least about a 58% ncrease, at least about a 75% increase, at least about a 90% increase, at
least about a 100% increase, at least about a 200% increase, at least about a 300% increase, and
at least about a 500% increase. Similarly, an inhibition or decrease in a parameter of the immune
response 1s a significant decrease 1o this parameter as compared to a control. Specific, non-
miting examples of a substantial decrease are at least about a S0% decrease, at least about a
75% decrease, at least about a 90% decrease, at least about a 100% decrease, at least about a
200% decrease, at feast about a 300% decreass, and at least about a 500% decrease. A statistical
test, such as a non-parametric ANOVA, or a T-test, can be used to compare differences in the
magnitude of the response induced by one agent as compared 1o the percent of samples that
respond using a second agent. In some examples, p<0.05 15 significant, and mndicates that the
chance that an mcrease or decrease 1n any observed parameter 1s due to random varation is less
than 5%. One of skdl in the art can readily wdentify other statistical assays of use.

{8118] "Treating” or treatment of 3 disease or condition refers to executing a protocol or
treatment plan, which may include administering one or more drugs to 3 patient, in an effort to
alleviate signs or symptoms of the disease or the recurrence of the disease. Deswrable effects of
treatment include decreasing the rate of disease progression, ameliorating or palliating the
disease state, and remission, increased survival, improved quality of life or improved prognosis.
Alleviation or prevention can gccur prior to signs or symptoms of the disease or condition
appearing, as well as after their appearance. Thus, "treating” or "treatment” may include
"preventing” or "prevention" of disease or undesirable condition. In addition, "treating"” or
"treatment” does not require complete alleviation of signs or symptoms, does not require a cure,
and specifically includes protocols or treatment plans that have only a marginal effect on the

patient.
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{0111} The term "therapeutic benefit” or "therapeutically effective” as used throughout this
application refers to anything that promotes or enhances the well-being of the subject with
respect to the medical treatment of this condition. This includes, but is not limited to, a reduction
in the frequency or severity of the signs or symptoms of a disease. For example, treatment of
cancer may tnvolve, for example, a reduction in the size of a tumor, a reduction in the
mnvasiveness of a tumor, reduction in the growth rate of the cancer, or prevention of metastasis or
recurrence. Treatment of cancer may also refer to prolonging survival of a subject with cancer.
[0112] "Antigen recognition rotety” or “antigen recognition dormamn” refers to a molecule or
portion of a molecule that specifically binds to an antigen. In one embodiment, the antigen
recognition moiety is an antibody, antibody fike molecule or fragment thereof and the antigen s
a tumor antigen.

[8113] "Antibody” as used herein refers to monoclonal or polyclonal antibodies. The term
"monoclonal antibodies,” as used heremn, refers to antibodies that are produced by a single clone
of B-cells and bind to the same epitope. In contrast, "polyclonal antibodies” refer to a population
of antibodies that are produced by different B-cells and bind to different epitopes of the same
antigen. A whole antibody typically consists of four polyvpeptides: two 1dentical copies of a
heavy (H} chain polypeptide and two wdentical copies of a light (1.} chain polypeptide. Each of
the heavy chams contains one N-terminal variable (VH) region and three C-terminal constant
(CHL CH2 and CH3} regions, and each hight chain contains one N-terminal variable {VL) region
and one C-termunal constant {CL} region. The variable regions of each pair of hight and heavy
chains form the antigen binding site of an antibody. The VH and VL regions have a simular
general structure, with each region comprising four framework regions, whose sequences are
relatively conserved. The framework regions are connected by three complementarity
determining regions (CPRs). The three CDRs, known as CORY, CDR2Z, and CDR3, form the
"hypervariable region” of an antibody, which is responsible for antigen binding.

{8114} "Anubody like molecules" may be for example proteins that are members of the Ig-

superfamily which are able to selectively bind a pariner.

o i

{0115 The terms "fragment of an antibody," "antibody fragment,”, "functional fragment of an
antibody " and "antigen-binding portion” are used interchangeably herein to mean one or more
fragments or portions of an antibody that retain the ability to specifically bind to an antigen (see,

generally, Holliger et al. (2005} Nar. Biotech. 23(9y:1126-29). The antibody fragment desirably
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comprises, for example, one or more CDRs, the variable region (or portions thereof), the
constant region {or portions thereof), or combinations thereof.

{0116] Examples of antibody fragments include, but are not limited to, (1) a Fab fragment, which
is a monovalent fragment consisting of the VL, VH, CL, and CH1 domains; (11) a F{ab")2
fragment, which is a bivalent fragment comprising two Fab fragments linked by a disulfide
bridge at the stalk region; (1) a Fv fragment consisting of the VL and VH domains of a single
arm of an antibody; (1v) a single chain Fv (scFv), which 1s a monovalent molecule consisting of
the two domains of the Fv fragment (1.e., VL and VH} joined by a synthetic linker which enables
the two domains to be synthesized as a single polypeptide chain (see, e g, Bird et al. (1988},
Science 242 423-6; Huston et al. {(1988) Proc. Nadl. Acad. Sci. USA 85: 5879-83; and Osbourn et
al. (1998) Nat. Biotechnol. 16; 778-81) and {v) a diabody, which 13 a dimer of polypeptide
chains, wherein each polypeptide chain comprises a VH connected to a VL by a peptide linker
that 15 too short to allow pairing between the VH and VL on the same polypeptide chain, thereby
driving the paning between the complementary domamns on different VH-VL polypeptide chains
to generate a dimeric molecule having two functional antigen binding sites. Antibody fragments
are known in the art and are described in more detail in, e.g., US. Patent Application Publication
2006/0093024 Al

{8117} A "chimeric antigen receptor” 1s also known as an artificial cell receptor, a chuimenie cell
receptor, or a chimeric immunoreceptor. Chimeric antigen receptors ({CARs) are engingered
receptors, which graft a selected specificity onto an immune effector cell. CARs typically have
an extracetiular domain {ectodomaim}, which comprises an antigen-binding domain and a stalk
region, a transmembrane domamn and an intracellolar {endodomam) domain.

{0118} A “stalk region”, which encompasses the terms "spacer region” or "hinge doman” or
“hinge”, 15 used to link the antigen-binding domain to the transmembrane domain. As used
herein, the term "stalk region” generally means any oligonucleotide or polypeptide that functions
to link the transmembrane domain to, etther the extracellular domain or, the cytoplasmic domain
in the polypeptide chain of a CAR. In embodimenis, it is flexible enough to allow the antigen-
binding domain to orient in different directions to facilitate antigen recognition.

{8119} The term "functional portion,” when used in reference to a CAR, refers to any part or
fragment of a CAR described herein, which part or fragment retains the biological activity of the

CAR of which 1t 1s a part {the parent CAR). In reference to a nucleic acid sequence encoding the
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parent CAR, a nucleic acid sequence encoding a functional portion of the CAR can encode a
protein comprising, for example, about 10%, 25%, 30%, 50%, 68%, 80%, 90%, 95%, or more, of
the parent CAR.

{8120} The term "functional variant," as used herein, refers to a polypeptide, or a protein having
substantial or sigruficant sequence identity or similarity to the reference polypeptide, and retains
the biological activity of the reference polypeptide of which it 15 a variant. Functional vanants
encompass, for example, those variants of the CAR described herein (the parent CAR) that retain
the ability to recogruze target cells to a similar extent, the same extent, or to a higher extent, as
the parent CAR. In reference to a nucleic acid sequence encoding the parent CAR, a nucleic acid
sequence encoding a functional variant of the CAR can be for example, about 10% 1dentical,
about 25% wdentical, about 30% 1dentical, about 50% 1dentical, about 65% dentical, about 70%
identical, about 73% 1dentical, about 80% wdentical, about 85% 1dentical, about 90% identical,
about 95% wdentical, or about 99% 1dentical 1o the nuclewc acid sequence encoding the parent
CAR.

[{#121] The phrases "pharmaceutical or pharmacologically acceptable” refers to molecular
entiites and compositions that do not produce an adverse, allergic, or other untoward reaction
when admimstered to an amimal, such as a human, as appropriate. For animal (e g., human}
administration, 1t will be understood that preparations should meet sterility, pyrogenicity, general
safety, and punty standards as required, e.g., by the FDA Office of Biological Standards.

{81221 As used herem, "pharmaceutically acceptable carnier” includes any and all agqueous
solvents {e.g., water, alcoholic/aqueons solutions, saline sohutions, parenteral vehicles, such as
spdium chlonde, Ringer's dextrose, efc.), non-aqueons solvents {e.g., propylene glycol,
polvethylene glycol, vegetable o1l and injectable organic esters, such as ethyloleate), dispersion
media, coatings, surfactants, antioxidants, preservatives {e.g., antibacterial or antifungal agents,
anti-oxidanis, chelating agents, and inert gases}, isotonic agents, absorption delaying agents,
salts, drugs, drug stabilizers, gels, binders, excipients, disintegration agents, lubricants,
sweetening agents, flavoring agents, dves, fluid and nutrient replenishers, such like materials and
combinations thereof, as would be known to one of ordinary skill in the art. The pH and exact
concentration of the various components in a pharmaceutical composition are adjusted according

to well-known parameters.
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{0123 The term "T cell" refers to T lymphocyies, and includes, but is not limited to, v/6 T cells,
w/B T cells, NK T cells, CD4™ T cells and CD8™ T cells. CD4™ T cells include THO, Tul and THZ
cells, as well as regulatory T cells (1w, ). There are at least three types of regulatory T cells:
CD4™ CD25 Ty, CD25 Tr3 Treg, and CD25 Tr 1 Trg "Cytotoxic T cell” refers to a T cell that
can kill another cell. The majority of cytotoxic T cells are CD8™ MHC class I-restricted T cells,
however some cytotoxic T cells are CD47. In preferred embodiments, the T cell of the present
disclosure is CD4" or CDB™.

[8124] The activation state of a T cell defines whether the T cell 18 "resting” (i ¢, in the G, phase
of the cell cycle) or "activated” to proliferate after an appropriate stimulus such as the
recognition of 1ts specific antigen, or by stimulation with OKT3 antibody, PHA or PMA, ete.
The "phenotype” of the T cell (e.g., naive, central memory, effector memory, Ivtic effectors, help
effectors (THI and THZ2 cells), and regulatory effectors), describes the function the cell exerts
when activated. A healthy donor has T cells of each of these phenotypes, and which are
predominately 1o the resting state. A naive T cell will proliferate upon activation, and then
differentiate 1nto a memory T cell or an effector T cell. It can then assume the resting state again,
unti 1t gets activated the next time, to exert 11s new function and may change 1ts phenotype
again. An effector T cell will divide upon activation and antigen- specific effector function,
[0123] "Natural killer T cells™ (NKT cells) not to be confused with natural kaller cells of the
mnate mmune system) bridge the adaptive immune system with the mnate immune system.
Unlike conventional T cells that recognize peptide antigens presented by major
histocompatibility complex (WIC) molecules, NKT cells recognize glycolipid antigen presented
by a molecule called CB1d. Unce activated, these cells can perform functions ascribed to both
Th and Tc cells (i.e., cytoking production and release of cytolytic/cell killing molecules). They
are also able to recognize and elimmnate some tumor cells and cells infected with herpes viruses.
{8126} “Natuoral killer cells” (“NK celis”} are a type of cyvtotoxic lvmphoeyte of the innate
immune system. In some instances, NK cells provide a first line defense against viral infections
and/or tumor formation. NK cells can detect MHC presented on infected or cancerous cells,
triggering cyiokine release, and subsequently induce lysis and apoptosis. NK cells can further
detect stressed cells in the absence of antibodies and/or MHC, thereby allowing a rapid immune

FESPONSe.
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{8127 "Tumor antigen” as used herein refers to any antigenic substance produced, expressed or
overexpressed in tumor cells. It may, for example, trigger an immune response i the host.
{0128} Alternatively, for purposes of this disclosure, tumor antigens may be proteins that are
expressed by both healthy and tumor cells but because they identify a certain tumor type, are a
suitable therapeutic target. In one embodiment, the tumor antigen is CD22. In one embodiment,
the tumor antigen s CD19.

{0129] The term "antigen presenting cells (APCs)" refers to a class of cells capable of presenting
one or more antigens in the form of peptide-MHC complex recognizable by specific effector
cells of the immune system, and thereby inducing an effective cellular immune response against
the antigen or antigens being presented. APCs can be intact whole cells such as macrophages, B
cells, endothelial cells, activated T cells, and dendritic cells; or other molecules, naturally
occurring or synthetic, such as punified MHC Class T molecules complexed to Z-microglobulin,
[#136] The term "culturing” refers to the in vitro maintenance, differentiation, and/or
propagation of cells in suttable media. By "enriched” is meant a composition comprising cells
present 1y a greater percentage of total cells than 1s found in the tissues where they are present n
an organism.

[0131] An "anti~cancer” agent is capable of negatively affecting a cancer cell/tumor 1n a subject,
for example, by promoting kitling of cancer cells, inducing apoptosis in cancer cells, reducing
the growth rate of cancer cells, reducing the mcidence or number of metastases, reducing tumor
size, inhibiting tumor growth, reducing the blood supply to a tumor or cancer cells, promoting an
mmune response agamst cancer cells or a tumor, preventing or inhibiting the progression of
cancer, or increasing the hifespan of a subject with cancer.

i Immune Cells

{0132} Certain embodiments of the present disclosure concern immune cells which express a
chimeric antigen receptor {C AR} The immune cells may be T cells {e.g., reguiatory T celis,
CD47 T celis, CD&" T cells, or gamma-delta T celis), NK cells, invariant NK celis, NKT cells,
stem cells {e. g., mesenchymal stem cells (MSCs} or induced pluripotent stem (iPSC) cells). In
some embodiments, the cells are monocyies or granulocytes, e g, myeloid cells, macrophages,
neutrophils, dendritic cells, mast cells, eosinophils, and/or basophils. Also provided herein are

methods of producing and engineering the immune cells and methods of using and administering
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the cells for adoptive cell therapy, in which case the cells may be autologous or allogeneic. Thus,
the immune cells may be used as immmunotherapy, such as to target cancer cells.

{#133] The immune cells may be isolated from subjects, particularly human subjects. The
wnmune cells can be obtained from a subject of interest, such as a subject suspected of having a
particular disease or condition, a subject suspecied of having a predisposition to a particular
disease or condition, or a subject who 15 undergoing therapy for a particular disease or condition.
The immune cells may be enriched/purified from any tissue where they reside including, but not
Iimited to, blood (including blood collected by blood banks or cord blood banks), spleen, bone
marrow, tissues removed and/or exposed during surgical procedures, and tissues obtained via
biopsy procedures. Tissues/organs from which the immune cells are enriched, 1solated, and/or
puritied may be 1solated from both hiving and non-living subjects, wherein the non-living
subjects are organ donors. The solated immune cells may be used directly, or they can be stored
for a period of time, such as by freezing. In some embodiments, the tmmune cells are solated
from blood, such as peripheral blood or cord blood. In some embodiments, immune cells 1solated
from cord blood have enhanced smmunomodulation capacity, such as measured by CB4-positive
or CD&positive T cell suppression. In specific aspects, the immune cells are 1solated from
pooled biood, particularly pooled cord blood, for enhanced immunomodulation capacity. The
pooled blood may be from 2 or more sources, suchas 3,4, 5, 6,7, & 9, 10 or more sources {e.g.,
donor subjects}.

{8134} The population of momune cells can be obtamed from a subject in need of therapy or
suffering from a disease associated with reduced immune cell activity. Thus, the cells will be
autologous fo the subject in need of therapy. Alternatively, the population of immune cells can
be obtained from a donor. The immune cell population can be harvested from the peripheral
blood, cord blood, bone marrow, spleen, or any other organ/tissue in which immune cells reside
in said subject or donor. The immune cells can be isolated from a pool of subyects and/or donors,
such as from pooled cord blood. The population of immune cells can be derived from induced
pluripotent stem cells (1IPSCs) and/or any other stem cell known 1n the art. In some aspects, the
iPSCS and/or stem cells used to derive the population of immune cells can be obtained from a
subject in need of therapy or suffering from a disease associate with reduced mmune cell

activity, thus these IPSCs and/or stem cells will be autologous to the subject in need of therapy.
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Alternatively, the iPSCs and/or stem cells can be obtained from a donor and therefore be
allogeneic to the subject in need of therapy.

{61 35] When the population of immune cells is obtained from a donor distinct from the subject,
the donor is preferably allogeneic, provided the cells obtained are subject-compatible in that they
can be introduced into the subject Allogeneic donor cells are may or may not be human
ieukocyte antigen (HLA}-compatible. To be rendered subject-compatible, allogeneic cells can be
treated to reduce immunogenicity.

[0136] 1. T Cells

{8137} T-cells play a major role in cell-mediated-immunity (no antibody involvement). lis T-cell
receptors (TCR) differentiate themselves from other lymphocyte types. The thymus, a
specialized organ of the immune system, s primarily responsible for the T cell’s maturation.
There are six types of T-cells, namely: Helper T-cells { e g CD4+ cells), Cytotoxic T-cells {(also
known as TC, eytotoxic T lymphocyte, CTL, T~ killer cell, cytolytic T cell, CD8+ T-cells or
killer T cell), Memory T-cells ({1} stem memory TSCM cells, like naive cells, are CD4SRO-,
CCR7+, CD4SRA+, CDO2LA+ (Leselectin), CD27+ D28+ and IL-7Ra+, but they also express
large amounts of 395, IL-2R , CXCR3, and LFA-1, and show numerous functional attributes
distinctive of memory cells}); (1) central memory TCM cells express L-selectin and the CCR7,
they secrete IL-2, but not IFNg or {L-4, and (111} effector memory TEM cells, however, do not
express L-selectin or CCR7 but produce effector eytokines ke IFNg and 11.-4), Regulatory T-
cells (Tregs, suppressor T cells, or CD4+CD25+ regulatory T cells), Natural Killer T-cells
{(NKT) and Gamima Delta T-cells.

{8138] The T cells of the immunotherapy can come from any source known in the art. For
example, T cells can be differentiated in vitro from a hematopoietic stem cell population, or T
cells can be obtained from a subject. T cells can be obtained from, e.g., peripheral blood
mononuclear cells (PBMCs}, bone marrow, lymph node tissue, cord blood, thymus tissue, tissue
from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In addition, the T
cells can be derived from one or more T cell hnes available in the art. T cells can also be
obtained from a unit of blood collected from a subject using any number of techniques known to
the skilled artisan, such as FICOLL™ geparation and/or apheresis. Additional methods of
isolating T cells for a T cell therapy are disclosed in UK. Patent Publication No. 2013/0287748,

which is heremn incorporated by references in iis entirety.

[0

9



CA 03228262 2024-02-02

WO 2023/014922 PCT/US2022/039487

{6139] 2. Genetically Engineered Antigen Receptors

{0140} The immune cells of the disclosure {e g., autologous or allogeneic T cells {e g., regulatory
T cells, CD4™ T cells, CD8" T cells, or gamma-delta T cells), NK cells, invariant NK cells, NKT
cells, stem cells {e.g., MISCs or 1PS cells) can be genetically engineered to express antigen
receptors such as engineered CARs and/or TCRs. For example, the host cells (e g, autologous or
allogeneic T cells) are modified to express a CAR having antigenic specificity for a cancer
antigen. In particular embodiments, T cells are engineered to express a CAR. The T cells may be
further engineered to express a TCR. Multiple CARs and/or TCRs, such as to different antigens,
may be added to a single cell type, such as T cells.

[0141] Suitable methods of modification are known in the art. See, for 1nstance, Sambrook and
Ausubel, supra. For example, the cells may be transduced to express a TCR having antigenic
specificity for a cancer antigen using transduction techruques described in Heemskerk et al,
2008 and Johnson et al | 2009,

[8142] In some emboduments, the cells comprise one or more nucleic acids ntroduced via
genetic engmeerning that encode one or more antigen receptors, and genetically engineered
products of such nucleic acids. In some embodiments, the nucleic acids are heterologous. In
some embodmments, the nuclei¢ acids are not naturally occurring, such as a nucleic acid not
found 1n nature {e.g., chimeric}.

{3143} In some embodiments, the CAR contains an extracellolar antigen-recogmtion domain that
specifically binds to an antigen (e.g., a tumor antigen or a pathogen antigen). In some
embodiments, the antigen is a protein expressed on the surface of cells (e.g., cancerous cells).
{8144} Exemplary engineered antigen receptors, including CARs and recombinant TCRs, as well
as methods for engineering and introducing the receptors inio cells, include those described, for
example, in PCT Publication Nos. WO 2000/14257, WO 2013126726, W 2012/129514,

WO 2014/031687, WO 2013/1606321, W0 2013/071154, and WO 2013/123061, UK. Patent
Application Publ.ication Nos. US 2002/131960, US 2013/287748, and US 2013/0149337; and
U.S. Patent Nos. 6,451,995, 7,446,190, 8,252,592, 8,339,645, 8,398,282, 7,446,179, 6,410,319,
7,070,995, 7265200, 7,354,762, 7,446,190, 7.446,191, 8,324.353, and 8.479, 118; International
Patent Application Publication No.: W0 2014/055668 Al and European Patent Application
Publication No. EP2537416; and/or those described by Sadelain et al, 2013, Bavila et al | 2013;

Turtle et al., 2012; Wu et al, 2012,
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{8145} 3. Chimeric Antigen Receptors
[8146] In some aspects, the present disclosure provides a population of genetically modified
mmune cells (e g T cells) engineered to express a first chimeric antigen receptor ({CAR) and/or
a polynucleotide encoding a CAR, wherein the CAR comprises {2} an antigen recognition
domain that specifically binds to a first antigen {e.g. CD22); a transmembrane domain; and an
mtracellular signaling domain and (b} a second chimeric antigen receptor ({CAR) and/or a
polynucleotide encoding a CAR, wheremn the second CAR comprises {a} an antigen recognition
domain that specifically binds to an antigen, wherein the antigen may differ from the antigen to
which the first CAR binds {e.g. CD22 and CD19) or may be the same antigen to which the first
CAR binds {(e.g. CD22 and CD22); a transmembrane domain; and a LAT mtracellular signaling
domain. In some embodiments, the intraceliular domain of the first CAR comprises one or more
{e.g., one, two, three, or more) co~-stimulatory dormains,
[#147] In some embodiments, the genetically engineered cells include additional CARs,
mcluding activating or stimulatory CARs, co-stimulatory CARSs (see, e.g., PCT Publ No.
WO 2014/055668), and/or inhibitory CARs GCARs, see, e.g., Fedorov et al., 2013). The CARs
generally include an extracelinlar antigen {or ligand} recognition domain hinked to one or more
mtracellular signaling components, in some aspects via linkers and/or transmembrane domaimn{s}.
Such molecules typically mimic or approximate a signal through a natural antigen receptor, a
signal through such a receptor i combmation with a costimulatory receptor, and/or a signal
through a costimulatory receptor alone. For example, once an antigen 1s recognized by the
extracellular antigen recognition domain, the intracellular signaling components transmit an
activation signal to the T cell that induces the T cell to destroy a targeted tumor cell.

A. Antigen Recognition Domuains
{0148} In some embodiments, the antigen recognition domain of the CARs described herein may
recognize an epitope comprising the shared space between one or more antigens. In some
embodiments, the antigen recognition domain comprises complementary determining regions
(CDRs) of a monoclonal antibody, variable regions of 3 monocional antibody, an scFv, a VH, a
VHH, a single domain antibody {e.g., a camelid single domain antibody}, an antibody mimetic
and/or antigen binding fragments thereof. In some embodiments, the specificity of the antigen
recognition domain is dertved from a protein or peptide (e.g., a ligand i a receptor-ligand pair})

that specifically binds to another protemn or peptide (e g., a receptor in a receptor-higand pair). In
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some embodiments, the antigen recognition domain comprises an aptamer, a T cell receptor
(TCR}-like antibody, or a single chain TCR {(s¢TCR). Almost any moiety that binds a given
target (e.g., tumor assoctated antigen {TAA)}) with sufficient affinity can be used as an antigen
recognition domain. The arrangement of the antigen recognition domain could be multimeric,
such as a diabody or multimers. In some embodiments, the multimers can be formed by cross
pairing of the variable portion of the light and heavy chains into a diabody.

{68149} In some embodiments, the antigen recognition domain of the CARs described herein
comprises an antibody mumetic. The term “antibody mimnetic” 1s intended to describe an organic
compound that specifically binds a target sequence and has a structure distinct from a naturally-
occurring anttbody. Antibody mimetics may comprise a protein, a nucleic acid, or a small
molecule. The target sequence to which an antibody mumetic of the disclosure specifically binds
may be an antigen. Exemplary antibody mumetics include, but are not imuted to, an affibody, an
aftlilin, an affimer, an affitin, an alphabody, an anticalin, an avimer {also known as avidity
multimer), a DARPin (Designed Ankyrin Repeat Protein), a Fynomer, a Kunitz domain peptide,
a monobody and a centyrin

{8138] In some embodiments, the first CAR provided heremn comprise a single chan variable
fragments {scFv} derved from monoclonal antibodies specific for tumor associated antigen {e.g,,
D223, a hinge doman, a transmembrane domain, and an ITAM-contaiming mtracetinlar
signaling domain {e.g. CD3L). Such molecules result in the transmission of an ITAM-mediated
signal in response 1o recognition by the s¢Fv of its target. In some embodiments, the first CAR
further comprises an additional mntracetiular signabing domain (“costimulatory domam™).

{8151} In some embodiments, the second CAR provided herein comprises a single chain variable
fragments {scFv} derived from monoclonal antibodies specific for tumor associated antigen {e.g.,
D19}, a hinge domain, a transmembrane domain, and a LAT mntracellular signaling domain.
Such molecules result in the transmission of a LAT signal in response to recognition by the scFv
of 1ts target and amphify the signal from the first CAR.

{8152} Nucleic acids encoding any of the CARSs described herein are also provided. Nucleic
acids encoding the CAR may be humanized. In some embodiments, the nucleic acid encoding a
CAR provided herein 1s codon-optimized for expression in human cells. In some embodiments,

the disclosure provides a full-length CAR ¢DNA or coding region.
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{8153} In some embodiments, the antigen recognition domain of @ CAR provided herein
comprises a fragment of the VH and VL chains of a single-chain variable fragment (scFv) that
spectfically bind CD22. Accordingly, the antigen recognition domain of a CAR provided herein
can comprise any scEFv known in the art to specifically bind CD22.

{8154} In some embodiments, the antigen recognition domain of a CAR provided herein
comprises a fragment of the VH and VL chains of a single-chain variable fragment (scFv) that
specifically bind CD19 such as those described in U.S. Patent Appl. Publ. Nos. 2020/0246382,
PCT Appl Publ Nos. WO 2020223445 and WO 2020123691, each of which ts incorporated
herein by reference in its entirety. Accordingly, the antigen recognttion domain of a CAR
provided herein can comprise any scFv known in the art to specifically bind CD19,

[#155] In some embodiments, the antigen recognition domain of the CAR described herein binds
{e.g. specifically binds) to the antigens described in Table 1. The antigen specific CAR, when
expressed on the cell surface, redirects the specificity of imroune cells (e.g. T cells) to the
respective antigen,

[0156] Table 1. Exemplary Targets of Antigen Recognition Domains

Protein Name UniProt I NCBI Accession No.

B cell malignancies
CD1% B-lymphocyte antigen CD19; P15391 NM 001178098
Cluster of Differentiation 19; B-
Lymphocyte Surface Antigen B4,
T-Cell Surface Antigen Leu-12;

CVID3
D22 Cluster of Differentiation 22 P20273 NM 001185099
D20 B-lymphocyte antigen CD20; B- P11836 NM 021950
tymphocyte cell-surface antigen NM 152866
B, CD20 antigen;, UD20 receptor; NM 152867

teukocyte surface antigen Leu-16;
membrane-spanning 4-domains,
subfamily A, member 1

C38 syndecan-1; CD138 antigen; Pi8827 NM 001006946
heparan sulfate protengiycan
fibroblast growth factor receptor, NM 002997

syndecan proteoglycan 1; SDC;
CD13&; SYND1,; syndecan
BCMA Tumor necrosis factor receptor 302223 NM 001192
superfamily member 17
{TNFRSF17y. B cell maturation
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antigen; B-cell maturation factor;
B-cell maturation protein; BCM;
BCMA; CD269 TNFRSF134A

CD1o
CDs T-cell surface glycoprotein CD5; PO6127 NM 001346456
CD5 antigen {p36-62); eprdidymns
secretory sperm binding protemn; NM 0142067
iymphocyte antigen T1/Leu-1; T1;
LEUL CDS molecule
CD7%a
CD79%b
Myeloid Malignancies
D33 myeloid cell surface antigen CD33; | P20138 NM 001082618
D33 antigen {gp67); D33
molecule transeript; gpd7; swahc NM 001177608
acid-binding Ig-like lectin 3; po7;
SIGLECS; SIGLEC-3 NM 00177
CDi23 interleukin-3 receptor subunit P26951 NM_001267713
alpha; CB123 antigen; 1L-3
receptor subunit alpha; HL.-3R N 002183
subunit alpha, HL.-3R-alpha; 1.~
3RA; interleukin 3 receptor, alpha
{low affimty), IL3R, CD123;
IL3RX; IL3RY, IL3RAY, hiL-3Ra
FLT3 receptor-type tyrosine-protein P36BEE NM 004119
kinase FLT3; CD13S antigen; FL
cytokime receptor; fetal liver kinase
2; fms related tyrosine kinase 3;
fms-like tyrosine kinase 3; growth
factor receptor tyrosine kinase type
IH; stem cell tyrosine kinase 1
FLK2, 8TK!; €135, FLK-2
CLECIA C-type lectin domain family 1 Q8NCO1 NM 001297748
member A; C-type lectin-like NM 001297749
receptor-1; CLECT; CLEC-1 NM 001297750
NM 001297751
NM 016511
CDS6 neural cell adhesion molecule 1 P13591 NM 000615

antigen recognized by ronoclonal
antibody 5 1HI1; neural cell
adhesion molecute, NCAM; CI356;
NCAM, MSK39

NM_001076682
NM_001242607
NM 001242608
NM 001386289
NM 001386290
NM 001386291
NM_001386292
NM 181351
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CD34 hematopoietic progenitor cell P28906
antigen CD34; CD34 antigen;
D34 molecule

N 001023169
N 001773

CDit7 KIT proto-oncogene, recepior PIO72%
tyrosine kinase, mast/stem cell
growth factor receptor Kit; ¢-Kit
protooncogene; pids c-kit; piebald
trat protein; proto-oncogene ¢-Kit;
proto-oncogene tyrosine-protein
kinase Kit; soluble KIT variant 1;
tyrosine-protein kinase Kit; v-kit
Hardy-Zuckerman 4 feline sarcoma
viral oncogene homolog; v-kit
Hardy-Zuckerman 4 feline sarcoma
viral oncogene-like protein; PBT;
SCEFR; C-kat; CDHIT, MASTC

NM_000222
NM_ 001093772
NM_ 001385284
NM_ 001385285
NM_001385286
NM 001385288
NM_001385290
NM_ 001385292

Chi4 CD14 molecule; monocyte PO8571
differentiation antigen (D 14;
nyeloid cell-specific leucine-rich
glycoprotern;, Cluster of
Differentiation 14

NM 000591
NM 001040021
NM 001174104
NM 001174105

D133 prominin-1; antigen AC133; (343490
hPromumn; hematopotetic stem cell
antigen; prominin-hike protein 1,
RP41; ACI33; D133, MCDR2;
STGD4, CORDIZ, PROMLE,
MSTPO61

NM 001145847
NM 001145848
NM 001145849
NM 001145850
NM 001145851
NM 001145852
NM_ 001371406
NM_ 001371467
NM NM_006017
001371408

CD44vo D44 molecule variant 6; CD44 Pi6g7¢-6
antigen variant 6; D44 molecule
isoform 6;

NM_001202555

D47 feukocyte surface antigen CD47; Q08722
D47 antigen {Rh-related antigen,
miegrin-associated signal
transducer); CDB47 glycoprotein;
Rh-related antigen; antigen
identified by monoclonal antibody
1D8,; antigenic surface determinant
protein QA3 imtegrin associated
protein; miegrin-associated signal
transducer; CD47 molecule

NM_ 001382306
NM_00177
NM_ 198793
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Choe4 high affinuty immunoglobulin Pi2314 NM_000566

garmmma Fe receptor T, Fo fragment
of IgG, high affinty Ia, receptor
{{CD64y, Fe fragment of [gG, high
affinity la, receptor for {(CD64); Fe
camma receptor la; Fe-gamma R
Fe-gamma receptor T Al IgG Fe
receptor I; fe-gamma RIA;
fegammaRia; Fe fragment of 1gG
receptor la; C64, FCRI, CDo4A;
IGFR1

NM 001378804
NM_ 001378805
NM_ 001378806
NM_ 001378807
NM_001378808
NM_ 001378809
NM_ 001378810
NM 001378811

CD9o T-cell surface protein tactile; T cell | P40200
activation, increased late
expression; cell surface antigen
C96; t cell-activated increased
late expression protemn; TACTILE;
CD96 molecule

NM 001318889
NM 005816
NM_198196

Ch9e7 adhesion G protemn-coupled P48960
receptor ES; CD97 moleculg;
leukocyte antigen D97, seven
transmembrane helix receptor;
seven-span transmembrane protein;
seven-transmembrane,
heterodimeric receptor associated
with inflammation; adhesion G
protein-coupled receptor ES3;
TMTLNI

NM 001025160
NM 001784
NM 078481

CDo% CD99 antigen; E2 antigen; MIC2 P14209
{monoclonal antibody 12E7); T-
cell surface glycoproten E2,
antigen identified by monoclonal
12E7, Y homolog; antigen
identified by monoclonal
anitbodies 12E7, F21 and O13; cell
surface antigen 12E7; cell surface
antigen HBA-71; cell surface
antigen 013 surface antigen
MIC2; 299 molecule {Xg blood
group); HBAT1, MIC2X, MIC2Y,
MSKSX

NM 001122898
NM 001321367
NM 001321368
NM 001321369
NM_ 001321376
NM 002414

Chlo fow affinity immunoglobulin PORG37
gamma Fo region receptor HI-A;
CD16a antigen; Fe fragment of
IgG, low atfinity 1T, receptor for
{CD316); Fe fragment of [gG, low
affimty [Ha, receptor (CD¥16a), Fe

NM 000569

NM 001127592
NM_ 001127593
NM_ 001127595
NM 001127596
NM 001329120
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garama receptor HI-A; Fe-gamma
RiiI-alpha; Fe-gamma receptor i-
2(CD 16}, Fe-gamma receptor [Hb
{{CD16), FegammaRIHA; 1gG Fe
receptor HI-2; immunoglobulin G
Fe receptor 11 low atfimity
mmunoglobulin gamma receptor
Iii-a Fc fragment; neatrophil-
specific antigen NA; CD16; FCG3;
CDi6A; FOCGR3; IGFR3; IMD20;
FCR-10; FCRIH, FCGRIIL
FCRHIA; Fc fragment of IgG
receptor lla

NM 001329122
N 001386450

CD43

receptor-type tyrosine-protein
phosphatase C; CD45 antigen;
T200 glycoproten; T200 leukocyte
cormmon antigen; protein tyrosing
phosphatase, receptor type, ¢
polypeptide; protein tyrosine
phosphatase receptor type C;
PTPRC, LCA; LYS5, B220, CD45;
L-CA; T200; CD45R; GP180

POB3TS

NM 001267798
NM 002838
NM 080921

Cheo

CD% antigen; SHY antigen, BA-
2/p24 antigen; CD9 antigen (p24);
antigen CD9; cell growth-inhibiting
gene 2 protein; leukocyte antigen
MIC3; motility related protein-1;
tetraspanin-29; MIC3; MRP-1;
BTCC-1; DRAP-27; TSPAN2Z9;
TSPAN-29; CD9 molecule

p219206

NM 001330312
NM_001769

Mucl

mucin-1; H23 antigen; breast
carcinoma-associated antigen DF3,
cancer antigen 15-3; carcinoma-
associated mucin; episialin; krebs
von den Lungen-6; mucin 1,
transmembrane; peanut-reactive
urinary mucin, polymorphic
emithelial mucin; tumor associated
emithelial mucin; tumor-associated
epithelial membrane antigen;
EMA; MCD; PEM; PUM; KL-6;
MAMG; MCKD; PEMT, CD227;
H23AG; MCKD1Y; MUC-1;
ADMCKD; ADTKD2;
ADMCKD, CA 15-3; MUC-1/X;
MUCH/ZD; MUC-1/8EC

P15941

NM 001018016
NM 001018017
NM 001044390
NM 001044391
NM 001044392
NM 001044393
NM 001204285
NM 001204286
NM 001204287
NM 001204288
NM 001204289
NM_ 001204290
NM 001204291
NM 001204292
NM 001204293
NM 001204294
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NM_ 001204295
NM 001204256
NM_ 001204297
NM_ 001371720
NM_ 002456
Lewis-Y
ILIRAP mterleukin-1 receptor accessory QONPH3 NM 001167928
proteiny, IL-1 receptor accessory NM 001167929
protein; mterlewkin-1 receptor 3; NM 001167930
mterleukin-1 receptor accessory NM 001167931
protein beta; IL1R3; C3orf13; IL- NM 001364879
IRACP; ILIRAFP NM 001364880
NM 001364881
NM 002182
NM 134470
FR-beta folate receptor beta; folate receptor | P14207 NM_000803
2 {fetal); folate receptor alpha; NM_ 001113534
folate receptor, fetal/placental; NM 001113535
folate-binding protein, NM 001113536
fetal/placental; placental folate-
binding protem; FBPF, FOLRL, FR-
P3; FRbeta; FR-BETA; BETA-
HFR; FBP/PL-1; FOLR2
T cell malignancies
D5 T-cell surface glycoprotein CDS; PO6127 NM_ 001346456
DS antigen {(p56-62); epichidymis
secretory sperm binding protein, NM 014207
iymphocyte antigen T/ Lew-1, T1,
LEUL,; CD5 moleculs
Ch7 T-cell antigen CD7, CD7 antigen P09504 NM 006137
{p41}; T-cell leukemia antigen; T-
celi surface antigen Leu-9; p41
protein; GP40; TP41; Tpd0; LEU-
9. CD7 molecule
D38 ADP-ribosyl cyclase/cychic ADP- | P28907 NM 001775

ribose hydrolase 1; 2'-phospho-
ADP-ribosyl cyclase; 2'-phospho-
cychic-ADP-ribose transferase;
ADP-ribosyl cyclase 1, CD38
antigen {p45); NAD(+)
nucleosidase; cluster of
differentiation 38; cyclic ADP-
ribose hydrolase 1; ecto-
nicotinamide adenine dinucleotide
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glyeohydrolase; ADPRCL; ADPRC
1. CD38 molecule

CD30 tumor necrosis factor receptor P28908 NM 001243
superfamily member 8; CD30L
receptor; Ki-1 antigen; cytokine NM 001281436
receptor CD30; lymphocyte
activation antigen CID36; CD30;
Ki-1; D1S166E; TNFRSFS

Sohid Tumors

B7-H3 D276 antigen; B7 homolog 3; (I5ZPR3 NM 001024736
costimulatory molecule; B7H3; B7- NM 001329628
H3; B7RP-2; 41g-B7-H3, CD276 NM 001329629
molecule NM_025240

HER2 receptor tyrosine-protein kinase PO4626 NR 1105352

erbB-2; c-erb BZ/neu protein;
herstatin; human epidermal growth
factor receptor 2; metastatic lymph
node gene 19 protemn;
neuro/glioblastoma derived
oncogene homolog,
neuroblastoma/glioblastoma
dertved oncogene homolog; proto-
oncogene Neu, proto-oncogene c-
ErbB-2; tyrosine kinase-type cell
surface receptor HER2: v-erb-b2
avian erythroblastic leukemia viral
oncogene homolog 2; v-erb-b2
avian erythroblastic leukemia viral
oncoprotein 2; v-erb-b2
erythroblastic leukemia viral
oncogene homolog 2;
neuro/glioblastoma derived
oncogene homolog; NEU; NGL;
HERZ; TKRI1; C340; HER-2;
VSCNZ; MLN 19; HER-2/neu; erb-
b2 receptor tyrosine kinase 2;
ERBR2

NM_ 0013827821
NM_ 001289936 2
NM_001003862.3
NM_001289938 2
XM 0244506431
XM 0244506421
XM 0244506411
NM_001382783.1
NM_001382787 .1
NM_001382784.1
NM._001382786.1
NM._001382789.1
NM_001382788.1
NM._001382785.1

N 004448 4
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NM_061289937.2
NM_001382796.1
NM_001382798.1
NM_001382800.1
NM_001382797.1
NM_001382805.1
NM_001382792.1
NM_ 0013827931
NM_ 0013828031
NM_ 0013827941
NM_ 0013827951
NM_ 001382801 1
NM_ 0013827901
NM._001382806.1
NM_001382802.1
NM_001382799 1
NM._001382791.1

N 0013828041

CD44ve D44 molecule varant 6, CD44 P16878-6 NM 001202555
antigen vanant 6, {D44 molecule
isoform 6,

CEA carcinoembryonic antigen-related PO6731 NM 004363 .6

cell adhesion molecule 5;
carcinoembryonic antigen related
cell adhesion molecule 5;
meconium antigen 100; CEA;
CDooe; CEA cell adhesion
molecule 5; CEACAMS

NM 0012914843
XM 017026145.2

XM 017026146.2
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XM 0115263222
NM (013083982
C133 prominin-; antigen ACI33; 043490 NM 001145847
hProminin; hematopoietic stem cell NM 001145848
antigen; promuinin-like protein 1; NM 001145849
RP41; ACI33; CD133; MCDR2; NM 001145850
STGD4; CORDI12; PROMLI; NM 001145851
MSTPO61 NM 001145852
NM 001371406
NM 001371407
NM NM_ 006017
_B01371408
c-Met hepatocvte growth factor receptor; | POS581 XR 0017447721

HGF receptor; HGE/SF receptor;
SF receptor; proto-oncogene c-Met;
scatter factor receptor; tyrosing-
protein kinase Met; HGFR;
AUTSY, RCCPZ; c-Met;, DFNBY7,
MET proto-oncogene, recepior
tyrosine kinase; MET

NM_001127500.3
NM_000245.4

NM_001324402.2
NM_001324401.3
XM 0115162231

KM 006715990.2

NM 0052285

NM_001346899.2
NM_001346941.2
NM_001346898.2
NM_001346897.2
NM_201284.2
NM_201282.2

NM 2012832
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NM_ 0013469002
EGFRVIIT | emidermal growth factor receptor; POOS33

avian erythroblastic leukemia viral
{v-erb-b} oncogene homolog; cell
growth inhibiting protein 40; cell
proliferation-inducing protein 61;
epidermal growth factor receptor
tyrosine kinase domain; erb-b2
receptor tyrosine kinase 1 proto-
oncogene c-ErbB-1; receptor
tyrosine-protein kinase erbB-1;
ERBB; ERRF; HER1; mENA;
ERBBI; PIG61; NISBD2;
epidermal growth factor receptor;
EGFR; EGFRvII

Epcam

emthelial cell adhesion molecule;
adenocarcinoma-associated
antigen; cell surface glycoprotein
Trop-1; epithehial glvcoprotein 314
human epithelial glycoprotein-2;
major gastromntestinal tumor-
associated protern GA733-2;
membrane component,
chromosome 4, surface marker
(35kD glycoprotein); trophoblast
cell surface antigen 1; tumor-
associated calcium signal
transducer 1; ESA; KSA; M4S1;
MEK-1; DIARS; EGP-2; EGP40,
KS1/4; MIC1S: TROP1: BEGP314:
HNPCCS; TACSTDI: EPCAM

Plo422

NM 002354

EphAZ

ephrmn type-A receptor 2; epithehal
cell receptor protein tyrosine
kinase; soluble EPHAZ variant 1;
tyrosine-profein kinase receptor
ECK; ECK; CTPA; ARCC2;
CTPPL, CTROTO, EPH receptor
A2 EPHAZ

P29317

NM_001329080

NM_ 004431

FR-alpha

folate receptor alpha; FR-alpha; KB
cells FBP; adult folate-binding
proteiny, folate binding protemy
folate receptor | {adult); folate
receptor, adult; ovarian tumor-
associated antigen MOv1 §; FBP;
FOLR; NCFTD; FRalpha, FOLRI

P15328

NM 0167243

N

N 016725

N 000802

N

NM 0167293
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Gh2
GPC3 glypican-3; glypican proteoglycan | P51634 NM 0011646192
3: heparan sulphate proteoglycan;
intestinal protein OCI-5; secreted NM 001164618.2
glypican-3; SGB; DGSX; MXR7;
SDYS,; 8GBS; OC1-5; SGBS1; NM 004484 4

GTR2-2; GPC3; glypican 3
NM 0011646172

XM 017029413.2

-13R- mterleukin-13 receptor subumt Q14627 NM 000640
alpha2 alpha-2; IL-13 receptor subunit
alpha-2; IL-13R subunit alpha-2;
1L-13R-alpha-2; H-13RAZ;
cancer/testis antigen 19; interleukin
13 binding protein; interleukin 13
receptor alpha 2 chain; interleukin
13 receptor, alpha 2; CT19; 1L~
13K ILI3BP, CD213AZ; HIL13RA2

H-1IR- interleukin-11 receptor subumit (314620 NM_ 001142784
alpha alpha; IL-11 receptor subunit alpha;
IL-11R subunit alpha; mterlevkin
11 receptor, alpha; mterleckin-11
receptor alpha chamn; CRSDA;
IL1IRA

{8157} In some embodiments, the antigen recognition domain of the CAR described herein binds
{e.g. specifically binds) to at least one of L1-CAM, Mesothelin, MUCT, MUCTS, NKGID2,
PSCA, PSMA, RORIT and ALK, The antigen specific CAR, when expressed on the cell surface,
redirects the specificity of immune cells (e.g. T cells} to the respective antigen.

{0158} In some embodiments, the antigen recognition domain of a CAR described herein binds
{e.g.. specifically binds} to CD22 The CD22-specific CAR, when expressed on the cell surface,
redirects the specificity of T cells to human CD22 (see, e 2., Accession Nos. NM_ 001185099,
NM_001185100; NM_001183101: NM 001278417 and NP_001172028; NP_001172029;
NP_001172030; NP_001265346; NP_001762).

{#159] In some embodiments, the antigen recognition domain of a CAR described herein binds
{e.g., specitically binds) to CD 9. The CD19-specific CAR, when expressed on the cell surface,
redirects the specificity of T cells to human CD19 (see, e.g., Accession Nos. NM (01178098
NM 001770; NM_001385732 and NP_001171569; NP_001761).
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) Antigen Recognition Domains comprising an anti-CD22 antibody or fragment thereof
{0160} In some embodiments, the antigen recognition domain of a CAR provided herein
comprises an anttbody or an antigen-binding fragment thereof In some embodiments, the
antigen recognition domain of a CAR provided herein comprises a single chain antibody
fragment (scFv) comprising a light chain variable domain (VL) and heavy chain variable domain
(VH} of a monoclonal anti-CD22 antibody. Optionally, the VH and VL may be joined by a
flexible linker, such as a glycine-serine linker or a Whitlow linker. In some embodiments, the
antigen binding motety may comprise VH and VL that are directionally linked, for example,
from N to C terminus, VH-linker-VL or VL-linker-VH.

[8161] In some embodiments, the antigen recogrution domain of a CAR provided heremn comprises
an scFv whose affinity for CD22 has been optimized to induce cytotoxicity of tumor cells that
produce high levels or normal levels of CD22Z. In some emnbodiments, the antigen recognition
domain of a CAR provided herein comprises an scFv whose affinuty for CD22 has been optimized
to nduce cytotoxicity of tumor cells that produce low levels of CD22.

[0162] Exemplary anti-CD22 scFvs from which antigen recognition domains for use ina CAR
described herein may be derived include, but are not limited to, m971 and vumumologically
active and/or antigen-binding fragments thereof. Thus, in some embodiments, the antigen
recognition domain of 3 CAR provided heremn comprises a VH and VL derived from any one of
the anti-CD22 antibody m971. In some embodiments, the antigen recognition domain of a CAR
provided herein comprises a VH and VL separated by a linker.

{#163] The amino acid sequences of the VH (and corresponding CDRHI, CBRHZ, and CDRH3)
and VL {and corresponding CDRIL1, CDRL2, and CDRL3} of the High-Affinity m971 and Low-
Affinity m971 are provided below. The affimity of the “standard affinity” m971 15 about KD=
3.1nM. The affinity of the “High Affinity” m971 1s about KD = 18 pM (Ramakrishna et al, Chin
Cancer Res, 2019, PMIDY: 31110075

{0164} High Affinity m971 full length-amingo acid sequence:
MAELPYVTALLEPLALTLLHAARPOQVQLOOSGPOMVEKPSQTLSLTCAISGDSVSSNSVAWN
WIRGSPSRGLEWLGRTYYRSTWYNDYAVEMKSRITINPDTNENGFSLGLNSYVTPEDTAY
YYCAREVTGDLEDAFDIWGQGTMVYTVSSGGGGSGGGGSGGGGSBIGMIQSPSSLSASY
GDRVTITCRASQTIWSYENWYRQRPGEAPNLLIYAASSLOSGVPSRFSGRGSGTDFTLTIS
SLQAEDFATYYCQOQSYSIPOQTHFGOQGTKLEIK (SEQ 1D NO: 208)
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High Affinity m971-VH-ammo acid:
MALPVTALLEPLALLIHAARPOVGQLOQSGPGMVKPSQTLSLTCAISGDSVSSNSVAWN
WIRGSPSRGLEWLGRTYYRSTWYNDY AVSMKSRITINPDTNKNGQFSLOGLNSVTPEDTAY
YYCAREVTGDLEDAFDIWGQGTMYTVSS (SEQ 1D NO: 209)

High Affinity m971-VL-amino acid:
DIGMIQSPSSLSASVGDRVTITCRASQTIWSYLNWYRORPGEAPNLLIYAASSLQSGVPSR
FSGRGSGTDFTLTISSLOAEDFATYYCQOSYSIPQTFGQGTKLEIK (SEQ ID NO: 210)
High Affuuty 971 bnker GGGGSGGGGSGGGES (SEQ ID NO: 21)

High Affinity-MO71-CDRH1: GDSVYSSENSVA (SEQ D NO: 212)

High Affinuty-MO71-CDRHZ: TYYRSTWYN (SEQ ID NO: 213)

High Affinuy-M971-CDRH3: AREVTGDLEDAFDI (SEQ ID NO: 86)

High Affinity-MO71-CDRLT: QTIWSY (SEQ ID NO: 87)

High Affimty-M971-CDRL2: AAS (SEQ 1D NO: 88)

High Affinity-M971-CDRL3: QOSYSIPOT (SEQ ID NO: §9)

High Affimity m971 full length-nacleic acid:

ATGGCTCTGCCTGTGACAGCTCTGUTGCTGCCTCTGGUCCTGCTGUTCCATGCTGCTA
GACCTCAGGTGCAGCTCCAGCAGTCTGGUCCAGGAATGGTCAAGUCTAGCCAGACC
CTGAGCCTGACCTGCGCCATCAGUGGUGACAGCGTGTCOTCTAACAGOGTCGCCTGEG
AACTGGATCAGACAGAGCCCCAGCAGAGGUCTGGAATGGOTGOGUCGGACCTACTA
CCGGTCCACGTGGTACAACGACTACGCCGTGTCCATGAAGTCCCGGATCACCATCAA
CCCCGACACCAACAAGAACCAGTTCTCCCTGCAGCTGAACAGCGTGACCCUTGAGE
ACACCGCCGTGTACTACTGUGCCAGAGAAGTGACCGGCGACCTGGAAGATGCCTTC
GACATCTGOGGGUCAGGGUACCATGGTCACCGTGTCTAGCGGAGGCGGUGGAAGCGG
TGGAGGCGGTAGCGGCGGTGGCGETTCCGACATCCAGATGATCCAGAGCCCTAGET
CCCTGAGUGCCAGCGTGGGCGACAGAGTGACCATCACCTOTCGGGUCAGUCAGACC
ATCTGGTCCTACCTGAATTGGTATCGGUCAGUGGUCAGGUGAGGCCCCTAACCTGCTG
ATCTATGCCGCCAGCAGCCTGCAGAGUCGGUGTGCCAAGCAGATTICTCTGGLUAGAGG
CTCCOGGCACCGACTTCACCCTGACAATCAGTTCCCTGCAGGCCGAGGACTTCGCCAL
CTACTACTGCCAGCAGTCCTACAGCATCCCTCAGACCTTCGGCCAGGGGACCAAGOT
GGAAATCAAG (SEQ ID NO: 214)

Standard Affinity m971 full length-amino acid

ASATMALPYTALLLPLALLLHAARPQVOLOOSGPGLVKPSQTLSLTCAISGDSVSSNSAA
WNWIRQSPSRGLEWLGRTY YRSKWYND YAVSVKSRITINPD TSKNQFSLQLNSVIPEDT
AVYYCAREVIGDLEDAFDIWGOGTMY TVSSGGGGSDIOMTOSPSSLSASVGDRYTITCR
ASQTIWSYLNWYQOQRPGKAPNLLIYAASSLOSGVPSRFSGRGSGTDFTLTISSLOAEDFA
TYYCQOQSYSIPQTFGOGTELEIK (SEQ 1D NO: 310)
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Standard Affinity m971 linker: GGGGS (SEQ 1D NO: 215)

Standard Affinity m971 seFV-nucleic acid
CTCGAGATGGCTCTGCCTGTGACAGUTCTGCTGUTGCCTCTGGCCCTGCTGCTCCATG
CTGCTAGACCTCAGGTGCAGCTCCAGCAGTCTGGCCCAGGACTGGTCAAGCCTAGCC
AGACCCTGAGCCTGACCTGCGCCATCAGCGGCGACAGCGTGTCCTCTAACAGCGCC
GCCTGGAACTGGATCAGACAGAGCCCCAGCAGAGGCCTGGAATGGUTGGGCCGGALC
CTACTACCGGTCCAAGTGGTACAACGACTACGCCGTGTCCGTGAAGTCCCGGATCALC
CATCAACCCCGACACCAGCAAGAACCAGTTCTCCCTGCAGCTGAACAGCGTGACCC
CTGAGGACACCGCCGTGTACTACTGCGCCAGAGAAGTGACCGGUGACCTGGAAGAT
GCCTTCGACATCTGGGGCCAGGGCACCATGGTCACCGTGTCTAGCGGAGGCGGLGEG
AAGCGACATCCAGATGACCCAGAGCCCTAGCTCCCTGAGCGCCAGCGTGGGCGACA
GAGTGACCATCACCTGTCGGGCCAGCCAGACCATCTGGTCCTACCTGAATTGGTATC
AGCAGCGGCCAGGCAAGGCCCCTAACCTGCTGATCTATGCCGCCAGCAGCCTGCAG
AGCGGCGTGCCAAGCAGATTCTCTGGCAGAGGCTCCGGCACCGACTTCACCCTGALC
AATCAGTTCCCTGCAGGCCGAGGACTTCGCCACCTACTACTGCCAGCAGTCCTACAG
CATCCCTCAGACCTTCGGCCAGGGGACCAAGCTGGAAATCAAGACTAGT (SEQ ID
NO: 216)

{8165} In some embodiments, the antigen recogmition domain of a CAR described herein
comprises complementanty determmnimng regions (CDRs) and/or a heavy chain varable domain
{VH} and a hight chain variable domam (VL) denived from the anti-CD22 antibody m971. The
m971 antibody comprises a VH comprising the amino acid sequence of SEQ IBD NO: 82 and a
VL comprising the aming actd sequence of SEQ I NG: €3, The amino acid sequences of the
VH (and corresponding CDRH1, CDRHZ, and CDRH3) and VL {and corresponding CDRLI,
CDRLZ, and CDRL3} of m971 are provided below:

Me71-VH:
QVOLOOSGPGLVEPSQTLSLTCAISGDSVSENSAAWNWIRQSPSRGLEWLGRTYYRSK
WYNDYAVSVESRITINPDTSENGFSLOLINSVIPEDTAVYYCAREVTGDLEDAFDIWGQG
TMVTYSS (SEQ ID NO: 82)

Me71-VE:

DHOMTGSPSSLSASVGDRVTITCRASQTIWSY LNWYQQRPGKAPNLLIYAASSLOSGVPS
RFSGRGSGTDFTLTISSLOAEDFATYYCQQSYSIPOTFGOGTRLEIK (SEQ ID NG: 83)
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MOT1-CDRHI: GDSVSSNSAA (SEQ ID NQO: 84)

MOTI-CDRHZ: TYYRSKWYN (SEQ ID NO: 85)

MOT71-CDRH3: AREVTGDLEDAFDI (SEQ D NO: 86)

MOTI-CDRUY: QTIWSY (SEQ ID NG 87)

MOT71-CDRL2: AAS (SEQ ID NO: 88}

MOT1-CDRLU3: QOSYSIPQT (SEQ ID NO: 89)

{0166] In some embodiments, the antigen recognition domain of a CAR described herein
comprises an scFv comprising a VH and a VL, wheremn the VH comprises a CDRH1 of SEQ ID
NQO: 84, a CDRHZ of SEQ 1D NO: 85, and a CDRH3 of SEQ ID NO: 86, and the VL comprises
a CDRLI of SEQID NG: 87, a CDRL2 of SEQ IDNG: 88, and a CDRL3 of SEQ ID NG: 89, In
some embodiments, the antigen recognition domain of a CAR described herein comprisinga VH
and a VL, wherein the VH comprises the amino acid sequence of SEQ ID NO: 82, and the VL
comprises the amino acid sequence of SEQ 1D NO: 83,

{0167} The antigen recogrution domain of the CARs provided herein may include CDRs and/or
VH and VL derived from an anti-CB22 antibody {or antigen binding fragment thereof}. Anti-
D22 antibodies of the disclosure can comprise any one of the partial light chain sequences
known 10 the art and/or any one of partial heavy cham sequences known n the art. In some
embodiments, the antigen recognition domain of a CAR described hergin comprises an scFv
comprising a VH and a VL, wherein the VH comprises the amino acid sequence of a VH from an
anti-CD22 antibody known in the art, and the VL comprises the amino acid sequence of the
corresponding VL known i the art.

{8168] In some embodiments, the antigen recogmition domain of a CAR described herein
comprises an scFv comprising a VH and a VL, wherein the VH comprises a CDRHI, a CDRH2,
and a CDRH3 each comprising the amino acid sequence of a CDRH1, a CORHZ, and a CDRH3
of an anti-CD22 antibody known in the art, and whergin and the VL comprises a CDRLI, a
CDRLZ, and a CDRL3 each comprising the amino acid sequence of a CDRLY, a CDRL2, and a
CDRL3 of the same anti-CD22 antibody known in the art. Determination of CDR regions 15 well
within the skill of the art. It 1s understood that in some embodiments, CDRs can bea
combination of the Kabat and Chothia CDR {also termed “combined CRs” or “extended CEBRS™).
{8169} In some embodiments, the CDRs are the Kabat CDRs. In other embodiments, the CDRs
are the Chothia CDRs. In other embodiments, the CDRs are IMGT CDRs. In other words, in
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embodiments with more than one CDR, the CIDRs may be any of Kabat, Chothia, IMGT
combination CPBRs, or combinations thereof.

it} Antigen Recognition Domains comprising an anti-CHI 9 antibody or fragment thereof
{0178} In some embodiments, the antigen recogrition domain of a CAR provided herein comprises
an scFv whose affinity for CD19 has been optimized to induce cytotoxicity of tumor cells that
produce high levels or normal levels of CD19. In some embodiments, the antigen recognition
domain of a CAR provided herein comprises an scFv whose affinity for CD19 has been optimized
to mnduce cytotoxicity of tumor cells that produce low levels of CD19S. THustrative examples of
such affinity tuning are provided in Caruso et al {(2015) Cancer Res. 75: 3305-18 and Liu et al.
(2015) Cancer Res. 75: 3596-607.

[#171] Tn some embodiments, the antigen recognition domain of a CAR provided heremn
comprises an antibody or an antigen-binding fragment thereof. In some embodiments, the
antigen recogunition domain of a CAR provided herein comprises a single chain antibody
fragment (scFv) comprising a hight chain vanable domain (VL) and heavy chain varable domain
(VH) of a monoclonal anti-CI 9 antibody. Optionally, the VH and VL may be jowed by a
flexible linker, such as a glycmne-serme hinker or a Whitlow linker. In some embodiments, the
scFy 1s humanized. In some embodiments, the antigen bindimg moiety may comprise VH and VL
that are directionally linked, for example, from N to C termunus, VH-linker-VL or VL-linker-
VH

{8172} In some embodiments, the antigen recogrition domain of a CAR provided herein comprises
an scfv whose affinity for CB19 has been optimized to induce cvtotoxicity of tumor cells that
produce high levels or normal levels of CDM9. In some embodiments, the antigen recognition
domain of a CAR provided herein comprises an scFv whose affinity for CD19 has been optimized
to mduce cytotoxicity of tumor cells that produce low levels of CD19.

{8173} In some embodiments, the antigen recognition domain of a CAR provided herein comprises
an amino acid sequence that is at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 9%, at least 99% or at least 100% identical to the
amino acid sequence of SEQ ID NOs: 90

{8174} In some embodiments, the antigen recognition domain of a CAR provided herein comprises
an amino acid sequence that is at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,

at least 93%, at least 96%, at least 97%, at least 98%, at least 99% or at least 100% identical to the
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amino acid sequence of any one of SEQ 1D NO: 91

{0175} Exemplary anti-CD 19 scFvs from which antigen recognition domains for use ina CAR
described herein may be derived include, but are not limited to, FMC63 and immunologically
active and/or antigen-binding fragments thereof. Thus, in some embodiments, the antigen
recognition domain of a CAR provided herein comprises a VH and VL derived from any one of
the anti-CD 19 antibodies FMC63,

{0176] Exemplary anti-CD 19 scFvs from which antigen recognition domains for use ina CAR
described herein may be derived inchude, but are not limited to, inebilizuroab (MEDI-551),
MIX-1342, tafasitamab, obexelimab, B4 (Merck), hA19 (immunomedics), and immunologically
active and/or antigen-binding fragments thereof. Thus, in some embodiments, the antigen
recognition domam of a CAR provided herem comprises a VH and VL denived from any one of
these anti-CD 19 antibodies.

{3177} Tn some embodiments, the antigen recognition domain of a CAR described herein
comprises complementarity deternmuning regions (CDRs) and/or a heavy chain varniable domain
{VH) and a light chain vaniable domain (VL) derived from the anti-CD 19 antibody FMC63. The
FMC63 antibody comprises a VH compnising the ammo acid sequence of SEQID NO: 92 and a
VL comprising the amino acid sequence of SEQ ID NO: 93, The ammo acid sequences of the
VH (and corresponding CDRH1, CDRH2, and CDRH3) and VL (and corresponding CDRLI,
CDRL2, and CDRL3) of FMU63 are provided below:

FMC63-VH:
EVKLOESGPGLVAPSQSLSVTCTVRGVSLPRDYGVSWIRQPPRKGLEWLGVIWGSETTYY
NSALKSRLUTHKDNSKSQVFLEMNSLOTDDTAIY YCAKHY Y YGOGSYAMDYWGOQGTSVT
V (SEQ 1D NO: 92)

FMC63-VE:
DIGMTOTTSSLEASLGDRDRVTISCRASQDISKYLNWYQUKPDGTVRLLIYHTSRLHSGVPS
RFSGSGSGTDYSLTISNLEQEDIATYFCQOQGNTLPYTFGGGTKLEIT (SEQ 1D NO: 93)
FMC63-CDORHL: GVSLPDYG (SEQ 1D NO: 94)

FMCO3-CDRH2: IWGSETT (SEQ 1D NO: 95)

FMC63-CDRH3: AKHYYYGGSYAMDY (SEQ ID NG: 96)

FMC3-CDREL: QDISKY (SEQ ID NO: 97)

FMCa3-CDRL2: HTS (SEQ ID NO: 98)
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FMC63-CDRL3: QOGNTLPY T (SEQ D NG: 99)

{0178} In some embodiments, the antigen recoguition domain of a CAR described herein
comprises an scFv comprising a VH and a VL, wherein the VH comprises a CORH1 of SEQ ID
NG: 94, a CDRH2 of SEQ ID NO: 95, and a CDRH3 of SEQ 1D NO: 96, and the VL comprises
a CDRLI of SEQID NO: 97, a CDRLZ of SEQ 1D NO: 98, and a CDRL3 of SEQ ID NO: 99 In
some embodiments, the antigen recognition domain of a CAR described herein comprising a VH
and a VL, wherein the VH comprises the amino acid sequence of SEQ 1D NO: 92, and the VL
comprises the amino acid sequence of SEQ ID NO: 93.

{8179 The antigen recognition domain of the CARs provided herein may include CDRs and/or
VH and VL derived from an anti-CD19 antibody (or antigen binding fragment thereof). Anti-
D19 antibodies of the disclosure can comprise any one of the partial light chaio sequences
known in the art and/or any one of partial heavy cham sequences known in the art. In some
embodiments, the antigen recognition domam of a CAR described herein comprises an scFv
comprising a VH and a VL, wherein the VH comprises the anuno acid sequence of a VH from an
anti-CD19 antibody known in the art, and the VL comprises the amino acid sequence of the
corresponding VL from an anti-CDB19 antibody known in the art.

[{31808] In some embodiments, the antigen recognition domain of a CAR described heremn
comprises an scFv comprising a VH and a VL, wherem the VH comprises a CDRH1, a CDRHZ,
and a CDRH3 each comprising the amino acid sequence of a CDRHI, a CDRH2, and a CDRH3
of an anti-CD19 antibody known m the art, and wherein and the VL comprises a CDRLI, a
CDRIL2, and a CORL3 each comprising the anmino acid sequence of a CORLY, a CDRLZ, and a
CDRL3 of the same anti-CD19 antibody known i the art. Determination of CDR regions 1s well
within the skill of the art. It 1s understood that 1n some embodiments, CDRs canbe a
combination of the Kabat and Chothia CDR {(alse termed “combined CRs” or “extended CDRs”).
{0181} In some embodiments, the UDRs are the Kabat CDRs. In other embodiments, the CDRs
are the Chothia CDRs. 1n other embodiments, the CDRs are IMGT CDRs. In other words, in
embodiments with more than one CDR, the CDRs may be any of Kabat, Chothia, IMGT
combination CDRs, or combinations thereof.

10182] B Sipnal Pepiides

{0183} In some embodiments, any of the CARs provided herein comprises a signal peptide (also

known as a signal peptide, signal sequence, signal peptide sequence, leader peptide, and leader
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peptide sequence}. In some embodiments, the antigen recognition domain of the CAR described
herein comprises a signal peptide or a leader peptide sequence. Exemplary signal sequences
mclude but are not limited to a CD8u signal sequence or an Ig( signal sequence. In some
embodiments, the CAR described herein does not comprise a signal peptide. In some
embodiments, the T cell or populations of T celis provided herein comprise a CAR comprising a
signal peptide. In some embodiments, the T cell or populations of T cell provided herein
comprise a CAR that does not comprise a signal peptide.

[0184] In some embodiments, the CAR {e g, the antigen recognition domain of the CAR) may
comprise a human CD8« signal sequence comprising an aming acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 1dentity with the amomo acid
sequence of SEQ ID NO: 1.

[0183] In some embodiments, the CAR {e g., the antigen recognition domamn of the CAR) may
comprise a human CD8a signal sequence comprising an amino acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 1dentity with the amomo acid
sequence of SEQ ID NGO 2

{8186] In some embodiments, the CAR {e.g., the antigen recognition domain of the CAR) may
comprise a human IgG signal sequence comprising an amino acid sequence having at least 90%,
91%%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% dentity with the amino acid
sequence of SEQ ID NO: 3.

{8187} In some embodiments, the CAR {e.g., the antigen recognition domain of the CAR) may
comprise a human IgG signal sequence comprising an amino acid sequence having at least 90%,
91%%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% dentity with the amino acid
sequence of SEQ ID NO: 4.

. Hinge Domains

{0188} In some embodiments, a hinge domain {also known as a spacer region or a stalk region} is
iocated between the antigen recognition domain and the transmembrane domain of the CAR In
particular, staik regions are used to provide more flexibility and accessibility for the extracelluiar
antigen recognition domain. In some embodiments, a hinge domain may comprise up o about
300 aming acids. In some embodiments, the hinge comprises about 10 to about 100 amino acids
i length. In some embodiments, the hinge comprises about 25 to about 50 amino acids i length.

In some embodiments, the hinge domain establishes an optimal effector-target inter membrane
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distance. In some embodiments, the hinge domain provides flexibility for antigen recognition
domain to bind the target antigen. Any protein that 1s stable and/or dimerizes can serve this
purpose.

{0189} A hinge domain may be derived from all or part of naturally cccurring molecules, such as
from all or part of the extracellular region of CDE, CD8x, CD4, CD2E, 4-1BB, or IpG (in
particular, the hinge domain of an IgG, for example from [g(31, IgG2 or 1gG4), or from all or
part of an antibody heavy-chain constant region. Alternatively, the hinge domain may be a
synthetic sequence that corresponds to a naturally occurnng hinge sequence, or may be an
entirely synthetic hinge sequence. In some embodiments, it corresponds to Fc domains of a
human immuvoglobulin, e g., etther the CHZ2 or CH3 domain. In some embodiments, the CHZ2
and CH3 hinge domain of a human imvmunoglobulin that has been modified to improve
dimerization. In some embodiments, the hinge s a hinge portion of an immunoglobulin. In some
embodiments, the hinge domain corprises a CH3 region of a human imvounoglobulin. In some
ernbodiments, the lunge domain comprises a CH2 and CH3 region of a human tmmunoglobuling
In some embodiments, the CH2 region comprises a human IgGl, 1eG2 or IgG4 immunoglobulin
CH2 region.

[3196] In some embodiments, the hinge domain 1s 8 part of human CD8a cham {e.g,,

NP _001139345.1}. In some embodiments, the lunge domain of CARSs described heremn
comprises a subsequence of CDE8q, CD28, or the constant region of an immunoglobulin (e g
161, 1gG2, 163, 1g(G4) enther in wild-type form or mutated to avoid Fe-receptor binding in
particular the hinge domain of any of an CB8a, or a CD2B. In some embodiments, the stalk
region comprises a human CD8q¢ hinge, or a human D28 hinge.

{8191} In some embodiments, the hinge may comprise or consist of a human CD&g hinge
domain comprising an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NO: 5.

{8192} In some embodiments, the hinge may comprise or consist of a human CD8¢ hinge
domam comprising an aming acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 7%, 98%, 99% or 100% dentity with the anmino acid sequence of SEQ 1D NG: 6.

{8193} In some embodiments, the hinge may comprise or consist of a human CDZ8 hinge
domain comprising an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99% or 100% wdentity with the amino acid sequence of SEQ 1D NO: 7.
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{8194} In some embodiments, the hinge may comprise or consist of a human CD28 hinge
domain comprising an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID NOG: 8

B Tramsmembrane Domains

{03195} Suitable transmembrane domains for a CAR disclosed herein have the ability to {a) be
expressed at the surface of a cell, which 15 in some embodiments an tmmune cell such as, for
example a T cell, and/or (b} mteract with the higand-binding domain and intracellular signaling
domain for directing cellular response of an immune cell agamst a predefined target cell. The
transmembrane domain can be derived erther from a natural or from a synthetic source. The
transmembrane domain can be derived from any membrane-bound or transmembrane protein. As
non-linuting examples, the transmermbrane domains can include the transmembrane region{s) of
alpha, beta, delta, or gamma of the T-cell receptor; or a transmembrane region from CD§,
CD8a, CD8 beta, CD28, CD3-epsilon, CD3-delta, CD3-gamma, D3z, CD4, 4-18BB, OX40,
ICOS, PD-1, LAG-3, 2B4 or BTLA transmembrane domain or a portion of any of the foregoing
or a combination of any of the foregoing. In some embodiments, the transmembrane domain
comprises a CD8a transmembrane domain. In some embodiments, the transmembrane domain
comprises a CD28 transmembrane domain.

{0196} Alternatively, the transmembrane domain can be synthetic, and can comprise
hydrophobic residues such as leucine and valine. In some embodiments, a triplet of
phenylalarune, tryptophan and valine 1s found at one or both termun of a synthetic
transmembrane domain. Optionally, a short oligonucleotide or polypeptide hinker, 1n some
ernbodiments, between 2 and 10 amino acids 1n length roay form the hinkage between the
transmermbrane domain and the intracellular domain of a CAR. In some embodiments, the linker
15 a glycine-serine hoker.

[3197] Tn some embodiments, the transmembrane domain of a CAR provided hereinn may
comprise or consist of a human CD8a transmembrane domain comprising an amino acid
sequence baving at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the aming acid sequence of SEQ ID NG 13

[3198] In some embodiments, the transmembrane domain of 2 CAR provided herein may

comprise or consist of a human CD28 transmembrane domain comprising an anuno acid
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sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 10(%
identity with the amino acid sequence of SEQ 1D NG: 14,

E. Costinudatory Domuains

{0199} The intracellular domain of a CAR provided herein may comprise one or more
costimulatory domains. Exemplary costimulatory domains include, but are not limited to a 4-
1BB (CD137), CD28, CD97, CD11a-CD1S, CD2, ICOS, CD27, CD154, CDSa, OX40 (CD134),
ZAP40, CDI30, GITR, HVEM, DAP10, DAP12, MyDS8S, 2B4 costimulatory domain, or a
fragment thereof, or a combination thereof. In some mstances, a fust CAR described heren
comprises one or more, of two or more of costimulatory domains selected from a 4-1BB
(CD137), CD28, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, CDBg, OX40 (CD134),
ZAP40, CD30, GITR, HVEM, DAPIC, DAP12, MyD8§, 2B4 costimulatory domain, or a
fragment thereof, or a combination thereof. In some embodiments, a CAR described heremn
comprises a CD28 costimulatory domain or a fragment thereof. In some embodiments, a CAR
described herein comprises a 4-1BB (CD137) costimulatory doman or a tragment thereof.
[02008] In some embodiments, the costimulatory domamn of 3 CAR provided heremn may
comprise or consist of a human CD28 costimulatory domain comprising an aming acid sequence
having at feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the ammino acid sequence of SEQ ID NO: 15,

{82811 In some embodiments, the costimulatory domamn of 3 CAR provided herein may
comprise or consist of a human CD28 costimulatory domain comprising an aming acid sequence
having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the ammino acid sequence of SEQ ID NO: 16,

{0282} In some embodiments, the costimulatory domain of 3 CAR provided hergin may
comprise or consist of @ human 4-1BB costimulatory domain comprising an aming acid sequence
having at feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
the amino acid sequence of SEQ D NG: 17

& Activation domain

{0203} In some embodiments, the activation domain of a3 CAR disclosed herein is responsible for
activation of at least one of the normal effector functions of the immune cell {e.g. T celi} in
which the CAR is expressed. The terms “intracellular signaling domain” or “intracellular

domain” are used interchangeably and refer to a domain that comprises a co-stimulatory domain
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1]

and/or an activation domain. The term "effector function” refers to a specialized function of a
cell. Effector function of a T-cell, for example, may be cytolytic activity or helper activity
mcluding the secretion of cytokines. The term “activation domain” refers to the portion of a
protein which transduces the effector function signal and directs the cell to perform a specialized
function. While usually an entire activation domain can be employed, i many cases it is not
necessary to use the entire chain. To the extent that a truncated portion of the activation domain
is used, such truncated portion may be used in place of the intact chain as long as it transduces
the effector function signal. The term activation domain 18 thus meant to include any truncated
portion of the activation domain sufficient to transduce the effector function signal. In some
embodiments, the activation domain further comprises a signaling domain for T-cell activation.
In some instances, the signaling domain for T-cell activation comprises an intracellular domain
derrved from CD3{ {CD3zeta; CD32) or an ntracellular domain derived from LAT. Tn some
embodiments, the CAR described herein comprises at least one {e.g., one, two, three, or more}
activation domains selected from a CD3( or LAT activation domain, or a portion of any of the
foregoing. In some embodiments, the CAR described heremn has an activation domamn
comprising a domain derived from D30 (CD3zeta; CD32). In some embodiments, the CAR
described herein has an activation domain comprising a domain derived from LAT.

{8284} In some embodiments, the activation domamn of a CAR descnibed herein may comprise or
consist of a CD3zeta activation domain {e.g., a human CD3zeta activation domain} comprising
an aming acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amuno acid sequence of SEQ ID NGO 24

{8205] In some embodiments, the activation domain of a CAR described herein may comprise or
consist of a CD3zeta activation domain {(e.g., a human CD3zeta activation domain} comprising
an amino acid sequence having af feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NG: 25

{0206} In some embodiments, the CD3zeta activation domain comprises a mutation w an ITAM
domain. Examples of mutations in ITAM domains of CE¥3zeta are provided in Feucht et al, Nar
Med 2019; 25(1}. 82-88. In some embodiments, each of the two tyrosine residues in one or
more of ITAMI, ITAMZ, or ITAM3 domains of the CD3zeta activation domain are point-
mutated to a phenylalanine residue. In some embodiments, the CD3zeta activation domain

comprises a deletion of one or more of the ITAMI, ITAMZ, or TTAM3 domains.
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{0207} In some embodiments, the activation domain of a CAR described herein may comprise or
consist of a LAT activation domain (e g., a human LAT activation domain} comprising an anung
actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the amino acid sequence of any one of SEQ ID NOs: 26-34.

{0208} In some embodiments, the LAT activation domain comprises a mutation in a
ubiquitination site.

{0209] In some embodiments, the activation domain of a CAR provided herein may comprise or
consist of a LAT mtracellular domain comprising an amino acid sequence having at least 90%,
G1%, 92%, 93%, 94%,

sequence of SEQ ID NG: 27

O

5%, 96%, 97%, 98%, 99% or 100% identity with the amino acid

[3216] Tn some embodiments, the activation domain of a CAR provided herem may comprise or
consist of a LAT mtracellular domain comprising an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99% or 100% identity with the amivo acid
sequence of SEQ D NO: 28,

{8211} In some embodiments, the activation domain of a CAR provided heremn may comprise or
consist of a LAT mtracellular domain comprising an amine acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99% or 100% identity with the amino acid
sequence of SEQ 1D NG: 29

[02123] In some embodiments, the activation domain of a CAR provided heremn may comprise or
consist of a LAT mtracellular domain comprising an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99% or 100% identity with the amino acid
sequence of SEQ 1D NG: 30

{0213} In some embodiments, the activation domain of a CAR provided herein may comprise or
consist of a LAT intracellular domain comprising an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ D NG: 31.

{0214} In some embodiments, the activation domain of a CAR provided herein may comprise or
consist of a LAT mntracellular domain comprising an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ 2 NO: 26 having a substitution of arginine for the lysine (K25R) at position

25 of SEQ ID NO: 26, a substitution of glutamic acid for the glycine at position 133 (G133E) of
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SEQ 1D NO: 26, a substitution of arginine for the lvsine at position 206 (K206R) of SEQ ID NGO
26, or any combination of the preceding substitutions.

{0215] In some embodiments, the activation domain of a CAR provided herein may comprise or
consist of a LAT mtracellular domain comprising an amino acid sequence having at least 90%,
G1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 32 having a substitution of arginine for the lysine (K25R) at position
25 of SEQ D NO: 32, a substitution of glutamic acid for the glycine at position 104 (G104E) of
SEQ ID NO: 32, g substitution of arginine for the lysme at position 177 (K177R) of SEQ ID NG:
32, or any combination of the preceding substitutions.

[08216] In some embodiments, the activation domain of a CAR provided herein may comprise or
consist of a LAT mtracellular domain comprising an amino acid sequence having at least 90%,
9184, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% dentity with the amino acid
sequence of SEQ ID NO: 33 having a substitution of arginine for the lysine (K25R) at posttion
25 of SEQ ID NG: 33, a substitution of ghutanuc acid for the glycine at position 103 (GI03E) of
SEQ 1D NO: 33, a substitution of arginine for the lysine at position 176 (K176R) of SEQ 1D NG:
33, or any combiation of the preceding substitutions.

{0217} In some embodiments, the activation domain of a CAR provided herein may comprise or
consist of a LAT mtracellular domain comprising an amine acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99% or 100% identity with the amino acid
sequence of SEQ 1D NO: 34 having a substitution of arginine for the lysine (K25R) at position
25 of SEQ ID NO: 34, a substitution of glutamic acid for the glycine at position 132 {(GI132E) of
SEQ 1D NGO: 34, a substitution of arginine for the lysine at position 205 (K205R} of SEQ ID NG
34, or any combination of the preceding substitutions.

{0218} Included in the scope of the invention are nucleic acid sequences that encode functional
portions of the CAR described herein. Functional portions encompass, for example, those parts
of a CAR that retain the ability to recognize target celis, or detect, treat, or prevent a disease, to a
similar extent, the same extent, or to a higher extent, as the parent CAR

{0219} In embodiments, the CARs described herein contain additional amino acids at the amino
or carboxy terminus of the portion, or at both termini, which additional anmino acids are not
found in the amino acid sequence of the parent CAR. Desirably, the additional aming acids do

not interfere with the biological function of the functional portion, e g., recognize target cells,
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detect cancer, treat or prevent cancer, ¢tc. More desirably, the additional amino acids enhance the
biological activity of the CAR, as compared to the biological activity of the parent CAR.

{0226} The term "functional variant," as used herein in reference to a CAR, referstoa CAR a
polypeptide, or a protein having substantial or significant sequence wdentity or similarity to the
CAR encoded by a nucletc acid sequence, which functional variant retains the hiological activity
of the CAR of which it 1s a vartant. Functional variants encompass, for example, those variants
of the CAR described herein {the parent CAR) that retain the ability to recognize target celis to a
sinular extent, the same extent, or to a higher extent, as the parent CAR. In reference to a nuclewc
actd sequence encoding the parent CAR, a nucleic acid sequence encoding a functional varnant of

the CAR can be for example, about 10% 1dentical, about 25% 1dentical, about 30% wdentical,
about 50% wdentical, about 65% 1dentical, about 80% 1dentical, about 90% dentical, about 95%
identical, or about 99% wdentical to the nucleic acid sequence encoding the parent CAR

[0221] A CAR described heremn mclude (including functional portions and functional vanants
thereof) glycosylated, anudated, carboxylated, phosphorylated, esterified, N-acylated, cyclized
via, e.g., a disulfide bridge, or converted into an acid addition salt and/or optionally dimerized or
polymerized.

{0222] Table B provides exemplary amino acid sequences of the domains which can be used in
the CARs described herein. In some embodiments, a CAR provided herein comprises one or
more domams described in Table &, or a fragment or portion thergof

{0223 Table 8 Exemplary Amino Acid Sequences of CAR Domains

Exemplary CAR domains Amino Acid Sequence SEQ D
NG:

SIGHNAL PEPTIDE
human CD8alpha signal TMALPVTALLLPLALLLHAARY 1
sequence
homan CD8alpha signal MALPVTALLLPLALLLHAARP 2
sequence
haman IgG heavy chain signal | GSMEFGLSWLFLVAILRGVQCUSR 3
sequence
haman IgG heavy chain signal | MEFGLSWLFLVAILKGVQCER 4
sequence
HINGES
human CD8alpha hinge LETTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG | 5
domain LDEACL
human CD8alpha hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD | 6
domain FACD
human CD28 hinge domain | SRIEVMYPPPYLDNERSNGTITHVKGKHLCESPLEPGPERE | 7
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human CD28 hinge domain | 1EVMYPPPYLDNEKSNGTITHVKGRELCPSPLEPGPSKE g
human IgG1 hinge domain EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRT | 9

PEVITCVVVIVIHEDPEVKFNWYVDGVEVHNARTH]
STYRVVSVLTVLHQDWLNGKEYRCKVSNKALPAPTIEKTISK
AKGUPREPOVYTLPPSRDELTENQVSLTCLVKGEYPSDIAY
EWESNGOPENNYKTTPPVLDSDGEFFLYSKLTVDKSRWOOG

NVESCSVMHEALENHYTORKSLSLSPGK

PRERQYN

tar ¢ AN

human IgGl hinge domain EPRSCDRTHTCP 10
human IgG4 hinge domain ESRYGPPCPSCPAPEFLGGPSVFLFPPRPRDTLMISRTPEY | 11
= TCVVVDVSQEDFEVCFNWYVDEVEVENAKTKPREEQFNSTY

RVVSVLTVLEODWLNGREYRCKVSNKGLPSS T EXT S KAKG
CPREPOVYTLPPSOEEMTENQVSLTCLVKGFYPSDIAVEWE
SNGOPENNYRTTPPVLDSDGSFFLY SRLTVDRSRWQEGNVE
SCSVMHEALHNHYTOKS LSLSLEK

human Ig(G4 hinge domain ESKYGPPCPSCE 2

TRANSMEMBRANE

human CD8alpha TYIWAPLAGTCGVLLLSLVITLYC 13

transmembrane domain

human OD28 transmernbrane | FWVLVVVGGVLACY SLLVIVARIT WY 14

domain

COSTIMULATORY DOMAINS

human CD28 costimulatory | RSARSRGGHSDYMNMTIPRRPGE

domam AYRE

human CD28 costimulatory SKRSELLHSDYMNMTERREGPTRKHYOPYAPPRDFA | 16
domain AYRS

human 4-1BB costirmulatory | KRGERKLLYTFKQPFMRPVQTTQEEDGCSCREFPEEEE | 17
domain GGCEL

human DAP10 costimulatory | DCARPRREPAQEDGKVY INMPGRG 18
domain

human DAP12 costimulatory | Y FLGRLVPRGRGRAERATRKORITETESPYOELOGOR | 19

domain SDVYSDLNTQRPYYK
human 2B4 costimulatory WREKRKEKQSETSEREFLTLY EDVKDLE 20
; TEPGGESTIYSMIOSCSSAPTSQREPAYY ‘T_I‘Q ...... QPSR
domain Q
B“NQD\(PVH PSEFNSTIYEVIGKSOPEAQNPARLSRK

e~
ELENFDVYS

human OX40 costimulatory | ALYLLREDORLPPDAHKPPGEGSFRIPIOREQADAHS | 21

domain TLAKT
human (D27 costimulatory | BORRKYRSNKGESPVEPAEPCHYSCPREEEGSTIPIO | 22
domain EDYRKPEFACSP

human CD27 costimulatory ORRKYRSNKGESPVEPARPCHYSCPREFREGSTIPIOE | 23
domain LY KP"“E. ISP

ACTIVATION BOMAINS

human CD3zata intracellular | DIRVEESRSADAPAY QOGONOLYNELNLGRREEYDVL 24

signaling domain DKRRGRDPEMGCKPRRENPQEGLY NELOKDKMAZAY S
' EIGMKGERRRGKGHDGLYQGLSTATKDTY DALHMOAL

D p p

human CD3zeta intraceliular | RVKESRSADAPAYOOGONQLYNELNLGREEEYDVLDK | 25
signaling domain RRORDPEMGGKPRRENEC JEGLYNELQKDEMAEAYSET
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GKGHDGLYQG LATKDTYDALHMQALPP

human LAT intracellular HCHRLPGSYDSTSSDSLYPRGIQFERPHTVAPWPPAY | 26
signaling domatn (“LAT- PPVDSYPELSQPDLLPIPRSPOPLGGSHRIPSSRRDS
‘vVT”) ) DGANSVASYENEGASGIRGA d‘)h WGVWGRPSWIRLTPY
SLPPEPACEDADEDEDDYHNPGYLVVLEPDSTPATSTA
APSAPR TRPGIRDSAFSMES] ] IDYVNVPESGESAEA

bLDGSRh¢v‘V>yE]HPHAAKP%PAA;VuuuAh£VEB
EGAPDYENLOELN

human LAT intraceliular HCHRLPGSYDSTESDELYPRGIQFRRPHIVAEWEPAY | 27
signaling domain (“K52R” | PEVISYPPLSQPILLY I PRSPOPLGGSHRTPSSRRDS
or “LAT-K52R™ DGANSVASYENEGASGIRGAQACWGVWGP SWIRLTEV

SLPPEPACEDADEDEDDYHNPGY LVVLPDSTRPATSTA
APSAPALSTPGIRDSAFSMESIDDYVNVPESGESALA
SLDGSREYVNVSQELHPGAAKTEPAALSEQEAEEVEER
EGAPDYENLOELN

N
cC

human LAT intraceliular HCHRLPGSYDETSSDELY
signaling domain (“K233R” | FEVISYPPLIQ
or “LA'I‘~K233R”) DGANSVASYEN IR LHQA SWEVWGESWIRLTPV
SLPPEPACEDADEDEDDYHNPGYILVVLPDSTPATSTA
APSAPALSTPGIRDSAFSMESTIDDYVNVPESGESAEA
SLDGSREYVNVSQELHPCAARTEPAALSSQEAEEVEE
BGAPDYENLGELN

JGQSHR"' PSSRRDS

human LAT intraceliular HCHRLPGSYDSTSSDSLYPRGIQFRRPHTVAPWEPAY | 29

signaling domain (“K52R PPVISYPPLSQPDLLPIPRSPOPLGGSHRTPSSRRDS

HRI33R” or “LAT- DGANSVASYENEGASGIRGAQACWCVWGPSWTRLTEV
SLPPEPACEDADEDEDDY HNPEY LVVLPDSTRPATSTA

KS2R+K233R”
) APSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEA
SLDGSREYVNVSQELHPGAARTEPAALSSQEAEEVEL
EGAPDY ENLOELN

98}
O

human LAT mntracellular HCHRLPGSYDETSSDE]
qignaﬁn(; domain PRVISYPPLSQOPDLLPIPRSP
(ch YRHGIS0E” or “LAT- DGANSVASYEN PSWIRLTPV

SLPPEPACE LEDSTRATSTA
KSZRHGI60E”
“ ) APSAPALSTPGIRDSAFSMESIDDYVNVPESGES AEA

SLDGSREYVNVIEOELHPGAARTEPAALSSQEAREVEE
EGAPDYENLQE

SIOFRREPHTVAPWERAY
PRESPOPLGGSHRTIPESRRDS

human LAT intracellular HOHRLPGSYDSTSSDSLY PRGIQFRRPHIVAPWEPAY | 31
signaling domain DP\quDPL\QPDgL~'FQQF-DLGGQHRTPSSRRDS

ISVASYRENEGASGIRGAQAGWGVWGRPSWIRLTEY

("KS52R +K233R+GIO0E” or ST e , B
EPACE “JEbﬂbhﬁH PEYLVVLPDSTPATETA

“1.LAT-

APSAPALSTPGIRDSAFSMESIDDYVNVPESGESARR
,; L ,% Nt itk

KSZRAKZIIRAGIOUET) SLDGS IPGAART EFAALSSORAREVER

(ol
SLDGSREYVNVSQELH

EGAPDYENLQELN

tuman LAT intracelhular CHRLPGSYDSTSSDSLY PRGIQFKRPHTVAPWPPAY | 32
signalling domain alternative | FPVISYPPLSQPDLLPIPRSPOPLGGSHRTPSSRRDS
1soform D(n": NSVASY ENEEPACEDADEDEDDYHNPGYLVVLPD

STPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVE
ESGESAEASLDG CSR "TTNVCQ. LHPGAAKTEPRPAALSS

EEVEEEGAPDY
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human LAT mitracellular
signalling domain alternative
1soform

HCHRLEPGSYDSTSSDSLY PRGIQEFKRPHIVAPWPPAY

PEVISY D]:—"I_QOPD_L:LP¢POPQDLG HRTPSSRRDED
GANSVASYENEEPACEDADEDEDDY ENPGYLVVLPDS
TPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVERE
SGESAEASLDGSREYVRVSQELHPGAAKTERPAALSSO
FEAEEVEREGAPDY ENLOELN

w
[95)

human LAT mitracellular
signalling domain alternative
isoform

HCHRLPGSYDSTSSDSLY PRC KEPHTVAPWERPAY
PEVISYPPLEQPDLLEPIPIRC -GSHRTPISRRDSD
GANSVASYENEGASGIRGAQAGWGVWGPSWTRLTPVS
LPPEPACEDADEDEDDYHNPGYLVVLPDSTPATSTAA
PSAPALSTPGIRDSAFSMESIDDYVNVIPESGESAEAS
LDGSREYVNVSOELHPGAAKTERPAALSSOEAREVEED
GAPDYENLQELN

34

{#224] Table 9 provides exemplary nucleic acid sequences of the domains which can be used to

encode the CARs described herem. In some embodiments, a nucleic acid sequence encoding a

CAR provided herein comprises one or more sequences described i Table 9, or a fragment or

portion thereof

[0225] Table 8, Exemplary Nucleic Acid Sequences of CAR Domains

Exemplary CAR domains

Nucleic Acid Sequence

SEGQID
NG:

SIGNAL PEPTIDE

GOTAGCGCCACCATGEOTOTGOO

TGACAGCT!

human CD8alpha signal FCGECA CCT

5eguUence TGCTGCCTCTGGCCCTGCTGITCCATGCTGC 'I'A(JAL C

human CD8alpha signal ATGGCTCTGCCTGTCGACAGCTOTGCTGCTECCTCTGG 320

Sequence CCCTGCTGCTCCATGCTGC

human IgG heavy chain signal CCAT GGA- T I" TGECTETTCCTGE | 37

sequence "‘GOTCCAGE

human IgG heavy chain signal ATGCGAGTTITGGCCTGAGUTGECTGTTCCTGETGGCCA 38

sequence TCCTCAAGGGCGETGCAGTGCTCCAGSE

HINGES

human CD8alpha hinge CTCGAGACCACCACCCCCGCCCCTAGGCCTCCCACACCTGE | 39

domain CCCCACAATCG AGCCTCTCAGCCTGAGECCT GAAG
CTTCCAGGCCCGOTGCCGEAGEAGCTGTCOATACCAGGGGA
CTCGACTTCGUCTGUGAL

human CD8alpha hinge ACCACCACCCCUGCCCCTAGGCCTCCCACACCTGCCCCCAC | 40

domain AATCGCCTCCCAGCCTCTCAG AGGCCTGAAGCTTGCA
GGLCCGUTECCGGAGGAGCTGTCCATACCAGGEGACT CGAC
TTCGCCTGCGAC

human CD28 hince domain | TCTAGAATCGAAGTGATGTACCCTCCACCTTACCTGGACAR | 41
CGAGRAGTCCARCGGCACCATCAT CCACGTGARAGGGCARGT
ACCTGTGTCCTTCTCCACTETTCCCCGGACCTAGCAAGCCT

human CD28 hinge domain | ATCGAAGTGATGTACCCTCCACCTTACCTGGACAACGAGAR | 42
GTCCAACGECACCATCATCCACGTGARGEGCARGCACCTET
GTOO CCCGGACCTAGCAAGCCT

human IgGl hinge domain GAGL SCCCCCCCTG | 43
CCCCGCCCOCGAGCTECTEEG0GGCCCCAGCETETTCCTGT
TCCCCCCCAAGOCCAAGGACACCCTGATGAT CAGCCGGACT

~3
i
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CCCGAGGETGACCTGC GGTGGACGTGAGCCACGAGGA
CCCCGAGGTGAAGTTCAACTGGTACGTGGACGGCETGGAGGE
TGCACAACGCCAAGACCAAGCCCCGGGAGGAGCAGTACAAC

AGCACCTACCGGGTGETGAGCGETGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGGTGAGCA
ACAAGGCCCTGCCCGTCCCCA TLQ;AL:P\“LBAC ATCAGCAAG

CCAAGGGCCAGCC : GTACACCCTGCC

J

COCCAGCCGGGA GGTGAGCCTGA
CCTGCCTGGTGAAGG WCC : 'CGCCGTG
GAGTGGEGAGAGC. ;
CACCCCCCCCGTG WG

ACAGCAAGCT GP\L/L/ AC&AQA( CCGE

AACGTGETTCS xGCTGWxGCGTL;u TL;rf‘Af‘ EVSY

ACACCCAGARAGAGCCTGAGCCT GAL 5-(',(',\,\,( ( CAN ‘r

AAGAGCTGCGACAAGACCCACA 44

Human IgGl hinge domain

T
[}

AAGTACGGCCCCCCCTGCCCCAG
TCCTGGGCGGCCCCAGCGTGTTCCTGTY ¥
CCAAGGACACCC GATCAGCCGGE? CCCCUJAbbTb
TGCETGGETGGT AGCCAGGAGGACCCCGAGGT
""CAACTGGTA' GTGGACGGCGTGGAGETGCACAACG
ACCAAGCCCCGGEAGGAGCAGTTCAACAGCACCTAC

GTGAGCGTGCTGACCGETGCTGCACCAGGACTGGCT
AAGGAGTACAAGT GCAAGGTGAGCAACAAGGGCT
AGCAGCATCGAGAAGACCATCAGCAAGGCCAAGGGC
CGGGAGCCCCAGETGTACACCCTGCCCCCCAGCCA
\GATGACCAAGAACCAGGTGAGCCTGACCTGCCTGE
GCTTCTACCCCAGCGACATCGCCET GGAGTGGGAG

-

45

human Ig(G4 hinge domain

oD
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s
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3F thﬁfCTP\bAﬁ_

CCACCCCCCE
GCTTCTT T

ACAGCCEGC

,_
{

N
3 4

A
¢
ME

[ I

GAGCC AGGGCAACGTGTTC
CGTGATGCA 'L,GAL:LJU,CT(”C‘\ AARCCACTACAC
GACCf‘T‘r GCOTGAGCCTGGGCAAG
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AACGTACGGCCCCCCCTGCCCC 46

()]
75
G
75
G

human [g(G4 hinge domain

TRANSMEMBRANE

T GGECCCCTCTGECT GGAACCTGCGEGAL 47

human CD8alpha ATTTACATI
transmembrane dorain TCCTGCTGCTGTCCCTGGTGATCACACTGTACTGT

human CD28 transmembrane | TICTGGCTIGCTICETTEITEGITEGCGGCETECTGECCT | 48
GLTTACAGCCTGCTGETTACCETGECCTTCATCATCTT

:':'l T ]1 o
ES Gilals

domain

COSTIMULATORY DOMAINS

O

human CD28 costimulatory | CGARGCAAGCGGAGCCGGGGAGGACACAGCGACTACE | 45
domain TGARCATGACCCCTCGEAGGCCAGECCCCACCAGAAA
GCACTACCAGCCCTACGCCCCTCCCCGEGACTTTACC

leleleiir-NleleT
GCCTATCGEAGE

[ox]
[

human D28 costiinula'§0W CGAAGCAAGCGCGAGCOGGCTGOTGCACAGCGACTACA
TGAACE G/:‘;L/ CCCTCGGEAC (:r\ CCRGGECC]C AC

ZGCCCCACCAGRAR
GCACTACCAGCCCTACGCCCCTCCCCGGEGACTTTECT
GCCTATCGGAGC

domain

human 4-1BB cgsﬁynu}at@fy AAGAGGGGCAGAAAGAAGCTGCTCTACATCTT CZ\J&GC 51

domain AGCCCTTTATGAGACCCGTGCAGACAACCCAGGAGG

AGACGGATGCAGCT GCAGGTTCCCTGAGGAGGAC GAG

e elccolilcoler v tslle
GGCGGEETGLGRAACT G

~3
3




CA 03228262 2024-02-02

WO 2023/014922 PCT/US2022/039487

N alalalel N

human DAP10 costimulatory | CTGIGCGICCGECECCEEEGGAGCCTCECCCAGEAGE
domain ACGGCAAGGTGTACATCARCATGCCCGEICGEREET

DN

o
7

LAY

human DAPI2 costimulatory | TACTTCCTGEGCCLEETEETGCCCOGEEECEGEELCE 5]
domain CCECCEAGECCGCCACCIGGAAGTAGLGGATCACCGA
GACCGAGAGCCCCTACCAGGAGCTGCAGGGCCAGCGG

~ e S Nl e N ale U er W NeT Naloler Ve elclclelalel
AGCGACGTGTACAGCGACCTGAACACCCAGEGGICCT

f"[l CAAG

human 2B4 costimulatory TGGECEECEGAAGCGGAAGGAGAAGCAGAGCGAGACCA 54
: GCCCCAAGCAGTTCLUTGACCATCTACGAGGACGTGAR
GGACCTGAAGRICCGEGCEGAACCACGAGCAGGAGCAG
ACCTTCCCCGECHECEGCAGCACCATCTACAGCATGA
TCCAGAGCCAGAGCAGCGUCCCCACCAGCCAGGALGCC

CGCCTACACCCTGTACAGCCTGATCCAGCCCAGCCGG

AAG AU\_GGC WGCCGGAAGCGGAACCACAGCCCCAGCT
TCAACAGCACCATCTACGAGGT! JL«TF’LM CAAGAGCCA
e o

GCCCAAGGCCC A GAACCCCGCCCEGCTGAGUCGGAAG

GAGCTGGAGAL '“ﬂ’"Cf'ACf'"‘CTACAbC

domain

human OX40 costimulatory | GCCCTGTACCTGUT GCGECGGEACCAGCGGCTGCCCC | 55
domain CCGACGCCCACARGTCCLCCGGCEECGGCAGCTTCCG
GG GECCGACGCCCATAGE

GACCCCCATCCAGGAGGAG
ACCCTGGCCAAGATC

[0)}

human CD27 costimulatory | CACCAGCGGCGGAAGTACCGGAGCAACAAGGGCGAGA

domain GCCCCGTGEAGCCOGCCGAGCTCTECCACTACAGCTG

CCCCCEEGAGGAGGAGGGCAGCACCATCCCCATCCA (,
GAGGACTACCGGAAGCCCGAGCCCLCCTGCAGCCC

human CD27 costumulatory CAGCGGCGGAAGT H;CG SAGCARCAAGGGCGAGAGCS | 57
GAGCCCGCCGAGCCCTGCCALC ='Z\CT\G-CTG-L.L“’“
e A GO A AT OO AT B GG

CCGGEEAGGAGGAGGGLAGCACT! CCCATCCAGGE

GACTACCGGAAGCCCGAGCCCGCCTGCAGCCCC

COGT

domain

ACTIVATION BOMAINS

human CD3zeta intracellylar | GATATCAGGGTGAAGTTCAGCAGG, %c* SCCGACGCCE

signaling domain CCGCTTATCAACAGEGCE AGRACTAGE TGTACAACGA

(62l
o0

DT 17 T ae
GCTGAACCTCGGCAGAAGAGAGGAGT 1‘1‘\11‘9«\1 ! TG
A B AG GGG GEEC BAEGCOAC OO T CACH T COGOEE
GACAAGAGGAGGEGECAGGEACCCTGAGATGEGECEE ,t&

AGCCTAGAAGAAAGAACCCCCAGGAAGGCCTCTACAR

COTACAGC
SCCTACAGC

CGAACTGCAGAAGGA CZ\L GATGGCCGAGGE
GAGATCGGCATGAAAGGLC GAGAGALAGGAGGLEGAARAGE

UZV'AT ACGGCCTGTACCAGGGACTCTCCACAGCCALC

AU OO e Taral N T T R e ~ R
CRAGGACACCTACGATGCCCTGCACATGCAGGCITCTG

CCCCCTAGA

buman CD3zeta intracellular | AGGGTGAAGTICAGCAGEAGCGCCGALGCLCCLECTT 59
signaling domain ATCAACAGGGCCAGARACCAGCTGTACAACGAGCTGAR
D CGECAGAAGAGAGGAGT ATGACGT GO TGGATAAG
AGGAGGGGCAGEGACCCT GAGATGGEUGEUAAGCCTA
GAAGAAAGAACCCCCAGGAAGGCCTCTACAACGRACT
GCRGRAGGACARGATEGCC G]‘ t;;c CTACAGCGAGATC
CATGABAGGCGAGAGRAGGAGGEGARAGGGACATG
T\CUGCC"’”TT\C\ AGGGAC I‘CTCCL CAGCCACCARGGR
CRCCTACGATGCCUTGUACAT GCAGGCTUTGUCCCCT
AGA

AT L [No Fs SN AR N
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~ 7

human LAT intraceliular Ca SACRGACTGCCCGGCAGCTACGATAGCACCA |
signaling domain Gcauész*fc*ﬁfﬂTA CCAGAGGCATCCAGTTCAG
ACGGCC IAARCAG[Q%CFICCT“ SCOTCOTGOTTAC

COTCOTGTGA ACCTCTGAGCCAGCUTE
AGCCCTCAGCCTCTCGE
CAGCAGAAGAGATAGC
ACGGCGCCAR TAUC””GG CAGCTACGAAAATCGAAG
GCGCCTCTGGPAw TAGAGGCGCCCARGCTGEATGGGE
AGITIGEGEACCTAGCTCEACARGACTGACCCLTGTG
CTCTGCCTCCTGAACCTGCCTGCGAAGATGCCGACG

PO 7
CTATCE

3

(&)

1

By 7\ -<f\.[x’r_\\(\/~4

COTEOTEo
Al

hilideleliYer:
COTEL TG0 Lol L AmAS

CGGCOAGCCATAGAASACTT

AT -t

CEINON (20N l'" A
AGGAL ( LT GA

S Valaleh:
GACGAGGAT (

47 \E AL

GCT. A:’ b ’,[ GGT

<8 /""f‘

CACACCAGC CC
GCTCCTA TJCTFCTUCTNW‘AUMAL CT LH.CA
GAGACAGCGCCTTC L“i ATGGAATCCATCGACGACTA
CGTGAACGTGCCCGAGTCTGGCGAATCT GCCGAALCT
TCTCTTGACGGCAGICGOGA SGTGTCCC
AAGAACTGCATCCCGECGCTGCCAARAACAGAACCTGE
TGCTCTGICTAGCCAAGAGGCCGAGGAAGTGGAAGAR
GAAGGCGCCCCTGATTACGAGAATCT GCAAGAGCT GA

Ve
EA

GETECTECOTEAT
\TNT L NI o A JA\ gy

PN alalilal el
GTGAR

"ATETC

alsnialal

human LAT intraceliular CAC MJV,ACAGAbT:CICC(C'””TT””P?AGV‘CZA. 61
signaling domain GCAGCGATTCTCTCTACCCCAGAGGCATCCAGTTCAR
ACGEROTC TEECCTCCTEC]
CCTCCTETGACAAGCTACCCACCTCTGAGCCAGCCTE
ACCTGCTGCCTATTCCTAGAAGCCCTCAGCCTCTCGG
CGGCAGCCATAGAACACCTAGCAGCAGRAGAGATAGH
GACGGCGCCARTAGCGTG C“”A””TPLGAMAATCAﬁC
GCGOCTOTGECATTAGAGGCGCCCAAGC TGGATGGGEE
AGTTTGGGGACCTAGOTGEAC AALACTC'ICuCT“”‘
TOTCTGCCTCCTGARCCTGOCTGCGAAGATGCCGACG
AG vavaaGSATGACT%TCﬁC&DZCCT?GCHP CTGET
TGCTGCCTGATAGCACACCAGCCACATCTACAGCT
TC?TAFT GOTCCTGCTCOTCAGCACACCTGGCATCA
SACAGCECCTTCAGCATGGAATCCATCGACEACTA
CGTGRACGTGCCCGAGTCTGGLGAATCT GCCGAAGCT
TOTCTTGACGECAGCOGCGAGTATGTGRACETGTCCS
ARGARCTGCATCCCEGECEOTGOCARAACAGAACCTGE
TGCTCTGTCTAGCCAAGAGGCCGAGGAAGTGCARGAR
GCGICCNTE "GA

GAAGGCGCC

AC

ATV OV T T e e
ATACAGTGG

RN
Al

e N el e e e W W ar:
SACTACGAGAACCTGLA] &L:r!-&(:r'\

T aalatatel

human LAT miracellular CACTGCCACAGACTGC wcGC GCTAC ‘\r\ sCACCA | &
N . N Falalr ."*I"‘(f"l‘ r‘ ’Nr"/“""l T AT T iy T ~
Slgﬂﬁhﬂg domain GCAGCGATTCTCTGTACCCCAGA h.CnTFC TTCAG

3
3

ATttt tal Nath] CROTCoOT MNelilelslinrYe

ACGGCCTCATACAG [u ot ]1 SCCTGEECCTCT ] GCTTAC

CCTCCTGTGACAAGCTACCCACCTCTGAGCCAGCCTG

ST GO TGO TAT TCO TAGAAGCCOTCAGCOT 1
ACCT TGCCTATTCCTAGAAGCCCTCAGCCTCTCG

CGGCAGCCATAGAATCA I’ZT \GCAGCAGARGAGA TAGC
ACGGCGCCAATAGCGTGLGCCAGCTACGAAAATGAAG

R N YT e e ey T e R O T B (T A T (O
GCGCCTCTGECATTAGA CGCCCARAGCTGEAT GGGEE

ACI‘"‘TFGJC'ACCTL SCTG GA”'APGA 'GACCCCTGTG
TCTCTGCCTCCTGAACCTGCOCTGCGAAGATGCCGACG
BOCACCAGCATCACT AT C A A ,fmmG,w,mm, STEET

GadsGalaGaAL LAl AALCL TG LA
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GGTGCTGCCTGATAGCACACCAGCCACATCTACAGCT
GCTCCTAGTGCTCCTGCTOTGAGCACACCTGGCATCA
GAGACAGCGCCTTCAGCATGEAATCCATCGACGACTA

CETGAARCGTGCCCGAGTCTG §£3(§}&éx“‘("‘”‘(313(35\13(3(311
TCTCTTGACGGCAGCCGCGAGTAT GTGAACGTGTCCE
ZCATCCCEECECT GCCAGAACAGAAZCTGC
TGCTCTGTCTAGC C%A AGGCCGAGGRAAGTGGAAGAA
GAAGGCGCCCCTGACTACGAGAACCTGCAAGAGTTGA

s
[

ARG

AR

3

(93]

human LAT intraceliular CACTGCCACAGACTGCCCTGCAGCTACCATAGCACCA |
signaling domain CAGCGATTCTCTGTACCCCAGAGGCATCCAGT TCAL
avaGVVu ACAGTEGCTCOCTE CCTCOTGOTTAC
COTCOTGTGACAAGCTACCCACCTCTGAGCCAGIUTE
ACCTGOTGCOTATTACTAGRAGCCCTCAGCCTCTCAG
AGAACACCTAGCAGCAGAAGAGATAGC
ACGGCGCCAATAGCGTGECCAGCTACGARAATGAAG
u\uC“T””GGLATTPCEGGCCCCCﬁKUMﬂGTﬂTGGGG
AGTTTGGGGACCTAGCTGGACARGACTGACCCOTGTG
TCTCTGCCTCCTGAACCTGCCTGCCARGATOCCGACE
AGGACGAGGATGACTATCACAACCCTGECTACCTGET
GGTGCTGOOT GATAGCATACTAGECAL
GCTCCTAGTSCTCCTGCTCT GAGCACAC
GAGACAGCGCCTICAGCATGGAATCCATCGAC
CGTGAACETECCCOAGTCTGOCGARTCTECCERAGCS
TCTCTTGACGGCAGCCGCGAGTATGTGAACGTRTCC
AAGRACTGCE GOCAGAACAGAAC
TGCTC'GTCTHGQCAA” \GGCCGAGGRAGTGG

VAGGCGCCCCTGACTACGAGAACCTGCAAGAG

-
A

1

A o
Al

7
Pt

human LAT intracellular CACTGCCACAGACTGCCC GGUAGCTACGATAGC
signaling domain GCAGCGATTCTCTGTACCCCAGAGGCATCCAGTTCAG
ACGGCCTCATACAGTGECTICCTGECCTCCTGCT
CCTCCTGTGACAAGO TACCCACCTCTGAGCCAGCCTG
ACCTGCTGCCTATTCCTAGAAGCCCTCAGCCTCTCGE
CGGCAGCTAT AGAACACCTAGCAGCAGAAGAGATAGT
GACGGCGCCARTAGCGT GECCAGCTACGAARATGAAG
GCGCCTCTGGCATTAGAGGCGCCCARGCTGGATGGRE
AGTTTGGGGACCTAGCTGGACAAGACTGACCCCTGT S
TCTCTGOCTCCTGAACCTGCCTGCGARGATGCCGACG

E AT RV D YT R IR (Y D
CACTATCACAACCCTGAGTACCTGEET

AGGEACGAGE!
GETGCTGCCTGATAGCACACCAGCCACATCTACAGCT
GCTCCTAGTGCTCCTGCTOTGAGCACACCTGGCATCA
GAGACAGCECCTTCAGCATGGAATCCATCGACGACTA,
CCTGAACCGTGCCCGAGTCTGGCGAATCTGCCGAAGCT
TCTCTTGACGGCAGCCGCGAGTAT GTGAACGTGTCCC
AMGAMCTGCATC AACAGAACCTGC
W‘Cﬂ”'GmCTAC“LAAUAGG CCAGGAAGTGGAAGAA

SOV O Y AT T ~n N R i lalel SR PN NI Y
GAAGGCGCCCCTGACTACGAGAACCTGCAAGAGITGA

3

w

AC
human LAT intracellular CACTECCACRGA (‘f"(:i:VCi FCAGCTACGATAGCACCA | ¢
CGA TCTGTAC CCAGAGGCATCCAGTTCAG

signaling domamn "“'(-'3 GCGATTCICT
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ACGGICTC CAGTGGCTCCCTGECCTCCTGCT
C“I‘C'\ TGTGA F??&GpTz\ CCACCTCTGAGCCAGCCT G

zﬁ’ 'ITCC'}?,A CAA CC‘CT‘(TA GCCTCTCGG
CGGCAGCC AGCAGCAGAAGAGATAGE

GACGGCGCCAR TAGCJIC\ML“CA’SCTACLAJMLU.L Tuxﬁv

ete

GCGECCTCTEGECE
GTTITGGGGACCTAGCTGGACAAGACTGACCC CTG G
“I‘LT CCTCCTGAACCTGCCTGCGAAGATGCCGACG
AGGACGAGGATGACTATCACARCCCTGAGTACCTGGT
GGTGCTGCOCTGATAGCACACCAGCCACATCTAC L«UL“’“
GETCOTAGTGCTCIT!
GAGACAGCGCCTITCAGCATGEAATCCATCGAC GA(“
CGTGAACGTGCCCGAGTCTGGCGAATCT GCCGARAGCC
TCTCTTGACGGCAGCCGCGAGTATGTGAACETGTC Ii“
AA SAACTGCATCCCGGCGCTGCCAGAACAGAACCTG
TCTGETC CAAGAGGICGAGGAAGTGGEAR (7/-\}\

TGACTACGAGAACCTGCAAGAGT!

TAGAGCCGCCCARGOTGRA

LAGE =L ACIORREICr 2z

=

1]1(~4r.' Yoo NerNolslNele
SANPINS JC\\T\/C\\/} NN

o~

GARGEZLGC

N et

CCC

AC

[0)}

human LAT intracellular TGCCACCGGCTGCCCGGECAGCTACGACAGCACCA | ¢
GCB GCGACAGCCTGTACCCCCEGGEECATCCAGTTCAA
T S CCCECOTAC

IS S Y T S T CORTEE
GCGGCCCCACACCETGGEICCICTGEECCCCCCEICTAL

CCCCCCGTGACCAGCTACCCCCCCCT GAGCCAGCCCG

signalling domain alternative
isoform

BT RO GO CCATC OO0
AL LU (A OLE

CGGCAGCCACCGGACCCCCAGCAGCCGEGECGEEHLACAGT
GACGGCGCCAACAGCGT GGCCAGCTACGAGAACGAGG
CCCGCCTGCGAGGACGEC EZ—\L,(,:\U(::\ CGAGGACGA
CTACCACAACCCCGGLTACCTGOLTGLTGCTGCCCGAC
AGCACCCCCGCCACCAGCACCGCCGCCCCCAGCGCCC
CCGCCOTGALS TCCEGGACAGCGZCTT
CAGCATGGAGAGCATCGACGACTACGTGAACGTGCCO
A}

N NN VI R N N e S o~ AT e
GGCGAGAGIGCIGAGGCIAGLCT GGAL

COCCAGCOCCTREE

il
aAECCL LU AGLUL L

s
RCCCCCGE

.
GAGA (3\.« ol af

GCCGGGAGTAC iTGAACGTGAswC'“AuuAuCI‘uCALC"'

ﬁ o alalalealales o ’F"""‘
ACCGAGCCCGCOGCT GAGCAGC

N

CGEGCGECCGCCAR

VGA
N alar Nalalalal oy Nelar Nalallade OO e Nalelelsle
CRAGGAGGCC UJZ\ GGAGGT GGAGGAGGAGGGEIGCICCCG

WCCTGCAGGAGCTGAAC

human LAT mtracellular CACT COGCTACCOGGOAGCTACGACAGCACCE
. . , . - - I e
signalling domain alternative | © GCLTGETACLCCCOEGECATCLAGTTC
s GCGEGECCCC hCAC("G’TZGCCLCCT SECCCCCCGECoT)
1soform T
CCCCCCETGACCAGCUTACCCLCCCOTCGAGCCAGCCCG

ACCT GO GO O CATCOCCAGCOCCO ACTCC T CREC G
AL TGCCCATCICCAGCLCCIAGCCCCTEGECEE

Ca C’ZAC CGGACCCCCAGCAGCCGECGEGACAGIGAL

GGCGCCAACAGCGTGGCCAGCTACGAGAACGAGGAGT
CCECCTGCEAGGACGCCEGACGAGGACGAGGACGACTA
CCACAACCCCGEGCTE CLTCG GGETGCTGCCCGACAGT
ACCCCCGCCACCAGCACCGCCGCCCCCAGCGCCICCE
CCCTGAGCACCT SC(‘A TCCGGGACAGCGCCTTCAG

CATGCGAGAGCATCGACGACTACGTGAACGTGCCCGAG

[9)¢

R
A

A

L

L)

AGCGECGAGA ('%C(}CC,W\G uCAGC(,' sGACGGCAGCT
GGGAGTACGTGAACGTGAGCCAGGAGCTGCACCCCEG
CGCCGCCAAGALC ’uluC\“CG\“CCFCCr_”’& CAGCCAG

~}
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GAGGCCGAGGAGGTGEAGGAGGAGEGCECCCCCGACT
/“

ACGAGAACCTGCAGGAGT =
homan LAT intraceltular CACTGCCACCEGCTGCCCGECAGCTACGACAGCACCA | 68
GCAGCGACAGCCTGTA C‘CCCCCG CCATF’C7 GTTCAA

N T N e N COGTEGOCCOC e
GCGEGCCCCACAZCHET S CCCC LA

CCCCCCGTGACCAGCTACCCCO "'“”’TFAUC’ZAQ\_,LCG

I Yalel -‘rwm'rw ~
ACCTGECTGCC

,\ A
G
’}J
;.:4
@

signalling domain alternative
isoform

T O A GO OO RGO CCT GG
CATCCCCAGIZCCCCAGCLCCTGGEECGE

CAGCCACCGGACCCCCAGCAGCCLGGCEGGACAGCGAC
GGCGCCAACAGCGTGECCAGCTACGAGAACGAGGGCG

CCAGCGGCATCCEGEGEECGCCCAGGLCGECTEGEECET
GTGGEGGCCCCAGCTGGACCCGGECTGACCCCCLTGAGC

T OO OO GARCCOGOO TGO G
CTECCCCCOGAGS CTGLGAGE

CGCCGACGAGG

ACGAGGACGACTAC (,:\LL‘LA SCCCGGCTACCT uG’['uG'['
GCTGCCCGACAGCACCCCCGUCACCAGCACTHLCLCC
CCCAGCGCCCCUGCICTGAGTACCCCCGGIA) 'T‘t“C(ﬁG 5
ACAGCGCCTTCAGCATGGAGAGCATCGACGACTACGT
GAACGTGCCCGAGAGCGGCGAGAGCGCCGAGGCCAGT

ST e

CTGGACGGCAGCCGGGAGTACGTGAACGTGAGCCAGG
AGCTGCACCCCGLCGCCGCCAAGACCGAGCCCGLOGT

Iatalal

_\ o ~ X Ay
CCTGAGCAGCCAGGAGGCCGAGGAGGTGGAGGAGGAG

GGCGCCCCe ’UAL TACGAGAACCTGCAGGAGCTGAAC

(. Exemplary CAR Constructs

i Anti-ChH22 CAR Constructs

[0226] Disclosed herein are CARSs that specifically bind to CD22. In some embodiments, the
CAR comprises an antigen recognition domain that specifically binds human CD22) a hinge
domain comprising or consisting of a CD8a hinge domamn, a transmembrane domain comprising
or consisting of a CD8a transmembrane domain; a costimulatory domain comprising or
consisting of 3 4-1BB costinmidatory domain; and an intracellular signaling domain comprising or
consisting of a CD3zeta activation domain. Also disclosed herein are nucleic acid sequences
encoding said CARs. In some embodiments, a T cell or population of T cells described herein is
genetically modified to express at least one of the exemplary anti-CD22 CAR constructs
described herein.

{02271 An exemplary anti-CD22 CAR, (“CAR1”, “CD22 CAR”, “Znd generation CAR”, “2Znd
generation CD22 CAR”, “2G CD22 CAR”, “CD22 CART”, “CD22BBz CAR”, “(D22BBz”
“20d Gen CD22BBZ”, “CD222-2nd Gen CAR”, “22BBz”, "228A7 “2I8AHY” or “2G CAR™)

amino acid sequence is shown below. (CD8 g signal peptide, CHEL se¥v (m¥71), CD8a hinge,

CD8a transmembrane domain, 4-7 88 signaling domain, CD3z signading domain)

ASATMALPVTALLLPLALLLHAARPOVQLOQSGPCGLVKPSQTLELTCAISGDEVESNESAAWNWI
ROSPERGLEWLGRTYYRSKWYNDYAVEVKERITINPDTSENQFSLOLNSVTIPEDTAVYYCAREV

~3
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TGDLEDAFDIWGRGTMVTIVESGGGGEDIQMTOSPESSLSASVGDRVTITCRASOTIWESYLNWY QO
RPGRAPNLLIYAASSLOSGVPESRFSGRGEGTDFTLTISSLOARDFATYYCQQSYS IRPQTFGQGT
KLEIKLETTTPAPREPPTPAPTIASQOPLSLRPEACRPAAGGAVETRGLDFACDIYIWARPLAGTCG
VLLLSLVITLYCKRGREEKLLY IFKQPFMRPVOTTQEEDGCSCRFPEREEGGCELDIRVEFSRS A

EYDVLDKRRGRDPEMGGKFRRENPQEGLYNELQREKDREKMAEAYS

DAPAYQQGONOLYNELNLGRREEY ;
R e — om e : . o
( ATRDTYDALAMOALFPR {SEQ ID NO: €8)

E
EIGMEGERRRGRGHDGLYQGLST

{8228} In some embodiments, the anii-CD22 CAR provided heremn may comprise or consist of
an amino acid sequence having at least 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% wdentity with the amino acid sequence of SEQ 1D NO: 69

[0228] An exemplary anti-CD22 CAR{("CARI”, “CD22 CAR”, “2nd generation CAR”, “2nd
generation CD22 CAR”, “2G CD22 CARY, “CD22 CARTY, “CD22BBz CAR”, “CD22BB2”
“Ind Gen CD22BBz”, “CD222-2nd Gen CAR”, “22BBz”, “22SA”, “228AF or “2G CAR”)

amino acid sequence is shown below. {(DSq signal pepride, CD22 seFv (m971}, CD8o hinge,

CD8a transmembrane domain, 4-7 88 signaling dowwin, CD3z signaling domain)

MALFVTALLLPLALLLHAARFQVQLOQSGRGLVKESQTLELTCAISGDSVISNSAAWKRWIRQSP
SRGLEWLGRTYYRSKWYNDYAVEVKSRITINPDTSKNQFELOLNSVTPEDTAVYYCAREVTGEDL,
EDAFDIWGQGTMVTVSSGGEEEDIOMTQSPSSLSASVEDRVTITCRASQTIWSYLNWYQOQRPCGE
APNLLIVAASSLOSGVEPERFEGRGSGTDEFTLTISS LOAEDFATYYCQQEYSIPQTFGRGTRELEL

KLETTTRPAPRPPTPAPTIASQPLSLRFEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLL
SLVIT CERGRRKELLY IFRQPFMRPVOTTOEEDGCSCRFPEEEEGGCELD IRVEFSRSAD
YOQOGONQLYNELNLGRREEYDVILDERRGRDPEMGGRFERKNFQEGLYNE
KGERRRGRGHDELYQGLSTATKDTYDALHMOALPPR {SEQ ID

{0230} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%
or 100% wdentity with the amine acid sequence of SEQ 1D NO: 102

[0231] An exemplary anti-CD22 CAR, “CAR1T”, “CD22 CAR”, “2nd generation CAR” or “2G

CAR” polynucleotide sequence is shown below, (CDEq signal peptide, CD22 seFv (m971),

CD8ax hinge, CD8a transmembrane domain, 4-1 B8 signaling domain, CD3z signaling domain)

T N T Y N TR PN ET PN R (T, (8 T TN T N TS o T TN 6 e T e e e Ry T
CCATGGCTCTGCCTETGACAGCTCTCCTECTCECCTCTGGECCCTGCTGCTCCATG
¥ el Valatilalah Valah Valilalitalalalalak . Varah Valittalalilab . Valaratl. ST Vak.Varalalst
PGCAGCTCCAGCAGTCTGGCCCAGGACTGETCAAGCCTAGCCAGACCCTY

CTCAGC
GAGCCTGACCTGCGCCATCAGCGGCCACAGCGTGTCCTCTAACAGCGCCGCCTGGAACTGGATC
¢ GTGGTACA

AGACAGAGCCCCAGCAGAGGCCTGGAATGGCTGGGCOGGAL ACCGGTCCA
' AGTCCCGGATCACCATC CCCCGACACCAGCAAGAACCAG
CTCCCTGCAGCTCGAACAGCETGACCCCTGAGGACACCGCCEGTGTACTACTGCGCCAGAGAAGTG
ACCGGCGACCTGGAAGATGUCTTCGACATCTGGGECCAGGGCACCATGGTCACCGTGTCTAGCSG
GAGGCGGCGGAAGCGACATCCAGATGACCCAGAGCCCTAGCTCCUCTGAGCGCCAGCGTGEGLGA

ST YT FNITY S T AR FTY ANCR 2N NN N PN SN AN T PN R N oS AT YT AN ST AN ST T 2 AN e 2y A R I N AN R T N R 2N AN R o
CAGAGTGACCATCACCTGETCGERCCAGCCAGACCATCTGGETCCTACCTGAATTGGTATCAGCAG

.
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TOTATGCC GO ACCACCCTGCAGAGCAGCS STy
SATCTATG GULUALUAL IRCI0%S \_,f\x SCGGCGETGCCAA

CGGCCAGGCAAGLCCCCTAACCTLCOT

GCAGATTCTCTGGCAGAGGCTCCGGCACCGACTTCACCCTGACAATCAGTTCCCTGCAGGE iGA
SGACTTCGCCACCTACTACTGCCAGCACTCCTACAGCATCCCTCAGACCTTCGGCCAGEGGACT

N lal e N e N alakt SO ACCOCOGCCCOTAGOCCTCOOACR e alalalalalal Nar U
AAGCTGGAAATCAAGCTCGAGACCACCACCCCCGECCCCTAGCECCTCCCACACCTGECCCCCACAA

PO CTOCOACCCTOTE el derNelelalout T A AGGC O OO OO COCAGCASC TOT OO
TCGCCTCCCAGCOTCTCAGCCTGAGLCCTGAAGCTT GCAGGCCCGLTGCCLEAGGAGCTGTCCA

TDCTAGGWbA“TCCACTTCGT TGCGACATTTRACATTTGGGCCCCTCTGGCTGGAACCTGCGGA
GTCTi%””J7Tu CCCTGETCATCACACTCTACTCTARGAGGGGCAGAAAGARAGCTGCTCTACA
TCTTCAAGCAGCCOTTTATGAGACCCGTGCA ACAACC”“”CALuAAMACCTATGCA?CTGC
GTTCC leﬁﬂgﬁwbl GGAGGGCGGUTGCCAACTGCATATCAGGGTCGAAGTTCAGCAGGAGCGCT
GACGCCCCCGUTTATCARCAGGGCCAGAACCAGCTGTACAACGAGCTGAALCTCGGCAGAAGAL
AGGAGTATGACGT QCLG%ATAAGAFGna%GG,TQCGAC CT 1AQRTS7GCaVJJAFCVT“uﬂK
AARGAACCCCCAGGRAGGCCTC AACGAACTGCAGRAAGGACAAGATGGCCGAGGCOTACAGC
CAGAMCCGCAIP““ﬁGGCGAuA nAGCAGC”?AAAJoC CATGACGGCCTGT CCAGCGACIC“
CCACAGCCACCAAGGACACCTACGATGCCCTGCACATGCAGGCTCTGCCCCCTAGA (SEQ ID

NO: 70)
{0232} In some embodiments, the anti-CD22 CAR provided heren s encoded by a
polynuciestide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 919%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 9% or 100% 1dentity with the nucleic acid
sequence of SEQ ID NO: 70,

{08233] An exemplary anti-CD22 CAR, “CART”, “CDB22 CAR”, “2nd generation CAR” or “2G

CAR” polymucleotide sequence 15 shown below. (CDS8o signal pepiide, CD22 seFv (m971),

CD8o hunge, CD8a transmembrane domain, 4-1 88 signaling dowmuin, CD 3z signaling domain)

ATGGCTCTGCCTGTCGACAGCTCTGL AGACCTC

AGGTGCAGCTCCAGCAGTCTGGCCCAGGACTGETC

GCTGCCTCTGGCCCTGCTGCTCCATGCT LT
.
£

.
WAGCCTAGCCAGACCCTGAGCCTGACCTS
~

s
CGCCATCAGCGGCGACAGCETGTCCTCTAACAGUGCCGCCTGGAACTGGATCAGACAGAGCCCC
AGCAGAGGCCTGGAATGGCTGEGCCEGACCTACTACCE SiCC;AqTGC'“”AACC CTACGCCG
TGTCCLTGAAGTCCCGLATCACCAT CAACCCCGACACCAGCAAGAACCAGTTCTCCCTGCAGCT
GAACAGCGTGACCCCTGAGGACACCGCCGTGTACTACTGCGCCAGAGAAGTGACCGGUGACCTG
GAAGATGCCTTCGACATCTGGGGCCAGGGCACCATGGTCACCGTGTCTAGCGGAGGCEGCGGAR

N R I e YN alalal tar N elalalaliyy NP e A f"f\’ﬂ/‘(('\ el st alalarelali A e~ T
i’ A i i’
CGCGACATCCAGATGACCCAGAGCCCTAGCTCCCTGAGCGCCAGUETGEECGACAGAGTGACCAT

CACCTGTCGGGCCAGCCAGACCATCTGGTCCTACCTGAATTGCGTATCAGCAGCGGCCAGGCAAL
SCCCCTAACCTGCTGATCTATGCCGCCAGCAGCCTGCAGAGCGGLGTGCCAAGCAGA TTC"“”'m

GCAGAGGCTCCGGCACCGACTTCACCCTGACAATCAGTTCCCTGCAGGCCGAGGACTTCGC CAL

s el Yol ~ ORI Ialalatlalk: Il T T InFaler W tla
CTACTACTGCCAGCAGTCCTACAGCATCCCTCA! nZ\C\_ TCGECCAGGGEGAL \,AZ\\) L GLAAATC

AGOTOG Nl NaTar Nalal: CCCCTAGCCOT OO0 e TalaTaralars e aleT oL el alar N ale
AAGCTCGEGAGACCACCACCCCCGCCCCTAGGCCTCCCA CCTGCCCCCACAATCGECCTCCCAGC

CTCTCAGCCTGAGGCCTGAAL C”[QP;“ ;CCC G”IQCCrS#n"ﬁ”"“”lC”“mA”C'L“bGUUT
CGACTTCGCCTGCGACATTTACATTTGGGCCCCTOTGECTGGAACCTGCGGAGTCCTGCTGCTG
TCCCTGGTGATCACACTGTACTGTAAGAGGGGCAGRAAGAAGCTGCTCTACATCTTCAAGCAGC
CCTTTATGAGACCCCTGCAGACAACCCAGGAGGAAGACGCGATGCAGCTGCAGGTTCCCTCGAGG!
Q AGGAGGGCGGCTGCGAACTGCGATATCAGGGTGAAGTTCAGCAGCGAGCGCCGACGCCCCCGCT

ATCAACAGGGCCAGAACCAGCTCTACAACGAGCTGAACCTCGGCAGAAGAGAGGAGTATGACG
TGC GGACARAGAGGAGGGGUAGGGACCLTGAGATGGECGGLAAGUCTAGARAGAAAGAACCCCCA

e N e \r"|r~< ACOIA (" NN SN e N ar SN ey Gl s alalor Y lalalal N at Y alal o Var Ul alalolal Gl
GGAAGGCCTCTACAACGAACTGCAGAAGGACAAGAT GGCCGAGGCCTACAGCGAGATCGGECATG
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AAAGGCGAGAGAAGCGAGCEGGAAAGGCGACATGACGGCOTGCTACCAGCGCACTCTCCACAGCCACCA
AGGACACCTACGATGCCCTGCACATGCAGGCTCTGCCCCCTAGA {SEQ ID NO: 103)

[0234] Tn some embodiments, the anti~-CD22 CAR provided herein is encoded by a
polynucleotide sequence comprising or consisting of an nucleic acid sequence having at least
90%, O1%, 92%, 93%, 94%, 95%, 96%, 9T%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ D NG: 103,

[0235] An exemplary bicistronic anti-CD22 CAR and anti-CD22 CAR “CAR1-linker-CARZ” or
“LAT-CAR” or “2ZALA-CART” with wild type LAT domain amino acid sequence 1s shown
below {CARI, Farin/P2A linker; CARZ)
MALPVTALLLPLALILHAARPQVOIQOSGPGMVKPSOTISLTCAISGDIVSSNSVAWNWIROS
PIRGLEWILGRIYYRSTWYNDYAVSMKSRITINP DT NKNQFSLOINSVIPEDTAVYYCAREVIG
DLEDAFDIWGOGTMVTYSYGGGGSGOGGSGGGGSDIOMIGSPSSLSASVGDRYTTTCRASOTT
WSYINWYRORPGEAPNLIIYAASSLOSGYPSRESGRGSGTDFTLHISSLOAEDFATYYCOOSYSI
POTFGOGTKLEIKILETTTPAPRPPTPAPTIASOPLSLRPEACRPAAGGAVHTRGLDEFACDIYIW
APLAGTCGVELLSIVITLYCKRGRERKLLYIFKQPFMRPYOTTOREDGCSCREPEREEEGGUERELD
IRVEFESRSADAPAYOQOGONQLYNEINE GRREEYDVEDKRRGRDPEMGGKPRREKNPOEGLYN
FLOKDREMAFAYSEIGMEGERKRGKGHDGLYOGLSTATKDTYDALEMOALPPRRKRRGSG
TPDPWGSGATNFSLLEEKQAGDVEENPGPOGSMALPYVTALLIPLALETLHAARPDYEDDD
DEOVOLOQSGPOMVKPSQTLSL TCAISGDSVSSNSVAWNWIRQSPSRGLEWLGRTYYR
STWYNDYAVSMESRITINPDTNKNOFSLOLNSYIPERDTAVYYCAREVIGDLEDAFDIW
GOGTMYTYVSSGGGGSGGGGSGGGGSDIOMIGSPSSLSASVGDRVTITCRASQTIWSYIN
WYRORPGEAPNILLIYAASSLOSGYPSRESGRGSGIDERTLTISSLOABDFATYYCQQSYSIP
QTFGOGTRKLEIKSRIEVMYPPPYLDNERKSNGTHHVEGKHLCPSPLEPGPSKPEWVIVYVY
GOVEACYSLLVIVAFHIFWYHCHRILPGRYDRSTSSDSLYPRGIOFKRPHTVAPWEPPAYPPY
TSYPPLSOPDLEPIPRSPOPLGGSHRTPSSRRDSDOGANSYASYENEGASGIRGAQAGWGY
WGEPSWIRLTEVSLPPEPACEDADEDEDDYHNPGYLVVIPDSTPATSTAAPSAPALSTRGE
RDRSAFSMESIDDYVNVPESGESAEASLDGSREYVNVSOEL HPGAAKTEPAALSSOEARTD
VEEEGAPDYENLOELN(SEQID NO: 217)

[0236] In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%

or 100% wdentity with the amine acid sequence of SEQ 1D NO: 217
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{0237} An exemplary bicistronic anti-CH22 CAR and anti-CD22 CAR “CAR1-linker-CAR2” or
“LAT-CAR” or “2ZALA-CART” with KS5ZR mutation in the LAT domain amino acid sequence
is shown below (C 4R/ Furin/P2A linker; CARZ, K52R)
MALPVIALLLPLALLLHAARPOVOLOQSGPGMVKPSOTLSLTCAISGDSVSSNSVAWNWIROS
PESRGLEWLGRTYYRSTWYND YAVSMKSRITINPDTNKNQESLOLNSVIPEDTAVYYCAREVTG
DLEDAFDIWGOGTMYTVSSGGGGSGGGGSGGGGSINOMIQSPSSLSASVGDRVITICRASOT
WSYLNWYRORPGEAPNLLIVAASSLOSGVPSRESGRGSGTDFTLTISSLOARDEATYYCOOSYST
POTHGOGTKLEIKLETTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDEACDIYIW
APLAGTCGYLLLSLVITLYCRRGRKKILYIFKQPFMRPYOTTOREDGCSCREPERVEGGCELD
IRVKESRSADAPAYOQGONQLYNELNLGRREEYDVLDERRGRDPEMGGEKPRRENPOFEGLYN
ELOKDRMAFAYSEIGMEGERRRGKGHDGLYQGLSTATKDTYDALHMQOALPPRRERRGSG
TPDPWGSGATNFSLLKQAGDVEENPGPGSMALPVTALLLPLALLLHAARPDYKDDD
DKOVOLOOSGPGMYEPSOTLSLICAISGRSVISNSVAWNWIROSPSRGLEWLGRTYYR
S TWYNDYAVSMKSRITINPD TNKNOESLOLNSVIPEDTAVYYCAREVTIGDLEDAFDIW
GOGTMYTVSEGGHHSGHGHSGHLGHSDIOMIOSPSSLAASVOGDRVIITCRASQTIWS YEN
WYRORPGEAPNLELIVAASSLOSGYPSRESGRGSGIDETLTISSLOAEDFATYYCQOSYSIP
CTFGOGTKLEIKSRIEVMYPPPYLDNEKSNGTHHVKGKHLOPSPLFPGPSKPFWVLYVY
GOVLACYSLLVIVAFHFWVHCHRLPGAYDSTSSDSLYPRGIOFRRPHTIVAPWPPAYPPY
TSYPPLSOPDLLPIPRSPOPLGGSHRTPSSRRDSDGANSVASYENEGASGIRGAQAGWGY
WOGPSWITRLTPYSLPPEPACEDADEDEDDYHNPGYLVVLPDRSTPATSTAAPSAPALSTPGI
RDSAFSMESIDEDYVNVPESGESAEASLDGSREYVNVSOELHPGAARTEPAALSSOEALE
VEEEGAPDYENLQOELN (SEQ ID NG 218)

{0238} In some embodiments, the anti-C D22 CAR provided herein may comprise or consist of
an amino acid sequence having at feast 90%, 91%, 92%, 93%, 94%:, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NO: 218

{0239] An exemplary bicistronic anti-CH22 CAR and anti-CD22 CAR “CAR1-linker-CAR2” or
“LAT-CAR” or “2ZALA-CART” with K233R mutation in the LAT domain amino acid
sequence 15 shown below {(C4AR/; Furin/P2A Bnker; CARZ, K233R)
MALPVTALLLPLALLLHAARPOVOLOQOSGPGMYKPSQOTISLTCAISGDSVSSNSVAWNWIROS
PERGLEWILGRIYYRNTWYNDYAVSMKSRITINPDINENGFSLOINSVIPEDTAVYYCAREVTG
DLEDAFIIWGOGTMY TVSSGGGGSGGHGSGGGGNDIOMIOSPSSLSASYGDRVTITCRASQTI
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WSYLNWYROQRPGEAPNLLIVAASSLOSGVPSRESGRGSGTDFTLTISSLOALDFATYYCQOSYST
POTFGOGTRLEIKLETTTPAPRPPTPAPTIASQOPLSIRPEACRPAAGGAVHTRGLDFACDIYIW
APLAGTCGYVELLLSIVITLYCRRGRKKILYIFKQPFMRP Y QTTOREEDGUSCREPEEEEGGCELD
IRVKESRSADAPAYOOQGONOLYNEINLGRREEYDVLDKRRGRODPEMGGKPRRENPOEGLYN
FLOKDKMAEAYSEIGMEKGERRRGKGHDGLYQGLSTATKDTY DAL HMOAL PPRRERRGSG
TPRPWGSGATNFSLLKQAGDVEENPGPGSMALPVTALLEPLALLLHAARPDYKDDD
DKOVOLOOSGPGMYEPSOTLSLTCAISGDSVSSNSYAWNWIROSPSRGLEWLGRTYYR
STWYNDYAVSMKSRITINPD INKNOFSLOLNSVIPEDTAVYYCAREVTGDLEDARIIW
GOGIMVYTYSSGOGESGOEGSGEHEGSDIOMIQSPSSE SASYGDRVTITCRASOTIWSYLN
WYRORPGEAPNLLIYAASSLOSGVPSRESGRGSGTDFTLTISSLOAEDFATYYCQOSYSIP
O GOGTKLEIKSRIEVMY PPPY L DNEKSNGTHHVKGKHLOPSPLEPGPAKPIFWYLVVY
GOVLACYSLLVIVAFNFWYHCHRLPGRYDSTISSDSLYPRGIOFKRPHTYVAPWPPAYPPY.
TS YPPLSOPDLLPIPRSPOPLGGSHRTIPSSRRDSDGANSVASYENEGASGIRGAQAGWGY.
WEPSWIRLIPVSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPATS TAAPSAPALSTRGE
RDSAFSMESIDDYVNVPESGESAEASLDGSREYVNVSOELHPGAARTEPAALSSOEAEE
VEEEGAPDYENLOQELN(SEQ ID NG 219)

{0248] In some embodiments, the anti~-CD22 CAR provided herein may comprise or consist of
an amine acid sequence having at feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NG 219,

{08241} An exemplary bicistronic anti-CB22 CAR and anti-CD22 CAR “CAR1-linker-CAR2” or
“LAT-CAR” or “2ZALA-CART” with K5ZRAK233R mutations n the LAT domam ammo acid
sequence 15 shown below (C4R; Furin/P2A linker; CARZ, KS2R, K233R/
MALPVTALLLPLALLLHAARPOVOLOQOSGPGMYKPSQOTISLTCAISGDSVSSNSVAWNWIROS
PERGLEWILGRIYYRNTWYNDYAVSMKSRITINPDINENGFSLOINSVIPEDTAVYYCAREVTG
DLEDAFDIWGOGTMYTVSSGGGGSGGGGSGGGGSDIOMIOSPSSLSASV GDRVTTTCRASQOTT
WSYIENWYRORPGEAPNLIIVAASSLOSGVPSRESGRGSGTDFTLTISSLOAFEDFATYYCOOSYS!
POTFGOGTELEIRLETTTPAPRPPTPAPTIASOPLSLRPEACRPAAGGAVHTIRGLOFACDIYIW
APLAGICGVELLSIVITLYCKRGREKKLLYIFKOPFMRPVOTTOREDGUSCRFPEFEEGGCELD
IRVKFSRSADAPAYQOGONLYNELNLGRREEYDVLDKRRGROPEMGGEPRRENPQOREGLYN
FLOKDKMAFAYSEIGMRKGERRRGKGHDGLYOGLSTATKDTY DAL HMOALPPRRERRGSG

TPRPWGSGATNFSLLKQAGDVEENPGPGSMALPVTALLEPLALLLHAARPDYKDDD
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DKOVOLOOSGPGMVEPSOTISL TCAISGDSVSSNSVAWNWIROSPSRGLEWLGRTYYR
STWYNDYAVSMKSRITINPDTNEKNOFSLOINSVIPEDTAVYYCAREVTGDLEDAFDEW
GOOGTMVYTYSSGOEESGOOGSGGHGSDIOMIQSPSSE SASVGDRYTITCRASOTIWS YLN
WYRQRPGEAPNLELIYAASSLOSGVPSRESGRGSGTDETLTISSLOAEDFATYYCQOSYSIP
GIFGOGTKLEIKSRIEVMYPPEYE DNEKSNGTHHYKGKHL CPSPLEPGPSKPEFWYEVVY
GOVLACYSLEVTIVAFHFWYHCHRLPGSYDSTSSDSLYPRGICEFRRPHTIVAPWPPAYPPY
ISYPPESOPDLLPIPRSPOPLGGSHRTPSSRRDSDGANSVASYENEGASGIRGAQAGWGY.
WEPSWIRLIPVSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPATS TAAPSAPALSTRGI
RDSAFSMESIDDYVNYPESGESAFASLDGSREYYNYSOEL HPGAARTEPAALSSQEAEE
VEEEGAPDYENLQELN (SEQ ID NO: 220)

{242] Tn some embodiments, the anti~-CD22 CAR provided heremn may comprise or consist of
an amuno acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% 1dentity with the amino acid sequence of SEQ ID NO: 220.

[0243] Ao exemplary bicistronic anti-CD22 CAR and anti-CD22 CAR “CAR1-linker-CAR2” or
“LAT-CAR” or “22ZALA-CART” with K52R+G160E mutations in the LAT domain aming acid
sequence 18 shown below (C4R; Furin/P2A linker; CARZ, KS2R, G168E)
MALPVIALLLPLALLLHAARPOVOLOOSGPGMYVEPSQTLSITCAISGDSVSSNSVAWNWIRGS
PSRGLEWELGRITYRSTWYNDYAVSMESRITINPDTNENOESLOINSYV TPEDTAVYYCAREVTG
DLEDAFDIWGOGTMYTVSSGGGGSGGGGSGGGGSDIQMIQSPSSLSASVGDRVITTCRASQTT
WAYVENWYRORPGEAPNLIIYAASSLOSGVPSRESGRGSGTDRTLTISSLOAEDEATYYCQOSYST
POTFGOGTRIEIRIETTTPAPRPPIPAPTIASOPLSLRPEACRPAAGGAVHTRGLDIFACDIYIW
APLAGTCGYVLLLSIVITLYCKRGREKKEL YK OPEMRPVOTTOREEDGCSCREPEEFEGGCELD
IRVKFSRSADAPAYQOGONCGLYNELNLGRREEYDVLDKRRGROPEMGGKPRRENPQEGLYN
FLOKDKMAEAYSEIGMKGERRRGEKGHDGLYQGLSTATKDTYDALEMOALPPREREKRRGSG
TPDPWGSGATHNFSLLKQAGDVEENPGPGSMALPYVTALTLPLALELHAARPDYKDDD
DROVOLOOSGPGMYVEPSOTLSLTCAISGDSVSSNSVAWNWIROSPSRGLEWLGRTYYR
STWYNDYAVSMESRITINPDINENOESL OINSVIPEDTAVYYCAREVTGDLEDAFDIW
COGTMVYTYSSGHGGSGGHGSGGHGSDIOMIOQSPSSESASVEGDRVTITCRASOTIWSYEN
WYRORPGEAPNELIYAASSLOSGYPSRESGRGSGTDETLTISSLOAEDFATYYCQOSYSIP
OTFGOGTKLEIKSRIEVMYPPPYEDNEKSNGTHHYKGKHL CPSPLEPGPSKPEFWYLVVY
GOVLACYSLLVTVAFHFWYVHCHRLPGSYDSTSSDSLYPRGIQFRRPHTVAPWIPAYPPY
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TS YPPLSOPDLL PIPRSPOPLGGSHRTPSSRRDSDGANSVASYENEGASGIRGAQAGWGY
WGPSWIRLTPVSLPPEPACEDADEDEDD YHNPEYLYVVLPDSTPATSTAAPSAPALSTPGE
RDSAFSMESIDDYVNYPESGESAFASL DGSREYVNYSORLHPGAAK TEPAALSSQEAEE
VEEEGAPDYENLOFELN (SEQ ID NO: 221)

{0244} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% wdentity with the amino acid sequence of SEQ D NO: 221

{0245] An exemplary bicistronic anti-CP22 CAR and anti-CD22 CAR “CAR 1-linker-CAR2” or
“LAT-CAR” or “22ALA-CART” with KSZRHK233R+GI60E mutations n the LAT domam
amino acid sequence is shown below {C4RJ; Farin/P24 linker; CARZ, KS2IR, K233R.
MALPVTALLLPIALLLHAARPOVOLOQONGPGMVKPIQTISITCAISGDSVSSNSVAWNWIROS
PSRGLEWLGRTIVYRSTWIYNDYAVSMESRITINPDINKNOFSLOINSYTPEDTAVYYCAREVTG
DEEDAFDIWGOGTMYTVSSGGGGIGGGGSGGGGSDIOMIOSPSSISASYGDRVITTURASQTT
WSYINWYRORFPGEAPNLIIVAASSLOSGVPSRESGRGSGTDETETISSIOAFEDFATYYCQOSYSI
POTFGOGTELEIKLETTTPAPRPPTPAPTIASOPISIRPEACRPAAGGAVHTRGLDFACDIYIW
APLAGTCGVIELSIVITLYCKRGRKKI LY IFKOPFMRPVOTTOREEDGUSCRFPEEREEGGCELD
IRVKFSRSADAPAYOQGONLYNELNILGRREEYDVLDKRRGRDPEMGGEKPRRENPORGLYN
FLOKDKMAEAVSEIGMKGERRRGEGHDGLYDGLSTATKDTYDALHMOALPPREREKRRGSG
TPOPWESGATHRSLLEKQAGDVEENPGPGISMALPVTALLIPLALELHAARPDYRDDD
DEOQVOLOOSGPGMVKPSOTLSLTCAISGDSVSSNSVAWNWIROSPSRGLEWLGRTYYR
STWYNDYAVSMKSRITINPDTINENOFSLOINSVIPEDTAVYYCAREVTIGDLEDAFDIW
CQOGITMVYTYVSSGOGGSGGEGSGGHGSDIOMIQSPSSLSASVEGDRVTITCRASOTIWSYEN
WYRORPGEAPNELIYAASSL OSGYPSRFSGRGSGTDEFTLTISSLOAREDFATYYCOUSYSIP
OTFGOGTKLEIKSRIEVMYPPPYLDNERSNGTHHYRGEKHLCPSPLFPGPSKPFWYLVVY
GOVLACYSLEVTIVAFHFWYHCHRLPGSYDSTSSDSLYPRGIGFRRPHTVAPWPPAYPPY
TSYPPLSOPDLL PIPRSPOPLGGSHRTPSSRRDSDGANSVASYENEGASGIRGAQAGWGY
WOPSWIRETPYSLPPEPACEDADEDEDDYHNPEYIVVIPDSTPATS TAAPRNAPALSTPGE

RDSAFSMESIDDYVNYPESGESAEASLDGSREYVNVSQOELHPGAARTEPAALSSQEAERE

VEEEGAPDYENLQELN (SEQ 1D NO: 222)
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{0246} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 222

it} Exemplary Anti-CDI9 CAR Constructs

{0247} Disclosed herein are CARs that specifically bind to CD19. In some embodiments, the
CAR comprises an antigen recognition domain that specifically binds human CD19, a hinge
domain comprising or consisting of a CD28 hinge domain, a transmembrane domain comprising
or consisting of a CD28 transmembrane domain; and an tracellular signaling domain
comprising or consisting of a LAT intracellular signaling domain. Also disclosed herein are
nucleie acid sequences encoding said CARs. In some embodiments, a T cell or population of T
cells described herein 18 genetically modified to express at least one of the exernplary anti-CD19
CAR constructs described heren.

[0248] An exeroplary bicistronue anti-CD19 CAR and anti-CD 19 CAR “CAR -linker-CAR2” or
“LAT-CAR” or “19ALA-CART” amino acid sequence 15 shown below (TARI, Furin/P2A
linker; CAR2)
GSMEFGLSWIFLVAILKGYOQCSRDIOMTOTTSSISASLGORYVTISCRASQDISKYINWYQOKPD
GTVKELIYHTSREASGYPSRESGSGSGTDYSLTISNLEQEDIATYFCOQOGNTLPY THGGGTRKLET
TGSTIGSGRKPGSGHEGSTRGEVKLQESGPGLYAPSOSLSVICTYSGYSLPDYGYVSWIROPPRK &
LEWLGVIWGSETTYYNSALKSRETHKDNSKSQVFLEKMNSLOTDDTAIYYCAKHYYYGGSYAMD
YWOGOGTSVIVERETTTPAPRPPTPAPTIASOPISLRPEACRPAAGGAVETRGLDFACHDIVIWAPL
ACGTCGYVLELSLVTTL YCKRGREKILVIFRQPFMRPVOTTOREDGCOSCREFPEREEEGGCELDIRY
KFESRSADAPAYQOGONOLYNEINLGRREEYDVILDKRRGROPEMGGEKPRRENPORGLYNEL
OKDEMAFAYSEIGMEGERRRGKGHDGLYQGLNSTATKDTYDALEMOALPPRRKRRGSGTP
DPWESGATNFSLLEKQGAGDBVEENPGPOSMEFGLSWLFLVAHL KGVOCSRBYKDBDDK
DIOMTOTTSSLSASLGDRVTISCRASQDISKYENWYQOKPDGTVRELLIYHTSRLHSGVPS
RESGSGSGIDYSLTISNEEQEDIATYFCOQOOGNTEPY TFGGOTRLEITGSTSGSGKPGSGEG
STRKOEVKLOESGPGL VAPSQSLSVTICTVSGYSLPDYGVSWIROPPREKGLEWEGVIWGSE
TTYYNSALKSRLTHEKDNSKSOVFLRKMNSLOTDDTAIYYCAKHYY YOOGS YAMBDYWGOG
TSVIVSRIEVMYPPPYLDNEKSNGTHHYVEKGKHLOPSPLEFPGPSKPFWVYIEVYVGGVEACY
SLINVIVAFHFWYVHCHRLPGSYDSTSSDSLYPRGIOFRRPHTVAPWPPAYPEVTSYPPLSO
PDLLPIPRSPOPLGGSHRTPSSRRDSDGANSVASYENEGASGIRGAQAGWGYWGPSWITR
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LIPVSLPPEPACEDADEDEDDYHNPGYEVVEPDSTPATSTAAPSAPAL STPGIRDSAFSM
ESIDDYVNVPESGESAFASEDGSREYVNVSOEL HPGAAKTEPAALSSQEAFEVEEEGAP
DYENLOELN (SEQ ID NO: 2233

{0249} In some embodiments, the anti-CD19 CAR provided herein may comprise or consist of
an amino acid sequence having at feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% wdentity with the amine acid sequence of SEQ 1D NO: 223

{0256] An exemplary bicistronic anti-CB19 CAR and anti-CD19 CAR “CAR 1-linker-CAR2” or
“LAT-CAR” or “19ALA-CART” polynucleotide sequence is shown below {CARI, furin/PZA
linker; CAR2)

ATGGAGTTCGGATTATCTTGGITATT T TAGTAGUGATTTTGAAAGGAGTCCAATGTAGTCG
AGAACAAAAACTCATCTCAGAAGAGUGATCTGGATATTCAAATGACACAAACTACCICTICTT
TATCTGCGAGTTTGUGOAGATCGAGTTACTATAAGTTGCCGGGCITAGTCAGGATATTAGT AL
GUATCTCAATTGGTATCAACAAAAGCCGGATGGUACAGTCASATTATTAATITATCATACAT
CTCGATTACACAGIGQAGTACCAAGTCGGTTCAGIGGGICTHGTAGCGGCACGGATTATT
CTTTGACTATATCTAATCT T GAGCAAGAAGATATAGCTACCTACTITTGTCAGUAAGGTAAT
ACCTTGCCATACACGTITGGAGCGUGOUGACCAAACTOCGAGATTACAGUGTAGTACGAGTGGT
TCTGGTAAGCCCGUCAGCGOAGAAGOTTICTACTAASGGAGAGOGTTAAATTACAAGAGTCT
GUCCCAGOCTTAGTGGCCCCTTCTCAATCTTIGICTGITACATGCACGGICTCTGGGUTAT
CTTTACCAGACTATGOGUIATCTTGGATACGGCAACCCCCACGAAAAGGGUICGAATGAT
TOGOAGTAATCTGGOGTTCTGAAACTACATATTACAATICTGCGITAAAATCTICGATTGACA
ATCATAASAGATAATTCTAAGAGTCAAGTGITCTTAAAAATGAACTCTTTGCAAACAGATGAT
ACTGUAATTTATTATTGTGCAAAACATTATTACTACGGAGGGAGTTATGCAATGGATTATTG
GGOGCAAGGGACTICTGICACCGTACTCUAGACCACCACCCCCOCCCCTAGGCCICCCA
CACCTGCCCCCACAATCGCCTCCCAGCCICTCAGCCTOAGGUCTGAAGCTTGCAGGCCC
GCTGCCCGOAGGAGCTCICCATACCAGCGGUGACTCGACTICGCCTGUGACATTTACATTICG
GCCCCICTGQCTOGAACCTGCGGAGTCCTGCTGCTGICCCTGGIGATCACACTGTACTGT
AAGAGGGGCAGAAAGAAGCTGCTCTACATCTTCAAGCAGCCCTTIATGAGACCCGTGCAG
ACAACCCAGGAGGAAGACGUATGCAGCTGCAGGITCCCTGAGGAGGAGGAGGGCGECT
GCGAACTGUGATATCAGOGTGAAGTTCAGCAGGAGCOCCGACGCCCCCGCTTATCAACAG
GUGCCAGAACCAGCTIGTACAACGAGCIGAACCTCGGCAGAAGAGAGUAGTATGACGIGCT
GGACAAGAGGAGCGGGCAGGGACCCIGAGATGGGECGGUAAGCCTAGAAGAAAGAACCCC
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CAGOAAGOCCTCTACAACGAACTGCAGAAGGACAAGATGGCCGAGGUCTACAGCGAGAT
CGGCATGAAAGGCGAGAGAAGGAGGGGAAAGGGACATGACGGCCTGTACCAGGGACTC
TCCACAGCCACCAAGGACACCTACGATGUCCTGCACATGCAGGCTCTGCCCCCTAGAAG
GAAGAGAAGAGGCILTGGTACCCCCGATCC T T GGG GAAGCGGLGCTACCAACTTIOT
CCTGCTCAAGCAGGCTGOGUGATGTGCAGGAGAACCCCGHLCCCCGGATCCATGGAGTT
TCGUCTCAGUTGOCTIGTITCCTOUTGGUCATCCTCAAGGOGLGTGCAGTGCTCCAGGGA
CTACAAAGACGATGACGACAAGGACATCCAGATGACCCAGACCACAAGLAGCCTGA
GCGCTTCCCTCGGUGACAGGOGTGACCATCTCCTGTAGAGCCTCCCAAGACATCTCCA
AGTACCTGAACTGOTATCAGCAGAAACCCGACGGCACCGTGAAGCTGUTGATCTAL
CACACCAGCAGGCTGCATTICCGOUGTGUCCTCCAGATTITICCGGUAGUGGCTICTGET
ACCGACTACAGCCTCACCATCAGCAACTTAGAACAGGAGGACATCGUCACATATTY
CTGCCAACAGGOGAAACACACTCCCCTATACCTTOCGGUGGUGGCACAAAGTTAGAAA
TCACCGOUTCCACATCCOOCAGLGUGAAAACCTGOTTCTGOUCGAGGGUAGLCACCAAG
GOQCGAAGTGAAGCTGCAGGAAAGCGGACCTGGACTGGTCGUTCCCAGCCAGAGCCT
CAGUOTOGACCTOTACAGTGAGUGGLUOGTOAGCCTOCCTGATTACGOUGTGAGUTGOGA
TTAGACAGCCTCCCAGOAAGGOGUTTAGAATGGUTCOGOCGTOGATTTGOGLUAGLGAG
ACAACCTACTATAACAGCGCCCTOGAAGAGUAGGUTCACCATTATCAAGGACAALAG
CAAATCCCAGUTCTTCCTGAAGATCGAACAGCUTCCAGACCGACGACACCOGCCATCT
ACTACTGUGCCAAGUCACTACTATTATGGUOGUTCCTACGUCATGUACTACTGOGOGLT
AGGOCACCAGCOGTOGACAGTOTCTAGAATCGAAGTGATOGTACCCTCCACCTTACCTOH
ACAACGAGAAGTCCAACGOCACCATCATCCACGTGAAGGOGUCAAGCACCTOTOTCCT
JTCTCCACTOGTTCCCCGOACCTAGCAAGCCTTTICTGOGTGUTICOGTTGTTGTTGGUGGOG
TOCTGGUCTOTTACAGUCTGUTOGTITACCOGTGOCCTICATCATCTTTTGGOTOGCACTG
CCACAGACTGUCOCOGUCAGCTACGATAGUACCAGCAGUGATTCTUTOTACCCCAGAG
GCATCCAGTTCAGACGOCCTCATACAGTGGUTCCCTGOCCTCCTOGCTTACCCTOCTGT
GACAAGUTACCCACCTCTGAGCCAGCCTOGACCTGUTOGUCTATTCCTAGAAGCCCTCA
GUCTCTCGOUCGOUAGCCATAGAACACCTAGCAGCAGAAGAGATAGUGACGGCGECA
ATAGCOGTOGCCAGCTACGAAAATCGAAGOCGUCTCTGOGUCATTAGAGGUGCCCAAGCT
GUATCGOCGAGTTTIGGGOACCTAGCTOGACAAGACTGACCCCTGTGTICTCTGCCTOCT
GAACCTOCCTOCOGAAGATGCCGACGAGGACGAGGATOACTATCACAACCOTOGCTA
CCTGGTOOTIGCTGCCTOATAGCACACCAGCCACATCTACAGCCGUTCCTAGTGUTOC

o)
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TGCTCTGAGCACACCTGUOCATCAGAGACAGCGCCTTCAGUATGCGAATCCATCGACG
ACTACGTGAACGTIGUCCCGAGTCTGOCGAATCTGCCCGAAGOCCTCTCTTGACGGCAGCT
GCGAGTATGTIGAACGTIOGICCCAAGAACTGUATCCCGOOCGUCTGUCAAAACAGAACCT
GUTGUTCTGTICTAGCCAAGAGGCCGAGUGAAGTGGAAGAAGAAGGUGECCCTIGACTA
COAGAACCTGCAAGAGCTGAACTGA (SEQ ID NG 224)

{0251} In some embodiments, the anti-CD19 CAR provided herein is encoded by a
polynucleotide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ ID NO: 224

[02532] Ao exemplary anti-CD19 CAR, “CARY”, “CD19BB2Z”, “2nd generation CD19 CAR” or

“2G CD19 CAR” anuno acid sequence 1s shown below. (CDS8a signal pepride, CD1Y se¥Fy

{(FMC63), CD8g hinge, CD8« transmembrane domain, 4-18B8 signaling domain, CD 3z

signaling domain
GSMEFGLSWLELVAILKGVOCISEBDIOMTOTTSSLSASLGDRVTISCRASDISKYLRNWY
CGOKPDGTVRLLIVHTSRLHSGVYPSRESGSGSGTDYSLTISNLEQEDIATYFCQOQGNT
LPYTFGGGTRLEITGRSTSGSGKPGSGEGSTRGEVRKLQESGPGLVAPSQSLEVICTVYS
GVSLPDYGVSWIRQPPREKGLEWLGVYVIWGSETTYYNSALKSRETHIKDNSKSQVFLEK
MNSLOTDDTAIYYCAKHYYYGGSYAMBYWGQOQGTSYTVLETTTPAPRPPTPAPTIARG
PLSLRPEACRPAAGGAVHTRGLDFACDIVIWAPLAGTCGVELISEVITLYCKRGREKKLL
YIFKQPFMRPVQTTQREEDGCSCRIFPEEREGGUELDIRVKFSRSADAPAYQOGONOILYN
FINLGRREEYDVEDKRRGROPEMGGKPRRENPQEGLYNELOKDKMAFAYSEIGMEGERRR
GKGHDGLYOGLSTATKDTYDALAMQOALPPR (SEQ 1D NO:225)

{08253} In some embodiments, the anti-CD 19 CAR provided herein may comprise or consist of
an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 225

{0254} An exemplary anti-CD19 CAR “CAR2” or “CD19 CAR” aming acid sequence 1s shown

below. {{g signal pepride, CD1% seFv (FMC63), CDZ8 hinge, CD28 transmembrane domain

LAT signaling domain (with K32R mutation)

GOSMEFGLSWLFLVAILKGVQUSRDIQMTQTTESLEASLGDRVTISCRASQDISKYLNWYQOKPD
GTVKLLIYHTSRLHSGVPERFEGEGESGTDY SLTISNLEQEDIATY FCOQQGNTLRPYTFGGETKLE
ITGEBTSGEGKPGEGEGSTRGEVRELQESGPGLVAPSQSLEVITCTVIEGVSLPDYGVEWIRQPPREG
LEWLGVIWGSETTYYNSALKSRLT I ITKDNERSQVFLEMNSLOTDDTAIYYCARHYYYGGSYAMD
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{82535} In some embodiments, the anit-CD19 CAR provided herem may comprise or consist of

an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% dentity with the amino acid sequence of SEQ 1D NO: 71
[0256] An exemplary anti-CD19 CAR “CAR2” or “CD19 CAR” amine acid sequence 13 shown

below. ({gG signal peptide, CB9 seFv (FMC63), CD28 hinge, CD28 ransmembrane domain,

LAT signaling domain (with K32R putation)

MEFGLSWLEFLVAILKGVOCSRDIOQMTQTTSSLSASLGDRVT ISCRASQDISKY LNWYQQRPDGT
VKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEIT
GETEGSCGKPGSGEGSTRGEVKLOE SGPGLVAPSQESLSVTCTVSGVSLPDYGVEWIROPPRKGLE
WLGVIWGEETTYYNSALKSRLTI IKDNSKEQVFLEKMNSLOTDDTATYYCARHY Y YGGSYAMDYW
GRGTESVIVSRIEVMYPPPYLDNEKSNGTI THVKCGKELCPSPLEPCPERKPEWVLVVVGGVLACYS

LINVTVAFPI L FWVHCHRLPGSYDSTSSDS LY PRGIQFRRPHTVAPWP PAYPPVISYPPLSQPDLL
S A i E

.—-il\

PIPRSPQPLGGSHRT P,S?\WDDCWN%véo{JJUUASCTR7“QAGWG’W~PQWT?«JJv
PACEDADEDEDDYHNPGY LVVLPDSTFATS TAAPSAPALSTPGIRDSAFSMESIDDYVNY UEQG
ESAFASLDGEREYVNVSQELHPGAARKTEFPAALSSQEAEEVEEREGAPDYENLOELN (SEQ ID
NO: 100)

{0257} Tn some embodiments, the anti-CD19 CAR provided herein may comprise or consist of
an amino acid sequence having at least 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% 1dentity with the amino acid sequence of SEQ ID NO: 100

[0238] Ao exemplary anti-CD9 CAR “CAR2” or “CD19 CAR” polynucleotide sequence 13

shown below. {({g(7 signal peptide, CH9 sceFv (FMC63), CD28 tunge, CDI8 transmernbrane

domain, LAT signaling domain (with X328 mutation)

——————————

SGATCCATGGAGTTTGGCCTGAGCTGGUTGTTCCTGETGGCCATCCTCAAGGGCGTGCAGTCCT
CCAGGGACATCCAGATCGACCCAGACCACAAGCAGCCTGAGCCGCTTCCCTCLGCGACAGGGTGAC
CATCTCCTGTAGAGCCTCCCAAGACATCTCCARACTACCTGAACTGGTACCAGCAGAAACCCCAC
GGCACCGTGAAGUTGCTCGATCTACCACACCAGCAGGETGCATTCCGGCGTGCCCTCCAGATTTT
CCGGCAGCGGLTUTGGTACCCGACTACAGCCTCACCATCAGCAACTTAGRAACAGGAGGACATCGC

NP PR PR T T T Y T N o .., RIS T T R TR Y T O OV O O OV R (Y bt
CACATATTTCTGCCAACAGGGAAACACACTCCCOTATACCTTCGGCGGCGGCACAAAGTTAGARA

%TCPCCCGCTFCACfTCCGCCA&fdG VAAACCTGGETTCTGLCGAGGLCAGCACCAAGGGCGAAL

GAAGCTGCAGGARAGCGGACCTGGACTGGTCGUTCCCAGCCAGAGLCT CAGCGTGACCTGTAC
“JT“A~VFCCCTCRGC7TG?CTGATTAFGGFG.a \GCTGGATTAGACAGCCTCCCAGGARAGGEGC
TTA AALGGC"CCGCGICAIETGCJGCAGCGLGAVAALCW“””“TAAC \GCGCCCTGAAGAGCA
bGCTC””CAIlAI”AAGLA-A%‘XG‘&PATCLCAGGT”TTCCTC“" \TGAACAGCCTCCAGAC
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CGACGACACCGCCATCTACTACTGCGCCAAGCACTACTATTATGGCGGCTCCTACGCCATGGAL
TACTGGGGCCAGGGCACCAGCGTGACAGTGTCTAGA >TCGuwG'$7TG ACCCTCCACCTTACC
TGGACAACGAGAAGTCCAACGGCACCATCATCCACGTGAAGGGCARAGCACCTGTGTCCTTCTCO
AT“CTlC‘CCGGA””TAGCAASCCTLTCTC”"MCCTCCTTC"TC"””CCGJCJTCC”CGCCTFT
TACAGCCTGCTGGTTACCGTGGCCTTCATCATCTTTTGCGGTGCACTGCCACAGACTGCCCGECA
GCTACGATAGCACCAGCAGCGATTCTCTGTACCCCAGAGGCATCCAGTTCAGACGGCCTCATAC

AGTCGGCTCCCTGGCCTCCTGUTTACCCTCCTGTGACAAGCTACCCACCTCT CAGCCTGAC

CTGCTGCCTATTCCTAGAS GCTCI”“GCTTCTCCGTCG”“CC” iAGAACA”CmAGC GCAGAA
GAGATAGCGACGGCGCCAATAGCLGTGGCCAGCTACGARAATCGAAGGCGCCTCTGLCATTAGAGS
CGCCCAAGCTGGATGGGGAGTTTGGGGACCTAGCTGGACAAGACTGACCCOTGTGTCTCTGCCT
CCT“AA“CTC”C GCGAAGATGCCGACGAGGACGAGGATGACTATCACRAACCCTGGCTACCTGG
TGGET GCCTGATAGCACACCAGCCACAT CTACAGCCGCTCCTAGTGCTCCTGCTCTGAGCAC

ACCIZGC TCAGAGApA”TGCC”IC’CCATG"AALTCQTCCACCACTACGluAAvJTCCTCGQQ
TCTGGCGAATCTGCCGAAGCCTCTCTTGACGGCAGCCGCCAGTATGTCAACGTGTCCCAAGARC
T4C3T“NCGGCGCTGCCA?AﬁCw¥AACCmGhm CTCTGTCTAGCCARGAGGCCGAGGAAGTGGA
AGAAGAAGGCGCCCCTGACTACGAGAACCTGCAAGRGCTGAACTGATGAGTCGALC (SEQ ID

NG: 72)

{0259} In some embodiments, the anti-CD19 CAR provided herein 1s encoded by a
polvnuclestide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ ID NG: 72,

{0266] An exemplary anti-CD19 CAR “"CARZ” or “CD19 CAR” polynucleotide sequence is
shown below. ({gG signal pepride, C% selv (FMU63), CD2Z8 hinge, CD28 transmembrane

domain, LAT signaling domain (with X32R mutation)

ATGGAGTTTGOCCTGAGCTEGCTGITCCTGETGECCATCCTCARGEGCGTGCABT GLTCOAGRG
ACATCCAGATGACCCAGACCACAAGCAGCCTGAGCGCTTCCCTCGGCGACAGGGTGACCATCTC
CTGTAGAGCCTCCCARGACATCT COAAC L?TCAALIGGlACC’}CA”AT“JCC‘“CCJCAC”
GTGARGCTGCTGATCTACCACACCAGCAGGCTGCATTCCGRCETGCCCTCCAGRTTTTCCGECA
GCGGCTCTGETACCGACTACAGCCTCACCATCAGCAACT TAGAACAGGAGGACAT CGCCACATA
TTTCTGCCAACAGGGARACACACTCCCCTATACCTT CGECGECEGCACARAGTTAGRAATCACT

GGCTCCACATCCEGCAGCGOAAAACCTARTTCTGGCGAGEGCAGCACCAAGGGCGAAGTGAAGC
TGCAGGRARGCGGACCTEGACTGETCGCTCCCAGCCAGAGCCTCAGCGTGACCTGTACAGT
COGCETGAGCCTGCOTCATTACGGCETCAGCTGGAT TAGACAGCCTCCCAGGAAGGET
TGECTCGEGCETGATTTCGGECAGCCGAGACAACCTACT ATAACTCLF,VCTGAfGACCACGCTCA
CCATTATCAAGGACAACAGCARAT CCCABGTCTTCCTGAAGATGAACAGCCTCCAGACCGACGA
CACCGCCATCTACTACTGCGCCAAGCACTACTATTATGGCGGCTCCTACGCCATGGACTACTGE
GGCCAGGGCACCAGCOTCACAGTSTCTAGARTCGARGTGATGTACCCTCCACCTTACCTGEACA

o

\/

ACGAGAAGTCCRACGGCACCATCATCCACGTGAAGGGCARAGCACCTGTGT

g
P!
)

Cc'\—-\ rru-‘r—]m

) AL LT
slelalele - ~ i O T T ST T R O ~
CCCCEGACCTAGCAAGCCTTTCTGGGETGCTCETTGET T'\jl TGECGECETGE 'GGCCTGETTACAGC
T TN R O T TP A TP A TP T T T T L T O O A O O O AR SilelslslsleieislNelslr-Yele
CPGCTGETTACCETGGECCTTCATCATCTTYTGGETGCACTGCCACAGACTGCCCGEGGECAGCTACG

“’C‘”C'LC;"”UAIICI”MPIQCCC‘AQA.GCJ‘”CA"ITCAUA”’G””T“’W CAS" ;C

CCTGGCCTCCTGCTTACCCTCCTGTGACAAGCTACCCACCTCTGAGCCAGCCTGACCTGLTG

S0
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CCTATTCCTAGAAGCCCTCAGCCTCTCGGUGGCAGCCATAGAACACT _leg}ﬂjcpkﬂu‘pﬁﬂjam
SCGACGGCGCCAATAGCGTGECCAGCTACGAAAATGAAGGCGCCTCTGGCATTAGAGGCGE
AGCTGGATGGEGAGTTTGGEGACCTAGCTGEA CRAGACMG“d'CCTGT“MﬁTC¢uFCT”CTGAA
CCTGCCTCCGAAGATGCCGACCGAGGACCGAGCGATCACTATCACARACCC TACCTGGTGGTGC
TGCCTCGATAGCACACCAGCCACATCTACAGCCGCTCCT %flﬁll” TGCTCTGAGCACACCTGG
CATCAGAGACAGCGCCTTCAGCATGGAATCCATCGACGACTACGTGAACGTGCCCGAGTCTGGEC
GAATCTGCCGAAGCCTCTCTTGACGG AFCCFCuﬂWTﬂ¢S 'GAACGTGTCCCAAGAACTGCATC
GCTGCCAAAACACAACCTGCTGCTCTCTCTAGCCAAGAGGCCGAGGAAGT GGAACAACA
AGGCGCCCCTGACTACGAGAACCTGCAAGAGCTGAACTGATGAGTCGAC (SEQ 1D NO:
10
[#261] Tn some embodiments, the anti~-CD 19 CAR provided herein is encoded by a

polynucleotide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ ID NG 101

[0262] A. Other Exerplary First CARs of the Disclosure

[0263] Ao exemplary angi-CD19 CAR

18264] GSMEFGLSWLELVAILKGYOUSRDIOMTQTTSSLSASLGDRVIISCRASQDISKYLNWY
QUKPDGTVELLIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCOOGNTIPYTFGG
GTELETTGYFSGSGRKPOGSGEGSTKGEVELOESGPGIVAPSGSISVICTVSGVSLPDYGVSWIRQ
PPREGEEWILGVIWGSETTYYNSALKSRETHK DNSKIOVELENMNSLOTDDTAIYVUAKHYYYGG
SYAMDYWGQOGTSVIVIETTTPAPRPPTPAFPTIASOPLSI RPEACRPAAGGAVHIRGLDFACDI
VIWAPIAGTCGVELLSLVITLYCERGREK LI YIFKQPFMRPVOTTOQEEDGUSCREPEEEEGGT
FLDIRVRESRSADAPAYOOGONQLYNELNIGRREEYDVEDEKRRGRUDPEMGGKPRRENPOEG
LYNELQEKDKMAEAYSEIGMEGERRRGEKGHDGLYOGLSTATEKDTYDALHMQOALPPR (REQ ID
NO: 309)

{0265} In some embodiments, the anti-CD19 CAR pmvided herein may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1 NO: 309

{0266} B. Other Exemplary Second CARs

{0267] An exemplary anti-CD22-LAT CAR

10268) GSMALPVTALILPLATLIHAARPDYKDDDDRKOVOLOOSGPGMYKPSOTLSITC
AISGDSVESNSVAWNWIROSPSRGLEWELGRTYYRSTWYNDYAVSMESRITINPDTNEN
QFSLOLNSVTPEDTAVYYCAREVTGDLERAFDIWGOGTMVTVSSGGGGSGGHESGGGE
GSDIOMIOSPSSESASYVGRRVTITCRASOTIWS YL NWYRORPGEAPNLEIYAASSLOSGYP
SRESGRGSGIDFTLTISSLOAEDFATYYCQOSYSIPOTFGOOTKLEIKSRIEVMYPPPYED
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NEKSNGTIHVKGKHLCPSPLEPGPSK PEWVLYVVGGVLACYSLLVTVAFIFWVHCHRL
PGSYDSTSSDSLYPRGIOFKRPHTY APWPPAYPPY TS YPPLSOPDLLPIPRSPOPLGGSHRT
PSSRRDSDGANSVASYENEGASGIRGAQAGWGY WGPSWIRLTPYSLPPEPACEDADED

EDDYHNPGYLVVLPDSTPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEA

SLDGSREYVNVSOELHPGAAKTEPAALSSOEAEEVEEEGAPDYENLOELN (SEQ ID NO:

300)

{0269] In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an amuno acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ D NO: 300,

10278} Au exemplary angi-CD22-LAT-KS52R CAR

{0271 GSMALPVTALLLPLALLLHAARPDYKDDDDEOVOLOQSGPGMVKPRQTLALTC
AISGDSVSSNSVAWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINEPDTNEN
OFSLOLNSVIPEDTAVYYCAREVTGDLEDARDIWGOGTMVIVASGGOGOSGGLENGEE
GSDIOMIQOSPSSESASVGDRVTITCRASQTIWSYINWYRORPGEAPNLLIYAASSLOSGYE
SRESGROSGTDFTLIISSLOAEDFATYYCQQSYSIPOITGOGTRLEIKSRIEVMYPPPYLD
NEESNGTHHVEGKHLCPSPLFPGPSEPFWVILVVVGGVYLACYSLLVTVAFHFWVHCHRL
POSYDSTSSDSLYPRGIOFRERPHTVAPWPPAYPPVTISYPPLSOPDLLPIPRSPOPLOGGSHRT
PSSRRDSDGANSVASYENEGASGIRGACAGWGYWOPSWIRLTPYSLPPEPACEDADED
EDDYHNPGYLVVLPDSTRATSTAAPSAPALSTPGIRDSAFSMESIBDYVNVPESGESAEA
SLDGSREYVNVSQELHPGAAKTEPAALSSQEAEEVEEEGAPDYENLOELN (SEQ 1D NG!

300

{8272} In some embodiments, the anii-CD22 CAR provided herem may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1 NO: 301

{0273} An exemplary anti-CD22-LAT-K233R CAR

16274] GSMALPVTALLLPLALLLHAARPRYKDDDDKOVOLOOSGPGMVKPSQTLSLTC
AISGDSYVESNSVAWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINPDTNKN
OFSLOINSYTPEDTAVYYCAREVTIGDLEDAFDIWGOOGTMVY TV SSGGGOSGGGHSGGG
GSRIOMIOSPRSE SASYGDRYTITCRASOTIWSYLNWYRORPGEAPNLEIYAASSLOSGYE
SRESOGRGSGTIDFTETISSLOAEDFATYYCOOSYSIPOTFGOGTKL EIKSRIEVMYPPPYLD
NEKSNGTHHYVEKGKHE CPSPLFPGPSKPFWYVIVVVGOGVLACYSLIVIVAFUFWYVHCHRL
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PGSYDSTSSDSLYPRGIQFKRPHTVAPWPPAYPPYTSYPPLSOPDLLFIPRSPOPLGGSHRT
PSSRRDSDGANSVASYENEGASGIRGAQAGWGYWGPSWIRLTPYSLPPEPACEDADED
EDDYHNPGYLVVLPDSTPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEA
SLDGSREYVNVSOELHPGAARTEPAALSSOFAEEVEEEGAPDYENLOQFELN (SEQ ID NO:

{0275} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% wdentity with the amino acid sequence of SEQ D NO: 302,

{0276} An exemplary anti-CD22-LAT-KS52R-K233R CAR

{02771 GSMALPVTALLLPLATL LI HAARPDYKDDDDRKOVOLOOSGPGMVEPSOTLSETC
AISGDSVASNSVAWNWIROQSPSRGLEWLGRTYYRSTWYNDYAVSMKSRITINPRDTNKMN
QFSLOLNSVTIPEDRDTAVYYCAREVTIGDLERAFDIWGOGTMVTVSSGGGHGSGHOESGHE
GSDIOMIOSPRSLSASYGDRVTIITCRASOTIWSYINWYRORPGEAPNLEIYAASSLOSGYP
SRESGRGSGTDETLTISSLOAEDFATY YCOQOSYSIPOTFGOGTKLEIKSRIEVMYPPPYLD
NEKSNGTUHHVEKGEHLOPSPLEPGPSKPEFWVI VYV VOGOGVLACYSLLVIVAFIFWVHCHRL
PGSYDSTSSDSLYPRGIOFRRPHTVAPWPPAYPPYTSYPPLSOPDLLPIPRSPOPLGOSHRT
PSSRRDSDGANSVASYENEGASGIRGAQAGWGYWGPSWIRLIPVSLPPEPACEDADED
EDDYHNPOYLVVLPDSTPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEA
SLDGSREYVNVSQELHPGAARTEPAALSSQEAEEVEEEGAPDYENLOELN (SEQ 1D NO:
303)

{0278} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an aming acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NO: 303,

{0279] An exemplary anti-CD22-LAT-K52R-G160E CAR

10280] GSMALPVTALLLPLALLLHAARPBYKDERDDROVOLOOSGPGMVKPROTLSLTC
AISGDSVSESNSYVAWNWIRQSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINPDTNEN
QFSLOLNSYTPEDTAVYYCAREVTGDLEDAFDIWGOGTMYTYSSGOOGSGGOGSGGH

OSDIOMIOSPSSLSASVOGDRVTITCRASOTIWS YINWYRORPGEAPNLLIYAASSLOSGVP
SRESGROSGTDETETISSLOAEDFATYYCQOSYSIPOTFGOOTRKLEIKSRIEVMYPPPYED

NEKSNGTHHVKGKHLCPSPLFPGPSKPFWVLYVVGGVLACYSLLVTVAFIFWVHCHRL
PGSYDSTSSDSLYPRGIQFRRPHTVAPWPPAYPPVTS YPPLSQPDLLPIPRSPOPLGGSHRT
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PSSRRDSDGANSVASYENEGASGIRGAQAGWGYWGPSWTRLTPYVSLPPEPACEDADED
EDDYHNPEYLVVLPDSTPATSTAAPSAPAL STPGIRDSAFSMESIDDYVNVPESGESAEA
SLDGSREYVNVSQFLHPGAARTEPAALSSOEAEEVEEEGAPDYENLOELN (SEQ ID NO:

{0281} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ D NO: 304,

[0282] Ao exemplary anti-CD22-LAT-KS52R-K233R-G160E CAR

[0283] GSMALPVTALLILPLALIIHAARPRDYKDRDDDEOVOLOQSGPGMVKESQTLSLTC
AISGDSVSANSYVAWNWIROGSPSRGEEWLGRTYVYRSTWYNDYAVSMESRITINEDTNEN
OFSLOLNSVIPEDTAVYYCAREVTGDLEDARDIWGRGTMVIVASGGOGOSGGLENGGE
GSDIOMIQOSPSSESASVGDRVTITCRASQTIWSYINWYRORPGEAPNLLIYAASSLOSGYE

SRESGROGSGIDETLAISSLOAERDFATYYCOQSYSIPOTFGOGTEKLEIKSRIEVMYPPPYLD

NEESNGTHHVEGKHLOPSPLEPGPSKPFWVILVVVGGYLACYSLLYIVAFHFWVHCHRL
PGS Y DS ISSESLYPRGIOFRRPHIVAPWPPAYPPVISYPPLSOQPDLLPIPRSPOPLGGSHRT
PSSRRDADGANSVASYENEGASGIRGAQGAGWOGVWORSWIRLTPYSLPPEPACEDADED
EDDYHNPEYLVVLEPDSTPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEA
SLDGSREYVNYSQELHPGAARTEPAALSSQEAEEVEEEGAPDYENLOELN (SEQ 1D NO:

305}

{8284 In some embodiments, the anii-CD22 CAR provided herem may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% dentity with the amino acid sequence of SEQ 1D NO: 305

{0285] An exemplary anti-CD22Z-HIAf-LAT CAR

{0286] GSMALPVTALLLPLALILHAARPDYEDDDDKOVOLOOSGPGLVEPSQTLSLICAISGD
SVSSNSAAWNWIROSPSRGLEWIGRIYYRSKWYNDYAVSVESRITINPDTSKNOFSLOILNSVIF
EOTAVYYCAREVIGDLEDAFDIWGOGTMY TV SSGGGGIDIOMTOSPSSESASVGDRYTITCRA
SOTIWSYINWYOQQORPGEKAPNLIIVAASSLOSGYPSRESGRGSGTRFTLTISSLOAEDEATY YO
OSYSIPOTFGOGTKLFIKSRIEVMYPPPYLDNEKSNGTHHVKGRKHLUPSPLFPGPSKPFWY
LVVVGGYLACYSLLVTVAFIFWYVHUHRLPGSYDSTSSDSLYPRGIQFRRPHTVAPWPPA
YPPVTSYPPLSGPDLLPIPRSPOPLGGSHRTPSSRRISDGANSVASYENEGASGIRGAQAG
WEVWGEPSWITIRLTPVSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPATSTAAPSAPALS
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TPGIRDSAFSMESIDRYVNVPESGESAEASLDGSREY VNV SQELHPGAAKTEPAALSSQGE
AEBVEEEGAPDYENLQELN (SEQ ID NO: 306)

{0287} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 306,

{0288} Ao exemplary anti-CD19-LAT CAR

{0289 GSMEFGLSWIFLVAILKGYVOUSRDYKDDDDKBDIOMTOQTTSSLSASLGDRYTISCR
ASODISKYILNWYQOKPDGTVELLIYHTSRLHSGVPSRFSGSGSGTIDYSLTISNLEQEDIA
TYFCQOGNTLPY TRGGOTKLEITGS TS GSGRPGSGEGSTKGEVRLOESGPGLYVAPSQSLS
VICTVSGYSLPRDYGYSWIROPPRKGLEWLGVIWGSHETTYYNSALESRETHRKDNSESQVE
LEMNSLOTDDTAIYYCARKHYYYGOSYAMDYWGOGTSVTVSRIEVMYPPEYLDNEESN
GTHHVKGRKHLOPSPLEPGPSKPIWVLVVVGGVLACYSLLIVIVAFIIFWVHCHRLPGRYD
STASDSLYPRGIQFRRPHIVAPWPPAYPEVTISYPPLSOPDILPIPRSPOPLGGSHRTPASRR
DSDGANSVASYENEGASGIRGAQAGW GV WGPSWITRLTPVSLPPEPACEDADEDEDDY
HNPGYLVVEPDSTPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEASLDGS
REYVNVSOQELHPGAARTEPAALSSQEAEEVEEEGAPDYENLOELN (KEQ ID NO: 3073

[0298] In some embodiments, the anti-CD 9 CAR provided herein may comprise or consist of
an aming acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amuno acid sequence of SEQ ID NG 307

{8291 An exemplary anti-CD22-5A-LAT CAR

18292] GSMALPVTALLLPLAILLHAARPDYRDDDDKOVOLQOSGPGIVEPIQTISITCAISGD
SVSSNSAAWNWIRQOSPSRGLEWIGRTYYRSKWYND VAVSYESRITINPDTSKNOESLOLNSVTP
EDTAVYYCAREVIGDLEDAFDIWGOGTMVTVISGGGGSDIOMTOSPSSLSASVGDRYTITCRA
SOTIWSYINWYQURPGKAPNLLIYAASSLOSGYVPSRESGRGSGIDETLTESSL.OARDFATYYCO
OSYSIPOTFGOGTKLEIKSRIEVMYPPPYLDNEKSNGTHHVKGKHRLCPSPLFPGPSKPFWVEY
ViGGVLACYSLIVIVARFITFWVHCHRLPGSYDSTSSDSLYPRGIQFRRPHIVAPWPPAYPPVTSY
PPLSOPDILPIFPRSPOPLGGSHRIFPSSRRDSDGANSVASYENEGASGIRGAQAGWGVIWGPSWT
RETPVSEPPEPACEDADEDEDDYANPGYLVVIPDSTPATSTAAPSAPALSTPGIRDSAFSMES]
DOYVNVPESGESAFASLDGSREYVNYSORELHPGAAK TEPAALSSOFEAREVEEEGAPDYENLOE
LN (SEQ ID NO: 308)
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{0293} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 308

10294} Cleavage seguenges

{0205] Cleavage sequences can be used to create linked- or co-expression of genes in the
constructs provided in the present disclosure. For example, cleavage sequences could be used to
co-express genes {e.g. CARI and CARZ) by linking open reading frames to form a single cistron
{e.g. biastronic CAR). In some aspects, cleavage sequences can comprise 2A self-cleaving
peptide sequence elements. Exemplary ZA self-cleaving peptide sequence elements include but
are not limuted to T2A, P2ZA, E2A and F2ZA. In some embodiments, the cleavage sequence
comprises a P2A sequence. In some embodimuents, a cleavage sequence can corprise a furin
cleavage peptide. In some embodiments, a cleavage sequence can comprise a furin cleavage
peptide and a P2 A sequence.

[0296] In some embodiments, P2A comprises or consists of an amino acid sequence having at
feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99% or 100% identity with the amuno
acid sequence of GSGATNFSLLKQAGDVEENPGP (SEQ ID NG 73},

{0297} In some embodiments, PZA comprises or consists of an amino acid sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino
acid sequence of GSGATNFSLLEQAGDVEENPGP (SEQ H NO: 74),

{8298] In some embodiments, T2ZA comprises or consisis of an amino acid sequence having at
feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99% or 100% identity with the amuno
acid sequence of GSGEGRGSLLTCGDVEENPGP (SEQ ID NG: 75),

10299} In some embodiments, E2A comprises or consists of an amino acid sequence having at
ieast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino
actd sequence of GSGQUITNYALLKLAGDVESNPGP (SEQ 1D NO: 76).

{8306} In some embodiments, F2A comprises or consists of an amino acid sequence having at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino
acid sequence of GSGVKQTLNFDLLKLAGDVESNPGP (SEQ 1D NG 77).

18301} In some embodiments, a furin cleavage peptide comprises or consists of an amino acid
sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%:, 98%, 99% or 100%

identity with the amino acid sequence of RKRRGSGTPDPW (SEQ ID NO: 78).
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{8302} In some embodiments, a cleavage sequence comprises or consists of an amino acid
sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the amino acid sequence of
RKRRGSGTPDPWGSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 79).

{8303} In some embodiments, the CARs described herein can be under the control of an
inducible promoter for gene transcription. In some embodiments, the inducible promoter 1s an
EFla promoter. In some embodiments, the inducible promoter is a PGK promoter.

it} Exemplary Bicistronic CAR Constructs

{8304 Exemplary sequences of constructs disclosed herein comprising an anti-CD22 CAR and
an anti-C1 9 CAR are shown below.

{03&@5} An exempiary bicistronic anti-CD22 CAR and anti-CD19 CAR “CAR l-linker-CAR2” or

LLLPLALLLH: TCAIS SSNS wiI

. CRIYYRSEWY OLNSVT TAVY BV
TG IWG MYTVSS > TITCRS TWSYLNWYQQ
RPGRAPNLLIYAASSLOSGVES] rrs AEDFATYYC( SIPOTFGOGT
RLEIKLETTTPAFRF P Ao QPLSLRPE PAAGGAVHTRGLDFA YIWAFLAGTCG
VLLLSLVITLYCKRGH LYTFRQPFMRPVQITOQEEDGCSCRFPEEEEGGCELDIRVEFSRSA
DAPAYQOGONQLYNELNLGRREEYDVLDEKRRGRDPEMGCGKPRRENPOEGLYNELGRKDKMAEAYS
EIGMRKGERRRGKGHDGLYQGLE TATKDTYDALHMOAL PPRRERRGESGTPLPWGSGATNFSLLEKY

AGDVEENPGPGSMEFGLSW
YLNWYQOKPDGTVKLLIYH]

g I N

VI LKGVQCSRDIOMTOTTSSLEASLGDEVTISCRASCQDIEK
SRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCOOQGNTLR
YTHGGOTRLEITGSTEGSGRPCSGREGETHGEVRKLOESGPGLVAPSQELSVTCTVEGVILEPDYGY
SWIRCPPRKGLEWLGVIWGSETTYYNSALKSRLTI IKDNSKSOQVEFLEMNSLOTDDTATYYCAKE
YYYGCGESYAMDYWGEOGTSVIVSRIEVMY PPRPY LDNEKSNGT I THVRKGKHLCPSPLE PGPS KPFWY

LA VGGVI_IACX ST LVMT\/A?TTF"\!*\T:ITHRLPGS YDST \)SB\‘]— YPRGIQF HRPH ; \7AP='\!t’PAI PRV
TSYPPLSCPDLLPIPREPOPLGGSHRTEFSSRRUDSDGANSVASYENEGASGIRGAQAGWEVHGPS
WTPLWV\/ S TTP[LE’ACEF)L&]JED TDDYHNPGYLVVLPDSTPRZ ifS':‘l\f‘P r’&P"\LST:G; RDSAFSME
SIDDYVNVPESGESARASLDGSREYVNVSQELHPGAARKTEPAALSEQEAREVEEEGAPDYRENLQ
ELN {(SEQ ID NO: 80}

,.
Ly
r—J

[3306] In some embodiments, the bicistronte anti~-CD22 CAR and anti-CD19 CAR provided
herein may comprise or consist of an amine acid sequence having at teast 90%, 91%, 92%, 93%,
4%, 95%, 96%, 37%, 98%, 99% or 100% dentity with the amino acid sequence of SEQ ID
NG &0,

{0307} An exemplary bicistronic anti-CD22 CAR and anti-CB 19 CAR “CAR1-linker-CARZ” or
“LAT-CAR” or “ALA-CART” or “22X19 ALA-CART” or ALA-CART CD22ZBBZ” or “CD22
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Znd Gen CAR + CBI9-LAT CAR” or “2ZXISLAT” amino acid sequence is shown below
(CAR/; Furin/P2A linkers CARZ)

ARP
NDYA T

,
ity
ey

1
r./')

-
(e

ASQPLSLRFPEACRPAA
FEQPFMRPVOTTOEEL
CYDVLDKRRGRDP
S TATKDTYDALH TPD PWGSGATNFSLLKQAGDV
VAILRKGVQCS SLGDRVTISCRASQODISKYLNW
FS EQEDIATYFCQOGNTLEYTEG

e}
A
4

25 1] KLFT tiJT\)\Ju GRKPGEGE!(
CPPREGLEWLCVIWGEETTYYNSALE
GEYAMDYWGQCTOVIVSRIEVMY PP
GGVLACYSLIVITVAFITIFWVHCHR

SOPDLLPIPRSPOPLGGSHRTPSSERDSDGANSVASYENE GASGIRGAL ?&G‘;’\T'\_ TWGPSWTRL
TPVQT PPEPACEDADEDEDDYHENPGYLVVLEDSTPATSTAAPSAPALSTPGIRDSAFSMESTDD
YVNVPESGESAFASLDGSEEYVNVSQELHPCAAKTE PAALSSQEAREVERECAPDYENLQE LN
(SEQ ID NO: 104;

|
!
n
3
=

,,
2
’

el

Y

€]

[yl

(/l

-
R 1]
b [#] )
SEGY RO

QSLSVICTVSGVSLPDYGVEWIR
MNSLOTDDTATYYC ‘:\HYVVG
BVKCGKHLCPSPI "*-'PL“ ;

S LYPRGIOQFRRPHTVAPWE

€]
e

nw]
s
2

/I

{8308} In some embodiments, the bicistronic anti-CD22 CAR and anti-CD 9 CAR provided
herein may comprise or consist of an amino acid sequence having at least 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99% or 100% dentity with the amino acid sequence of SEQ ID
NG 104,

[0309] An exeroplary bicistronue anti-CD22 CAR and anti-CD 19 CAR “CAR -linker-CAR2” or
3%

GCTGCCTCTGGCOCTGCTGCTCCATG

Ll s S § Lz

77 S T alatys]
AGCCAGACCOCE

“LAT-CAR” polynucleotide sequence 15 8

i

vt N L T T .
GCTAGCGCCACCATGGECTCTGECOT GTGALA‘
N

MY A O T SN N N

~ Y e
CTGECTAGACCTCAGGTECAGCTCC

J_\J
N
~vl

NeT Yok ieleuior: ~
GGACTGETCAAGT

GAGCCTGACCTGCGCCAT CAGCL “CGZ "CLLZ‘;ACJ‘;G’JCC QCC GGAACTGGATC
AGACAGAG CFCCAGCAGJ GGLCTGGAATGGOTGGGOCGGACCTACTACCGGTCCAAGTGGTACA
ACGACTACGCCGTIGTCCGTGAAGTC ,C(fﬂ' ACCATCAACCCCGACACCAGCAAGAACCAGTT
CICCCTGCAGCTGAACAGCGTGACCC CHGCCETGTACTACTGCGCCAGAGAAGTG
ACCGGCGACCTGCAAGATGCUTTCGAL ;GCCA "'”"3?C_3‘ACC ATGGTCACCGIGTCTAGCE
GAGGCGGECG il REY: CCCTAG CCTCAGCGUCAGCGTIGGECGA
CAGAGTGACCATCACCTGTCGGECLAGLCY ATTGCGTATCAGCAG
CGECCAGGCAAGGUCCCTAACCTGCT »‘A’I’CC” l‘GCLJG GAGCGGCGTGCCAA
CCAGATTCTCTGGCAGAGGCTCCGGCACCGACTTCACCUTCGACAATCAGTTICCCTGCAGGCUGA
GGACTTCGCCAC ”4(‘"”1(‘"’ CCAGCAGTCUCTACAGCATCCCTICAGACCTTCGGCUAGGGGACC
ARGCTGGAAA CGAGACCACCACCCCCGLCCY ACCTGCCCCCACAA
TCGCCTC GCCTGAGGLCTGAAGCTTGE CCGGAGGAGCTGTCCA
TACCAGGGGACTCGACTTCGUCTGCGACAT TTACATTIGGEC C ;(317(’7'TTJ\’“C’_”;GAACCI’GC,.(”GA
GTCCT G GCTGICCCTGCTGATCACACTCGTACTGTAACGAGGGGCAGAAAGAAGCTGCTCTACA
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TN 7L R NS N S e TR TN R T £ N S e T o BTN R N R T A YT A N T N
TCTTCAAGCAGCCCTTTATGAGACCCETGCAGACAA L/Lo{_/_/i(’" AGGAAGACGGATGCAGCTCECAG
T AN o N T — ] alalalnlal 2 ; r—17 TS L TS A A T i~ - mt
GTTCCCTGAGG ;‘ GC/‘GC{\GCGCGGC TGLGAACTGGE VTCAGGGTGAAGTTCAGCAGGAGCGEC
- ~ —~ AT ; ) 7 o7 .
GACGCCCCCGC TCAACAGGGCCAGAACCAGCT Q'/ ACA,.Z."LC(:,.Z."LG(, TCAACCTCGGCAGAAGAG
AGGAGT Zlf”vi‘fo N'TVI’J’CIL:: CACAAGAGCGAGGGEGECAGGGACCCTGAGATGEGCEGC _Apf:f:'”.(;;n]‘l@
Al @

CA“QCC”ACzWC
A

JCFHGC ACTCT

AAAGAACCCCUAGGAAGGCCTCTACAACGAACTGCA
GAGATCGGCATGAAAGGCCGAGAGAAGGAGGGGAAAL

CACAGCCACCAAGGACACCTACGATGCCCTGCACA
AAGAGGCTCTGGTACCCCCGATCCTTGGGGAAGCGGCGCTACCAACTTCTCC
GCTGGCGATETGRAGGAGAACCCCGGCCCCCCAT CCAT GCGAGTTTGLGCCTGAGCTGGLTGTTCO

T N ~ 7 ST S CoTe T T T ~ e A~
(J\_"T(J\_"’\/( ATCCTCAAGGGCET 'r\/MG TGCTCCAGGGACATCCAGATGACCCAGACCACAAGCAG

CCTGAGCGCTTCCCTCOGCGACAGEATEACCATCTCCTGTAGAGCCTCCCAMGACATCTCCARG
TAC “M”AAC COTAC AL CAC AR A TR OGCAC T OB AG TGO TOAT CTACC ACACCAGCA
GGCTGCATTCCGECETGCCCTCCAGATT TTCCGGCAGCGECTCTS "QCCLC”“C&CCTTCAC
CATCAGCAACTTAGAACAGGAGCGACATCGCCACATATTT CTCCCAACAGGCARACACACTCCCC
TATACCTTCGCCGGLGGCACARAGT TAGAAAT CAF SOCTCCACATCCGORACT GwAAuC”mG
GTTCTGGCGAGGGCAGCACCARGGGCGAAGTGAAGCTGCAGCAARGCGGACCTGGACTGGTCEC

A GUUTCAGUGTGALTU L I GAGULGUL ORRCI010 LALGEUG LG

[ —— COCTCAGCGTGAC CTGTACACTGAGCOGOG] CTGOCTGAT TACGOOGTC
TCCCAGCCAGA 5T ﬁ,Af TGAGCH { AT C

AGCTGGATTAGACAGCCTCCCAGGAAGGCECTTAGAATCGGCTCGGECETGATTTGGEGCAGCGACA
~ e NTTU 7§ 7/‘ ate NN TTY SIS A TTUTI R TS A7 Al 7"\r*1~«/-‘
CAACCTACTATAACAGCGCCCTGAAGAGCAGGCTCACCATTATCAAGGACAACAGCALAATCCCA

GTCTTC R TGARGATGAACAG O TCCAGACCGACGAC ACC GO CATCTACTACTGE ACCARGCAC
TACTATTATGGCGECTCCTACGCCATGCACTACTGGOGCCAGGGCACCAGCETGACAGTGT CTA
GAATCGAAGTGATETACCCTCCACCTTACCTGGACAAC CAGAAGT CCAACGGECACCATCATC!
CGTGAAGGECAAGCACCTGTGTCCTTCTCCACTGTTCCCCGEACCTAGCAAGCOTTTCTGGET

CTCGTTGTTGTTGECGECGTGCTGECCTGTTACAGCCTGCTGGTTACCGTEECCTTCATCATCT
TOTGGETGCACTGCCACAGACTGCCCGECAGCTACGATAGCACCAGCAGCGATTCTCTGTACCE
CAGAGGCATCCAGTTCAGACGECCTCATACAGTGGCTCCCTEECCTCCT GCTTACCCTCCTGT G
ACARGCTACCCACCTCTGAGCCAGCCTGACCTGCTECCTATTCCTAGARGCCOTCAGCCTCTCS
GCGGCAGCCATAGARMCACCT AGC“GCAT“AC\GATAGCJACG4CGCuKA ACCGTGGCCAGOTA

UGAAAATF ACGCCCCTCTGGCATTAGAGGCGCCCARAGCTGCATCGGGAGTTTGGGGACCTAGC

TOOACA - ACCCOTCTGTCTOTGOCTOOTS T e T O I (P T e JEpI S ——
TGGACAAGACTGACCCCTETETCTCTGCCTCCTGAACCTGC V-*:.) GAAGATGCCGACGAGGACG
FGOAT GACT AT CAC AT T AT GO TGO GO T GOt CATAGCAC ACCAGC CACATCTAC
AGCCGCTCCTAGTGCTCCTGOTCTGAGCACACCTGGCATCAGAGACAGCGCCTTCAGCATGGEAA

TCCATCGACGACTACGTGAACGTGCCCGAGTCTGECGAATCTGUCGAAGCOTCTCTTGACGGCA
GCCGCGAGTATGTGAACCTETCCCAAGAACTECATCCCGGCECTGCCAAAACAGAACCTGCTGC
TCTCTCTAGCCAAGAGEC COAGGARGTCGARCARCAAGGCELCCCTGACTACGAGAACTTGCAA

CT CTGAACTGATGAGTCGAC (3EQ ID NC: 81)

{3318} In some embodiments, the bicistronic anti~-CD22 CAR and anti-CD19 CAR provided
herem 1s encoded by a polynucleotide sequence comprising or consisting of an nucleic acid
sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the nucleic acid sequence of SEQ 1D NO: 81,

{3311} In some embodiments, the bicistrontc anti~-CD22 CAR and anti-CD19 CAR provided

herein may comprise or consist of an amino acid sequence having at least 20%, 91%, 92%, 93%
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94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the amino acid sequence of SEQ ID
NG: 104,
{6312} An exemplary bicistronic anti-CD22 CAR and anti-CD19 CAR “CAR-linker-CAR2” or
“LAT-CAR” polynucleotide sequence 1s shown below. (CAR/!; furin/P2A linker; CARZ).

N TN Y TN lelilsiialshiiataliial NI NI NN N T N TR N (YT T 4 . Vartaliial
CTECCTETGACAGCTCTGECTGCT GCL..TC, GCGCCCTGCTGCTCCATGCTGUTAGACCT
~ i S~ L T SR N TR R ~ -
GCT A GTCTGGCCCAGGACTGGTCAAGCCTAGCCAGAL Cr ”"‘CCL, TGACCTG
NN R T N P O st S T R TN R R VT Y R ey e
GCHGECHACAGCETGTCCTCTAACAG 5C &JC " f_r\".eli CTGGATCAGACAGAGCCCC
CACCCCT TOOOTOOEC , . ~ e TR T - o
cAGGCCTEGAATEGCTGEECCGEE AL L GEE CAAGTGH rL’_uC:L/uL/G ACTACGLCGE
T — R T T N R T R T S s - T TS T S
GTGAAGTCCCGGATCACCATCAR CGACACCAG \_/\AC/\! CCAGTTCTCCCTGCAGCT
SR [ —— SR T T e B S
AGCGTGACCCCTGAGGACAT FAAGTGACCGGCGACCTY

GAAGATGCCTTCGACATCTGGGGECCAGGGCACCATEETC CTAGCGGAGGCEGUEG!

GCGACATCCAGATGACCCAGAGCLCTAGCTCCCTGAGCGC K ;,G[’(’* SACAGAGTGACCA I

CACCTGTCGHGCCAGCCAGACCATCTEGTCCTACCTGAATTGE TATCAGCAGCGECCAGEE 1 1

GCC CC,'—'“ZAL,C'T’G(,, & TAT 'TCK Ca K TG
GCAGAGGCTCCGGE ACT

£ -,; A /w, TUR SN SN A

JC_'[ GG JrLA ATC

N e
JCCTCAGACCTTCGGHCCA

4 LA ALLLULAD

VGO TCGAGAD C A NP OO T OO ACACC TGO CCCACAATCCOCTOCCAGT
AAGCTCGAGACCA CCCC GCOCTCCCACACCTGCCCCCACAAT uGL TCCCAGC
TS TN T e T P N RO TGO GEAGGAGC TCTCCATACT S R
CTCTCAGCCTGAG 2T COCGCTGCCEGAGGAGCTGTICCATACCAGEGGALCT

TN N

A it el (el
GAACCTGCGGAGT T

PGCTCTACATC T TCAAGCACE
CTGCTCTACATCTITCAAGCAGC

"'/‘*m/ /‘*m/
[ AW S

-
CGACTTCGCCTGLG:

&)
T N ST S R Y AT Y A
TCCOTGHETGATCA

CCTTTATGAGACCH GCAGCTGC! ;Cr TTCCCTIGAGGA
( CAGGAGCGCCGACGCCCOCGCT

GGCA TGACG

AGCC CCCCCA

G CCECI éf'JG Iff(;/a"?(gﬁf TACAGCGAGATCGGCATG
A. ! GAGAGA ""f GACAS '(7 TGTACCAGGGACTCTCCACAGCCACCA
AG EW”Z”'“'”T'TTG'/“ 'CCCW“G ARGGAAGAGAAGAGGCTCTGG

f\r."o‘"f\r."/“f\,“(\ r N
Y

GAGGAGAACCCCGGCCCCJGATC’:A’I‘C‘C CTTTGGCOCTGAGCTEG GGTGGEO
CAAGGGECGTG C"'”'GC' CCAGGGACATCCAGATGACCCAGACCE C"\r’ GCAGCCTGAGCGCTTC
CCTCGGCGACAGGGTCGACCATCTCCTGTAGAGCCTCCCAAGACATCTCCAAGTACCTGARAC TGS
TACCAGCAGARLCC ,”SACG?\,AC\, TGAAGCTGCTGATCTACCACACCAGCAGGCTGCATTCCG
GCC' ?flCCH\,C; GATTTTCCGGCA ?ClGGT'I‘Cr"Gf‘i CCGACTACAGCCTCACCATCAGCAACTT
SAACAGGAGGACATCCCCACATATTTCTGCCAACAGGCGAAACACACTCCCCTATACCTTCGGC
(JC'\:C’: SCACAAAGTTAGRAATCACC GGC'TV‘CZ\V“{T CGGCAGCGGAARALC fTGGTTCT*T””‘(“ SAGG
sCAGCACCAAGGGCGA AGTCAFGC GCAGGAAAGCGGACCTGGACTGGTCGCTCCCAGCCAGAG
CCTCAGCGTGACCTGTACAGTGAGCGGCG “)AC'CTiGF CTGATTACGGCGTGAGCTGGATTAGA
CAGCCTCCCAGGAAGGGCTTAGAATGGCTCGGCGTGATTYGEGECAGCGAGACAACCTACTAT

ACAGCGCCCTGAAGAGCAGGCTCACCAT "l'l'\lC:'\f GG x”‘l"u&- AGCAAATCCCAGGTCTTCCTGAA

Ty
L

T

GATGAACAGCCTCCAGACCGACGACACCGCCATCTACTACTGCGLCAAGCAC L.{CTATTATGGC
SGCTCCTACGCCATGGACTACTGGGGETC! \JCGCAC CAGCGTGACAGTCTCTAGA ‘T _GARL :JTG”&

r,1/~4 alallalal N alattura rw.~.-.»(f~ »1.»«;\ Y VeLUels
lA ,4\_;\,;\4\/4*{\4\/ LAL LY A{ "1}&\/\.) GAAG UL \,M\,

GCACCTGTGTCCTTCTCCACTGTTCCCCGGACCTAGCAAGCCTTTC
GGCGGCGTGCTGGCCTGTTACAGC T”’“"‘G”‘TTZ\CC\JTGGC CTTCATCATCTTTTGGGTGCACT

GCCACAGACTGCCCGGCAGCTACGATAGCACCAGCAGCGATTCTCTGTACCCCAGAGGCATCCA

AT AT COAC CT OB GODA
GGCACCATCATCCACGTGAAGGGC

l/\ ol f o C [sala (_,r 7 _[ /\ i /\ m r:-x

100
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GTTCAGACGLCCTCATACAGTGGCTCCCTGGCCTCCTGCTTACCCT CCTGTGACAAGCTACCCA
RN ———— o~ RN e B ) T Ty 8 T S T S e N Ty 4 T
CCTCTGAGCCAGCCTGACCTGCTGCCTATTCCTAGAAGCCCTCAGCCTCTOGGCGGCAGCCATA
. . ; ; - ; ~ ~ . : ; - ~ T + 7 TR D
GAACACCTAGCAGUAGAAGAGATAGCGACGGCGCCARATAGCGTGECCAGCTACGAARATGAAGS
-~ o 3 ATTITER 7R e e R R T e o UV I O T P R TR (7Y Ty N T
CGCCTCTGLCATTAGAGGCLOCCAAGCTGGATGLGGAGTTTGOGCACCTAGCTGGACAAGACTG
P T 7 IT N OT £ T N N
ACCCCTGIGTCTCTGCCTCCTGAACCTGCCT GCLAAGAT GCCLACGAGGACGAGGATGACTATC
ACAACCCTGGCTACCTGETGETGCTGCCTGATAGCACACCAGCCACATCTACAGCCGCTCCTAG
T TN m s T M I I T s i N ANARILN e N LIl e U
TGCTCCTGCTCTGAGCACACLTGGCATCAGAGACAGCGCCTTCAGCATGGAATCCATCGACGAC
TACGTGAACGTGCCCOGAGTOTGGCGAATCTGCCGAAGCCTCTCTTGACGGUAGCCGCGAGTATG
TGAACGTGTCCCAAGAACTGCATCCCGGOGCT GCCAARACAGAACCTGCTGCTCTGTCTAGCCA
P St S P S T Ty T s e N T S Ty T - TS R T T S VTS TR (8 T
AGAGGCCGAGGAAGT GGAAGRAAGAAGGLUGCCCCTGACTACGAGAACCTGCARAGAGCTGAACTGA.
{ : . N
TGAGTCGAC (SEQ ID NO: 105

{3313} In some embodiments, the bicistronte anti~-CD22 CAR and anti-CD19 CAR provided

herem 1s encoded by a polynucleotide sequence comprising or consisting of an nucleic acid
sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with the nucleic acid sequence of SEQ ID NG: 105,

[8314] i) Exemplary Anti-CD22 Bicistronic Affinity CAR Constracts

{8315] An exemplary bicistronic Standard affinuty anti-CD22 CAR and Standard affinity anti-
CD22 LAT-CAR “CARI-hnker-CARZ” or “SAHVSAH-LAT or “LAT-CAR” or
“22ALACARTY” amino acid sequence i1s shown below {SA{f scFv CAR1; Furin/P2A linkers
SAff sckv CAR2).

[0316] ASATMALPYVTALLLPLALLLHAARPOVOLOOSGPGLYKPSOTLSLTCAISGDSYS
SNSAAWNWIROSPSRGLEWLGRTY YRSKWYNDYAVSVKSRITINPDTSKNOFSLOLNS
VIPEDTAVY YCAREVTGDLEDAFDIWGOGTMVTYSSGGGGSDIOMTOSPSSLSASVGD
RVTITCRASOTIWSYENWYOORPGKAPNLLIY AASSLOSGYPSRFSGRGSGTDFTLTISSL
QAEDFATYYCOOSYSIPOTFGOGTKLEIKLETTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLY IFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELDIRVKFSRSADAPAYQQGONOLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELQGKDKMAFAYSEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMQALPPRRKRRGSGTPDPWGSGATNFSLLKQAGDVEENPGPGS
MALPVTALLLPLALLLHAARPDYKDDDDEQVOLOOSGPGLYKPSOTLSLYCAISGDSYSSNSA
AWNWIRQSPSRGLEWLGRTYYRSEWYNDYAVSVKSRITINPDTSKNOFSTLOLNSVTPEDTAVYY
CAREVIGDLEDAFDIWGOGTMY TV SSGGGGSDIOMTOSPSSLSASYGDRVTITCRASOTIWSY
LNWYQORPGKAPNLLIVAASSLOSGY PSRESGRGSGTDF TLYISSLOAEDEATYYCOOSYSIPOT
FGOGTKLEIKSRIEVMYPPPYLDNEK SNGTHHVKGKHLCPSPLFPGPSKPFWVLVVVGG
VLACYSLLYTVAFIFWVHCHRLPGS YDSTSSDSL YPRGIQFRRPHTV APWPPAYPPVTS
YPPLSOPDLLPIPRSPOPLGGSHRTPSSRRDSDGANSVAS YENEGASGIRGAQAGWGYW
GPSWTRLTPYSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPATSTAAPSAPALSTPGIR
DSAFSMESIDDYVNYPESGESAEASLDGSREYVNVSQELHPGAAKTEPAALSSQEABEY
FEEGAPDYENLQELN (SEQ ID NO: 200)
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{8317} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 28%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 200,

{0318} An exemplary bicistronic Standard affinity anti-CD22 CAR and Standard affinity anti-
CD22 LAT-CAR “CAR1-linker-CAR2” or “"SAH/SAF-LAT” or “LAT-CAR” or
“22ZALACARTY” polynucleotide sequence 15 shown below (SAY scFv CARL; SAf scby CAR2)
10319 CTCGAGATGGCTCTGCCTGTGACAGCTCTGCTGCTQCCTCTGGCCCTGOTGOT
CCATGCTGCTAGACCTCAGGIGCAGCTICCAGCAGTCTGGCCCAGGACTGOTCAAGCC
TAGCCAGACCCTGAGCCTGACCTGLGLCATCAGUGGLCGACAGCGETGICCTICTAACA
GCGCCGUCCTGGAACTGGATCAGACAGAGCCCCAGCAGAGGLCTGGAATGGCTGGGC
COGACCTACTACCGOTCCAAGTGUGTACAACGACTACGCCGIGICCGTIGAAGTCCCG
GATCACCATCAACCCCGACACCAGCAAGAACCAGTTICICCCIGCAGCTGAACAGLCG
TGACCCCTGAGGACACCGCCOIGTACTACTGCGCCAGAGAAGTGACCGGLGACCTG
GAAGATGCCTTCGACATCTGOGGLCAGGGCACCATGUICACCOTIGICTAGLGGAGE
COGLGGAAGCGACATCCAGATGACCCAGAGCCCTAGCTCCCTGAGLOGCCAGLOTGE
GCGACAGAGTGACCATCACCTOTCGGGCCAGLCAGACCATCTGUTCCTACCTGAATT
GUTATCAGCAGCGOGLCAGGCAAGLLCCCTAACCTIGLICGATCTATGUCGLCAGLAGC
CTGCAGAGCGGLOTGCCAAGCAGATTICTCTOGGCAGAGGCTCCGLCACCGACTTCAL
CCTGACAATCAGTICCCTGLAGUCCCGAGGACTTICGLCACCTACTACTGLCAGCAGIC
CTACAGCATCCCICAGACCTTCOLGLCAGGOGACCAAGCTGUAAATCAAGACTAGTT
CGAGACCACCACCCCCGCCOCTAGGCCTCCCACACCTIGCCCCCACAATCOCCTCCCA
GCCTCTCAGCCTOAGGCCTGAAGCTTIGCAGGLCCOCTGCCOGOAGGAGCTGTCCATAL
CAGGGOGACTCGACTTCGCCTOCGACATTTACATTTIOOGGUCCCTCTGLCTGGAACCIG
CGOAGTCCTGUTGUTOTCCCTGUTGATCACACTGTACTGTAAGAGGOGUAGAAAGA
AGCTGCTCTACATCTITCAAGCAGCCCTITATGAGACCLGTGCAGACAACCCAGGAGG
AAGACGGATGCAGCTGCAGOTTCCCTGAGGAGDAGGAGGGUGGCTGUGAACTGGAT
ATCAGGGTGAAGTTCAGCAGGAGCGLUGACGCCCCCGUTTATCAACAGGGLLCAGAA
CCAGCTOTACAACGAGCTGAACCTCGGUAGAAGAGAGGAGTATGACGTIGUTGOACA
AGAGOGAGOGOCAGGGACCCTGAGATGOGCGOCAAGCCTAGAAGAAAGAACCCLCA
GOAAGGCCTCTACAACGAACTGCAGAAGOACAAGATOGCCCGAGOCCTACAGCGAG
ATCGOCATGAAAGGUCAGAGAAGUGAGGGUAAAGOGACATCGACGGCUTGTACCAGE
GACTCTCCACAGCCACCAAGGACACCTACGATGUCCTOCACATGCAGGCTICTGCCCC
CTAGAAGGAAGAGAAGAGGCTCTGGTACCCCCGATCOTTGOGGAAGUGGCGCTACC
AACTTCTCCCTGCTCAAGCAGGUTGOCCGATOTGGAGGAGAACCCCGOLCCCOUTCGA
GATGGCTCTGUCTGTGACAGCICTGOIGCTGCCTCTGGUCCTGOTGCTCCATGCTGCTAG
ACCTCAGGTGCAGCTCCAGCAGTCTGGUCCAGGACTGGICAAGCCTAGCCAGACCCTGA
GCCTGACCTGCGCCATCAGCGGCGACAGCGIGTCCTCTAACAGCGCCGCUTGGAACTGG
ATCAGACAGAGCCCCAGCAGAGGCCTGGAATGGUTGGGCCGGACCTACTACCGGICCAA
GIGGTACAACGACTACGCCGIGICCGTIGAAGTCCCGGATCACCATCAACCCCGACACCAG
CAAGAACCAGTICTCCCTGCAGCTGAACAGCGTGACCCCTGAGGACACCGCCGTGTACTA
CTGCGCCAGAGAAGTGACCGGCGACCTGGAAGATGCCTTCGACATCTGGGGUCAGGGCA
CCATGGTCACCGTGICTAGCGGAGGUGGCGGAAGCGACATCCAGATGACCCAGAGCCCT
AGCTCCCTGAGCGCCAGCGTGGGCGACAGAGTGACCATCACCTGTICGGGUCAGUCAGAC
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CATCTGGICCTACCTGAATT GG TATCAGCAGC GGUCAGGCAAGGOCCCTAACCTGUTGAT
CTATGCCOGCCAGCAGUCTOCACGACGCOGOUGTGUCAAGUAGATTCTCTOGUAGAGGCTICCD
GCACCGACTTCACCCTGACAATCAGTTCCCTGCAGGUUGAGCGACTTCOGCCACCTACTACT
GUCAGCAGICCTACAGCATCCCTCAGACCTICGOGCCAGGGGACCAAGCTGGAAATCAAG
ACTAGICTAGAATCGAAGTGATGTACCCTCCACCTTACCTGGACAACGAGAAGTCCA
ACGGCACCATCATCCACGTGAAGGGUCAAGCACCTGIGICCTICTCCACTGTTICCCCG
GACCTAGCAAGCCTTTICTGOGIGCTICGTIGTTIGTITGGCGGCGTGUTGGCCTGTITACA
GCCTGCTGGTTACCOTGGUCTICATCATCTITTGOGIGUACTGCCACAGACTGCCCG
GCAGCTACGATAGCACCAGUAGCCGATICTCTGTACCCCAGAGGCATCCAGTTCAGA
COGCCTCATACAGTGOCTICCCTGGUCTCCTGUTTACCCTCCTGTGACAAGCTACCCA
COTCTGAGCCAGCCTGACCTOGUTGCCTATTCCTAGAAGCLCTCAGCCTICTCGGUGET
AGCCATAGAACACCTAGCAGCAGAAGAGATAGUCGACGUCGUCAATAGCGTGHUCA
GCTACGAAAATGAAGGUGCCTCTGGUCATTAGAGGCGUCCAAGCTGGATGGOGAGTT
TGOGCACCTAGCTGGACAAGACTCGACCCCTOTIGICTCTOGUCTOCCTGAACCTGCOTGE
GAAGATGCCGACGAGGACGAGCGATGACTATCACAACCCTGOGCTACCTGOGTGOGTOCT
GCCTGATAGCACACCAGCCACATCTACAGCCGCTCCTAGTGUTCCTGUTCTGAGCAL
ACCTGGCATCAGAGACAGCGUCTICAGCATGGAATCCATCGACGACTACGTGAACG
TOOCCGAGTCTGGUGAATCTGUCGAAGCCTCTCTTGACGGCAGCCGCGAGTATGIGA
ACGTGTCCCAAGAACTOCATCCCGULUGUTGUUAAAACAGAACCTGUTGUTCTGTICTA
GUCAAGAGGUCOAGGAAGTGGAAGAAGAAGGUGCULCTGACTACGAGAACCTGCA
AGAGCTGAACTGATGA (SEQ ID NG 201

{3328} In some embodiments, the anti~-CD22 CAR provided herein 1s encoded by a
polynucleotide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 1%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ D NG: 201

{3321} An exemplary bicistronie Standard atfity anti-CD22 CAR and High affinity anti-CD22
LAT-CAR “CAR1-linker-CAR2” or “SAMFHASELAT or “LAT-CAR” or “22ALACART2”
amino acid sequence 1s shown below {(SAfT scFv CARI . Furin/P2A Hnker; Hidff schv CAKZ).

10322} ASATMALPVTALLLPLALLLHAARPOVOLOOSGPGLVKPSOTLASLTCAISGDSYS
SNSAAWNWIROSPSRGLEWLGRTYYRSKWYNDYAVSVESRITINPDTSKNOGESLOLNS
VIPEDTAVYYCAREVTGDLERAFDIWGOGTMVTVSSGGOOGSDIOMTOSPSSLSASVGD
RVEITCRASOTIWSYENWYQORPGKAPNLLIYAASSLOSGYPSRESGRGSGTDETLTISSE
GAEDFATYYCOQOSYSIPOTFGOGTKLEIKI ETTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TOEEDGCSCRFPEEEEGGCELDIRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLD
KRRGRDPEMGOKPRRENPOQEGLYNELQKDKMABAYSEIGMKGERRRGKGHDGLYQG
LSTATKDTYDALHMOQALPPRRRKRRGSGTPDPWGSGATNRSLLKQAGDVEENPGPGS
MALPYVTALLLPLALLLBAARPDYKDDDDEQVOLOOSGPOGMVKPSOTLSLTCAISGDSVSSNSY
AWNWIROSPSRGLEWLGRIYYRSTWYNDYAVSMESRITINPDTNENQEFSLOLNSYTPEDTAYY
YOAREVIGDLEDAFDIWGQOGTMVTVSSGGGGSGGGGSGGGGSDIOAMIOSPSSLSASVGDRYT
ITCRASQTIWSYINWYRORPGEAPNLLIYAASSLOSGY PSRFESGRGSGTDETLTISSLOAEDFAT
YYCOOSYSIPOTHFGOGTKLLIKSRIEVMYPPPYLDNEKSNGTHHVK GKHUCPSPLEPGPSKE
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FWVLEVVVGGYLACYSLLVTVAFHFWVHUCHRLPGSYDSTSSDSLYPRGIQFRRPHTVAP
WPPAYPPVTSYPPLSQPDLLPIPRSPOPLGGSHRTPSSRRDSDGANSVASYENEGASGIRG
AQAGWGEVWGPSWTRLTPVSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPATSTAAPS
APALSTPGIRDSAFSMESIDDYYNVPESGESAEASLDGSREYVNVSGQELHPGAAKTEPAA
LSSQEAFEVEEEGAPDYENLQELN(SEQ ID NO: 202)

{8323} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 202

10324} An exemplary bicistronic Standard affinuty anti-CD22 CAR and High affinity anti-CD22
LAT-CAR “CAR1-linker-CAR2” or “"SAHHIAF-LAT” or “LAT-CAR” or “22ALACARTY”
polynucleotide sequence 1s shown below (SALY scBv CARL Hidff scFv CARZ)

0325] CTCGAGATGGUTCTGCCTOGTCGACAGCTCTGUTGCTGCCTCTGGCCCTGUTOOT
CCATGUTGCTAGACCTCAGGTGCAGCTCCAGCAGTCTGGCCCAGGACTOOTCAAGCC
TAGCCAGACCCTGAGCCTGACCTGOGUCATCAGCGGUGACAGUGTIGTCCTICTAACA
GUGLCCOCCTGGAACTGUGATCAGACAGAGCCCCAGCAGAGGLCTGGAATGGUTGGHE
COGACCTACTACCOOTCCAAQGTOUTACAACGACTACGCCGTIGTOCOTGAAGTCCCG
GATCACCATCAACCCCCGACACCAGCAAGAACCAGTICTCCCTGUCAGCTGAACAGLG
TOACCCUTGAGGACACCOUCUGTGTACTACTGCGUUAGAGAAGTGACCGUGLGALCTG
GAAGATOCCTTCGACATOTOGOGGUCAGOGUACCATOGUTUACCGTOGTUTAGUGLGAGH
COGLUGLAAGUOACATCCAGATOACCCAGAGCCCTAGUTCUCTGAGUOGCCAGCGTGE
GUGACAGAGTGACCATCACCTOTOGGOUCCAGUCAGACCATCTGOTUCTACCTGAATT
GUTATCAGUAGCGOCCAGGUAAGGUCCCTAACCTOGUTGATCTATGCCGUCAGUAGT
CTOGCAGAGUGOGLUOTGCCAAGCAGATICTCTOGOGUAGAGGUTCCGUCACCGACTTCALC
CCTGACAATCAGTTCOCTGUAGGUCGAGGACTTCGUCACCTACTACTOGUCAGUAGTC
CTACAGCATCCCTCAGACCTICGGUUAGOOUGACCAAGCTGUGAAATCAAGACTAGTT
CGAGACCACCACCCCCGUCCCTAGGCCTCCCACACCTGCCCCCACAATOGUCTCCCA
GUCTCTCAGCCTGAGGCCTGAAGUTTGCAGGUUUGCTGUCGOAGGAGCTGTCCATAL
CAGGGGACTCGACTTCGCCTOGCGACATTTACATTTGHGGUCCCTUTGGCTGGAACCTG
CGOGAGTCCTGUTGUTOTCCCTOGGTGATCACACTGTACTGTAAGAGGOGUAGAAAGA
AGUTOGCTCTACATCTTCAAGCAGUCUTTITATGAGACCUGTGCAGACAACCCAGGAGG
AAGACGGATOCAGUTGCAGOTTCCCTGAGGAGOAGGAGGGUGGUTGUCGAACTOGAT

CCAGCTOTACAACGAGCTCGAACCTCGGUAGAAGAGAGGAGTATGACGTGUTGUGACA
AGAGGAGGGOGCAGGGACCCTOAGATGGOCGOCAAGCCTAGAAGAAAGAACCCCCA
GGAAGGCCTCTACAACGAACTGCAGAAGGACAAGATGGCCGAGOCCTACAGCGAG
ATCGOCATGAAAGGUGAGAGAAGGAGGGGAAAGGGACATCGACGGCCTGTACCAGG
GACTCTCCACAGCCACCAAGGACACCTACGATGUCUTGCACATGCAGGCTCTGCCCC
CTAGAAGOGAAGAGAAGAGGUTCTGGTACCCCCGATCUTTGOGGAAGUGGUGCTACC
AACTTCTCCCTGCTCAAGCAGGUTGOGCGATOTGGAGGAGAACCCCGGCCCCGGATCC
ATGGCTCTGCCTGIGACAGCTCTGCTGCTGUCTCTGGCCCTGCTGCTCCATGCTGUTAGA
CCTGACTACAAAGACGATGACGACAAGUAGGTGUAGUTCCAGUAGTCTGGUCCAGGAAT
GGICAAGCCTAGCCAGACCUCTGAGCCTGACCTGCGCUATCAGCGGCGACAGCGTGICCT
CTAACAGCGTCGCCTGGAACTGGATCAGACAGAGCCCCAGUCAGAGGCCTGGAATGGCTG
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GGCCGGACCTACTACCGGTCCACGTGGTACAACGACTACGCCGTGTCCATGAAGTCCCG

GATCACCATCAACCCCGACACCAACAAGAACCAGTTCTCCCTGCAGCTGAACAGCGTGAC
COCTGAGGACACCGCCGTGTACTACTGCGCCAGAGAAGTGACCGGCGACCTGGAAGATG
CCTTCGACATCTGGGGUTAGGGCACCATOGTCACCGTGTCTAGCGGAGGCGGCGGAAG
COGTHGAGGCGGTAGCGGCGGTGGCGOTTCCGACATCCAGATGATCCAGAGCCCTAGCT
COCTGAGCGCCAGCGTGGGCCGACAGAGTGACCATCACCTGTCGRGCCAGCCAGACCATC
TGGTCCTACCTRAATTGGTATCGGCAGCGGCCAGGC GAGGCCCCTAACCTGCTGATCTAT
GOCGCCAGCAGCCTGCAGAGC GGCGTGCCAAGCAGATICTCTGGCAGAGGCTCCGGCA
CCGACTTCACCCTGACAATCAGTTCCCTGCAGGCCGAGGACTTCGCCACCTACTACTGCC
AGCAGTCCTACAGCATCCCTCAGACCTTCGGCCAGGGGACCAAGCTGGAAATCAAGTCTA
GAATCGAAGTGATGTACCCTCCACCTTACCTGGACAACGAGAAGTCCAACGGCACC
ATCATCCACGTGAAGGGCAAGCACCTGTGTCCTICTCCACTGTTCCCOGGACCTAGE
AAGCCTTTCTGGGTGCTCGTTGTTGTTGGCGGCGTGCTGGCCTGTTACAGCCTGCTGG
TTACCGTGGCCTICATCATCTITTIGGGTGCACTGCCACAGACTGCCCGGCAGCTACG
ATAGCACCAGCAGCGATTCTCTGTACCCCAGAGGCATCCAGTTCAGACGGCCTCATA
CAGTGGCTCCCTGGCCTCCTGCTTACCCTCCTGTGACAAGCTACCCACCTCTGAGCC
AGCCTGACCTGCTGCCTATTCCTAGAAGCCCTCAGCCTCTCGGOGGCAGCCATAGAA
CACCTAGCAGCAGAAGAGATAGCGACGGCGCCAATAGCGTGGCCAGCTACGAAAAT
GAAGGCGCCTCTGGCATTAGAGGCGCCCAAGCTGGATGGGGAGTTTGGGGACCTAG
CTGGACAAGACTGACCCCTGTGTCTCTGCCTCOTGAACCTGCCTGCGAAGATGCCGA
CGAGGACGAGGATGACTATCACAACCCTGGCTACCTGGTGGTGCTGCOTGATAGCA
CACCAGCCACATCTACAGCCGCTCCTAGTGCTOC TGO TCTGAGCACACCTGGCATCA
GAGACAGCGOCTTCAGCATGGAATCCATCGACGACTACGTGAACGTGCCCGAGTCT
GGCGAATCTGCOGAAGCCTCTCTTGACGGCAGOCGCGAGTATGTGAACGTGTCCCA
AGAACTGCATCCCGGCGCTGCCAAAACAGAACCTGOTGCTCTGTCTAGCCAAGAGG
CCGAGGAAGTGGAAGAAGAAGGCGLOCCTGACTACGAGAACCTGUAAGAGCTGAA
CTGATGA(SEQ ID NO: 203)

{8326] In some embodiments, the anti-CD22 CAR provided herein 1s encoded by a
polynuciestide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 9% or 100% identity with the nucleic acid
sequence of SEQ D NO: 203

{83271 An exemplary bicistronic High affinity anti-CID322 CAR and Standard affinity anti-CD22
LAT-CAR “CARI-linker-CARZ” or “"HIAfT/SAIELAT” or “LAT-CAR” or “2ZALACARTS”
amino acid sequence 1s shown below (HIAf scFv CARY; Furin/P2A linkers SAff schv CARZ)

10328 MALPVTALLIPLALLLHAARPOYVOLOOSGPOMVEPSOTLSLTCAISGDSVSSNSY
AWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMKSRITINPDTINENOFSLOLNSVTPE

DTAVYYCAREVTGDLEDAFDIWGOGTMVTVSSGLOGGSGGOGSGGOGSIOMIOSPSSE

SASVGRRVIITCRASQTIWSYINWYRORPGEAPNLEIYAASSLOSGVPSRESGROGSGTDE
TLTISSEOAEDFATYYCOQOSYSIPOTFGOGTKLEIKI ETTTPAPRPPTPAPTIASQPLSLRPE
ACRPAAGGAVHTRGLDFACDIYIWAPL AGTCGVLLLSLVITLYCKRGREKLLYIFKQPFF

MRPYOQTTQEEDGCSCRFPEEEEGGUELDIRVKFSRSADAPAYOQQGONQLYNELNLGRRE
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EYDVLDKRRGRDPEMGGKPRRENPOEGLYNELOKDKMAFA YSEIGMKGERRRGKGH
DGLYQGLSTATKDTYDALHMOALPPRRKRRGSGTPDPWGSGATNFSLLEKQAGDVEE
NPGPGSMALPVEALLLPLALLLHAARPDYKDDDDKOVOLOOSGPGLVKPSOTLSLTCAISG
SV SSNSAAWNWIROSPSRGLEWLGRTYYRSKWYNDYAVSVKSRITINPDTSENQESLOLNSY TP
EDTAVYYCAREVTGDLEDAFDIWGOGTMYTVSSGGGGSDIOMTOSPSSLSASYGDRVTITCRA
SOTIWSYLNWYQORPGKAPNLLIYAASSLOSGVPSRESGROGSGTDETLTISSLOAEDFATYVCO
OSYSIPOTFGOGTKLEIK SRIEVMY PPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPEWY
LVVVGGVLACYSLLVTVAFIFWYHCHRLPGSYDSTSSDSLYPRGIQFRRPHTV APWPPA
YPPVTSYPPLSQGPDLLPIPRSPOPLGGSHRTPSSRRISDGANSVASYENEGASGIRGAQAG
WGVWGPSWTRLTPYVSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPATSTAAPSAPALS
TPGIRDSAFSMESIDDYVNVPESGESAEASLDGSREYVNVSQELHPGAAK TEPAALSSQE
AEEVEEEGAPDYENLOELN(SEQ ID NO: 204)

[08328] In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino acid sequence having at least 90%, 1%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%
or 100% wdentity with the amine acid sequence of SEQ 1D NO: 204

[0336] An exeroplary bicistrorue High affiuty anti-CD22 CAR and Standard affinity anti-CD22
LAT-CAR “CAR1-linker-CARZ2” or “"HiAff/SAHF-LAT” or “LAT-CAR” or “22ALACARTY”
polynuclestide sequence 15 shown below (FHAfY scliv CARL SAf scfv CARZ)

10331 ATGOCACTGUUAGTGACTOCATTACTCTTGUCCACTCGUGCTACTOTITACACGO
AGCACGTCCACATCACCATCACCATCACCAAGTICCAATTGCAACAAAGCGLGLLGG
QUATGOTOAAACCOGAGTCAAACGTTATCTCTTACGTIGTGUOATITCOOGOGOGGATAGTG
TCAGCAGCAATTICAGTOGGUOTOCAATTOGATTCGUCAATCGUCGAGTOGCGOLOTTOG
AGTGGUTCOGLUGCACGTATIATCGCAGCACATOGTATAATCGATTATGCGGTCAGCA
TGAAAAGUCGCATTACGATTAATCCGUGATACGAACAAAAATCAATITAGCTTACAAT
TAAATTCOCGTCACGUCGUGAAGATACAGCGOTCTATTATTIGTGUGCGUGAGOTCACGG
OGUATCTCOGAAGACGCOTITTCATATTTOOGOOGUAAGOGGACCATGUTGACTHICAGOC
TCTGUGTOOAGGOOGGUAGTGLGAGOTOGOUOUATCOGOAGOTGGTOGHCAGTOGATATICA
AATCGATCCAAAGTCCATCCAGCCTATCCGUATCTGTCGOAGATCGUOGTAACGATTAL
OTGCCGUOGCCAGTCAAACGATTTGUGAGUTATCTGAACTGOTACCGOLCAALGCCCGH
GCGAAGLUGCCCGAATCTICTITGATTTACGCGUUGTCCTCATTACAGTCOGOTOGTCCCGA
GCCGUTTTAGCOGCCOUGGAAGUGGTACGGATTITTACGTTAACCATTAGCAGCCTCC
AGGUOGAAGATTTTGCGACGTATTACTGTCAACAGAGUTATAGUCATTCCGUAGACGT
TTGGTCAGGOCACGAAATTOGAGATTAAACTCCGAGACCACCACCCOCCGCCCCTAGG
COTCCCACACCTGUCCCCACAATCGCCTCCCAGCCTUTCAGCCTGAGGUUTGAAGCT
TGCAGGCCCGUTGUCGGAGGAGCTGTCCATACCAGOGGACTCGACTTCGUCTGCGA
CATTTACATTTGOGCCCCOTCTGOUTGGAACCTGCGLAGTCOTGUTGUTOTCCCTOCTG
ATCACACTGTACTOGTAAGAGOGGUAGAAAGAAGCTGUTCTACATCOTTCAAGCAGCC
CTTTATGAGACCCOTOGCAGACAACCCAGGAGGAAGACGUGATGCAGCTGCAGGTTCC
CTGAGGAGOAGGAGGGUGGUTGUCGAACTOGATATCAGOGGTGAAGTTCAGCAGGAG

TCGGCAGAAGAGAGOAGTATGACGTOGUTGGACAAGAGGAGGGGCAGGGACCCTGA
GATGGGCGGCAAGCCTAGAAGAAAGAACCCCCAGGAAGGCCTCTACAACGAACTG
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CAGAAGGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAAGGCGAGAGAA
GGAGGGGAAAGGGACATGACGGCCTGTACCAGGGACTCTCCACAGCCACCAAGGA
CACCTACGATGCCCTGCACATGCAGGCTCTGCCCCT TAGAAGGAAGAGAAGAGGCT
CTGGTACCCCCGATCCTTGGGGAAGCGGCGCTACCAACTTCTCCCTGCTCAAGCAGG
CTGGCGATGTGGAGGAGAACCCCGGCCCCGLTCGAGATGGCTCTGCCTGTGACAGCTC
TGOTGCTGCCTCTGGCCCTGOTGCTCCATGOTGCTAGACCTCAGGTGCAGCTCCAGCAGT
CTGGUCCAGGACTGGTCAAGCCTAGCCAGACCCTGAGCCTGACCTGCGUCATCAGCGGC
GACAGCGTOTCCTCTAACAGC GCCGCCTGGAACTGGATC AGACAGAGCCCCAGCAGAGG
CCTGGAATGGOTGGGCCGGACCTACTACCGGTCCAAGTGGTACAACGACTACGCCGTGT
COGTGAAGTCCCGGATCACCATCAACCOCGACACCAGCAAGAACCAGTTCTCCCTGCAGC
TGAACAGCGTGACCCCTGAGGACACCGCCGTGTACTACTGCGC CAGAGAAGTGACCGGC
GACCTGGAAGATGCCTTCGACATCTGGGGCCAGGGCACCATGGTCACCGTGTCTAGCGG
AGGCGGCGGAAGCGACATCCAGATGACCCAGAGCCCTAGCTOCCTGAGCGCCAGCGTG
GGCGACAGAGTGACCATCACCTGTCGGGOTAGCCAGACCATCTGGTCCTACCTGAATTG
GTATCAGCAGCGGCCAGGCAAGGCCCCTAACCTGCTGATCTATGCCGOCAGCAGCCTGO
AGAGCGGCGTGCCAAGCAGATTCTCTGGCAGAGGCTCCGGCACCGACTTCACCCTGACA
ATCAGTTCCCTGCAGGCCGAGGACTTCGCCACCTACTACTGCCAGCAGTCCTACAGCATC
COTCAGACCTTCGGCCAGGGGACCAAGCTGGAAATC AAGACTAGTCTAGAATCGAAGTG
ATGTACCCTCCACCTTACCTGGACAACGAGAAGTCC AACGGCACCATCATCCACGTG
AAGGGCAAGCACCTGTGTCCTTICTCCACTGTTCCCCGGACCTAGCAAGCCTTTCTGG
GTGCTCGTIGTTGTTGGCGGCGTOCTGGCCTGTTACAGCCTGCTGGTTACCGTGGOCT
TCATCATCTTTTGGGTGCACTGCCACAGACTGCCCGGCAGCTACGATAGCACCAGCA
GCOATTCTCTGTACCCCAGAGGCATCCAGTTCAGACGGCCTCATACAGTGGCTCCCT
GGOCTCOTGCTTACCCTCOTGTGACAAGCTACCCACCTCTGAGCCAGCCTGACCTGE
TGCCTATTCCTAGAAGCCCTCAGCCTCTCGGOGGCAGCCATAGAACACCTAGCAGCA
GAAGAGATAGCGACGGOGCCAATAGCGTGGCCAGCTACGAAAATGAAGGCGCCTCT
GGCATTAGAGGCGCCCAAGCTGGATGGGGAGTTITGOGGACCTAGCTGGACAAGACT
GACCCOTGTGTCTCTGOCTCCTGAACCTGOCTGCGAAGATGCCGACGAGGACGAGG
ATGACTATCACAACCCTGGCTACCTGGTGGTGOTGCCTGATAGCACACCAGCCACAT
CTACAGCCGCTCCTAGTGCTCCTGCTCTGAGCACACCTGGCATCAGAGACAGOGCCT
TCAGCATGGAATCCATCGACGACTACGTGAACGTGCCCGAGTCTGGCGAATCTGCC
GAAGCCTCTCTTGACGGCAGCCGUGAGTATGTGAACGTGTCCCAAGAACTGCATCCC
GGUGCTGCCAAAACAGAACTTGCTGCTCTGTC TAGCCAAGAGGCCGAGGAAGTGGA
AGAAGAAGGCGCCCCTGACTACGAGAACCTGCAAGAGCTGAACTGATGA(SEQ ID
NO: 205)

{8332} In some embodiments, the anti-CD22 CAR provided herein 1s encoded by a
polvnuclestide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 906%, 97%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ D NO: 205

{8333] An exemplary bicistronic High affinity anti-CID22 CAR and High affinity anti-CD22
LAT-CAR “CARI-linker-CARZ” or “HIATVHIALAT” or “LAT-CAR” or “22ZALACARTY”
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or “2ZALA-CART” or “22ALACART” amino acid sequence is shown below (HiAff scFv
CAR1, Furin/P2A linkers HiAff scfv CARY)

{0334 MALPVTALLIPLALLIHAARPOVOLOOSGPGMVKPSOTLSLTCAISGDSVSENSY
AWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINPRDTNKNOESLOENSYTHE
DTAVYYCAREVTGDLEDAFDIWGOGTMVY TV SSGGGGSGGGOSGGGOSDIOMIGSESSE
SASVGDBRYHTCRASOTIWSYINWYRORPGEAPNLEIYAASSLOSGYVESRESGRGSGIDE
T TSSEQARDFATY YCOOUSY SIPOTFGOGTIKLEIKLETTTPAPRIPPTPAPTIASQPLSLRPE
ACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKELLYIFKQPE
MRPVOTTOEEDGCSCRFPEEEEGGCELDIRVEKFSRSADAPAYQOGONQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELOGKDKMAFAYSEIGMKGERRRGKGH
DGLYQGLSTATKDTYDALHMQALPPRRERRGSGTPIPWGSGATNFSLLKQAGDVEE
NPGPGSMALPYVTALLIPIALLIHAARPDYKDDDDKOVOLOQOSGPGMYVKPSOTESLTCAISG
DSVESNSVAWNWIROSPSRGLEWIGRTUYYRSTWYNDYAVSMKSRITINPDTNEKNQESLOELNSYT
PEDTAVYYCAREVIGDLEDAFDIWGOGTMVTVSSGGGGSGGGGSGGGGSDIOMIQSPSSTLSA
SVGDRVITICRASQTIWSYINWYRORPGEAPNLLIVAASSLOSGVPSRESGRGSGTDETLTISSL
OAEDEATYYCOOSYSIPOTFGOGTRILEIKSRIEVMYPPPYLDNERKSNGTHHVRKGKRHLCPSP
LEPGPSKPFWVEVVVGGVLACYSLLVTIVAFTIFWVHCHRLPGSYDSTSSDSLYPRGIOFR
RPHTVAPWPPAYPPVTSYPPLSQPDLLPIPRSPQPLGGSHRTPSSRRDSDGANSVASYENE
GASGIRGAQAGWGVWGPSWITRLTPYVSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPA
TSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEASLDGSREYVNVSQELHPGA
AKTEPAALSSQEAEEVEEEGAPDYENLQELN(SEQ ID NO: 206}

{8335] In some embodiments, the anii-CD22 CAR provided herem may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%
or 100% dentity with the amino acid sequence of SEQ 1D NO: 206,

[3336] An exemplary bicistronie High affinity anti-CD22 CAR and High atfimty anti-CD22
LAT-CAR “CAR1-linker-CAR2” or “HIAR/HGA-LAT” or “LAT-CAR” or “22ALACARTA”
or “22ALACART” polvnucleotide sequence is shown below (HIAff scFv CARY; Hidff schv
CAR2)

10337} ATGGCACTGCCAGTGACTOCATTACTCTTGUCACTCGUGCTACTGTTACACGC
AGCACGTCCACATCACCATCACCATCACCAAGTCCAATTGCAACAAAGCGGOCCGO
GCATGGTGAAACCGAGTCAAACGTTATCTCTTACGTOTGCGATTITCGGGGGATAGTG
TCAGCAGCAATTCAGTGOCGTIGUAATTGOATTCGCCAATCGCCGAGTCGUGGOETTGH
AGTGGCTCGOOCGUACGTATTATCGUAGCACATGOTATAATGATTATGCGGTCAGCA
TGAAAAGCCGCATTACGATTAATCCGGATACGAACAAAAATCAATTITAGCTTACAATY
TAAATTCCOTCACGCCGOAAGATACAGCGGTCTATTATTIGTOC GO GCGAGGTCACGG
GOOATCTCGAAGACGCOTTTGATATTTGOOGOCAAGGUACCATOGTGACTOTCAGE
TCTOGTGOAGOGGOOCAGTOGGAGGTIGOGOGATCGOGAGGTGOTGGUAGTGATATICA
AATGATCCAAAGTCCATCCAGCCTATCOCGUCATCTGTCGGAGATCGCGTAACGATTAL
GIGCCGCGUGAGTCAAACGATTTGGAGCTATCTGAACTGGTACCGGCAACGCCCGG
GOGAAGCGCCGAATCTCTTGATTITACGCGGCGTICCTCATTACAGTICGGGTIGTICCCGA
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GCCGUTTTAGCOGGCCOUGGAAGUGGTACGGATITTACGTTAACCATTAGCAGCCTCC
AGGUOGAAGATTTITGCGACGTATTACTGTCAACAGAGUTATAGUATTCCGUCAGACGT
TTGGTCAGGOCACGAAATTOOAGATTAAACTCCGAGACCACCACCCCCGCCCCTAGG
CCTCCCACACCTGUCCCCCACAATCGCCTCCCAGCCTCTCAGCCTGAGGUCTGAAGCT
TGCAGGCCCGUTGLCGGAGGAGCTGTCCATACCAGGGGACTCGACTTCGUCTGCGA
CATTTACATTTGOGCCCUTCTGOUTGGAACCTGCGRAGTCCTGCTGUTGTCCCTGGTG
ATCACACTGTACTGTAAGAGGGGCAGAAAGAAGCTGUTCTACATCTTICAAGCAGCC
CTTTATGAGACCCGTGCAGACAACCCAGGAGGAAGACGGATGCAGCTGCAGGTTICC
CTGAGGAGGAGGAGGGUGGUTGCGAACTGGATATCAGGGTGAAGTTCAGCAGGAG
COCCGACGCCCCUGCTTATCAACAGGGUCAGAACCAGUTGTACAACGAGUTGAACC
TCGGCAGAAGAGAGGAGTATCGACGTGCTGGACAAGAGGAGGOGGCAGGGACCCTGA
GATGGGCGGCAAGCCTAGAAGAAAGAACCCCCAGGAAGGCCTCTACAACGAACTG
CAGAAGGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATGAAAGGUGAGAGAA
GGAGGGGAAAGGGACATGACGGUCTGTACCAGGGACTCTCCACAGCCACCAAGGA
CACCTACGATGCCCTGCACATGCAGGUTCTGUCCCCTAGAAGGAAGAGAAGAGGCT
CTGOTACCCCCGATCCTTGGGGAAGCGOCGCTACCAACTTICTCCCTGCTCAAGCAGG
CTGGCGATOGTGGAGGAGAACCCCGGUCCCGUATCCATGGCTCTGUCTGTGACAGCTCT
GCTGCTGUOTCTGGCCCTGCTGCTCCATGUTGCTAGACCTGAUTACAAAGACGATGACGA
CAAGCAGGTGCAGCTCCAGUAGTCTGGCCCAGGAATGGTUAAGUCTAGCCAGACCCTGA
GCCTGACCTGUGUCATCAGCGGUGACAGCGTIGTUCTCTAACAGUGTCGUCTGGAACTGG
ATCAGACAGAGCCCCAGCAGAGGUCTGGAATGGCTGOGCCGGACCTACTACCGGTCUAC
GUGGTACAACGACTACGCCGTGTCCATGAAGTUCCGGATCACCATCAACCCUGACACCAAL
CAAGAACCAGTICTCCCTGCAGCTGAACAGCGTGACCUCUTGAGGACACCGCCGTGTACTA
CTGCGUCAGAGAAGTGACCGGCOGACCTGGAAGATGUCTTCGACATCTGGGGUCAGGGCA
CCATGGTCACCGTGICTAGCGGAGGCGGUGGAAGCGGTGGAGGCGGTAGCGGCGGTGE
CGGTTCCGACATCCAGATGATCCAGAGUCCTAGCTCCCTGAGUGCCAGCGTGOGCGACA
GAGTGACCATCACCTGTCGGGUCAGCCAGACCATCTGGTOCTACCTGAATTGOGTATC GG
AGCGGCCAGGCGAGGUCCCTAACCTGUTGATCTATGOCGCCAGCAGCCTGCAGAGUGG
CGTGUCAAGUAGATTCTCTGGCAGAGGUTCCGGCACCGACTTICACCCTGACAATCAGTIC
CCTGCAGGCCGAGGACTTICGCCACCTACTACTGUCAGCAGTCCTACAGCATCCCTCAGAC
CTTCGGCCAGGGOGACCAAGCTGGAAATUAAGTUTAGAATCGAAGTGATGTACCCTCCA
CCTTACCTGGACAACGAGAAGTCCAACGGUACCATCATCCACGTGAAGOGGCAAGCA
CCTGTGTCCTTCTCCACTOTTCCCCOGGACCTAGCAAGUUTTTCTOGGOTOCTOGTTOTY
GTTGGUOGGCGTGCTGGUUTOGTTACAGCCTGUTGOTTACCGTGOGUCTTCATCATOTTTY
GOOGTGCACTGCCACAGACTGUCCGGUAGUTACGATAGCACCAGCAGCGATTCTICTG
TACCCCAGAGGCATCCAGTTCAGACGGUCTCATACAGTGGUTCCCTGOECTOOTGOT
TACCCTCCTGTCGACAAGCTACCCACCTCTGAGCCAGCCTCGACCTGCTGCCTATTOCT
AGAAGCCCTCAGUCTCTCGGCGOGCAGUCATAGAACACCTAGCAGCAGAAGAGATAG
CGACGGUOGCCAATAGUGTOGGUCCAGCTACGAAAATGAAGOCGUUTCTGGCATTAGAG
GCGCCCAAGCTGGATGGOGAGTTTGOGGACCTAGCTOGCACAAGACTGACCCCTGTG
TCTCTGUCTCOTGAACCTGUCTGCCGAAGATGCCGACGAGGACGAGCGATGACTATCAL
AACCCTGGCTACCTOGOTGGTGUTGUCTGATAGCACACCAGUCACATCTACAGCCGCT
CCTAGTGUTCUTGUTCTGAGCACACCTGOGCATCAGAGACAGUGCCTTCAGCATGGAA
TCCATCGACGACTACGTGAACGTGUCCGAGTCTGGCGAATCTGCCGAAGCCTOTCTT
GACGGCAGUCCGCGAGTATGTGAACGTGTCCCAAGAACTOCATCCOGLGUGCTGUCAA
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AACAGAACCTGCTGCTCTGTCTAGCCAAGAGGUCGAGGAAGTGGAAGAAGAAGGCG
CCCCTGACTACGAGAACCTGUAAGAGUTGAACTGATGA(SEQ 1D NO: 207)
{8338} In some embodiments, the anti-CD22Z CAR provided herein 1s encoded by a

polyvnucleotide sequence comprising or consisting of an nucleic acid sequence having at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with the nucleic acid
sequence of SEQ ID NO: 207

{8339] 1v) Exemplary First CARs

{0340} An exemplary anti-CD19 CAR

1034%] GSMEFGLSWIFLVAHKGVOCSRDIOMTOTTSSLSASLGORTISCRASODISKYINWY
QUOKPDGTVEKIIIYHTSRLHSGVPSRESGSGSGTDYSLTISNLEQEDIATYFCOOGNTLPYTFGG
GUKILEITGNTSGSGEPGSGHEGNTEGREVELOESGPGLVAPSGSISVICTYSGYSLPDYGYVSWIR(
PPREGILFEWILGVIWGSETTYYNSALK SR THEDNSKSOVELENMINSLOTDDTAIYYCAKHY Y YGG
SYAMDYWGOGTSVIVIETTTPAPRPPTPAPTIASOPLSIRPEACRPAAGGAVHTRGLDEACDI
VIWAPIAGTCGVLLLSLVITLYCERGREKILYIFK QPFMRPYQTTQEEDGUSCREPEREERGGC
FLDIRVEFSRSADAPAYOQOGONQLYNELNEGRREE YDV DERRGRODPEMGGKPRRENPOEG
LYNELORDEMAEAYSEIGMEGERRRGRGHDGLYOGLSTATKDTYDALHMOALPPR (SEQ 1D
NO: 309)

{8342} In some embodiments, the anii-CD19 CAR provided heremn may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% dentity with the amino acid sequence of SEQ 1D NO: 309

{3343} v) Exemplary Second CARs

{8344] An exemplary anti-CD22-LAT CAR

10345] GSMALPVTALLLPLALLLHAARPDYKDDRDDRKOVOLOOSGPGMYVKPROTLSITC
AISGDSVSSNSY AWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINPDTNEN
QFSLOLNSYTPEDTAVYYCAREVTGDLEDAFDIWGOGTMYTYSSGOOGSGGOGSGGH
OSBDIOMIOSPSSESASVOGDRVTITCRASOTIWS YL NWYRORPGEAPNLLIYAASSLOSGVP
SRESGRGSGTDFTETISSLOAFDFATYYCQOSYSIPOTFGOGTRLEIKSRIEVMYPPPYED
NEKSNGTHHYVEGKHLCPSPLFPGPSEPFWVILVVVGGVLACYSLEVTIVAFHFWVHCHRL
POSYDSTRSBSLYPRGIQFKRPHTIVAPWPPAYPPVTISYPPLSOPDLE PIPRSPOPL GGSHRT
PSSRRDSDGANSVASYENEGASGIRGAQAGWGYWOPSWITRLTPYSEPPEPACEDADED
EDDYHNPGYLVVLPDSTPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEA
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SLDGSREYVNVSQHIHPGAAKTEPAALSSOEAEEVEFEGAPDYENLOELN (SEQ 1D NO:
3003

{8346] In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ D NO: 300,

{0347} Ao exemplary anti-CD22-LAT-K52R CAR

[0348] GSMALPVTALLILPLALIIHAARPRDYKDRDDDEOVOLOQSGPGMVKESQTLSLTC
AISGDSVSSNSVAWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINEPDTNEN
QFSLOINSVTPEDTAVYYCAREVTGDLEDAFDIWGOGTMV TV SSGGEGGESGEGGRGGE
GSDIOMIOSPSSESASVGDRVTITCRASOTIWSYENWYRORPGEAPNLLIVAASSLOSGYVE
SRESGRGSGTRFTLTISSLOAEDFATYYCQOQOSYSIPOTFGOGTRLEIKSRIEVMYPPPYLD
NEESNGTHHYVEGKHLOPSPLFPGPSKPEFWVIVVVGOGVLACYSLLVTIVAFHFWVHCHRL
PGSYDRSTSSDALYPRGIQFRRPHTVAPWPPAYPPVISYPPLSOPDLLPIPRSPOPLGGSHRT
PSSRRDSDGANSYVASYENEGASGIRGACAGWGYWOPSWIRLTPYSLPPEPACEDADED
EDDYHNPGYLVVLPDSTRATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAFA
SLDGSREYVNVSQELHPGAAKTEPAALSSQEAREVEEEGAPDYENLOELN (SEQ 1D NG

300

{8349} In some embodiments, the anti-CD22 CAR provided heremn may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% dentity with the amino acid sequence of SEQ 1D NO: 301

{3358} An exemplary anti-CD22-LAT-K233R CAR

{0351] GSMALPVTALLLPLALLLHAARPRYKDDBDKOVOLOOSGPGMYEPSQTLSLTC
AISGDSVESNSYAWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINPDTNKN
OFSTOINSYTPEDTAVYYCAREVTIGDLEDAFDIWGOOGTMVY TV SSGOGOSGOGHSGHG
GSPMOMIOQSPRSESASYGDRYVTITCRASOTIWSYLNWYRORPGEAPNLEIYAASSLOSGYVE
SRESGRGSGTDETLTISSLOAEDFATYYCOOSYSIPOTFGOGTRLEIKSRIEVMYPPPYLD
NEKSNGTHHYKOKHE CPSPLFPGPSKPFWYVEVYVOOVIACYSLLVIVAFUFWYHCHRL
PGSYDSTSSDSLYPROGIQFKRPHTVAPWPPAYPPYTSYPPLSOPDLE PIPRSPOPLGGSHRT
PSSRRDSDGANSYASYENEGASGIRGADAGWOVWGGPSWIRLTPVSLPPEPACEDADED
EDDYHNPOYLVVEPDSTPATSTAAPSAPAL STPGIRDSAFSMESIDDYVNYPESGESAEA
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SLDGSREYVNVSQHI HPGAARTEPAALSSOEAEEVEFEGAPDYENLOELN (SEQ ID NO:
3023

{8352} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 302

{0353} Ao exemplary anti-CD22-LAT-K52R-K233R CAR

[0354] GSMALPVTALLILPLALIIHAARPRDYKDRDDDEOVOLOQSGPGMVKESQTLSLTC
AISGDSVSSNSVAWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINEPDTNEN
QFSLOINSVTPEDTAVYYCAREVTGDLEDAFDIWGOGTMVTVSSGGEGHSGGGESGHE
GSDIOMIOSPSSESASVGDRVTITCRASOTIWSYENWYRORPGEAPNLLIVAASSLOSGYVE
SRESGRGSGTRFTLTISSLOAEDFATYYCQOSYSIPOTFGOGTRKLEIKSRIEVMYPPPYLD
NEESNGTHHYEGKHLOPSPLFPGPSKPEFWYILVVVGOGVLACYSLLVTIVAFHFWVHCHRL
PGSYDRSTSSDALYPRGIQFRRPHTVAPWPPAYPPVTISYPPLSOPDRLILPIPRSPOPLGGSHRT
PoSRRDSDGANSYVASYENEGASGIRGACAGW GV WOPSWIRLTPYSLPPEPACEDADED
EDDYHNPGYLVVLPDSTRATSTAAPSAPALSTPGIRDSAFSMESIDDYVNVPESGESAEA
SLDGSREYVYNVSOELHPGAARTEPAALSSQEAEEVEEEGAPDYENLOELN (SEQ 1D NO:

{8355} In some embodiments, the anii-CD22 CAR provided herem may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% dentity with the amino acid sequence of SEQ 1D NO: 303

[3356] An exemplary anti-CD22-LAT-KS5ZR-G160E CAR

16337 GSMALPVTALLLPLALLLHAARPRDYKDDBDDKOVOLOOQSGPGMYEKPSQTLSLTC
AISGDSVESNSVAWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINPDTNKN
OFSLOINSYTPEDTAVYYCAREVTIGDLEDAFDIWGOOGTMVY TV SSGGGOSGGGHSGHG
GSPIOMIQSPSSESASVEDBRYVTITCRASOTIWSYLNWYRGRPGEAPNLLIYVAASSLOSGVE
SRESGRGSGTDFTLTISSLOAEDFATYYCOOSYSIPOTHFGOGTRKLEIKSRIEVMYPPPYLD
NEKSNGTHHVRKGRHLCPSPLEPGPSKPEFWVIVYVGGVLACYSLLVTIVAFHFWVYHCHRL
PGSYDSTSSDSLYPRGIQFERPHTVAPWPPAYPPYTSYPPLSOPDEL] PIPRSPOPLGGRHRT
PSSRRDSDGANSYASYENEGASGIRGADAGWOVWGPSWIRLTPVSLPPEPACEDADED
EDDYHNPEYLVVLPDSTPATSTAAPSAPALSTPGIRDSAFSMESIDDYVNYVPESGESAFA
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SLDGSREYVNVSQHIHPGAAKTEPAALSSOEAEEVEFEGAPDYENLOELN (SEQ 1D NO:
3043

{8358} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of

an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ 1D NO: 304

[0359] An exemplary anti-CD22-LAT-K32R-K233R-G160E CAR

[0366] GSMALPVTALLILPLALIIHAARPRDYKDRDDDEOVOLOOSGPGMVKPSOQTLSETC
AISGDSVSSNSVAWNWIROSPSRGLEWLGRTYYRSTWYNDYAVSMESRITINEPDTNEN
QFSLOINSVTPEDTAVYYCAREVTGDLEDAFDIWGOGTMVTVSSGGEGHSGGGESGHE
GSDIOMIOSPSSESASVGDRVTITCRASOTIWSYENWYRORPGEAPNLLIVAASSLOSGYVE
SRESGRGSGTRFTLTISSLOAEDFATYYCQOQOSYSIPOTFGOGTRLEIKSRIEVMYPPPYLD
NEESNGTHHYEGKHLOPSPLFPGPSKPEFWVIVVVGOGVLACYSLLVTIVAFHFWVHCHRL
PGSYDRSTSSDALYPRGIQFRRPHTVAPWPPAYPPVTISYPPLSOPDRLILPIPRSPOPLGGSHRT
PoSRRDSDGANSYVASYENEGASGIRGACAGW GV WOPSWIRLTPYSLPPEPACEDADED
EDDYHNPEYLVVLEPDSTPATSTAAPSAPALSTPGIRBSAFSMESIDDYVNVPESGESAEA
SLDGSREYVYNVSOELHPGAARTEPAALSSQEAEEVEEEGAPDYENLOELN (SEQ 1D NO:

305}

{8361} In some embodiments, the anii-CD22 CAR provided herem may comprise or consist of
an amino acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% dentity with the amino acid sequence of SEQ 1D NO: 305

[3362] An exemplary anti-CD22-FHIAff-LAT CAR

18363] GSMALPVTALLLPLALILHAARPDYKDDDDKOVOLOGOSGPGLVKPSQTISLTCAISGD
SVSSNSAAWNWIROSPSRGLEWIGRIYYRSKWYNDYAVSVESRITINPDTSKNOFSLOILNSVIF
EOTAVYYCAREVIGDLEDAFDIWGOGTMY TV SSGGGGIDIOMTOSPSSESASVGDRYTITCRA
SOTIWSYINWYQORPGKAPNLLIYAASSLOSGYPSRESGRGSGTRFTLTISSLOAEDEATYYCO
OSYSIPOTFGOGTKLFIKSRIEVMYPPPYLDNEKSNGTHHVKGRKHLUPSPLFPGPSKPFWY
LVVVGGYLACYSLLVTVAFIFWYVHUHRLPGSYDSTSSDSLYPRGIQFRRPHTVAPWPPA
YPPVTSYPPLSGPDLLPIPRSPOPLGGSHRTPSSRRISDGANSVASYENEGASGIRGAQAG
WOEVWGEPSWTRLTPYVSLPPEPACEDADEDEDDYHNPGYLVVLPDSTPATSTAAPSAPALS
TPGIRDSAFSMESIDRYVNVPESGESAEASLDGSREY VNV SQELHPGAAKTEPAALSSQGE
AEBVEEEGAPDYENLQELN (SEQ ID NO: 306)
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{8364} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino actd sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ D NO: 306,

0365} An exemplary anti-CD19-LAT CAR

[0366] GSMEFGLSWIFLVAILKGYVOCUSRDYKDDDDKBDIOMTOQTTSSLSASLGDRYTISCR
ASODISKYILNWYQOKPDGTVELLIYHTSRLHSGVPSRESGSGSGTIDYSLTISNLEQEDIA
TYFCQOGNTLPYTRGGOTKLEITGS TSGSGRPGSGEGSTRGEVRLOESGPGLYAPSQSLS
VICTVSGYSLPRDYGYSWIROPPRKGLEWLGVIWGSHETTYYNSALESRETHRKDNSESQVE
LEMNSLOTDDTAIYYCARKHYYYGGSYAMDYWGOGTSVTVSRIEVMYPPEYLDNEKSN
GTHHVKGRHLOPSPLEPGPSKPIFWVLEVVVGGVLACYSLIVIVATIIFWVHCHRLPGRYD
STASDSLYPRGIQFRRPHIVAPWPPAYPEVTSYPPLSOPDLLPIPRSPOPLGGSHRTESSRE
DSDGANSVASYENEGASGIRGAQAGW GV WGPSWITRLTPVSLPPEPACEDADEDEDDY
HNPGYLVVLPDSTPATSTAAPSAPALSTPGIRDSAISMESIDDYVYNVPESGESAFASLDGS
REYVNVSOQELHPGAARTEPAALSSQEAEEVEEEGAPDYENLOELN (REQ ID NG, 307

{3367} In some embodiments, the anti-CD 19 CAR provided herein may comprise or consist of
an aming acid sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with the amino acid sequence of SEQ ID NG 307

{8368] An exemplary anti-CD22-SA-LAT CAR

18368] GSMALPVTALLLPIALLLHEAARPDYKDDDDRKQVOLQOSGPGLVEPSQTISLTCAISGD
SVSSNSAAWNWIRQOSPSRGLEWIGRTYYRSKWYND VAVSYESRITINPDTSKNOESLOLNSVTP
FDTAVYYCAREVIGDLEDAFDIWGOGTMVTVISGGGGSDIOMTOSPSSLSASVGDRVTITCRA
SOQTIWSYINWYQOURPGKAPNLLIYAASSLOSGVPSRESGROGSGTDETLTISSL.OABDFATYYC
OSYSIPOTFGOGTKLEIKSRIEVMYPPPYLDNEKSNGTHHVKGKHILCPSPLFPGPSKPFWVEY
ViGGVLACYSLIVIVARFITFWVHCHRLPGSYDSTSSDSLYPRGIQFRRPHIVAPWPPAYPPVTSY
PPLSOPDILPIFPRSPOPLGGSHRIFPSSRRDSDGANSVASYENEGASGIRGAQAGWGVIWGPSWT
RETPVSEPPEPACEDADEDEDDYANPGYLVVIPDSTPATSTAAPSAPALSTPGIRDSAFSMES]
DOYVNVPESGESAFEASLDGSREYVNVSOEILHPGAAKTEPAALSSOEAREEVEREGAPDYENIOE
LN (SEQ ID NO: 308)

{8378} In some embodiments, the anti-CD22 CAR provided herein may comprise or consist of
an amino acid sequence having at feast 20%, 91%, 92%, 93%, 94%:, 95%, 96%, 97%, 98%, 99%

or 100% wdentity with the amino acid sequence of SEQ 1D NO: 308
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[0371]
[0372]

{8373} 4. CAR Expression Levels

{0374} The present disclosure provides a population of engineered T cells, wherein a plurality of
the engineered T cells of the population comprise any chimeric stimulatory receptor (CAR)
disclosed herein. The present disclosure also provides a composition comprising a population of
T cells, wherein a plurality of the T cells of the population comprise a non-naturally occurring
CAR comprising, consisting essentially of, or consisting of a) a first chimeric antigen receptor
{CAR) comprising an antigen recognition domain that binds to a first antigen, a transmembrane
domain and a intraceliular signabing domain; b) a second CAR comprising an antigen recogrution
domain that binds to a second antigen, a transmembrane domain and a Linker for Activation of T
cell (LAT) mntracellular signaling domain. In some embodiments, at least 5%, at least 10%, at
feast 1594, at least 209, at least 25%, at least 30%, at least 359, at least 40%, at least 45%, at
least SO%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 85%, at least 90%, at Jeast 95%, at least 969, at least 97%, at least 98%, at least 99%, or
100% of the population comprise the first CAR and the second CAR. In some embodiments,
each CAR polypeptide 1s expressed at a copy number of atleast 1, 2,3, 4, 5, 6,7, 8,9, 10, 20,
30, 40, 50, 60, 70, 80, 90 or 100 coptes per cell. In some embodiments, the nucleic acid encoding
the CAR 1s mtegrated into the genome at a copy number of atfeast 1,2, 3,4, 5,6,7, 8,9, 10, 20
or 30 copies per cell

{3375} In some embodiments, the ratio of the copy number of CARLICARZ s about 1:1, 21,
3L 410816789 161, 1.2, 13, 14, 105, 16, 17, 18 19 0r 1110

{8376] 5. Antigens

{8377} In some embodiments, provided herein are cells {e g, T cells} expressing a first CAR
targeting a first antigen {e.g. anti-CD22) and a second CAR targeting a second antigen {e.g. anti-
D19y

{8378} Among the antigens that may be targeted by the genetically engineered antigen receptors
are those expressed in the context of a disease, condition, or cell type to be targeted via the
adoptive cell therapy. Among the diseases and conditions are proliferative, neoplastic, and
malignant diseases and disorders, including cancers and tumors, including hematologic cancers,

cancers of the immune system, such as lymphomas, leukemias, and/or myelomas, suchas B, T,
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and myeloid leukemias, lymphomas, and multiple myelomas. In some embodiments, the antigen
1s selectively expressed or overexpressed on cells of the disease or condition, e g, the tumor or
pathogenic cells, as compared to normal or non-targeted cells or tissues. In other embodiments,
the antigen is expressed on normal cells and/or is expressed on the engineered cells.

{8379] Any suitable antigen may find use in the present method. Exemplary antigens include, but
are not limited to, antigenic molecules from infectious agents, glycosylated antigens,
TnAntigens, auto-/self-antigens, tumor-/cancer-associated antigens, and tumor neoantigens
{Linnemann et al, 2015}, In particular aspects, the antigens include those listed 1 Table 1.
{0386} In particular aspects, the antigens for targeting by two or more antigen recognition
domains include, but are vot lumuted to CD22 and CD19 (e.g, for B cell malignancies) The
sequences for these antigens are known in the art, for exarople, CD22 {e.g., Accession No.

NM 001772.4);, CD19 {e.g, Accession No. NC_000023.11).

[03381] Tumor-associated antigens may be derived from prostate, breast, colorectal, lung,
pancreatic, renal, mesothelioma, ovarian, or melanoma cancers. Exeroplary tumor-associated
antigens ot tumor cell-dertved antigens mclude MAGE 1, 3, and MAGE 4 {or other MAGE
antigens such as those disclosed in PCT Publication No. WO 99/40188};, PRAME; BAGE,
RAGE, Lage (also known as NY ESO 1); SAGE; and HAGE or GAGE. These non-hmiting
examples of tumor antigens are expressed in a wide range of tumor types such as melanoma,
fung carcinoma, sarcoma, and bladder carcinoma. See, e g, U.S. Patent No. 6,544,518 Prostate
cancer tumor-associated antigens include, for example, prostate specific membrane antigen
(PSMA), prostate-specific antigen (PSA), prostatic acid phosphates, NKX3.1, and six-
transmembrane epithelial antigen of the prostate (STEAP).

{0382} Other tumor associated antigens include Pha-1, HASH-1, HasH-2, Cripto and Criptin,
Additionally, a tumor antigen may be a self peptide hormone, such as whole length
gonadotrophin hormone releasing hormone {GnRH), a short 10 amino acid long peptide, useful
in the treatment of many cancers.

{0383} Tumor antigens include tumor antigens derived from cancers that are characterized by
tumor-associated antigen expression, such as HER-2/neu expression. Tumor-associated antigens
of interest include hineage- specific tumor antigens such as the melanocyte-melanoma lineage
antigens MART- 1/Melan-A, gpl100, gp75, mda-7, tyvrosinase and tyrosinase-related protein.

THustrative tumor-associated antigens include, but are not limited fo, tumor antigens derived from
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or comprising any one or more of, p53, Ras, c-Myc, cytoplasmic sering/threonine kinases (e.g.,
A-Raf, B-Raf, and C-Raf, cyclin-dependent kinases), MAGE-Al MAGE-A2, MAGE- A3,
MAGE-A4, MAGE-AG, MAGE-A10, MAGE-A12, MART-1, BAGE, DAM-6, -10, GAGE-1 _ -
2, -8, GAGE- 3, -4, -5, -6, -7B, NARR-A, MART-1, MCIR, epl00, PSA, PSM, Tyrosinase,
TRP-1 . TRP-2, ART-4, CAMEL, CEA, Cyp-B, TERT, hTRT. iCE, MUC1, MUCZ,
Phosphoinositide 3-kinases (PI3Ks), TRK receptors, PRAME, PiS RU1, RUZ, SART-1 |
SART-3, Wilms' tumor antigen (W1}, AFP, ~catenin/m, Caspase-8/m, CEA, CDK-4/m,
FLF2M, GnT-V, G250, HSPT70-2M, HST-2, KIAA0205, MUM- 1, MUM-2, MUM-3,
Myosin/m, RAGE, SART-Z, TRP-2/INTZ, 707-AP, Annexin H, CDC27/m, TPI/mber-abl, BCR-
ABL, interferon regulatory factor 4 (IRF4), ETV6/AML, LDLR/FUT, Pml/RAR, Tumor-
associated calcium signal transducer 1 {TACSTDL) TACSTD2, receptor tyrosine kinases {e.g,
Epidermal Growth Factor receptor (EGFR) (in particular, EGFRVIHT), platelet derived growth
factor receptor {(PDGER), vascular endothelial growth factor receptor (VEGFEFR)), cvtoplasmic
tyrosine kinases (e g., sre-famuly, syk-ZAP70 family), mtegrin-hnked kinase (TLK), signal
transducers and activators of transcrniption STAT3, STATS, and STATE, hypoxia mducible
factors {e.g., HIF-1 and HIF-2), Nuclear Factor-Kappa B (NF-B}, Noich receptors {e.g., Notchi-
4}, ¢-Met, mammalhan targets of rapamycin (mTOR}, WNT, extracellular signal-reguolated
kinases (ERKs}, and their regulatory subonits, PMSA, PR-3, MDM2, Mesothelin, renal cell
carcinoma-5T4, SM22-alpha, carbonic anhydrases I {TAL and IX (CAIX) {also known as
(2503, STEAD, TEL/AMLI, GD2, proteinase3, hTERT, sarcoma translocation breakpomts,
EphA2, ML-IAP, EpCAM, ERG {TMPRSESZ ETS fusion gene}, NA17, PAX3, ALK, androgen
receptor, cychin B 1, polysiahic acid, MYCNK, RhoC, GI¥3, fucosyl GM1, mesothelian, PSCA,
sLe, PLACT , GM3, BORIS, Tn, GLoboH, NY-BR- 1, RGsS, SART3, ST, PAXS, OY-TES 1,
sperm protein 17, LCK, HMWMAA ) AKAP-4, S8X2, XAGE 1, B7H3, legumain, TIEZ, Paged,
MAD-CT-1, FAP, MAD-CT-2, fos related antigen 1, CBX2, CLDNG, SPANX, TPTE, ACTLS,
ANKRD30A, CDENZA, MAD2LL , CTAGIB, SUNC1, LRRN1 and idiotype.

{0384} Antigens may include epitopic regions or epitopic peptides derived from genes mutated in
tumor cells or from genes transcribed at different levels in tumor cells compared to normal cells,
such as telomerase enzyme, survivin, mesothelin, mutated ras, ber/abl rearrangement, HerZ/neu,
mutated or wild-type pS3, cytochrome P45C 1B 1, and abnormally expressed intron sequences

such as N-acetylglucosammyliransferase-V; clonal rearrangements of immunogliobulin genes
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generating unique idiotypes in myeloma and B-cell lymphomas; tumor antigens that include
epitopic regions or epitopic peptides derived from oncoviral processes, such as human papilloma
virus proteins E6 and E7; Epstein bar virus protein LMPZ; nonmutated oncofetal proteins witha
tumor-selective expression, such as carcinoembryonic antigen and alpha-fetoprotein.

{8385} In other embodiments, an antigen is obtaimed or derived from a pathogenic
microorganism or from an opportunistic pathogenic microorganism {also called herein an
mfectious disease microorganism}, such as a virus, fungus, parasite, and bacterium. In certain
ernbodiments, antigens derived from such a microorgamsm mclude full-length protems.

{0386] Hustrative pathogenic organisms whose antigens are contemplated for use in the method
described herein mclude human romunodeficiency virus (HIV), herpes simplex virus (HSV),
respiratory syneytial virus (RSV), cytomegalovirus (CMY), Epstemn-Barr virus (EBV), Influenza
A, B, and C, vesicular stomatitis virus {VSV), vesicular stomatitis virus (VSV}, polyomavirus
{e.g., BK virus and JC virus), adenovirus, Staphyvlococcus species including Methicithin-resistant
Staphylococeus aureus (MRS A}, and Streptococcus species mcluding Streptococcus
pneumoniae. As would be understood by the skilled person, proteins denived from these and
other pathogenic microorganisms for use as antigen as described herein and nuclestide sequences
encoding the proteins may be dentified in pubhications and in public databases such as
GENBANKY, SWISS-PROT®, and TREMBL®.

{3387} Antigens derived from human immunodeficiency viras (HIV) include any of the HIV
virign structural proteins (e.g., spl 20, gpdl, pl7, p24}, protease, reverse {ranscriptase, or HIV
proteins encoded by tat, rev, nef, vif, vpr and vpu.

{8388] Antigens derived from herpes simplex virus (e.g., HSV 1 and HSV2} mnclude, but are not
limited to, proteins expressed from HSV late genes. The late group of genes predominantly
encodes proteins that form the virion particle. Such proteins include the five proteins from {(UL)
which form the viral capsid: UL6, UL 18, UL35, UL38 and the major capsid protein UL19,
UL45, and UL27, each of which may be used as an antigen as described herein. Other illustrative

glycoprotein

o &

HSV proteins contemplated for use as antigens herein include the ICP27 (H1, H2)
B (gB} and glycoprotein D (gD) proteins. The HSV genome comprises at least 74 genes, each
encoding a protein that could potentially be used as an antigen.

{8389} Antigens derived from cytomegalovirus (CMV} include UMYV structural proteins, viral

antigens expressed during the immediate early and early phases of virus replication,
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elycoproteins L and HE capsid protein, coat protein, lower matrix protein pp6S (ppULE3), p52
{(ppUL44)}, IE1 and 1EZ (UL123 and UL122), protein products from the cluster of genes from
UL128-UL150 (Rykman et al. 2006}, envelope glycoprotein B (gB), ¢H, gN, and ppl50. As
would be understood by the skilled person, CMYV proteins for use as antigens described herein
may be identified in public databases such as GENBANK®Y, SWISS-PROT®, and TREMBL"
{(see e.g., Bennekov et al. 2004; Loewendorf et al. 2010; Marschall et al. 2009},

{8300} Antigens derived from Epstein-Ban virus (EBVY) that are contemplated for use in certain
ernbodiments include EBV lytic proteins gp350 and gpl10, EBV proteins produced during latent
cycle infection including Epstein-Ban nuclear antigen (EBNA)-I, EBNA-2, EBNA-3A, EBNA-
3B, EBNA-3C, EBNA-leader protein (EBNA-LP) and latent membrane proteins (LMP})-1, LMP-
2A and LMP-2B (see, e g., Lockey et al , 2008).

[0391] Antigens derived from respiratory syncytial virus (RSV) that are contemplated for use
herein include any of the eleven proteins encoded by the RSV genome, or antigenic fragients
thereof: NS I, NS2, N (nucleocapsid protein), M (Matrix protein) SH, G and F {viral coat
proteins), M2 {second matrix protem), M2-1 {elongation factor), M2-2 (transcription regulation),
RNA polymerase, and phosphoprotein P

[3392] Antigens derived from Vesicolar stomatitis virus (VSV} that are contemplated for use
melude any one of the five major proteins encoded by the VSV genome, and antigeni¢ fragments
thereof. large protein (L), glycoprotein (GG}, nucleoprotein (N), phosphoprotemn (P), and matrix
protein (M) (see, e.g., Rieder et al |, 1999).

{0393} Antigens derived from an influenza virus that are conternplated for use in certain
embodiments nclude hemagglutinin (HA), neurammidase (NA), nucleoprotein (NP}, matrix
proteins Ml and M2, NS1, N82 (NEP), PA, PB1, PB1-F2, and PB2,

{8394 Exemplary viral antigens also include, but are not limited to, adenovirus polypeptides,
alphavirus polypeptides, calicivirus polypeptides (e.g., a calicivirus capsid antigen}, coronavirus
polypeptides, distemper virus polypeptides, Ebola virus polypeptides, enterovirus polypeptides,
flavivirus polypeptides, hepatitis virus {AE) polypeptides (a hepatitis B core or surface antigen, a
hepatitis C virus El or E2 glycoproteins, core, or non- structural proteins), herpesvirus
polyvpeptides {including a herpes simplex virus or varicella zoster virus glycoprotein), infectious
peritonitis virus polypeptides, leukemia virus polypeptides, Marburg virus polypeptides,

orthomyxovirus polypeptides, papilloma virus polypeptides, parainfluenza virus polypeptides
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g, the hemagglutinin and neuraminidase polypeptides), paramyxoviras polypeptides,

&

{e.
parvovirus polypeptides, pestivirus polypeptides, picorna virus polypeptides {e.g., a pohiovirus
capsid polypeptide}, pox virus polypeptides (e.g., a vaccinia virus polypeptide), rabies virus
polypeptides {e g, a rabies virus glycoprotein G}, reovirus polypeptides, retrovirus polypeptides,
and rotavirus polypeptides.

{0395} In certain embodiments, the antigen may be bacterial antigens. In certain embodiments, a
bacterial antigen of interest may be a secreted polypeptide. In other certain embodiments,
bacterial antigens include antigens that have a portion or portions of the polypeptide exposed on
the outer cell surface of the bacteria.

[08396] Antigens derived from Staphylococcus species ncluding Methiciilin-resistant
Staphylococcus auwreus (MRSA) that are contemplated for use mclude virulence regulators, such
as the Agr system, Sar and Sae, the Arl system, Sar homologues {Rot, MgrA, SarS, SarR, SarT,
SarU, SarV, SarX, SarZ and TcaR}, the Srrsystem and TRAP. Other Staphylococcus proteins
that rmay serve as antigens mclude Clp protems, HirA, MsrR, aconitase, CepA, Svra, Msa, CivA
and CfvB (see, e.g., Staphvlococcus: Molecular Genetics, 2008 Caister Academic Press, Ed. Jods
Lindsay}. The genomes for two species of Staphylococcus aurens {N315 and MuS0} have been
sequenced and are publicly available, for example at PATRIC (PATRIC: The VBI PathoSystems
Resource Integration Center, Snyder et al., 2007}, As would be understood by the skilled person,
Staphylococcus proteins for use as antigens may also be dentified in other public databases such
as GenBank®, Swiss-Prot®, and TrEMBL®.

{0397} Antigens derived from Streprococcus pneumoniae that are conternplated for use in certain
embodiments described herein melude pneamolysin, PspA, choline ~binding protein A {TbpAj,
NanA, NanB, SpnHL, PavA, LytA, Pht, and pilin proteins (RrgA; RrgB; RrgC). Antigenic
proteins of Streptococcus preumoniae are also known in the art and may be used as an antigen in
some embodiments {see, e.g., Zvsk et al., 2000}, The complete genome sequence of a virulent
strain of Streptococcus pneumoniae has been sequenced and, as would be understood by the
skilled person, 8. prewmoniae proteins for use herein may also be identified in other public
databases such as GENBANK®, SWISS-PROT”, and TREMBL". Proteins of particular interest
for antigens according to the present disclosure include virulence factors and proteins predicted

to be exposed at the surface of the pneumococci {seg, e g., Frolet et al., 2010},
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{8398 Examples of bacterial antigens that may be used as antigens include, but are not imited
to, Actinomyces polypeptides, Bactllus polypeptides, Bacteroides polypeptides, Bordetella
polypeptides, Bartonella polypeptides, Borrelia polypeptides (e g, B. burgdorfer: OspA},
Brucella polypeptides, Campylobacter polypeptides, Capnocytophaga polypeptides, Chlamydia
polypeptides, Corynebacterium polypeptides, Coxiella polypeptides, Dermatophilus
polyvpeptides, Enterococcus polypeptides, Ehrlichia polypeptides, Escherichia polypeptides,
Francisella polypeptides, Fusobacterium polypeptides, Haemaobartonella polypeptides,
Haemophalus polypeptides (e g., H. intluenzae type b outer membrane protein), Helicobacter
polypeptides, Kliebsiella polypeptides, L-form bacteria polypeptides, Leptospira polypeptides,
Listeria polypeptides, Mycobacteria polypeptides, Mycoplasma polypeptides, Neisseria

polypeptides, Neorickettsia polypeptides, Nocardia polypeptides, Pasteurella polypeptides,

2

Peptococcus polypeptides, Peptostreptococcus polypeptides, Pneurmococcus polypeptides (1.,
pneumoniae polypeptides) (see description herein), Proteus polypeptides, Pseudomonas
polypeptides, Ricketisia polypeptides, Rochalimaea polypeptides, Salmonella polypeptides,
Shigella polypeptides, Staphylococcus polypeptides, group A streptococcus polypeptides (e.g., S.
pyogenes M protemns), group B streptococeus (5. agalactiae) polypeptides, Treponema
polypeptides, and Yersinia polypeptides (e.g., Y pestis Fl and V antigens).

{8399] Examples of fungal antigens melude, but are not limted to, Absidia polypeptides,
Acremonium polypeptides, Alternania polypeptides, Aspergiilus polypeptides, Basidiobolus
polypeptides, Bipolaris polypeptides, Blastomyces polypeptides, Candida polypeptides,
Coccidiondes polypeptides, Comdiobolus polypeptides, Cryptococcus polypeptides, Curvalana
polypeptides, Epidermophyion polypeptides, Exophiala polvpeptides, Geotrichum polypeptides,
Histoplasma polypeptides, Madurella polypeptides, Malassezia polypeptides, Microsporum
polypeptides, Moniliella polypeptides, Mortierella polypeptides, Mucor polyvpeptides,
Paccilomyces polypeptides, Penicilliom polypeptides, Phialemonium polypeptides, Phialophora
polypeptides, Prototheca polypeptides, Pseudallescheria polypeptides, Pseudomicrodochium
polypeptides, Pythium polyvpeptides, Rhino sporidium polypeptides, Rhizopus polypeptides,
Scolecobasidiom polypeptides, Sporothrix polypeptides, Stemphylium polypeptides,
Trichophyton polypeptides, Trichosporon polypeptides, and Xylohypha polypeptides.

{8400 Examples of protozoan parasite antigens include, but are not limited to, Babesia

polypeptides, Balantidium polypeptides, Besnoitia polypeptides, Cryptosporidium polypeptides,
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Fimeria polypeptides, Encephalitozoon polypeptides, Entamoeba polypeptides, Giardia
polypeptides, Hammondia polypeptides, Hepatozoon polypeptides, Isospora polypeptides,
Leishmania polypeptides, Microsporidia polypeptides, Neospora polypeptides, Nosema
polypeptides, Pentatrichomonas polypeptides, Plasmodium polypeptides. Examples of helmmth
parasite antigens include, but are not limited to, Acanthocheilonema polypeptides,
Aclurostrongylus polypeptides, Ancylostoma polypeptides, Angiostrongylus polypeptides,
Ascaris polypeptides, Brugia polypeptides, Bunostomum polypeptides, Capiliania polypeptides,
Chabertia polypeptides, Coopenia polypeptides, Crenosoma polypeptides, Dictyocaulus
polypeptides, Dioctophyme polypeptides, Dipetalonema polypeptides, Diphyliobothriom
polypeptides, Diplvdiurn polypeptides, Duofilaria polypeptides, Dracunculus polypeptides,
Enterobius polypeptides, Filaroides polypeptides, Haemonchus polypeptides, Lagochilascaris
polypeptides, Loa polypeptides, Mansonella polypeptides, Muellerius polypeptides,
Nanophyetus polypeptides, Necator polypeptides, Nematodirus polypeptides, Oesophagostomum
polypeptides, Onchocerca polvpeptides, Opisthorchis polypeptides, Ostertagia polypeptides,
Parafilana polypeptides, Paragonimus polypeptides, Parascans polypeptides, Physaloptera
polypeptides, Protostrongyius polypeptides, Setaria polypeptides, Spirocerca polypeptides
Spirometra polypeptides, Stephanofilana polypeptides, Strongyloides polypeptides, Strongylus
polypeptides, Thelamia polypeptides, Toxascaris polypeptides, Toxocara polypeptides,
Trichinella polypeptides, Tricho strongylus polypeptides, Trichurs polypeptides, Uncinaria
polypeptides, and Wucherenia polypeptides. {e.g., P. falciparum circumsporozoite (PFCSP)),
sporozoite surface protein 2 (PISSP2), carboxyl termnus of hiver state antigen 1 (PILSAl ¢-
term), and exported protein 1 (PfExp-1}, Poeumocystis polypeptides, Sarcocystis polypeptides,
Schistosoma polypeptides, Theilena polypeptides, Toxoplasma polypeptides, and Trypanosoma
polypeptides.

10401} Examples of ectoparasite antigens include, but are not limited to, polypeptides (including
antigens as well as allergens} from fleas; ticks, including hard ticks and soft ticks; flies, such as
midges, mosquitoes, sand flies, black flies, horse fhies, horn fligs, deer flies, tsetse flies, stable
flies, myiasis-causing flies and biting gnats; ants; spiders, lice; mites; and true bugs, such as bed
bugs and kissing bugs.

6. Safety Switch Proteins
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{8402} Although cellular therapies hold great promise for the treatment of human disease,
significant toxicities from the cells themselves or from their transgene products have hampered
clinical mvestigation. In some embodiments described herein, immune effector cells (e g, T
cells} comprising a CAR described herein that have been infused into a mammalian subject, e.g,
a human, can be ablated in order to regulate the effect of such immune effector cells should
toxicity arise from their use. In some embodiments, the immune cells of the present disclosure
may cComprise one of more suicide genes.

[0403] As used herein, the term "safety switch protein®, “suicide protemn” or “lall switch protem”
refers to an engineered protein designed to prevent potential toxicity or otherwise adverse effects
of a cell therapy. Tn some instances, the safety swiich protein expression 1s conditionally
countrolled to address safety concerns for transplanted engineered cells that have permanently
mncorporated the gene encoding the safety switch protemn into its genome. This conditional
regulation could be variable and might include control through a small molecule-mediated post-
translational activation and tissue-specific and/or temporal transcniptional regulation. The safety
switch could mediate induction of apoptosis, inhibition of protein synthesis or DNA replication,
growth arrest, transcriptional and post-transcriptional genetic regulation and/or antibody-
mediated depletion. In some mstances, the safety switch protem 1s activated by an exogenous
molecule, e.g., a prodrug, that, when activated, triggers apoptosts and/or cell death of a
therapeutic cell.

{8404} The term "swicide gene” or “lall switch gene” as used herein 15 defined as a gene which,
upon admimstration of a prodrug, effects transition of a gene product to a compound which kills
its host cell. Examples of suicide gene/prodrag combinations which may be used include, but are
not hmited to inducible caspase 9 ({CASPY) and nimuducid; ROKRS and rituximab; truncated
version of EGFR variant HE (EGFRv3) and cetuximab; Herpes Simplex Virus-thymidine kinase
(HSV-tk) and ganciclovir, acyclovir, or FIAU; oxidoreductase and cycloheximide; cytosine
deaminase and S-fluorocytosine; thymidine kinase thymidilate kinase (Tdk::Tmk} and AZT, and
deoxyeyiidine kinase and cytosine arabinoside. The £, cofi purine nucleoside phosphorylase, a
so-calied suicide gene which converts the prodrug 6-methylpurine deoxyriboside to toxic purine
6-methylpurine. Gther examples of suicide genes used with prodrug therapy are the . cofi

cytosing deaminase gene and the HSV thymidine kinase gene.
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{8405] Exemplary suicide genes include but are not limited to inducible caspase 9 {(or caspase 3
or 73, CD20, CDSZ, EGFRY, or, thymidine kinase, cytosine deanunase, HER1 and any
combination thereof. Further suicide genes known in the art that may be used in the present
disclosure include Purine nucleoside phosphorylase (PNP), Cytochrome p450 enzvmes (CYP),
Carboxypeptidases (CP), Carboxylesterase (CE}, Nitroreductase (NTR), Guanine
Ribosyltransferase (XGRTP), Glvcosidase enzymes, Methionine-a, Y-lyase (MET), and
Thymuidine phosphorylase (TP).

7. T celi activity

{8406] In some embodiments, a population of genetically engineered T cells as disclosed herein
exhibits T cell functions {(e.g., effector functions). Tn some embodiments, the population is
cytotoxic to CD22-expressing cells and CD 9 expressing cells {e.g, CD22-positive tumor cells,
CD22-low tumor cells, CD19 positive tumor cells, CD19 low tumor cells). Effector function of a
T cell, for example, may be cytolytic activity or helper activity mcluding the secretion of
cytokines. Tn some embodiments, the population exhibits one or more T cell effector functions at
a level that 1s least 3-4-fold ligher than the functions exhibited by a population of T cells not
expressing the CAR.

{0407} 1IL Methods

{8408 Chimeric antigen receptors may be readily inserted into and expressed by immune cells,
{e.g., T cells) In certain embodiments, cells (e.g., immune cells such as T cells) are obtained
from a donor subject. In some embodiments, the donor subject is human patient affbicted with a
cancer or a tumor. In other embodiments, the donor subject 15 a human patient not afflicted with
a cancer or a tumor. In some embodiments, an engingered cell 1s autologous to a subject. In some
embodiments, an engineered cell is allogensic (o a subject.

{8409} The cell of the present disclosure may be obtained through any source known in the art.
For example, T cells can be differentiated in vitro from a hematopoietic stem cell population, or
T cells can be obtained from a subject. T cells can be obtaimed from, e g., peripheral blood
mononuciear cells, bone marrow, fymph node tissue, cord blood, thymus tissue, tissue from a site
of infection, ascites, pleural effusion, spleen tissue, and tumors. In addition, the T cells can be
dertved from one or more T cell lines available in the art. T cells can also be obtamned from a unit
of blood collected from a subject using any number of techniques known to the skilled artisan,

such as FICOLL™ separation and/or apheresis. In certain embodiments, the cells collected by
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apheresis are washed to remove the plasma fraction, and placed i an appropriate buffer or media
for subsequent processing. In some embodiments, the cells are washed with PBS. As will be
appreciated, a washing step can be used, such as by using a semiautomated flowthrough
centrifuge, e.g., the Cobe™ 2991 cell processor, the Baxter CytoMate™, or the like. In some
embodiments, the washed cells are resuspended in one or more biocompatible buffers, or other
saline solution with or without buffer. In certain embodiments, the undesired components of the
apheresis sample are removed. Additional methods of isolating T cells for a T cell therapy are
disclosed i U.S. Patent Publication No. 2013/0287748, which is herein incorporated by
references in s entirety.

[8410] In certam embodiments, T cells are 1solated from PBMCs by lysing the red blood cells
and depleting the monocytes, e.g., by using centrifugation through a PERCOLL™ gradient. In
some embaodiments, a specific subpopulation of T cells, such as CD47, CD8”, CD287, CD45RAT,
and CD45RO™ T cells is further isolated by positive or negative selection techniques known in
the art. For exarople, enrichment of a T cell population by negative selection can be
accomphished with a combination of antibodies directed to surface markers unique to the
negatively selected cells. In some embodiments, cell sorting and/or selection via negative
magnetic immmgeadherence or flow cytometry that uses a cocktail of monoclonal antibodies
directed to cell surface markers present on the cells negatively selected can be used. For
example, to enrich for CD47 cells by negative selection, a monocional antibody cocktail typically
mchudes antibodies to CDB8, CD1 b, CD14, CDI6, CD20, and HLA-DR. In certain embodiments,
flow cytometry and cell sorting are used to solate cell populations of interest for use in the
present disclosure.

{8411} In some embodiments, PBMs are used directly for genetic modification with the
mmmune cells {such as CARs or TCRs) using methods as described herein. In certain
embodiments, after isolating the PBMCs, T lymphocytes are further 1solated, and both cytotoxic
and helper T lymphocytes are sorted into naive, memory, and effector T celi subpopulations
either before or after genetic modification and/or expansion.

{0412} In some embodiments, CD&" cells are further sorted into naive, central memory, and
effector cells by identifying cell surface antigens that are associated with each of these types of
(D8 cells. In some embodiments, the expression of phenotypic markers of central memory T

cells includes CCR7, CD3, CD28, CD45RO, CDO62L, and CD127 and are negative for granzyme
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B. In some embodiments, central memory T cells are CD8", CD45RO™, and CD62ZL7 T cells. In
some embodiments, effector T cells are negative for CCR7, CD28, CD62L, and CD 127 and
positive for granzyme B and perforin. In certain embodiments, CD47 T cells are further sorted
into subpopulations. For example, CI34" T helper cells can be sorted into naive, central memory,
and effector cells by identifying cell populations that have cell surface antigens.

{0413} In some embodiments, the immune cells, e g, T cells, are genetically modified foliowing
isolation using known methods, or the immune cells are activated and expanded {or
differentiated in the case of progenitors) m vitro prior to being genetically modified. In another
embodiment, the immune cells, e.g. , T cells, are genetically modified with the chimeric antigen
receptors described herein {e.g., transduced with a viral vector comprising one or ruore
nucleotide sequences encoding a CAR) and then are activated and/or expanded in vitro. Methods
for activating and expanding T cells are known in the art and are described, e, 10 U S Patent
Nos. 6,905,874; 6,867,041; and 6,797.514; and PCT Publication No. WO 2012/079000, the
contents of which are hereby incorporated by reference o thew entirety. Generally, such methods
mclude contacting PBMC or 1solated T cells with a stimulatory agent and costimulatory agent,
such as anti~-CD3 and anti-CD28 antibodies, generally attached 1o a bead or other surface, ma
culture medium with appropriate cytokines, such as IL-2. Anti-CD3 and anti-CD28 antibodies
attached 1o the same bead serve as a“surrogate” antigen presenting cell (APC). One example 13
The Dynabeads® system, a CD3/CD28 activator/stimulator system for physiological activation of
human T cells. In other embodiments, the T cells are activated and stimulated to proliferate with
feeder cells and appropriate antibodies and cytokines using methods such as those described in
U8 Patent Nos. 6,040,177 and 5,827,642 and PCT Publication No. W 2012/129514, the
contents of which are hereby incorporated by reference in their entirety.

1V, Methods of Gene Delivery and (ell Modification

18414} One of skill in the art would be well-equipped to construct a vector through standard
recombinant techniques (see, for example, Sambrook et al, 2001 and Ausubel et al, 1996, both
mcorporated herein by reference) for the expression of the antigen recepiors of the present
disclosure. Vectors include but are not limited to, plasmiuds, cosmids, viruses (bactenophage,
animal viruses, and plant viruses), and artificial chromosomes {e.g., YACs), such as retroviral
vectors {e.g. derived from Moloney murine leukemia virus vectors (MoMLV)}, MSCV, SFFV,

MPSY, SNV etc), lentiviral vectors (e g derived from HIV-1, HIV-2, SIV, BIV, FIV etc.},
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adenoviral {Ad} vectors including replication competent, replication deficient and gutless forms
thereof, adenc-associated viral (AAV) vectors, sinnan virus 40 (SV-40} vectors, bovine
paptlloma virus vectors, Epstein-Barr virus vectors, herpes virus vectors, vaccinia virus vectors,
Harvey muring sarcoma virus vectors, murine mammary tumor virus vectors, Rous sarcoma
virus vectors, parvovirus vectors, polio virus vectors, vesicular stomatitis virus vectors, maraba
virus vectors and group B adenovirus enadenotucirev vectors.

1. Viral Vectors

[0413] Vual vectors encoding an antigen receptor, a cytokine and/or an functional effector
element may be provided in certain aspects of the methods of the present disclosure. In
generating recombinant viral vectors, non-essential genes are typically replaced with a gene or
coding sequence for a heterologous {or non-native} protein. A viral vector 1s a kind of expression
construct that utilizes viral sequences to introduce nucleic acid and possibly proteins mito a cell,
The ability of certain viruses 1o infect cells or enter cells via receptor mediated- endocytosis, and
to integrate into host cell genomes and express viral genes stably and efficiently have made them
attractive candidates for the transfer of foreign nucleic acids into cells (e g, mammalian cells}.
Non- imiting examples of virus vectors that may be used to deliver a nucleic acid of certain
aspects of the present invention are described below.,

{8416] An engineered virus vector may comprise long terminal repeats (L TRs}), a cargo
nucleotide sequence, or a cargo cassette. A viral vector-related “cargo cassette” as used herein
refers to a nucleotide sequence comprising a left LTR at the 5" end and a night LTR at the 3 end,
and a nucleotide sequence positioned between the left and right LTRs. The nucleotide sequence
flanked by the LTRs 15 a nucleotide sequence miended for integration mto acceptor DNA. A
“cargo nuclectide sequence” refers to a nucleotide sequence {e.g., a nucleotide sequence
mtended for mtegration inte acceptor DNA), flanked by an LTR at each end, wherein the L'TRs
are heterologous to the nucleotide sequence. A cargo cassette can be artificially engineered.
{8417} In some embodiments of the methods of the disclosure, mtroducing a nucleic acid
sequence and/or a genomic editing construct into an immune cell ex vivo, in vivo, in vitro or in
situ comprises a viral vector. In some embodiments, the viral vector is a non-infegrating non-
chromosomal vector. Exemplary non-integrating non-chromosomal vectors include, but are not

fimited to, adeno-associated virus {AAV), adenovirus, and herpes viruses. In some embodiments,
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the viral vector 1s an integrating chromosomal vector. Integrating chromosomal vectors include,
but are not limited to, adenoc-associated vectors (AAV), Lentiviruses, and gamma-retroviruses.
{08418} Lentiviruses are complex retroviruses, which, in addition to the common retroviral genes
gag, pol, and env, contain other genes with regulatory or structural function. Lentiviral vectors
are well known in the art {see, for example, U.S. Patents 6,013,516 and 5,994,136).

{0419} A retroviral vector may also be, e.g., a gammaretroviral vector. A gammaretroviral vector
may include, e g., a promoter, a packaging signal ()}, a primer binding site (PBS}, one or more
{e.g., two) long terminal repeats {LTR), and a transgene of interest, e g., a gene encoding a CAR
A gammaretroviral vector may lack viral structural gens such as gag, pol, and env. Exemplary
gammaretroviral vectors include Murine Leukenua Virus (MLY), Spleen-Focus Forming Virus
{SFFV), and Myeloproliferative Sarcoma Virus (MPSV), and vectors derived therefrom. Other
gammaretroviral vectors are described, e g., in Tobias Maetzig et al | Vuruses, 2011 Jun; 3{6)
677-713.

[0428] Recombinant lentiviral vectors are capable of infecting non-dividing cells and can be
used for both in vive and ex vivo gene transfer and expression of nucleic acid sequences. For
example, recombinant lentivirus capable of mmfecting a non-dividing cell— wherein a suitable
host cell 1s transfected with two or more vectors carrying the packaging functions, namely gag,
pol and env, as well as rev and tat— 1s described in U.S. Patent 5,994,136, icorporated herein
by reference.

{0421} In some embodiments of the methods of the disclosure, introducing a nucleic acid
seguence and/or a genomic editing construct into an immune cell ex vivo, in vivoe, in vitre or in
sifi comprises a combination of vectors. Exemplary, non-lumiting vector combinations inchide:
viral and non-viral vectors, a plorality of non-viral vectors, or a plurality of viral vectors.
Exemplary but non-limiting vectors combinations include: a combination of a DNA-derived and
an RNA-derived vector, a combination of an RNA and a reverse transcriptase, a combmation of
a transposon and a transposase, a combination of a non-viral vector and an endonuclease, and
combination of a viral vector and an endonuclease.

{84221 In some embodiments of the methods of the disclosure, genome modification comprising
mtroducing a nucleic acid sequence and/or a genomic editing construct into an immune cell ex
Vivo, in vivo, in vitro or in situ stably integrates a nucleic acid sequence, transiently integrates a

nucleic acid sequence, produces site-specific integration a nucleic acid sequence, or produces a
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biased integration of a nucleic acid sequence. In some embodiments, the nucleic acid sequence is
a transgene.

{8423] In some embodiments of the methods of the disclosure, genome modification comprising
mtroducing a nucleic acid sequence and/or a genomic editing construct into an timmune cell ex
Vivo, in vivo, in vitro ot in situ stably mtegrates a nucleic acid sequence. In some embodiments,
the stable chromosomal integration can be a random ntegration, a site-specific integration, ora
biased integration. In some embodiments, the site-specific integration can be non-assisted or
assisted. In some embodiments, the assisted site-specific integration 1s co~delivered with a site-
directed nuclease. In some embodiments, the site-directed nuclease comprises a transgene with
5 and 3”7 nucleotide sequence extensions that contain a percentage homology to upstream and
downstream regions of the site of genomic integration. In some embodiments, the transgene with
homologous nucleotide extensions enable genomic integration by homologous recombination,
microchomology-mediated end joining, or nonhomologous end-joining. In some ernbodiments the
stte-apecific imtegration occurs at a safe harbor site. Genomic safe harbor sites are able to
accommodate the mtegration of new genetic material in a manner that ensures that the newly

mserted genetic elements function reliably (for example, are expressed at a therapeutically
effective level of expression) and do not cause deleterious alterations to the host genome that
cause a risk to the host organism. Potential genomic safe harbors include, but are not limited to,
mtronic sequences of the human albunun gene, the adeno-associated virus site 1 (AAVSE), a
naturally occurring site of integration of AAV virus on chromosome 19, the site of the
chemokine (C-C motif) receptor 5 {CTRS) gene and the site of the human ortholog of the mouse
Rosa26 locus.

18424} In some embodiments, the site-specific transgene integration occurs at a site that disrupts
expression of a target gene. In some embodiments, disruption of target gene expression occurs by
site-specific mitegration at introns, exons, promoiers, genetic elements, enhancers, Suppressors,
start codons, stop codons, and response elements. In some embodiments, exemplary target genes
targeted by site-specific integration include but are not imited to any immunosuppressive gene,
and genes involved in allo-rejection.

{0425} In some embodiments, the site-specific transgene integration occurs at a siie that results

i enhanced expression of a target gene. In some embodiments, enhancement of target gene
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expression occurs by site-specific integration at mtrons, exons, promoters, genetic elements,
enhancers, suppressors, start codons, stop codons, and response elements.

A. Regulatory Elements

{0426} Expression cassettes included in vectors useful in the present disclosure in particular
contain {(in a 5'-to-3' direction) a eukarvotic transcriptional promoter operably linked to a protein-
coding sequence, sphice signals mcluding intervening sequences, and a transcriptional
termuination/polvadenylation sequence. The promoters and enhancers that control the
transcription of protein encoding genes 1n eukaryotic cells are composed of multiple genetic
elements. The cellular machinery 1s able to gather and integrate the regulatory

information conveyed by each element, allowing different genes to evolve distinet, often
complex patterns of transcriptional regulation. A prorooter used in the context of the present
disclosure meludes constitutive, inducible, and tissue-specific promoters,

{i) Promoter/Enhancers

{0427} The expression constructs provided herein comprise a promoter to drive expression of the
antigen receptor. A promoter generally comprises a sequence that functions o postiion the start
site for RNA synthesis. The best known example of this 1s the TATA box, but in some promoters
iacking a TATA box, such as, for example, the promoter for the mammahian terminal
deoxynucleotidy! transferase gene and the promoter for the SV40 late genes, a discrete element
overlyimg the start site itself helps to fix the place of imtiation. Additional promoter elements
regulate the frequency of transeriptional initiation. Typically, these are located n the region
30110 bp- upstream of the start site, although 8 number of promoters have been shown to contain
functional elements downstream of the start site as well. To bring a coding sequence "under the
control of a promoter, one positions the 5' end of the transcription imitiation site of the
transcriptional reading frame "downstream” of (i.e, 3' of} the chosen promoter. The "upstream”
promaoter stimulates transcription of the DNA and promotes expression of the encoded RNA.
{8428} The spacing between promoter elements frequently s flexible, so that promoter function
is preserved when elements are inverted or moved relative to one another. In the tk promoter, the
spacing between promoter elements can be increased to 5O by apart before activity begins to
decline. Depending on the promoter, it appears that individual elements can function etther

cooperatively or independently to activate transcription. A promoter may or may not be used in
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conjunction with an "enhancer,” which refers to a cis-acting regulatory sequence involved in the
transcriptional activation of a nucleic acid sequence.

{08429] A promoter may be one naturally associated with a nucleic acid sequence, as may be
obtained by 1solating the 5' non-coding sequences located upstream of the coding segment and/or
exon. Such a promoter can be referred to as "endogenous " Similarly, an enhancer may be one
naturally associated with a nucleic acid sequence, located either downstream or upstream of that
sequence. Alternatively, certain advantages will be gained by positioning the coding nucleic acid
segment under the control of a recombinant or heterologous promoter, which refers to a promoter
that 15 not normally associated with a nucleic acid sequence 1n tts natural environment. A
recombinant or heterologous enhancer refers also to an enhancer not normally associated with a
nucleic acid sequence 1n s natural environment. Such promoters or enhancers may include
promoters or enhancers of other genes, and promoters or enhancers 1solated from any other virus,
or prokaryotic or eukaryotic cell, and promoters or enhancers not "naturally occurting,” 1,
contatung different elements of different transeriptioval regulatory regious, and/or routations
that alter expression. For example, promoters that are most commonly used in recombinant BNA
construction mclude the lactamase (penicithinase), lactose and tryptophan (trp-) promoter
systems. In addition to producing nucleic acid sequences of promoters and enhancers
svuthetically, sequences may be produced using recombinant cloning and/or nucleic acid
amplification technology, ncluding PCR™ in connection with the compositions disclosed
herein. Furthermore, 1t is contemplated that the control sequences that divect transcniption and/or
expression of sequences within non-nuclear organelies such as mitochondria, chloroplasts, and
the ke, can be employed as well.

{04308} Naturally, 1t will be important to employ a promoter and/or enhancer that effectively
directs the expression of the DNA segment in the organelle, cell type, tissue, organ, or organism
chosen for expression. Those of skill in the art of molecular biology generally know the use of
promoters, enhancers, and cell type combinations for protein expression, {see, for example
Sambrook et al. 1989, incorporated herein by reference}. The promaoters emploved may be
constitutive, tissue-specific, inducible, and/or useful under the appropriate conditions to direct
high-level expression of the introduced DNA segment, such as s advantageous in the large-scale
production of recombinant proteins and/or peptides. The promoter may be heterologous or

endogenous.
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{8431} Additionally, any promoter/enhancer combination {as per, for example, the Eukarvotic
Promoter Data Base EPDB, through world wide web at epd.isb-sib.ch/} could also be used to
drive expression. Use of a T3, T7 or SP6 cytoplasmic expression system 1s another possible
embodiment. Eukaryotic cells can support cytoplasmic transcription from certain bacterial
promoters if the appropriate bacterial polymerase 1s provided, either as part of the delivery
complex or as an additional genetic expression construct,

{8432} Non-hinuting examples of promoters include early or late viral promoters, such as, SV40
early or late promoters, cytomegalovirus {CMV) immediate early promoters, Rous Sarcoma
Virus {(RSV) early promoters; eukaryotic cell promoters, such as, e. g. , beta actin promoter,
GADPH promoter, metallothionein promoter; and concatenated response element promoters,
such as cyclic AMP response element promoters (ere), serum response element promoter (sre),
phorbol ester promoter {TPA) and response element promoters {tre) near a muumal TATA box.
It 15 also possible to use human growth hormone promoter sequences (e.g. , the human growth
hormone nunimal promoter described at Genbank, accession no. X05244, nucleotide 283-341) or
a mouse mammary tumor promoter {available from the ATCC, Cat. No. ATCC 450607}, In
certain embodiments, the promoter 18 EF1, EFlalpha, MND, CMV IE, dectin-1, dectin-2, human
CDl ¢, F4/80, SM22, RRV, SV40, Ad MLP, beta-actin, MHC class I, MHC class H promoter,
U6 promoter or H1 promoter, however any other promoter that is useful to drive expression of
the therapeutic gene 15 applicable to the practice of the present disclosure.

{8433} In certamn aspects, methods of the disclosure also concern enhancer sequences, 1.e.
nucleic acid sequences that increase a promoter's activity and that have the potential to act n cis,
and regardless of thewr orientation, even over relatively long distances {up to several kilobases
away from the target promoter}. However, enhancer function is not necessarily restricted to such
ong distances as they may also function in close proximity to a given promoter.

(it} Initiation Signals and Linked Expression

{8434} A specific inttiation signal also may be used in the expression constructs provided in the
present disclosure for efficient translation of coding sequences. These signals mclude the ATG
mitiation codon or adjacent sequences. Exogenous translational control signals, including the
ATG mtiation codon, may need to be provided. One of ordinary skill in the art would readily be
capable of determining this and providing the necessary signals. It is well known that the

initiation codon must be "in-frame" with the reading frame of the desired coding sequence to
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ensure translation of the entire insert. The exogenous translational control signals and inttiation
codons can be either natural or synthetic. The efficiency of expression may be enhanced by the
mclusion of appropriate transcription functional effector elements.

{0435} In certain embodiments, the use of internal ribosome entry sites (IRES) elements are used
to create multigene, or polycistronic, messages. IRES elements are able to bypass the ribosome
scanning model of 3' methylated Cap dependent translation and begin translation at internal sites.
IRES elements from two members of the picornavirus family {polio and encephalomyocarditis)
have been described, as well an IRES from a mammalian message. IRES elements can be linked
to heterologous open reading frames. Multiple open reading frames can be transcribed together,
each separated by an IRES, creating polycistronic messages. By virtue of the IRES element, each
open reading frame s accessible to ribosomes for efficient translation. Multiple genes can be
efficiently expressed using a single promoter/enhancer to transcribe a single message.

[0436] Additionally, certam 2A sequence elements could be used to create linked- or co-
expression of genes in the constructs provided n the present disclosure. For example, cleavage
seguences could be used to co-express genes by linking open reading frames to form a single
cistron. An exemplary cleavage sequence 18 the FZA (Foot-and-mouth diease virus 2A} or a "2A-
iike" sequence {e.g., Thosea asigna virus 2A; T2A} or a P2A {e.g. porcive teschoviras-1 2A}
{ii1) Origins of Replication

{8437} In order to propagate a vector m a host cell, it may contain one or more origing of
replication sites {often termed "or1"}, for example, a mucleic acid sequence corresponding to oriP
of EBV as described above or a genetically engineered ontP with a similar or elevated function m
programming, which 1s a specific nucleic acid sequence at which replication 15 mitiated.
Alternatively, a replication origin of other extra-chromosomally replicating virus as described
above or an autonomousiy replicating sequence {ARS) can be employed.

B. Selection and Sereenable Markers

{8438} In some embodiments, cells containing a construct of the present disclosure may be
identified i vitro or in vive by including a marker in the expression vector. Such markers would
confer an identifiable change to the cell permitting easy identification of cells containing the
expression vector. Generally, a selection marker 1s one that confers a property that allows for

selection. A positive selection marker 15 one in which the presence of the marker allows for it
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selection, while a negative selection marker is one in which its presence prevents s selection
An example of a positive selection marker is a drug resistance marker.

{8439 Usually the inclusion of a drug selection marker aids in the cloning and dentification of
transformants, for example, genes that confer resistance to neomycin, puromycin, hygromycin,
DHFR, GPT, zeocin and histidinol are useful selection markers. In addition to markers
conferring a phenotype that allows for the discrimination of transformants based on the
mmplementation of conditions, other types of markers including screenable markers such as GFP,
whose basis 1s colorimetric analysis, are also contemplated. Alternatively, screenable enzymes as
negative selection markers such as herpes simplex virus thymidine kinase (tk} or
chlorampherucol acetyliransferase (CAT) may be utilized. Ove of skill in the art would also
know how to employ immunologic markers, possibly i conjunction with FACS analysis. The
marker used 1s not believed to be 1mportant, so long as it 1s capable of being expressed
stmnuttaneocusly with the nucleie acid encoding a gene product. Further examples of selection and
screenable markers are well known to one of skill in the art.

2. Other Methods of Nucleic Acid Delivery

{08448} In addition to viral delivery of the nucleic acids encoding the antigen receptor, the
followmng are additional methods of recombinant gene delivery to a given cell, {(e.g. an NK cell)
and are thus considered 1n the present disclosure.

{08441} Introduction of a nucleic acid, such as DNA or RNA, nto the immune cells of the current
disclosure may use any suitable methods for nucleic acid delivery for transformation of a cell, as
described heremn or as would be known to one of ordinary skill in the art. Such methods mclude,
but are not hmted to, direct debivery of DNA such as by ex vivo transfection, by injection,
mcluding microinjection); by electroporation; by calcium phosphate precipitation; by using
DEAE-dextran followed by polyethylene glveol; by direct sonic loading, by liposome mediated
transfection and receptor-mediated transfection; by microprojectile bombardment; by agitation
with silicon carbide fibers; by Agrobacterium-mediated transformation; by
desiccation/inhibition-mediated DNA uptake, and any combimation of such methods. Through
the application of techniques such as these, organelie(s), celi{s}, tissue(s} or organism(s) may be
stably or transiently transformed.

A. Transposition Based Methods of Modification
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{8442} Generally, the gene transfer system can include a transposon-based or a viral-based
integration system.

{8443} In some embodiments, the gene transfer system comprises a transposon system. DNA
transposons can translocate via a non-replicative “cut-and-paste” mechanism. This mechanism
requires recognition of the two inverse terminal repeats {TTRs) by a catalytic enzyme, 1.e,,
transposase, which can cleave s target and consequently release the DNA transposon from iis
donor template. Upon excision, the DNA transposons may subsequently mtegrate into the
acceptor DNA that is cleaved by the same transposase. In some of their natural configurations,
DNA transposons are flanked by two I'TRs and may contamn a gene encoding a transposase that
catalyzes transposition.

[0444] Transposon systems offer many advantages for nucleic acid integration, e g., as compared
to viral vectors. For example, transposons can carry larger cargos, which can be advantageous
for delivering one or more of the CARs, functional effector elements, and/or cytokines disclosed
herein, to an immune cell (e g, an NK cell). Further, transposons may comprise, for example,
CRISPR tools (e.g., along with cargo}, and thereby allow multiplex engineering of a cell.

{8445} A transposon system comprises {1} a plasmid backbone with mverse terminal repeats
(1TRs} and (11} a transposase enzyme that recognizes the ITRs. The term “mverse terminal
repeats,” “inverted terminal repeats”, or “ITRs”, as used interchangeably herein, refers to short
sequence repeats flanking the transposase gene in a natural transposon, or flanking a cargo
polynucleotide sequence 1 an artificially engineered transposon. Two mverted terminal repeats
are generally required for the mobilization of the transposon 1n the presence of a corresponding
transposase. Inverted repeats as described herem may contain one or more direct repeat (DR)
sequences. These DR sequences usually are embedded in the terminal inverted repeats (ITRs) of
the elements. The compositions and methods of the present disclosure comprise, i various
embodiments, one or more artificially engineered transposons. An engineered transposon may
comprise FTRs, a cargo nucleotide sequence, or a cargo cassette. A transposon-related “cargo
cassette” as used heremn refers to a nucleotide sequence comprising a left ITR at the 5" endand a
right ITR at the 3° end, and a nucleotide sequence positioned between the left and right ITRs.
The nucleotide sequence flanked by the ITRs 15 a nucleotide sequence intended for integration
mto acceptor DNA. The cargo cassette can, in some embodiments, be comprised in a vector,

such as plasmid. A “cargo nucleotide sequence” refers to a nucleotide sequence {e.g.. a
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nucleotide sequence intended for integration into acceptor DNA}, flanked by an I'TR at each end,
wherein the ITRs are heterologous to the nucleotide sequence. A cargo cassette can be artificially
engineered.

10446] Transposons and Transposase

{8447] Exemplary transposon systems for use as described in the disclosure inciude, but are not
iimited to, piggyBac, hyperactive piggyBac, Sleeping Beauty {(SB), hyperactive Sleeping Beauty
{(SB100x}, SB11, 8B110, Tn7, TcBuster, hyperactive TcBuster, Frog Prince, ISS, TnlQ, Tn903,
SPIN, hAT, Hermes, Hobo, AcBuster], AeBuster2, AeBuster3, BiBusterl , BtBuster2, C{Busterl |
CfBuster2, Tol2, nuni-Tol2, Tc3, Mos1, MuA, Himar [, Helitron, and engineered versions of
transposase family enzymes (Zhang er al. (2009) PLaS Gener. 5.¢ 1000689, Wilson et al. (2007)
J. Microbiol Merhods T1: 332-S, the entire contents of which are mcorporated by reference
herein). Exeroplary transposons also include the transposons of the 747 transposon superfamily
described in Arensburger ¢f al. (2011) Genedics 188(1); 45-57, the entire countents of which are
incorporated by reference herein) or a SPACE INVADERS (SPIN) transposon (see, e.g., Pace ¢f
al. {2008} Proc. Natl. Acad. Sci. USAL 2008, 105{44):17023-17028, the entire contents of which
are imcorporated by reference herein),

{04438] In some embodiments, the gene transfer system can be delivered to the cell encoded i
DNA, encoded i mRNA, as 3 protein, or as a nucleoprotein complex. Alternatively, the gene
transfer system can be mntegrated mio the genome of a host cell using, for example, a retro-
transposon, random plasmid mntegration, recombinase~-mediated mtegration, homologous
recombination mediated mtegration, or non-homologous end joiming mediated infegration. More
examples of transposition systems that can be used with certain embodiments of the
composttions and methods provided herein include Staphviococcus aureus TnS52 {Colegio et al,
I Bacteriol, 183: 2384-8, 2001 Kirby C et al, Mol Microbiol, 43 173-86, 2002), Tyl (Deving
& Boeke, Nucheic Acids Res., 22: 3765-72, 1994 and International Publication W 95/23875),
Transposon Tn7 {Craig, N L, Science 271: 1512, 1996; Craig, N L, Review iy Curr Top
Microbtol Immunol, 204:27-48, 1996}, Tn/( and 1510 (Kleckner N, et al, Curr Top Microbiol
Immunol, 204:49-82, 1996}, Mariner transposase {Lampe D J, et al, EMBO J, 15: 5470-9,
19963, Tel (Plasterk R H, Curr. Topics Microbiol Immunol, 204; 125-43, 1996), P Element
{Gloor, G B, Methods Mol Biol, 260: 97-114, 2004}, Tn3 (Ichikawa & Ohisubg, J Biol. Chem.

265: 18829-32, 1990), bacterial msertion sequences (Ohtsubo & Sekine, Curr. Top. Microbiol,
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Immunol. 204: 1-26, 19906}, retroviruses {Brown, et al, Proc Nati Acad Sci USA, 86:2525-9,
1989}, and retrotransposon of yeast (Boeke & Corces, Annu Rev Microbiol 43:403-34, 1989),
The entire contents of each of the foregoing references are incorporated by reference herein.
{0449} Transposition efficiency can be measured by the percent of successtul transposition
events occurring tn a population of host cells normalized by the amount of transposon and
transposase mtroduced into the population of host cells. In many instances, when the
transposition efficiency of two or more transposases 18 compared, the same transposon construct
15 pared with each of the two or more transposases for transtection of the host cells under same
or similar transfection conditions. The amount of transposition events in the host cells can be
examined by various approaches. For example, the transposon construct roay be designed 1o
contain a reporter gene positioned between the inverted repeats, and transfected cells positive for
the reporter gene can be counted as the cells where successtul transposition events occurs, which
can give an estimate of the arnount of the transposition events. Another non-limiting example
mcludes sequencing of the host cell genome to examine the insertion of the cassette cargo of the
transposon. In some embodiments, when the transposition effictency of two or more different
transposons 1s compared, the same transposase can be paired with each of the different
transposons for transfection of the host cells under same or similar transfection conditions.
Sumular approaches to the above, and other methods commonly known to one skilled m the art,
may also be implemented for the comparison of ransposition efficiency.

{84530] Polynucleotides encoding the transposase system

{84511 One aspect of the present disclosure provides a polynucleotide comprising a nucleotide
sequence that encodes for a transposase described herein. In some embodiments, the
polvnuclestide further comprises a nucleotide sequence of a transposon {e.g., an engingered
transposon) recognizable by the transposase. In some embodiments, the polynucleotide 13
comprised in an expression vector. In some embodiments, the expression vecior is a DNA
plasmid. In some embodiments, the expression vector is a mini-circle vector. In some
embodiments, the expression vector 1s a nanoplasmid.

{8452} The term “mini-circle vector” as used herein can refer to a small circular plasnid

dertvative that s free of most, if not all, prokarvotic vector parts {e.g., control sequences or non-

B

functional sequences of prokaryotic origin).
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{8453} For genome editing applications with transposons, in some embodiments, it may be
desirable to design a transposon for use in a binary system based on two distinct plasnuds,
whereby the nucleic acid sequence encoding for the transposase 15 physically separated from the
transposon nucleic acid sequence containing the gene of interest flanked by the inverted repeats.
Co-delivery of the transposon and transposase-encoding plasmaids into the target cells enables
transposition via a conventional cut-and-paste mechanism. In some other embodiments, a
transposon based system as described herein may comprise a polynucleotide comprising both a
nucleic acid sequence encoding a transposase as described berein, and a nuclewc acid sequence of
a transposon as described herein, 7.e., wherein the nucleic acid encoding for the transposase and
the transposon nucleic acid are present in the same plasmad.

{0454] One of the lnutations of application of plasmid vectors is that transgene expression
duration from plasmud vectors 1s reduced due to promoter inactivation mediated by the bacterial
region {1 e, the region encoding the bacterial replication origin and selectable marker} of the
vector {Chen et af., 2004, Gene Ther 11:856-864; Suzuki ef al., 2006. 7 Virol 80:3293-3300).
This results i short duration transgene expression. A strategy to improve fransgene expression
duration 1s to remove the bacteral region of the plasmid. For example, mimicircle vectors have
been developed which do not contain a bacterial region. Removal of the bactenal region n
mimteircle vectors improved transgene expression duration {Chen ef af. | 2004). In minicucle
vectors, the eukaryotic region polvadenylation signal 1s covalently hinked to the eukaryotic
region promoter through a short spacer typically less than 200 bp comprised of the recombined
attachment sites. This linkage (spacer region} can tolerate a much longer spacer sequence since
while long spacers >1 kb n length resulted in transgene expression silencing in vivo, shorter
spacers <500 bp exhibited sinmular transgene expression paiterns to conventional minicircle BNA
vectors {Lu ef a¢f., 2012. Mol Ther. 20:2111-9).

{8455} In some embodiments, a vector useful in various aspects of the disclosure is a
nanoplasmid vector. The term “nanoplasmid vector” as used herein, refers to a vector combining
an RNA selectable marker with a ROK, ColE2 or ColE2 related replication origin. Nanoplasmid
vectors can be selected from the nanoplasmid vectors disclosed 1n any of International PCT
Publication No. WO2014/035457, International PCT Publication No. WO2014/077866, and
International PCT Publication No. W(O2019/183248&, each of which is incorporated in ifs entirety

herein by reference. For example, International PCT Publication No. W02014/035457 discloses
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mintmalized nanoplasnud vectors that utilize RNA-OUT antibiotic-freg selection and replace the
large 1000 bp pUC replication origin with a novel, 300 bp, ROK origin, which result in improved
expression from the plasmid. Reduction of the spacer region linking the 5" and 3° ends of the
transgene expression cassette to <500 bp with R6K origin-RNA-GUT backbones improved
expression duration to that of conventional minicircle DNA vectors. The 1.1 kb pFAR4 vector
pUC-origin tRNA antibiotic free selection spacer has improved expression duration corapared to
a 2.2 kb pUC origin-kanR antibiotic selection marker spacer region {Quiviger ef af., 2014, Gene
Therapy 21 1001-1007). This mdicates that improved expression duration can be obtained with
some bacterial regions up to 1.1 kb, Expression level improvement compared to plasnud vectors
15 also observed with some spacer regions < 1.1 kb, For example, pVAX! derivatives with the 2
kb bacterial backbone reduced to 1.2, 1.1 or 0.7 kb show > 2-fold wuproved expression compared
to the parent pVAX] vector. NTCB68S dervatives with the 1.5 kb bactenial backbone reduced to
0.9 kb, 4606 bp or 281 bp (nanoplasmid vectors) show > 2-fold improved expression compared to
the parent NTCBGRS vector,

[8456] In some embodiments, the nanoplasmid vector 15 useful for viral and non-viral gene
therapy, viral and non-viral cell therapy, and more particularly, for improving viral and non-viral
vector manufacturing vield and quality, for reducing transfection associated toxicity, for
muproving transposition from non- viral transposon vectors, for improving packaging titers from
viral vectors, for improving expression of viral and non-viral vector encoded transgenes, and for
elimunating antibiotic resistance marker gene transfer by viral and non-viral vectors, as described
i International PCT Publication No. W(2019/183248, which 18 mcorporated n s entirety
herein by reference.

{8457} In some embodiments, the nanoplasmid vector comprises modifications that improve the
replication of the vector. In some embodiments, the nanoplasmid vector utilizes a Pol i1 -
dependent origin of replication to replicate. In some embodiments, the nanoplasmid vector
utilizes a Pol [ -dependent origin of replication to replicate. In some embodiments, the
nanoplasmid vector comprises an antibiotic selectable marker. In some embodiments, the
nanoplasmid vector does not comprise an antibiotic selectable marker. In some embodiments, the
nanoplasmid vector comprises an RNA selectable marker.

B Other Methods of Modification
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{8458} In some embodiments of the methods of the disclosure, a modified immune cell of the
disclosure may be produced by introducing a transgene into an immune cell of the disclosure.
The introducing step may comprise delivery of a nucleic acid sequence and/or a genomic editing
construct via a non-transposition delivery system.

{8459] In some embodiments of the methods of the disclosure, mtroducing a nucleic acid
sequence and/or a genomic editing construct into an wnmune cell ex vivo, in vivo, in vitro or in
situ comprises one or more of topical delivery, adsorption, absorption, electroporation, spin-
fection, co-culture, transtection, mechanical delivery, sonic delivery, vibrational delivery,
magnetofection or by nanoparticle-mediated delivery. In some embodiments of the methods of
the disclosure, troducing a nucleic acid sequence and/or a genomic editing construct into an
immune cell ex viva, in vivo, in vitro or in situ compnises liposomal transfection, calcium
phosphate transfection, fugene transfection, and dendrnimer-mediated transfection. In some
embodiments of the methods of the disclosure, introducing a nucletc acid sequence and/ora
genomic editing construct nto an immune cell ex vivo, in vivo, in vitro ot in sine by mechanical
transfection comprises cell squeezing, cell bombardment, or gene gun techmques. In some
embodiments of the methods of the disclosure, ntroducing a nucleic acid sequence and/or a
genontic editing construct into an inimune cell ex vive, in vivo, in vitre or in situ by nanoparticle-
mediated transfection comprises liposomal debivery, delivery by micelles, and debivery by
polymerosomes,

{8468] In some embodiments of the methods of the disclosure, miroducing a nucleic acid
sequence and/or a genomic editing construct o an immune cell ex vivo, in vive, in vitre or in
site comprises a non-viral vector. In some embodiments, the non-viral vector comprises a nucleic
acid. In some embodiments, the non-viral vector comprises plasmid DNA, hinear double-siranded
DNA (dsDNA), linear single-stranded DNA {ssDNA), DoggyvBone™ DNA, nanoplasnuds,
nunicircle DNA| single-stranded oligodeoxynucleotides {(ssODN), DDNA oligonucleotides,
single-stranded mRNA (ssRNA), and double-stranded mRNA (dsRNA}. In some embodiments,
the non-viral vector comprises a transposon of the disciosure.

{8461} In some embodiments of the methods of the disclosure, enzymes may be used to create
strand breaks in the host genome to facilitate delivery or integration of the transgene. In some
embodiments, enzymes create single-strand breaks. In some embodiments, enzymes create

double-strand breaks. In some embodiments, examples of break-inducing enzymes include but
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are not limited to: transposases, integrases, endonucleases, meganucleases, megaTALs, CRISPR-
Cas9, CRISPR-CasX, transcription activator-like effector nucleases (TALEN) or zine finger
niucleases (ZFN). In some embodiments, break-inducing enzymes can be delivered to the cell
encoded in DNA, encoded in mRNA| as a protein, as a nucleoprotein complex with a guide RNA
{gRNA).

0462} In some embodiments of the methods of the disclosure, the site-specific fransgene
mtegration ts controlled by a vector-mediated integration site hias. In some embodiments vector-
mediated ntegration site bias is controlled by the chosen lentiviral vector. Tn some embodiments
vector-mediated mtegration site bias is controlied by the chosen gamma-retroviral vector.

[0463] In some embodiments of the methods of the disclosure, the site-specific transgeve
integration site 15 a non-stable chromosomal insertion. In some embodiments, the integrated
transgene may hecome silenced, removed, excised, or further modified.

[0464] Tn some embodiments of the methods of the disclosure, the genome modification s a
non-stable integration of a transgene. In some embodiments, the non-stable mtegration can be a
transient non-chromosomal 1ntegration, a semi-stable non chromosomal integration, a seni-
persistent non-chromosomal insertion, or a non-stable chromosomal insertion. In some
embodiments, the transient non-chromosomal insertion can be epi-chromosomal or cytoplasmic,
{84653} In some embodiments, the transient non-chromosomal msertion of a transgene does not
integrate mito a chromosome and the modified genetic material is not replicated during cell
division.

[8466] In some embodiments of the methods of the disclosure, the genome modification s a
semi-stable or persistent non-chromosomal integration of a transgene. In some embodiments, a
DNA vector encodes a Scaffold/matrix attachment region {S-MAR) module that binds to nuclear
matrix proteins for episomal retention of a non-viral vector allowing for autonomous replication
in the nucleus of dividing cells.

{8467} In some embodiments of the methods of the disclosure, the genome maodification is a
non-stable chromosomal integration of a transgene. In some embodiments, the integrated
transgene may become silenced, removed, excised, or further modified.

{04638} In some embodiments of the methods of the disclosure, the modification to the genome
by transgene insertion can occur via host cell-directed double-strand breakage repair (homology-

directed repair} by homologous recombination (HR), nucrohomology-mediated end joining
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{MMEJ), nonhomologous end joining (NHE), transposase enzyme-mediated modification,
integrase enzyme-mediated modification, endonuclease enzyme-mediated modification, or
recombinant enzyme-mediated modification. In some embodiments, the modification to the
genome by transgene insertion can occur via CRISPR-Cas9, CRISPR-CasX, TALEN or ZFNs,.
. Nanoparticle Delivery

{0469} Poly(histidine} {1e., poly(L-lustidine}), 1s a pH-sensitive polymer due to the imidazole
ring providing an electron lone pair on the unsaturated nitrogen. That 15, poly(histidine)} has
araphoteric properties through protonation-deprotonation. The various embodiments enable
mtracellular delivery of gene editing tools by complexing with poly(histidine}-based micelles. In
particular, the various embodiments provide triblock copolymers made of a hydrophilic block, a
hydrophobic block, and a charged block. In some erobodiments, the hydrophilic block may be
poly{ethylene oxide} (PEQ), and the charged block may be poly{L-histidine). An exarple tri-
block copolymer that may be used in various embodiments is g PEG-b-PLA-b-PHIS, with
variable numbers of repeating units 1o each block varying by design. The gene editing tools may
be various molecules that are recogmized as capable of modifying, repairing, adding and/or
silencing genes m various cells. The correct and efficient repair of double-strand breaks (DSBs}
in DNA 1s enitical to mamtaining genome stability in cells. Structural damage to DNA may occur
randomly and unpredictably m the genome due to any of a number of ntracellular factors {e.g,,
nucleases, reactive oxygen species, etc.) as well as external forces {e.g., 1ontzing radiation,
uitraviolet (UV) radiation, etc.). In particular, correct and efficient repair of double-strand breaks
{(DSBs n DNA 15 critical to maintaining genome stability. Accordingly, cells natarally possess a
number of DNA repair mechanisms, which can be leveraged to alter DNA sequences through
controlled DSBs at specific sites. Genetic modification tools may therefore be composed of
programmable, sequence-specific DNA-binding modules associated with a nonspecific DNA
nuclease, iniroducing DSBs into the genome. For example, CRISPR, mostly found in bactena,
are loci containing short direct repeats, and are part of the acquired prokaryotic immune system,
conferring resistance 1o exogenous sequences such as plasmids and phages. RNA-guided
endonucleases are programmable genetic engineering tools that are adapted from the
CRISPR/CRISPR-associated protein 9 {(Cas®) system, which is a component of prokaryotic

mnate Immunity,
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{8476} Diblock copolvmers that may be used as intermediates for making triblock copolymers of
the embodiment micelles may have hydrophilic biocompatible poly{ethylene oxide) (PEG),
which is chemically synonymous with PEG, coupled to various hydrophobic aliphatic
polvi{anhydrides), poly(nucleic acids}, poly(esters), poly{ortho esters), poly{peptides),
poly{phosphazenes) and poly(saccharides), including but not hmited by poly(lactide} (PLA},
polviglycolide) (PLGA), polv{lactic-co-glycolic acid) (PLGA), poly{s-caprolactone} (PCL), and
poly {trimethylene carbonate) (PTMC). Polvmeric micelles comprised of 100% PEGylated
surfaces possess improved s vigro cheroical stability, augmented @ vivo broavailablity, and
prolonged blood circulatory halt-lives. For example, aliphatic polyesters, constituting the
polymeric micelle's membrane portions, are degraded by hydrolysis of thew ester linkages n
physiological conditions such as in the human body. Because of their biodegradable vature,
aliphatic polyesters have received a great deal of attention for use as implantable biomaterals in
drug delivery devices, bioresorbable sutures, adhesion barriers, and as scaffolds for mjury repair
via 11S50€ engineering,

{8471} In vanous embodiments, molecules required for gene editing (1.¢., gene editing tools)
may be delivered to cells using one or more micelle formed from self-assembled triblock
copolymers contamning poly{histidine}. The term "gene editing” as used herem refers to the
msertion, deletion or replacement of nucleic acids in genomic DNA so as to add, disrapt or
modify the function of the product that 1s encoded by a gene. Various gene editing systems
require, at a munimum, the mtroduction of a cutting enzyme (e.g., a nuclease or recombinase)
that cuts genomic DNA to disrupt or activate gene function.

{8472} Further, 1n gene editing systems that mvolve mserting new or existing nucleotides/nucleic
acids, msertion tools {e g. DNA template vectors, transposable elements {transposons or
retrotransposons) must be delivered to the cell in addition to the cutling enzyme (e.g. a nuclease,
recombinase, integrase or transposase). Examples of such msertion tools for a recombinase may
mclude a DNA vector. Other gene editing systems require the delivery of an integrase along with
an insertion vector, a transposase along with a transposon/retrotransposon, etc. In some
embodiments, an example recombinase that may be used as a cutting enzyme 1s the CRE
recombinase. In various embodiments, example integrases that may be used in insertion tools
mclude viral based enzymes taken from any of a number of viruses including, but not himited to,

AAVY, gamma retrovirus, and lentivirus. Example transposons/retrotransposons that may be used
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in insertion tools include, but are not limited to, the pigeyBac” transposon, Sleeping Beauty
transposon, TcBuster transposon and the L1 retrotransposon.

{8473} In certain embodiments of the methods of the disclosure, the transgene is delivered in
vivo. In certain embodiments of the methods of the disclosure, in vive transgene delivery can
occur by topical delivery, adsorption, absorption, electroporation, spin-fection, co-culture,
transfection, mechanical delivery, sonic delivery, vibrational delivery, magnetofection or by
nanoparticle-mediated delivery. In certain ernbodiments of the methods of the disclosure, in vive
transgene delivery by transfection can occur by liposomal transfection, calcium phosphate
transfection, fugene transfection, and dendrimer-mediated transfection. In certain embodiments
of the methods of the disclosure, i vivo mechanical transgene delivery can ocour by cell
squeezing, bombardment, and gene gun. In certain embodiments of the methods of the
disclosure, in vivo nanoparticle-mediated transgene delivery can occur by liposomal delvery,
delivery by micelles, and delivery by polymerosomes. In various embodiments, nucleases that
may be used as cutting enzymes include, but are not imued to, Cas9, transcription activator-tike
effector nucleases (TALENSs) and zine finger nucleases.

{8474} In various embodiments, the gene editing systems described herein, particularly proteins
and/or nucleic acids, may be complexed with nanoparticles that are poly(histidine)-based
micelles. In particular, at certam pHs, poly(histidine}-contaiming triblock copolymers may
assemble o a micelle with positively charged poly{histidine) units on the surface, thereby
enabling complexing with the negatively-charged gene editing molecule(s). Using these
nanoparticles to bind and release proteins and/or nucleic acids m a pH-dependent manner may
provide an efficient and selective mechanism to perform a desired gene modification. In
particular, this micelle-based delivery system provides substantial flexibility with respect to the
charged materials, as well as a large payload capacity, and targeted release of the nanoparticle
pavioad. In one example, site-specific cleavage of the double stranded DNA may be enabled by
delivery of a nuclease using the poly{histidine)-based micelles.

{8475} The various embodiments enable intracelular delivery of gene editing tools by
complexing with poly{histidine)-based micelles. In particudar, the various embodiments provide
triblock copolymers made of a hydrophilic block, a hydrophobic block, and a charged block. In
some embodiments, the hydrophilic block may be poly(ethylene oxide} (PEQ), and the charged

block may be poly{L-histidine}. An example tri-block copolymer that may be used in various
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embodiments is a PEO-b-PLA-B-PHIS, with vanable nuombers of repeating units in each block
varving by design. Without wishing to be bound by a particular theory, it 15 believed that
believed that in the micelles that are formed by the various embodiment triblock copolymers, the
hydrophobic blocks aggregate to form a core, leaving the hydrophilic blocks and poly(histidine)
blocks on the ends to form one or more surrounding laver,

{0476} In certain embodiments of the methods of the disclosure, non-viral vectors are used for
transgene delivery. In certain embodiments, the non-viral vector 15 a nucleic acid. In certain
erobodiments, the nucleic acid non-viral vector 1s plasoud DNA, linear double-stranded DNA
{dsDNA)Y, linear single-stranded DNA (ssDNA}, DoggyBone™ DNA | nanoplasmids, minicurele
DNA, single-stranded oligodeoxynucleotides (ssODN), DDNA oligonucleotides, single-stranded
mRNA (ssRNA), and double-stranded mRNA {(dsRNA). In certain embodiments, the non~viral
vector 18 a transposon. In certain embodiments, the transposon 15 TeBuster,

{0477} Tn certam erobodiments of the rethods of the disclosure, transgene delivery can occur via
viral vector. In certam embodiments, the viral vector 1s a non-integrating non-chromosomal
vectors, Non-integrating non-chromosomal vectors can mclude adeno-associated virus (AAV),
adenovirus, and herpes viruses. In certam embodiments, the viral vector 1s an integrating
chromosomal vectors. Integrating chromosomal vectors can mclude adenoc-associated vectors
{AAV), Lentiviruses, and gamma-retroviruses,

{8478} In certain embodiments of the methods of the disclosure, transgene delivery can occur by
a combination of vectors. Exemplary but non-himiting vector combinations can include: viral
plus non~-viral vectors, more than one non-viral vector, or more than one viral vector. Exemplary
but non-hmiting vectors combinations can include: DNA-derived plus RNA-derived vectors,
RNA plus reverse transcriptase, a transposon and a transposase, a non-viral vectors pius an
endonuciease, and a viral vector plus an endonuclease.

{8479} In certain embodiments of the methods of the disclosure, the genome modification can be
a stable mtegration of a transgene, a transient integration of a transgene, a site-specific
integration of a transgene, or a ased integration of a transgene.

{0480} In certain embodiments of the methods of the disclosure, the genome modification can
be a stable chromosomal integration of a transgene. In certain embodiments, the stable
chromosomal integration can be a random integration, a site-specific integration, or a biased

integration. In certain embodiments, the site-specific integration can be non-assisted or assisted.
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In certain embodiments, the assisted site-specific integration 1s co-delivered with a site-directed
nuclease. In certain embodiments, the site-directed nuclease comprises a transgene with 5" and 3°
nucleotide sequence extensions that contain homology to upstream and downstream regions of
the site of genomic integration. In certain embodiments, the transgene with homologous
nuclectide extensions enable genomic integration by homologous recombination,
microchomology-mediated end joining, or nonhomologous end-joining. In certain embodiments
the site-specific integration occurs at a safe harbor site. Genomic safe harbor sites are able to
accommodate the integration of new genetic material i a manner that ensures that the newly
mserted genetic elements function reliably (for example, are expressed at a therapeutically
effective level of expression) and do not cause deleterious alterations to the host genome that
cause a risk to the host organism. Potential genomic safe harbors include, but are not limited to,
ntronic sequences of the human albumin gene, the adenoc-associated virus site 1 {AAVS1), a
naturally occurring site of integration of AAV virus on chromosome 19, the site of the
chemokine (C-C motif) receptor 5 (CCRS) gene and the site of the human ortholog of the rmouse
Ro3a26 locus.

{8481} In certamn embodiments, the site-specific transgene mtegration occurs at a site that
disrupts expression of a target gene. In certamm embodiments, disruption of target gene expression
occurs by stte-specific mtegration at introns, exons, promoters, genetic elements, enhancers,
suppressors, start codons, stop codons, and response elements. In certain embodiments,
exemplary target genes targeted by site~specific integration mnclude but are not limited to any
mmunosuppressive geng, and genes mvolved 1o allo-rejection.

{8482} In certamn embodiments, the site-specific transgene mtegration occurs at a site that resalts
in enhanced expression of a target gene. In certain embodiments, enhancement of target gene
expression occurs by site-specific mtegration at introns, exons, promoters, genetic elements,
enhancers, suppressors, start codons, stop codons, and response elements.

{8483} In certain embodiments of the methods of the disclosure, enzymes may be used to create
strand breaks in the host genome to facilitate delivery or integration of the transgene. In certain
embodiments, enzymes create single-strand breaks. In certain embodiments, enzymes create
double-strand breaks. In certain embodiments, examples of break-inducing enzymes imclude but
are not limited to: transposases, integrases, endonucleases, meganucleases, megaTALs, CRISPR-

Cas9, CRISPR-CasX, transcription activator-like effector nucleases {TALEN) and zinc finger
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nucleases (ZFN}. In certain embodiments, break-inducing enzymes can be delivered {o the cell
encoded in DNA, encoded in mRNA, as a protein, as a nucleoprotein complex with a guide RNA
{gRNA).

[0484] In certain embodiments of the methods of the disclosure, the site-specific transgene
mtegration ts controlled by a vector-mediated integration site hias. In certain embodiments
vector-mediated integration site bias 15 controlied by the chosen lentiviral vector. In certain
embodiments vector-mediated integration site bias is controlled by the chosen gamma-retroviral
vector.

{#485] In certain embodiments of the methods of the disclosure, the site-specific transgene
integration sie 1s a non-stable chromosomal insertion. o certain erobodiments, the ntegrated
transgene may become silenced, removed, excised, or further modified. In certain embodiments
of the methods of the disclosure, the genome modification is a non-stable integration of a
transgene. In certain embodiments, the nov-stable integration can be g transient non-
chromosomal ntegration, a semi-stable non chromosomal integration, a semi-persistent non-
chromosomal insertion, or a non-stable chromosomal insertion. In certain embodunents, the
transient non-chromosomal msertion can be epi-chromosomal or eytoplasmic. In certain
embodiments, the transient non-chromosomal insertion of a transgene does not imtegrate into a
chromosome and the modified genetic matenial 15 not rephceated durning cell division.

{0486] In certam embodiments of the methods of the disclosure, the genome modification s a
semi-stable or persistent non-chromosomal integration of a transgene. o certain embodiments, a
DNA vector encodes a Scaffold/matrix attachment region {(S-MAR) module that binds to nuclear
matrix proteins for episomal retention of a non-viral vector allowing for autonomous replication
in the nucleus of dividing cells.

{8487} In certain embodiments of the methods of the disclosure, the genome modification s a
non-stable chromosomal integration of a transgene. In certain embodiments, the integrated
transgene may become silenced, removed, excised, or further modified.

{0488} In certain embodiments of the methods of the disclosure, the modification to the genome
by transgene insertion can occur via host cell-directed double-strand breakage repair (homology-
directed repair} by homologous recombination (HR}), microhomology-mediated end joining
{MMEJ), nonhomologous end joining (NHE), transposase enzyme-mediated modification,

integrase enzyme-mediated modification, endonuclease enzyme-mediated modification, or
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recombinant enzyme-mediated modification. In certain embodiments, the modification to the
genome by transgene insertion can occur via CRISPR-Cas9, CRISPR-CasX, TALEN or ZFNs.
{8489] In certain embodiments of the methods of the disclosure, a cell with an in vivo or ex vivo
genomic modification can be a germline cell or a somatic cell. In certain embodiments the
modified cell can be a human, non-human, mammalian, rat, mouse, or dog cell. In certain
embodiments, the modified cell can be differentiated. undifferentiated, or immortalized. In
certain embodiments, the modified undifferentiated cell can be a stem cell. In certain
ernbodiments, the modified cell can be differentiated, undifferentiated, or immorntatized. In
certain embodiments, the modified undifferentiated cell can be an induced pluripotent stem cell.
In certain emboduments, the modified cell can be a T cell, a hematopoietic stem cell, a natural
killer cell, a macrophage, a dendritic cell, a monocyte, a megakarvocyte, or an osteoclast. In
certain embodiments, the modified cell can be wodified while the cell s quiescent, inan
activated state, resting, in interphase, in prophase, in metaphase, m anaphase, or in telophase. In
certain embodiments, the modified cell can be fresh, cryopreserved, bulk, sorted into sub-
populations, from whole blood, from leukapheresis, or from an mmmortalized cell line,

B. Z¥Ps and £FNs

{0490] In some embodiments, the DNA-targeting molecule mcludes a DNA-binding protemn such
as one or more zine finger protein (ZFP) or transcription activator-like protemn (TAL), fused to an
effector proten such as an endonuclease. Examples mchude ZFNs, TALFEs, and TALENs.
{8491} In some embodiments, the DNA-targeting molecule comprises one or more zinc-finger
proteins (ZFPs) or domams thereof that bind to BDNA 1 a sequence-specific manner. A ZFP or
domain thereof 1s a protem or domamn withm a larger protemn that binds DNA m a sequence-
specific manner through one or more zinc fingers, regions of aming acid sequence within the
binding domain whose structure is stabilized through coordination of a zinc ion. The term zine
finger DNA binding protein is often abbreviated as zinc finger protein or ZFP. Among the ZFPs
are artificial ZFP domains targeting specific DNA sequences, typically 9-18 nucleotides long,
generated by assembly of individual fingers.

{8492 ZFPs include those in which a single finger domain 1s approximately 30 amino acids in
length and contains an alpha helix contaming two invariant histidine residues coordinated
through zinc with two cysteines of a single beta turn, and having two, three, four, five, or six

fingers. Generally, sequence-specificity of a ZFP may be altered by making amino acid
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substitutions at the four helix positions (-1, 2, 3 and 6) on a zinc finger recognition helix. Thus,
in some embodiments, the ZFP or ZFP-containing molecule is non-naturally occurring, e g, is
engineered to bind to a target site of choice.

{0493} In some embodiments, the DNA-targeting molecule i1s or comprises a zinc-finger DNA
binding domain fused to a DNA cleavage domain to form a zinc-finger nuclease (ZFN). In some
embodiments, fusion proteins comprise the cleavage domain {or cleavage half-domain) from at
ieast one Type 1S restriction enzyme and one or more zinc finger binding domains, which may
or may not be engimeered. In some embodiments, the cleavage domain s from the Type IS
restriction endonuclease Fok I Fok I generally catalyzes double- stranded cleavage of DNA, a1 9
nucleotides from its recognition stte on one strand and 13 nucleotides from its recognition site on
the other.

[8494] Many geve-specific engineered zinc fingers are available commercially. For example,
Sangamo Biosciences (Richimond, CA, USA) has developed a platform {Compodr) for zine-
finger construction in partoership with Sigma-Aldrich (5t Lows, MO, USA), allowing
mvestigators to bypass zinc-finger construction and validation altogether, and provides
specifically targeted zinc fingers for thousands of proteins {Gaj et al, Trends in Biotechnology,
2013, 31{(7}, 397-4035). In some embodiments, commercially available zinc fingers are used or
are custom designed. (See, for example, Sigma-Aldrich catalog numbers CSTZFND, USTAFN,
CTU-IKT, and PZDGO20).

. TALs, TALEs and TALENg

[0495] In some embodiments, the DNA-targeting molecule comprises 8 naturally occurring or
engineered (non-naturally occurring} transcription activator- like protein (TAL} DNA binding
domain, such as in a transcription activator-like protein effector (TALE) protein, See, e.g., US.
Patent Publication No. 2011/0301073, incorporated by reference in its entirety herein.

{0496} A TALE DNA binding domain or TALE 1s a polypeptide comprising one or more TALE
repeat domains/units. The repeat domains are involved in binding of the TALE to its cognate
target DNA sequence. A single "repeat unit" {also referred to as a "repeat") 1s typically 33-35
amino acids in length and exhibits at least some sequence homology with other TALE repeat
sequences within a naturally occurring TALE protein. Each TALE repeat unit includes 1 or 2
DNA-binding residues making up the Repeat Variable Diresidue (RVD), typically at positions

12 and/or 13 of the repeat. The natural (canonical} code for DNA recognition of these TALEs
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has been determined such that an HID sequence at positions 12 and 13 leads to a binding to
cytosine {C), NG binds to T, NI to A, NN binds to G or A, and NO binds to T and non-canonical
{atypical) RVDs are also known. In some embodiments, TALEs may be targeted to any gene by
design of TAL arrays with specificity to the target DNA sequence. The target sequence generally
begins with a thymidine.

{0497} In some embodiments, the molecule 15 3 DNA binding endonuclease, such as a TALE
nuclease {TALEN). In some aspects the TALEN s a fusion protein comprising a DNA-binding
domain derived from a TALE and a nuclease catalytic domain to cleave a nucleic acid target
sequence.

[0498] In some embodiments, the TALEN recognizes and cleaves the target sequence in the
gene. In some aspects, cleavage of the DNA results i double- stranded breaks. Tn some aspects
the breaks stimulate the rate of homologous recombination or non-homologous end jommg
{(WNHE]). Generally, NHEJ 15 an imperfect repair process that often results in changes to the DNA
sequence at the site of the cleavage. Tn some aspects, repatr mechanisis mvolve rejoining of
what remains of the two DNA ends through direct re-ligation or via the so-called
microchomology-mediated end joinmg. In some embodiments, repair via NHET results i small
msertions or deletions and can be used to disrupt and thereby repress the gene. In some
embodiments, the modification may be a substitution, deletion, or addition of at least one
nucleotide. In some aspects, cells in which a cleavage-induced mutagenesis event, 1.¢. a
mutagenesis event consecutive to an NHEJ event, has occurred can be identified and/or selected
by well-known methods 1n the art.

{8499} In some embodiments, TALE repeats are assembled to specifically target a gene. {Gaj et
al., 2013} A hibrary of TALENS targeting 18,740 human protein-coding genes has been
constructed (Kim et al, 2013). Custom-designed TALE arrays are commercially available
through Cellectis Bioresearch (Paris, France), Transposagen Biopharmaceuticals {Lexington,
KY, USA}, and Life Technologies {Grand Island, NY, USA}. Specifically, TALENs that target
CD38 are commercially available (See Gencopoeia, catalog numbers HTN222870-1,
HTN222870-2, and HTN222870-3). Exemplary molecules are described, e.g., in U.S. Patent
Publication Nos. US 2014/0120622, and 2013/0315884.

{8500} In some embodiments the TALEN s are introduced as trans genes encoded by one or

more plasmid vectors. In some aspects, the plasmid vector can contain a
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selection marker which provides for identification and/or selection of cells which received said
vector.

B. Meganucieases and MegaTAls

{0501} In certain embodiments, the nuclease comprises a meganuclease (homing endonuclease)
or a portion thereof that exhibuts cleavage activity. In some embodiments, a "meganuclease,” also
referred to as a "homing endonuclease," refers to an endodeoxyribonuclease characterized by a
iarge recogrition site {double stranded DNA sequences of about 12 to about 40 base pairs).
Naturally-occurring meganucleases recognize 15-40 base-paur cleavage sites and are commonly
erouped into four families: the LAGLIDADG fanuly, the GIY-YIG famuly, the His-Cyst box
farmily and the HNH fanuly. Exeroplary homing endonucleases include 1-Scel, I-Ceul, PI-Pspl,
PI-Sce, I-5celV, I-Csml, I-Panl, I-Scell, I-Ppol, I-Scelll, I-Crel, I-Tevi, I-Tevl and I-TeviiL
Their recognition sequences are known. See also U.S. Pat. No. 5,420,032; U.S. Pat. No.
6,833,252; Beltort et al. (1997} Nucleic Acids Res. 25:3379-3388; Dujon et al. (1989} Gene
82:115-118; Perler et al. (1994) Nucleic Acids Res. 22, 1125-1127; Jasin (1996} Trends Genet.
12:224-228; Gumble et al. (1996) J. Mol. Biol. 263:163-180; Argast et al. (1998} J. Mol Biol.
280:345-353 and the New England Biolabs catalogue.

[0502] DNA-binding domains from naturally-occurming meganucleases, primarily from the
LAGLIDADG family, have been used to promote sute-specific genome modification in plants,
veast, Drosophila, mammalian cells and mice, but this approach has been limited 1o the
modification of either homologous genes that conserve the meganuclease recognition sequence
{(Monet et al. {1999}, Biochem. Biophysics. Res. Common. 255; 88-93} or to pre~-engineered
genomes mto which a recognition sequence has been mtroduced (Route et al. (1994), Mol Cell.
Biol 14: 8096-106; Chilton et al. (2003}, Plant Physiology. 1331 956-05; Puchta et al. (1996},
Proc. Natl. Acad. Sci. USA 93: 5055-60; Rong et al. (2002}, Genes Dev. 16; 1568-81; Gouble et
al. {2006}, 1. Gene Med. 8(5):06106-022). Accordingly, attempis have been made to engineer
meganucleases to exhibit novel binding specificity at medically or bictechnologically relevant
sites {Portens et al. (2005), Nat. Biotechnol. 23: 9267-73; Sussman et al. {2004), §. Mol. Biol. 342:
31-41; Epinat et al. (2003}, Nucleic Acids Res. 31: 2952-62; Chevalier et al. {(2002) Molec. Cell
10:895-905; Epinat et al. (2003} Nucleic Acids Res. 31:2952-2962; Ashworth et al. {2006}
Nature 441:656-659; Pagques et al. (2007} Current Gene Therapy 7:49-66; U.S. Patent
Publication Nos. 200701171 28; 20060206949, 20060153826, 20060078552; and 20040002092).
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In addition, naturallv-occurring or engineered DNA-binding domains from meganucleases can
be operably linked with a cleavage domain from a heterologous nuclease (e.g., Fokl) and/or
cleavage domains from meganucieases can be operably linked with a heterologous DNA-binding
domain (e.g., ZFP or TALE).

{8503} In any of the nucleases described herein, the nuclease can comprise an engineered TALE
DNA-binding domain and a nuclease domain {e.g., endonuclease and/or meganuclease domain),
also referred to as TALENs. Methods and compositions for engineering these TALEN proteins
for robust, site specific interaction with the target sequence of the user's choosing have been
published (see U S, Pat. No. 8,586,526}, In some embodiments, the TALEN comprises an
endonuclease (e.g., Fokl) cleavage domain or cleavage half-domain. In other embodiments, the
TALE-nuclease 1s a mega TAL. These mega TAL nucleases are fusion protemns comprising a
TALE DNA binding domain and a meganuclease cleavage domain. The meganuclease cleavage
domain 1s active as a monomer and does not require dimerization for activity. (See Boissel et al,,
{2013) Nucl Acid Res: 1-13, dou 10.1093/var/gkt1224). In addition, the nuclease domamn may
also extubit DN A-binding functionality.

E. RGENs (CRISPR/Cas systems)

{0504} In some embodiments, the alteration 1s carried out using one or more BNA-binding
nucleic acids, such as alteration via an RNA-guided endonuclease (RGEN). For example, the
alteration can be carried out using clustered regularly mierspaced short palindromic repeats
{CRISPR} and CRISPR-associated {Cas) protemns. In general, "CRISPR system” refers
collectively to transcripts and other elements involved 1n the expression of or directing the
activity of CRISPR-associated ("Cas"} genes, mcluding sequences encoding a Cas gene, a tracr
(trans-activating CRISPR} sequence {e. g. tractRNA or an active partial traceRNA}, a trace- mate
sequence (encompassing a "direct repeat” and a tractRNA-processed partial direct repeat in the
context of an endogenous CRISPR system}, a guide sequence (also referred to as a "spacer” in
the context of an endogenous CRISPR system), and/or other sequences and transcripts from a
CRISPR locus.

{8505] The CRISPR/Cas nuclease or CRISPR/Cas nuclease system can include a non-coding
RNA molecule {guide) RNA, which sequence-specifically binds to DNA, and a Cas protein {e.g.,
Cas9), with nuclease functionality {(e.g., two nuclease domains). One or more elements of a

CRISPR system can derive from a type L, type 1, or type HI CRISPR system, e g., dertved from
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a particular organism comprising an endogenous CRISPR system, such as Streptococcus
pyogenes,

{8506] In some aspects, a Cas nuclease and gRNA {including a fusion of crRNA specific for the
target sequence and fixed tractRNA) are introduced into the cell. In general, target sites at the &
end of the gRNA target the Cas nuclease to the target site, e.g., the gene, using complementary
base pairing. The target site may be selected based on s location immediately 5" of a
protospacer adiacent motif (PAM) sequence, such as typically NGG, or NAG. In this respect, the
gRNA 1s targeted 1o the desired sequence by modifying the first 20, 19, 18,17, 16, 15, 14, 14,
12, 11, or 10 nucleotides of the guide RNA 1o correspond to the target DNA sequence. In
general, a CRISPR systern 15 characterized by elements that promote the formation of a CRISPR
complex at the site of a target sequence. Typically, "target sequence” generally refers to a
sequence to which a guide sequence is designed to have complementarity, where hybridization
between the target sequence and a guide sequence promotes the formation of a CRISPR
complex. Full complementarity 15 not necessarily required, provided there 1s sutficient
complementarity to cause hybridization and promote formation of a CRISPR complex.

{8507] The CRISPR system can induce double stranded breaks {DSBs) at the target site,
followed by disruptions or alterations as discussed herein. In other embodiments, Cas9 vanants,
deemed "mckases,” are used to nick a single strand at the target site. Paired nickases can be used,
e.g., to improve specificity, each directed by a pair of different gRNAS targeting sequences such
that upon ntroduction of the nicks simultaneously, a § overhang 15 mtroduced. In other
embodiments, catalytically mactive Cas9 1s fused to a heterologous effector domain suchas a
transcriptional repressor or activator, to affect gene expression.

{0508} The target sequence may comprise any polvnucleotide, such as DNA or RNA
polynucieotides. The target sequence may be located in the nucleus or cytoplasm of the cell, such
as within an organelle of the cell. Generally, a sequence or template that may be used for
recombination into the targeted locus comprising the target sequences 1s referred to as an
"editing template” or "editing polynucleotide™ or "editing sequence”. In some aspects, an
exogenous template polynucleotide may be referred to as an editing template. In some aspects,
the recombination 18 homologous recombination.

{8509] Typically, in the context of an endogenous CRISPR system, formation of the CRISPR

complex {comprising the guide sequence hybridized to the target sequence and complexed with
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one or more Cas proteins) results in cleavage of one or both strands in or near {e.g. within 1, 2, 3,
4,5 6,7, 8,9 10, 20, 50, or more base pairs from) the target sequence. The tracr sequence,
which may comprise or consist of all or a portion of a wild-type tracr sequence (e g. about or
more than about 20, 26, 32, 45, 48, 34, 63, &7, 85, or more nucleotides of a wild-type tracr
sequence}, may also form part of the CRISPR complex, such as by hybridization along at leasta
portion of the tracr sequence to all or a portion of a tracr mate sequence that is operably linked to
the guide sequence. The tracr sequence has sufficient complementarity to a tracr mate sequence
to hybridize and participate in formation of the CRISPR complex, such as at least 50%, 60%,
T0%, 80%, 90%, 93% or 99% of sequence complementarity along the length of the tracr mate
sequence when optimally aligned.

[3516] The components of a CRISPR system can be wuplemented in any suitable manner,
meaning that the components of such systems including the RNA-gwded nuclease {e.g., Cas
enzyme)} and gRNA can be delivered, formulated or admunistered in any suitable form to the
cells. For example, the RNA-guided nuclease may be delivered to a cell complexed with a gRNA
{e.g., as a ribonucleoprotein {RNP) complex), the RNA-guided nuclease may be delivered to a
cell separate (e.g., uncomplexed) to a gRNA, the RNA-guided nuclease may be delivered to a
cell as 3 polynuclestide {e.g., DNA or RNA) encoding the nuclease that 1s separate from a
gRNA, or both the RNA-guided nuclease and the gRNA molecule may be delivered as
polynucelotides encoding each component.

{8511} One or more vectors driving expression of one or more elements of the CRISPR system
can be introduced mnto the cell such that expression of the elements of the CRISPR system direct
formation of the CRISPR complex at one or more target sites. Components can also be delivered
to cells as ribonucleoprotein complexes, proteins, DNA, and/or RNA. For example, a Cas
enzvme, a guide sequence linked to a tracr-mate sequence, and a tracr sequence could each be
operably linked to separate regulatory elements on separate vectors. Alternatively, two or more
of the elements expressed from the same or different regulatory elements, may be combinedin a
single vector, with one or more additional vectors providing any components of the CRISPR
system not included in the first vector. The vector may comprise ong or more imsertion sites, such
as a restriction endonuclease recognition sequence (also referred to as a "cloning site"}). In some
embodiments, one or more insertion sites are located upstream and/or downstream of one or

more sequence elements of one or more vectors. In addition, a nucleic acid encoding the
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endonuclease {e.g., a Cas enzyme such as Cas8 or Cas®) may be delivered with gRNAs When
multiple different guide sequences are used, a single expression construct may be used to target
CRISPR activity to multiple different, corresponding target sequences within a cell.

{0512} A vector may comprise a regulatory element operably linked to an enzyme-coding
sequence encoding the CRISPR enzyme, such as a Cas protein. Non-limiting examples of Cas
proteins include Casl, CastB, Cas2, Cas3, Casd, (CasS, Cas6, Cas7, Cas8, Cas? (also known as
Csnl and Csx12), Casi0, CasX, Csvl, Csy2, Csy3, Csel, Cse2, Cscl, Tsc2, Csas, Csn2, Csm?,
Csm3, Comd, CamS, Comi, Cmrl, Cmr3, Cowrd, oS, O, Csbl, Csb2, Csh3, Cex17, Caxld4,
CsxlO, Csxl16, CsaX, Csx3, Csxl, CsxiS, Csfl, Csf2, Csf3, Cstd, homologs thereof, or modified
versions thereof. These enzymes are known; for example, the amino acid sequence of 8.
pyogenes Cas9 protein may be found n the SwissProt database under accession number
QOOZW2.

[3513] The CRISPR enzyme can be Cas9 {e.g, from S pyvogenes or 8. preumonia), The CRISPR
enzyme can direct cleavage of one or both strands at the location of a target sequence, such as
within the target sequence and/or within the complement of the target sequence. The vector can
encode a CRISPR enzyme that 1s mutated with respect to a corresponding wild-type enzyme
such that the mutated CRISPR enzyme lacks the abality to cleave one or both strands of a target
polynucieotide contaming a target sequence. For example, an aspartate-to-alanme substitution
{D10A) m the Ruv( I catalytic doman of Cas9 from 8. pyogenes converts Cas9 from a nuclease
that cleaves both strands to a nickase (cleaves a single strand}. In some embodiments, a Cas®
nickase may be used in combination with guide sequence(s), e.g., two guide sequences, which
target respectively sense and antisense strands of the DNA target. This combination allows both
strands to be nicked and used to induce NHEJS or HDR.

{8514} In some embodiments, an enzyme coding sequence encoding the CRISPR enzyme 1s
codon optimized for expression in particular cells, such as evkaryotic cells. The eukaryotic cells
may be those of or derived from a particular organism, such as a mammal, including but not
limited to human, mouse, rat, rabbit, dog, or non-human primate. In general, codon optimization
refers to a process of modifying a nucleic acid sequence for enhanced expression in the host cells
of interest by replacing at least one codon of the native sequence with codons that are more
frequently or most frequently used in the genes of that host cell while maintaining the native

amino acid sequence. Various species exhibit particular bias for certain codons of a particular
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amino acid. Codon bias {differences 1n codon usage between organisms) often correlates with the
efficiency of translation of messenger RNA {(mRNA}, which is in turn believed to be dependent
on, among other things, the properties of the codons being translated and the avaiability of
particular transfer RNA (tRNA) molecules. The predominance of selected tRNAs i a cell 1s
generally a reflection of the codons used most frequently in peptide synthesis. Accordingly,
genes can be tailored for optimal gene expression in a given organism based on codon
optimization.

{0513} In general, a guide sequence 1s any polynucleotide sequence having sufficient
complementarity with a target polvnucleotide sequence to hybridize with the target sequence and
direct sequence-specific binding of the CRISPR complex to the target sequence. Tn some
embodiments, the degree of complementarity between a guide sequence and s corresponding
target sequence, when optimally aligned using a suitable alignment algorithin, s about or more
than about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or more.

{0516} Optunal alignment may be determined with the use of any suttable algorithm for aligning
sequences, non~-limiting example of which include the Smuth-Waterman algorithm, the
Needleman-Whunsch algorithm, algorithms based on the Burrows-Wheeler Transform (e g. the
Burrows Wheeler Aligner), Clustal W, Clustal X, BLAT, Novoalign (Novocraft Technologies,
ELAND (humina, San Diego, Calit'}, SOAP {available at soap.genomics.org.cn), and Mag
{available at mag sourceforge.net).

{8517} The CRISPR enzyme may be part of a fusion protein comprising one of more
heterologous protein domains. A CRISPR enzyme fusion protein may comprise any additional
protein sequence, and optionally a hinker sequence between any two domains. Examples of
protein domains that may be fused to a CRISPR enzyme include, without limitation, epitope
tags, reporter gene sequences, and protein domains having one or more of the following
activities: methylase activity, demethylase activity, transcription activation activity, transcription
repression activity, transcription release factor activity, histone modification activity, RNA
cleavage activity and nucleic acid binding activity. Non-limiting examples of epitope tags
mclude histidine {(His) tags, V5 tags, FLA{G tags, influenza hemagglotinin (HA) tags, Myc tags,
VSV-Gtags, and thioredoxin {Trx) tags. Examples of reporter genes include, but are not limited
to, ghutathione-S-transferase {(GST), horseradish peroxidase {(HRP}, chioramphenicol

acetvltransferase (CAT) beta galactosidase, beta-glucuronidase, luciferase, green fluorescent

156



CA 03228262 2024-02-02

WO 2023/014922 PCT/US2022/039487

protein (GFP}, HeRed, DsRed, cyvan fluorescent protein (CFP), yvellow fluorescent protein {YFP),
and autofluorescent proteins including blue fluorescent protein (BFP). A CRISPR enzyme may
be fused to a gene sequence encoding a protein or a fragment of a protein that bind DNA
molecules or bind other cellular molecules, including but not imited to maltose binding protein
{(MBP), S-tag, Lex A DNA binding domain (DBD) fusions, GAL4A DNA binding domain
fusions, and herpes simplex virus (HSV) BP16 protein fusions. Additional domains that may
form part of a fusion protein comprising a CRISPR enzyme are described 1n US 20110059502,
incorporated herein by reference.

Vi Methods of Use

[0518] In some embodiments, the present disclosure provides methods for immunotherapy
comprising adnunistering an effective amount of the immune cells of the present disclosure. In
one embodiments, a medical disease or disorder 15 freated by transfer of an tmmune cell
population that elicits an iromune response. In certain embodiments of the present disclosure,
cancer or infection 1s treated by transfer of an tmmune cell population that elicits an munune
response. Provided herein are methods for treating or delaying progression of cancer in an
mdividual comprising administering to the individual an effective amount an antigen-specific
cell therapy. The present methods may be applied for the treatment of immune disorders, sohid
cancers, hematologic cancers, and viral mfections.

[0518] Tumors for which the present treatment methods are useful include any malignant cell
type, such as those found in a sohid tumor or a hematological tumor. In some embodiments, the
cancer 15 3 CD22-positive cancer. In some embodiments, the cancer has a low expression of
D22 {e.g. a CD22 low cancer). In some embodiments, the cancer 15 a CD19-positive cancer. In
some embodiments, the cancer has a low expression of CD19 {e.g. a U219 low cancer).

{85286 Exemplary solid tumors can include, but are not limited to, a tumor of an organ selected
from the group consisting of pancreas, colon, cecum, stomach, brain, head, neck, ovary, kidney,
larynx, sarcoma, lung, bladder, melanoma, prostate, and breast. Exemplary hematological tumors
include but are not himited fo tumors of the bone marrow, T or B cell malignancies, myeloid
malignancies, leukemias, lvmphomas, blastomas, myelomas. Further examples of cancers that
may be treated using the methods provided herein inchide, but are not limited to, lung cancer
{including small-cell lung cancer, non-small cell fung cancer, adenocarcinoma of the lung, and

&

squamous carcinoma of the lung), cancer of the peritoneum, gastric or stomach cancer (including
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gastromntestinal cancer and gastrointestinal stromal cancer), pancreatic cancer, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, breast cancer, colon cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate
cancer, vulval cancer, thyrotd cancer, various types of head and neck cancer, and melanoma.
{8521} The cancer may specifically be of the following histological type, though 1t is not limited
to these: neoplasm, malignant; carcinoma; carcinoma, unditferentiated; giant and spindle cell
carcinoma; small cell carcinoma; papillary carcinoma; squamous cell carcinoma;
iymphoepithelial carcinoma; basal cell carcinoma; pilomatrix carcinoma; transitional cell
carcinoma; papillary transitional cell carcinoma; adenocarcinoma; gastrinoma, malignant;
cholangiocarcinoma; hepatocellular carcinoma; cornbined hepatoceliular carcinoma and
cholangiocarcinoma; trabecular adenocarcinoma, adenoid cystic carcinoma; adenocarcinoma in
adenomatous polyp; adenocarcinoma, familial polyposis colt; solid carcinoma; carcinoid tumor,
maligoant; branchiolo-alveolar adenocarcinoma; papillary adenocarcinoma; chromophobe
carcinoma; acidophul carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell
adenocarcinoma; granular cell carcinoma; folhicular adenocarcinoma; papitlary and follicular
adenocarcinoma, nonencapsulating sclerosing carcinoma, adrenal cortical carcimoma;
endometrond carcinoma, skin appendage carcinoma; apocrine adenocarcinoma; sebaceous
adenocarcinoma; ceruminous adenocarcinoma; mucoepidermod carcinoma;
cystadenocarcinoma; papillary cystadenocarcinoma; papillary serous cystadenocarcinoma,
muctnous oystadenocarcinoma; mucinous adenocarcinoma, signet ring cell carcinoma,
miiltrating duct carcinoma; medullary carcinoma; lobular carcinoma; mflammatory carcinoma;
paget's disease, mammary, acinar cell carcinoma, adenosquamous carcinoma; adenocarcinoma
w/squamous metaplasia; thymoma, malignant; ovarian stromal tumor, malignant; thecoma,
malignant; granulosa cell tumor, malignant; androblastoma, malignant; Sertoli cell carcinoma;
leydig cell tumor, malignant; lipid cell tumor, malignant; paraganglioma, malignant; extra-
mammary paraganglioma, malignant; pheochromocytoma; glomangicsarcoma; malignant
melanoma; amelanotic melanoma; superficial spreading melanoma; lentigo malignant
melanoma; acral lentiginous melanomas; nodular melanomas; malignant melanoma in giant
pigmented nevus, epithelioid cell melanoma; blue nevus, mahignant; sarcoma; fibrosarcoma;
fibrous histiocytoma, malignant; myxosarcoma, liposarcoma; letomyosarcoma;

rhabdomyosarcoma; embryonal rhabdomyosarcoma; alveolar rhabdomyosarcoma; stromal
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sarcoma; mixed tumor, malignant; mullerian mixed tumor; nephroblastoma; hepatoblastoma;
carcinosarcoma; mesenchymoma, malignant; brenner tumor, malignant; phyllodes tumor,
malignant; synovial sarcoma; mesothelioma, malignant; dysgerminoma; embryonal carcinoma;
teratoma, malignant; struma ovari, malignant; choriocarcinoma; mesonephroma, malignant;
hemangiosarcoma; hemangioendothelioma, malignant; kaposi's sarcoma; hemangiopericytoma,
malignant; lymphangiosarcoma; osteosarcoma; juxtacortical osteosarcoma; chondrosarcoma;
chondroblastoma, malignant; mesenchymal chondrosarcoma; giant cell tumor of bone; ewing's
sarcoma; odontogenic tumor, malignant; ameloblastic odontosarcoma; ameloblastoma,
malignant; ameloblastic fibrosarcoma; pinealoma, malignant; chordoma; ghioma, malignant;
ependymoma; astrocytoma; protoplasmic astrocytoma; fibritlary astrocytoma; astroblastoma;
glioblastoma; oligodendroglioma; ohgodendroblastoma; primitive neuroectodermal; cerebellar
sarcoma; ganglioneuroblastoma; neuroblastoma; retinoblastoma; olfactory neurogenic tumor;
meningioma, malignant; neurofibrosarcoma; neurtlemmoma, maligonant; granular cell tumor,
malignant; malignant lymphoma; T lymphoblastic leukemua; T lymphoblastic lymphoma;
Hodgkan's disease; Hodghkin's lvmphoma,; paragranuloma; malignant lymphoma, small
iymphocytic, malignant lymphoma, large cell, diffuse; mahignant lymphoma, follicular; mycosis
fungoides; other specified non-Hodgkin's iymphomas; B-cell iymphoma; low grade/follicular
non-Hodgkin's tymphoma (NHL}; smal tymphocytic (SL) NHL; intermediate grade/follicular
NHL; mtermediate grade diffuse NHL; high grade immunoblastic NHL,; high grade
iymphoblastic NHL; high grade small non-cleaved cell NHL,; butky disease NHL,; mantle cell
iymphoma, AIDS-related lymphoma, Waldenstrom's macroglobulinemia; mahgnant
histiocytosts; multiple myeloma; mast cell sarcoma; momunoproliferative small intestinal
disease; leukemia; lymphoid teckemia; plasma cell leukemia; ervthroleukemia; lvmphosarcoma
cell teukemia; myeloid leukemia; basophilic leukenua; eosinophilic leukemia; monocytic
leukemia; mast cell leukemia; megakaryoblastic leukemia; myeloid sarcoma; hairy cell
ieukemia; chronic lymphocytic leukemsa (CLLY; chronic myeloid leukemia, acute lymphoblastic
leukemia { ALL); acute lvmphoblastic lymphoma; acute myeloid leukemia (AMLY);
myeltodysplastic syndrome (MDS}; myeloproliferative neoplasms; chronic myeloblasts leukemia;
diffuse large B-cell lymphoma (DLBCLY}; peripheral T-cell lymphoma (PTCL); or anaplastic
jarge cell lymphoma (ALCL).
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{8522} Particular embodiments concern methods of treatment of leukemia. Leukemia is a cancer
of the blood or bone marrow and is characterized by an abnormal prohiferation (production by
multiphication) of blood cells, usually immature white blood celis (leukocytes). It is part of the
broad group of diseases called hematological neoplasms. Leukemia is a broad term covering a
spectrum of diseases. Leukenua is chinically and pathologically split into its acute and chronic
forms and/or by and the cell type of origin {myeloid or lymphoid). In some embodiments, the
ieukemia 5 an antigen-low leukemia. In some embodiments, the leukemia s a CD22-low
leukena.

{8523} In certain embodiments of the present disclosure, immune cells are delivered to an
mdividual n nsed thereof, such as an mdividual that has cancer or an infection. The cells then
enhance the mdividual's immune system to attack or directly attack the respective cancer or
pathogenic cells. In some cases, the individual s provided with one or more doses of the immune
cells. In cases where the individual 15 provided with two or more doses of the immune cells, the
duration between the admuustrations should be sufficient to allow time for propagation 1o the
mdividual, and 1 specific embodiments the duration between doses 15 1, 2,3, 4,5, 6,7, &, 9, 10,
11, or 12 or more weeks,

[8524] Certain embodiments of the present disclosure provide methods for treating or preventing
an ynmune~-mediated disorder. In one embodiment, the subject has an autoimmune disease. Non-
fimiting examples of autormmune diseases mclude: alopecia areata, ankylosing spondylhitis,
antiphospholipid syndrome, auvtoimmaune Addison's disease, autoimmune diseases of the adrenal
gland, autoimmune hemolyiic anemia, autoimmune hepatitis, autormmune ocophoritis and
orchitis, astoimmune thrombocytopenia, Bechet’s disease, bullous pemphigoid, cardiomyopathy,
celiac spate-dermatitis, chronic fatigue immune dysfunction syndrome {CFIDS), chronic
mflammatory demyelinating polyneuropathy, Churg-Strauss syndrome, cicatrical pemphigoid,
CREST syndrome, cold agglutinin disease, Crohn's disease, discoid lupus, essential mixed
cryoglobulinenmia, fibromyalgia-fibromyositis, glomerulonephritis, Graves' disease, Guillain-
Barre, Hashimoto's thyroiditis, idiopathic pulmonary fibrosis, idiopathic thrombocytopenia
purpura (ITP}, IgA neuropathy, juvenile arthnitis, lichen planus, lupus erythematosus, Meniere's
disease, mixed connective tissue disease, mulbtiple sclerosis, type 1 or immune-mediated diabetes
mellitus, myasthenia gravis, nephrotic syndrome {such as mimimal change disease, focal

glomerulosclerosis, or membranous nephropathy), pemphigus vulgaris, pernictous anemia,
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polyarteritis nodosa, polychondritis, polyelandular syndromes, polymyvalgia rheumatica,
polymyositis and dermatomyositis, primary agammaglobulinemua, primary biliary cirrhosis,
psoriasis, psoriatic arthritis, Raynaud's phenomenon, Retter's syndrome, Rheumatoid arthritis,
sarcoidosis, scleroderma, Sjogren's syndrome, stiff-man syndrome, systemic lupus
erythematosus, lupus erythematosus, ulcerative colitis, uveitis, vasculitides (such as polyarteritis
nodosa, takayasu arteritis, temporal arteritis/giant cell arteritis, or dermatitis herpetiformis
vasculitis), vitiligo, and Wegener's granulomatosis. Thus, some examples of an autoimmune
disease that can be treated using the methods disclosed herem include, but are not himited to,
multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, type I diabetes mellitus,
Crohn's disease; ulcerative colitis, myasthenia gravis, glomerulonephritis, ankylosing
spondylitis, vasculitis, or psoriasis. The subject can also have an allergic disorder such as
Asthma.

[0525] Tn vet another embodument, the subject 1s the reciptent of a transplanted organ or stem
cells and immune cells are used to prevent and/or freat rejection. Yo particular embodiments, the
sabject has or 1s at risk of developing graft versus host disease. GVHD 13 a possible complication
of any transplant that uses or contains stem cells from either a related or an unrelated donor,
There are two kinds of GVHD, acute and chronic. Acute GVHD appears within the first three
months following transplantation. Signs of acute GVHD nclude a reddish skin rash on the hands
and feet that may spread and become more severe, with peeling or blistering skin. Acute GVHD
can also affect the stomach and ntestines, 10 which case cramping, nausea, and diarrhea are
present. Yellowing of the skin and eyes (Javmndice) mdicates that acute GVHD has affected the
hver. Chrome GVHD 15 ranked based on 1fs severity: stage/grade 1 1s muld; stage/grade 4 13
severe. Chronic GVHID develops three months or later following transplantation. The symptoms
of chromic GVHD are similar to those of acute GVHE, but in addition, chronic GVHD may also
affect the mucous glands in the eyes, salivary glands in the mouth, and glands that hubricate the
stomach lining and intestines. Any of the populations of immune cells disclosed herein can be
utilized. Examples of a transplanted organ include a solid organ transplant, such as kidney, liver,
skin, pancreas, fung and/or heart, or a cellular transplant such as islets, hepatocytes, myoblasts,
bone marrow, or hematopotetic or other stem cells. The transplant can be a composite transplant,
such as tissues of the face. Immune cells can be administered prior to transplantation,

concurrently with transplantation, or following transplantation. In some embodiments, the
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What is claimed is:

1. A genetically modified immune cell comprising:

a} a first chimeric antigen receptor {CAR) comprising an antigen recognition domain that
binds to a first antigen, a transmembrane domain and an imtracellular signaling domain;

b} a second CAR comprising an antigen recognition domain that binds to a second
antigen, a transmembrane domain and a Linker for Activation of T cell (LAT) intracellular

signaling domain,

2

The genetically modified immune cell of claum 1, wherein the first antigen and the
second antigen are different.
3 The genetically modified immune cell of claim 1, wherein the first antigen and the

second antigen are the same.

4, The genetically modified immune cell of any one of claims 1-3, wherein the intraceliular

signaling domain of the first CAR comprises a CD3zeta miracellular signahing domain,

5. The genctically modified immune cell of claim 4, wherein the CD3zeta intracellhular
signaling domamn comprises the amino acid sequence of SEQ 1D NO: 24 or SEQ 1D NO: 25,
preferably wherein the CD3zeta intracellular signaling domam comprises the amino acid

sequence of SEQ 1D NG: 24

6. The genetically modified immune cell of any one of claims 1-5, wherein the mtracellular
signaling domain of the first CAR further comprises at least one additional intracellular signaling
domains selected from the group consisting of a D97 intracellular signaling domain, a CDla-
CD18 intracellular signaling domain, a CD2 intracellular signaling domain, an [COS
mtracellular signaling domain, a CD27 intracellular signaling domain, a CI}M 54 intracellular
signaling domain, a CD8a intracellular signaling domain, an OX40 mtracellular signaling
domain, a 4-1BB intracellular signaling domain, a CD28 intraceliular signaling domain, a

ZAP40 intracellular signaling domain, a CD30 miracelivlar signaling domain, a GITR
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mtracellular signaling domain, an HVEM intracellular signaling domain, a DAP10 intracellular
signaling domain, a DAP12 mtracellular signaling domain, a MiyD88 mtracellular signaling

domain, a 2B4 mtracellular signaling domain and any combination thereof.

7. The genetically modified immune cell of claim 6, wherein the at least one additional
mtracellular signaling domain is a 4-1BB intracellular signaling domain comprising the amino

acid sequence of SEQ ID NO: 17

8. The genetically modified immune cell of claim any one of claims 1-7, wherein the LAT
mtracellular signaling domain of the second CAR comprises the anuno acid sequence of any one
of SEQ 1D NOs: 26-34, preferably wherein the LAT mitracellular signaling domain of the second

CAR comprises the amino acid sequence of SEQ ID NO: 27,

9. The genetically modified immune cell of claum any one of claims 1-7, wherein the LAT
mtracellular signaling domain of the second CAR comprises the amino acid sequence of SEQ ID
NO: 26 having a substitution of arginine for the lysine (K25R} at position 25 of SEQ 1D NO: 26,
a substitution of glotamic acid for the glycine at position 133 (GI33E) of SEQ ID NQG: 26,2
substitution of arginine for the lysine at position 206 {K206R} of SEQ ID No: 26, or any

combmation of the preceding substitutions.

10, The genetically modified immune cell of claim any one of claims 1-7, wherein the LAT
miracellular signaling domamn of the second CAR comprises the amino acid sequence of SEQ 1D
N 32 having a substitution of arginine for the lysme (KZ5R) at position 25 of SEQ ID NO: 32,
a substitution of ghitamic acid for the glycine at posttion 104 (G104E) of SEQ ID NO: 32, a
substitution of arginine for the lysine at position 177 (K177R) of SEQ 13 NO: 32, or any

combination of the preceding substitutions.

11 The genetically modified immune cell of claim any one of claims 1-7, wherein the LAT
mtracellular signaling domain of the second CAR comprises the amino acid sequence of SEQ ID
NO: 33 having a substitution of arginine for the lysine (K25R} at position 25 of SEQ 1D NO: 33,
a substitution of glutamic acid for the glycine at position 103 {GI103E) of SEQ ID NO: 33, a
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substitution of arginine for the lysine at position 176 {K176R} of SEQ ID No: 33, or any

combmation of the preceding substitutions.

12. The genetically modified immune cell of claim any one of claims 1-7, wherein the LAT
mtracellular signaling domain of the second CAR comprises the amino acid sequence of SEQ D
NG: 34 having a substitution of arginine for the lysine (K25R} at position 25 of SEQ 1D NO: 34,
a substitution of glitamic acid for the glycine at posttion 132 (GI32E) of SEQ ID NO: 34, a
substitution of arginine for the lvsine at position 205 (K20SR) of SEQ ID No: 34, orany
combination of the preceding substitutions.

13 The genetically modified immune cell of any one of claims 1-12, wherein the
transmembrane domain of the first CAR and/or the second CAR is denived from a
transmembrane domain selected trom the group consisting of a CD8a transmembrane domain, a
CD28 transmembrane domain, a CD3z transmembrane domain, a CD4 transmembrane domain, a
4-1BB trarsmembrane domain, a OX40 transmembrane domain, a ICOS transmembrane
domain, a PD-1 transmembrane domamn, a LAG-3 transmembrane domain, a 2B4 transmembrane

domain, a BTLA transmembrane domain and any combination thereof

14 The genetically modified immune cell of claim 13, wherein the transmembrane doman
of the first CAR 13 derived from a CDR&alpha transmembrane domain comprising the amung acid

sequence of SEQ ID NO: 13,

15 The genetically modified immumne cell of claim 13, wherein the transmembrane domain
of the second CAR 15 derived from a CD28 transmembrane domain comprising the amino acid

sequence of SEQ ID NGO 14,

16. The genetically modified immune cell of any one of claims 1-15, wherein the antigen
recogmition domain of the first CAR and/or the antigen recognition domain of the second CUAR 13
an antibody, an antibody fragment, a single chain antibody, a single domain antibody, an scFv, a

VH or a VHH or antigen binding fragment thereof.

D
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17. The genetically modified immune cell of any one of claims 1-16, wherein the antigen
recognition domain of the first CAR and the antigen recognition domain of the second CAR
further comprises a leader domain selected from the group consisting of a CD8alpha leader

domain.

18 The genetically modified immune cell of claim 17, wherein the leader domainis a
(CD8alpha leader domain comprising the amino acid sequence of SEQ D NO: 1 or SEQ 1D NO:

2.

19, The genetically modified immune cell of any one of claims 1-18, wherein the first

antigen and the second antigen 15 a fumor associated antigen.

20. The genetically modified immune cell of claim 19, wherein the tumor associated antigen
is selected from a group consisting of CD 9, CD22, CD2G, CH3 38, BCMA, CD33, D123,

FLT, CLL, CD36, C334, CD117, CD14, D133, CD44dvs, CD47, CDod, CDoo, CD97, CD99,
D45, CDY, Mucl, Lewis-Y, ILIRAP, FR-beta, CDS5, CD¥7, (D38, CD30, B7-H3, HER2,
CD44v6, CEA, ¢-Met, EGFRVIT, Epcam, EphAZ, FR-alpha, GD2, GPC3, IL.13R-alphaZ2,
ILT1R-alpha, L1-CAM, mesothelin, MUCT, MUCT6, NKGD2 and PSCA.

21 The genetically modified immune cell of claim 20, wherein the first antigen 15 CD22
22, The genetically modified rmmune cell of claim 20, wherem the first antigen 13 CB19.
23. The genetically modified immune cell of claim 21, wherein the second antigen 15 CD19.
24 The genetically modified immune cell of claim 21, wherein the second antigen 1s CD22.
25. The genetically modified immune cell of claim 22, wherein the second antigen 15 CD22.
26. The genetically modified immune cell of any one of claims 1-25, wherein the immune

cell 15 a T-cell, a Natural Killer (NK} cell, a Natural Killer (NK}-like cell, a Cytokine Induced

203



CA 03228262 2024-02-02

WO 2023/014922 PCT/US2022/039487

Killer (CIK) cell, & hematopoietic progenitor cell, a peripheral blood (PB) derived T cell oran

umbilical cord blood (UCB) derived T-cell.

27 The genetically modified immune cell of claim 26, wherein the immune cell 1s a T-cell.
28, The genetically modified immune cell of any one of the preceding claims, wherein the

first CAR comprises the ammno acid sequence of SEQ 1D NG 69, SEQ 1D NO: 102, SEQ ID
NG: 306, or SEQ D NQ: 309

29. The genetically modified immune cell of any one of the preceding claims, wherein the
second CAR comprises the amino acid sequence of SEQ ID NG 71, SEQ ID NO: 100, SEQ ID
N 206, or SEQ D NGO 300-308.

30. The genetically modified immune cell of any one of claims 1-29, wherein the first CAR
comprises the amino acid sequence of SEQ 1D NG: 102 and the second CAR comprises SEQ ID

NG: 100,

31. The genetically modified rmmune cell of any one of the claims 1-29, wherein the first CAR
comprises the amino acid sequence of SEQ 1D NG: 102 and the second CAR comprises SEQ ID
NQ: 306,

32. The genetically modified immune cell of any one of the clanns 1-29, wheremn the first CAR
comprises the amino acid sequence of SEQ 12 NO: 309 and the second CAR comprises SEQ ID

NG: 100

33 A composition comprising the genetically modified immune cell of any one of claims 1-

32 and a pharmaceutically acceptable carrier.

34 A composition comprising a population of cells, wherein the plurality of cells of the

population comprises the gengtically modified immune cell of any one of claims 1-32.
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35 The composition of claim 34, wherein the plurality of the ceils of the population
comprises at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 35%, 60%, 65%, 70%, 75%, 80%, 85%%, 90%, 953%, 97%, 99% or any

percentage in between of the genetically modified tmmune cell of any one of claims 1-26.

36. A polynucleotide encoding the first CAR and the second CAR of the genetically

modified immune cell of any one of claims 1-32.

37 The polynucleotide of claim 36, wherein a nucleic acid sequence encoding a self cleaving
peptide sequence 15 located in between the nucleic acid sequence encoding the first CAR and the

nucleic acid sequence encoding the second CAR.

38 The polynucleotide of clain 37, wherein the self cleaving peptide sequence comprises the

aroino acid sequence of SEQ 1D NO: 79

39, The polynucleotide of any one of claims 36-38, wherein the first CAR and the second

CAR encoded on a single vector.

40, The polynucleotide of claim 39, wheremn the vector 1s a viral vector, a lentivirus vector, 3

non-viral vector or a transposon.

41, The polynucleotide of claim 40, wherein the vector 1§ a bicistronic lentiviral vector,

42 A method of producing a population of genetically modified immune cells, comprising:
a} introducing nto a plurality of immune cells a composttion comprising the polynucleotide
sequence of any one of claims 36-41, thereby generating a population of genetically modified
immune cells;

b) culturing the population of genetically modified immune cells under conditions sutable for
integration of the polynucleotide sequence;

¢} expanding and/or selecting at least one cell from the population of genetically modified

immune cells that expresses the first CAR and the second CAR on the cell surface.

[\
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43 A method of treating cancer in a subject in need thereof comprising administrating the

composition of any one of claims 33-33.

44, The method of claim 43, wherein the admunistration of a composition comprising a
modified immune cell comprising first CAR and the second CAR increases the immune response
against a target cell in comparison to the administration of a composition comprising a modified

swamune cell comprising a first CAR alone.

Ao

45, The method of claim 44, wherein the increased tmmune response at least 1%, 2%, 3%,

4%, S%, 6%, T%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%. 65%.

N

70%, 75%, 80%, 85%, 0%, 95%, 97%, 99% or any percentage in between greater than a

compostiion comprising a modified immune cell comprising a first CAR alone.

46, The method of any one of claims 43-45, wherein the cancer 15 a solid tumor, a B cell
malignancy, a myeloid malignancy, a T-cell malignancy, acute lymphoblastic leukemia, acute
iymphoblastic fymphoma, Non-Hodgkin lvmphoma, Hodglan's lymphoma, chronic lvmphoeytic
leukemia, multiple myeloma, acute myeloid leakermia, myelodysplastic syndrome,
myeloproliferative neoplasms, chronic myeloid leukenua, T lymphoblastic leskera, T

iymphoblastic lymphoma or Anaplastic Large Cell Leukemua,

47, The method of any one of claims 43-46, wherein the cancer has a low cell surface

expression of the first antigen and/or a low cell surface expression of the second antigen.
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