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ABSTRACT 

The presently disclosed subject matter provides methods and compositions for treating 

myeloid disorders (e.g., acute myeloid leukemia (AML)).  It relates to immunoresponsive cells 

bearing antigen recognizing receptors (e.g., chimeric antigen receptors (CARs)) targeting 

AML-specific antigens. 5 
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CANCER ANTIGEN TARGETS AND USES THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a divisional of Australian Patent Application No. 2024200020, filed 2 

January 2026, which is a divisional of Australian Patent Application No. 2017307610, filed 28 

March 2018, and is related to International Patent Application No. PCT/US2017/045632, and 5 

claims priority to U.S. Provisional Application No.: 62/371,199 filed on 4 August 2016, the 

contents of each of which are incorporated by reference in their entirety, and to which priority is 

claimed.  

SEQUENCE LISTING 

The application contains a Sequence Listing which has been filed electronically in XML 10 

format and is hereby incorporated by reference in its entirety.  Said XML copy, created on January 

10, 2024, is named “P302819D1 ST26 Sequence Listing XML.xml” and is 26,000 bytes in size. 

INTRODUCTION 

The presently disclosed subject matter provides methods and compositions for treating 

cancer (e.g., acute myeloid leukemia (AML)).  It relates to immunoresponsive cells comprising 15 

antigen recognizing receptors (e.g., chimeric antigen receptors (CARs)) targeting AML-specific 

antigens.  

BACKGROUND OF THE INVENTION 

Adoptive T cell therapies using CARs to redirect the specificity and function of T 

lymphocytes have demonstrated great efficacy in patients with lymphoid malignancies, in 20 

particular acute lymphoblastic leukemia (ALL) (Sadelain, 2015).  This therapeutic modality 

induces complete remissions in subjects with CD19+ malignancies for whom chemotherapies 

have led to drug resistance and tumor progression. “Cancer immunotherapy”, including CAR 

therapy, was proclaimed a scientific breakthrough in 2013 (Couzin-Frankel, 2013).  The success 

of CD19 CAR therapy bodes well for tackling all hematological malignancies, including Acute 25 

Myeloid Leukemia (AML), which affects over one quarter million adults annually worldwide.  

AML is the most common acute leukemia in adults.  The standard induction 

chemotherapy regimens have not changed substantially over the past 40 years (Pulte et al., 

2008) and the overall survival remains very poor.  Frequent recurring abnormalities involving 

genes coding for epigenetic modifiers have been identified. These epigenetic abnormalities 30 

include mutations in DNA-methylation related genes (DNMT3A, IDH1/2 in 44% of patients) 

(Cancer Genome Atlas Research, 2013), which also represent key
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AML is the most common acute leukemia in adults. The standard induction
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10

even on target tumor cells that have down-regulated HLA expression or proteasomal

15

The development of CAR therapy for AML is hampered by the lack of suitable

eradication, as is avoiding damage to normal tissues that express the same target antigen

20 ("on-target, off-tumor effect"). So far the search for suitable CAR targets has been

restricted to the relative expression of potential targets in cancer cells compared to

25 important to consider a whole body picture. For safe discrimination of target cells by

of the whole body, including closely related normal counterparts (i.e., CD34

30

35

through engagement of target antigen on nonpathogenic tissues (Curran et al., 2012).

The severity of reported events has ranged from manageable lineage depletion (B-cell
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5 aplasia) to severe toxicity (death). "On-target/off-tumor" recognition is predictably seen

in a variety of organ systems, including gastrointestinal, hematologic, and pulmonary.

One of the earliest trials utilizing a carboxyanhydrase-IX-specific CAR T cell for renal

cell carcinoma resulted in the development of cholestasis due to expression of

carboxyanhydrase-IX on bile duct epithelium (Lamers et al., 2013; Lamers et al., 2006).

10 Targeting of carcinoembryonic antigen by CAR T cells in patients with colon cancer

resulted in severe, albeit transient, colitis due to antigen recognition of normal colonic

tissue (Parkhurst et al., 2011). Finally, in a fatal example of "on-target/off-tumor"

HER-2/neu developed rapid respiratory failure, multi-organ dysfunction, and subsequent

15 death attributed to reactivity against pulmonary tissue expression of HER-2/neu (Morgan

et al., 2010).

relapse, creating a complex and heterogeneous target prone to conventional and targeted

20

CAR T cells.

mRNA expression and protein abundance (Haider and Pal, 2013). So far the search for

CAR targets relied mostly on the measurement of transcriptomic profiles through

25

proteomic studies with Mass-Spectometry and refined techniques in isolation of plasma

and the integration of the two approaches is ideal.

Four CAR targets to AML have been reported in the literature. The first, Lewis

30 (Le)-Y, a difucosylated carbohydrate antigen, was targeted in a phase I study of four

patients with relapsed AML. Infusion of second generation CD28-based CARs resulted

in stable/transient remission of three patients, who ultimately progressed, despite T cell

persistence (Ritchie et al., 2013). Regarding the second, CD123, the high-affinity

interleukin-3 receptor -chain; a partial remission was induced in a patient with FLT3-

35 ITD AML treated with a third generation CD123-CD28/CD137/CD27/CD3z/iCaps9

CAR (Yi Luo, 2015). Preclinical studies resulted in significant myeloablation (Gill et
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5

10

However, none of these meet the criteria of an ideal CAR target. Accordingly,

15

toxicity and immunogenicity.

The presently disclosed subject matter provides immunoresponsive cells (e.g., T

cells, Tumor Infiltrating Lymphocytes, Natural Killer (NK) cells, cytotoxic T

antigen recognizing receptor (e.g., CAR or TCR) that binds to an antigen, which is an

cell or NK cell, can be engineered to express a combination of two or more CAR, TCR,

activation and stimulation of the immunoresponsive T cell or NK cell. In certain non-

limiting embodiments, an immunoresponsive T cell can be engineered to express a

embodiments, the one or more antigen is selected from the group consisting of EMR2,

CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4,

MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R,

TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB,

CD96, LILRB3, LILRA6, LILRA2, and SLC19A1. In certain embodiments, the one or

4
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5 more antigen is selected from the group consisting of LTB4R, EMR2, CD33, MYADM,

PIEZO1, SIRPB1, SLC9A1, KCNN4, ENG, ITGA5, and CD70. In certain

embodiments, the one or more antigen is selected from the group consisting of LTB4R,

EMR2, MYADM and PIEZO1. In certain embodiments, the one or more antigen is

selected from the group consisting of CD82, TNFRSF1B, EMR2, ITGB5, CCR1, CD96,

10 PTPRJ, CD70 and LILRB2. In certain embodiments, the one or more antigen is selected

from the group consisting of TNFRSF1B, EMR2, CCR1, CD96, CD70 and LILRB2. In

certain embodiments, the one or more antigen is selected from the group consisting of

the one or more antigen is EMR2.

15 The presently disclosed subject matter further provides an immunoresponsive cell

that comprises (i) an antigen recognizing receptor (e.g. CAR or TCR) that binds to a

capable of activating the immunoresponsive cell; and (ii) a CCR that binds to a second

antigen, wherein binding of the CCR to the second antigen is capable of stimulating the

20

CD300LF, CPM, ITFG3, TTYH3, ITGA4, SLC9A1, MBOAT7, CD38, SLC6A6, ENG,

TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5,

25 PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A,

the first antigen and the second antigen are different. In certain embodiments, the first

30 LTB4R and PIEZO1, LTB4R and SIRPB1, LTB4R and SLC9A1, LTB4R and ITGA5,

LTB4R and CD70, LTB4R and KCNN4. EMR2 and CD33, EMR2 and ENG, EMR2 and

CD33 and PIEZO1, CD33 and SIRPB1, CD33 and SLC9A1, CD33 and ITGA5, CD33

35

SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG and CD70, ENG and KCNN4,

5
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5

and SLC9A1, SIRPB1 and ITGA5, SIRPB1 and CD70, SIRPB1 and KCNN4, SLC9A1

10

and CLEC12A, CD70 and CD33, LILRB2 and CLEC12A, LTB4R1 and CD70, CD70

15

The presently disclosed subject matter further provides an immunoresponsive cell

20 to a second antigen, wherein the combination of both receptors binding to their targets

produces a therapeutic effect. In certain non-limiting embodiments, binding to only one

recognizing receptor can both be CARs; alternatively, the first antigen recognizing

25 antigen recognizing receptor can be a TCR and the second antigen recognizing receptor

can be a CAR, or both antigen recognizing receptors can be TCRs. Optionally, said

may be a CAR, TCR, or CCR that recognizes a third antigen. In non-limiting

embodiments, the first, second, and optional third antigen are different. In non-limiting

30

ITFG3, TTYH3, ITGA4, SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1,

ITGA5, SLC43A3, MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4,

LILRB4, LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ,

35 SLC30A1, EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2,

P2RY13, LILRB2, EMB, CD96, LILRB3, LILRA6, LILRA2, and SLC19A1, and the

first antigen and the second antigen are different. In certain embodiments, the first

antigen and the second antigen are a combination selected from the group consisting of

6
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5 LTB4R and EMR2, LTB4R and CD33, LTB4R and ENG, LTB4R and MYADM,

LTB4R and CD70, LTB4R and KCNN4. EMR2 and CD33, EMR2 and ENG, EMR2 and

MYADM, EMR2 and PIEZO1, EMR2 and SIRPB1, EMR2 and SLC9A1, EMR2 and

ITGA5, EMR2 and CD70, EMR2 and KCNN4, CD33 and ENG, CD33 and MYADM,

10 CD33 and PIEZO1, CD33 and SIRPB1, CD33 and SLC9A1, CD33 and ITGA5, CD33

and CD70, CD33 and KCNN4, ENG and MYADM, ENG and PIEZO1, ENG and

SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG and CD70, ENG and KCNN4,

MYADM and PIEZO1, MYADM and SIRPB1, MYADM and SLC9A1, MYADM and

ITGA5, MYADM and CD70, MYADM and KCNN4, PIEZO1 and SIRPB1, PIEZO1

15 and SLC9A1, PIEZO1 and ITGA5, PIEZO1 and CD70, PIEZO1 and KCNN4, SIRPB1

and SLC9A1, SIRPB1 and ITGA5, SIRPB1 and CD70, SIRPB1 and KCNN4, SLC9A1

KCNN4, CD70 and KCNN4, EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33,

LILRB2 and CLEC12A, EMR2 and CLEC12A, EMR2 and CD96, CCR1 and CD33,

20

antigen are a combination selected from the group consisting of EMR2 and CD33, CCR1

and EMR2, and LTB4R1 and EMR2 In certain non-limiting embodiments, the first

25

aforementioned target antigens.

30 antigen as compared to against cells that are singly positive for the first antigen.

In certain embodiments, the antigen recognizing receptor binds to the first

In certain embodiments, the antigen recognizing receptor binds to the first antigen with a

35 Kd of 5 X 10 M or more. In certain embodiments, the antigen recognizing receptor

binds to the first antigen with a Kd of 1 X 10 M or more. In certain embodiments, the

7
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5 first antigen with a binding affinity that is lower compared to the binding affinity with

which the second antigen recognizing receptor or CCR that binds to the second antigen.

10 In certain embodiments, the CCR is recombinantly expressed. In certain

embodiments, the CCR is expressed from a vector, or a selected locus from the genome

of the immunoresponsive cell. In certain embodiments, the antigen recognizing receptor

is a CAR. In certain embodiments, the CAR has a dissociation constant (Kd) of about 1 X

15 M to about 1 x 10 M.

and/or preventing a myeloid disorder in a subject comprising administering an effective

disorder include myelodysplastic syndromes, myeloproliferative neoplasms, chronic

20 myelomonocytic leukemia, and acute myeloid leukemia (AML), acute myeloblastic

leukemia, acute promyelocytic leukemia, acute myelomonocytic leukemia, chronic

disorder is AML. In certain embodiments, the method reduces or eradicates tumor

25 The presently disclosed subject matter also provides methods of reducing tumor

burden in a subject comprising administering an effective amount of presently disclosed

tumor cells (e.g. leukemic cells). In certain embodiments, the method prolongs survival

of the subject.

30

introducing into the immunoresponsive cell a nucleic acid sequence encoding an antigen

recognizing receptor that binds to an antigen, wherein the antigen is selected from the

35

LILRB4, LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ,

SLC30A1, EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2,

8
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5

LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1, KCNN4, ENG, ITGA5,

and CD70. In certain embodiments, the antigen is selected from the group consisting of

LTB4R, EMR2, MYADM and PIEZO1.

10

antigen is capable of activating the immunoresponsive cell, and (b) a second nucleic acid

15

the second antigen is capable of stimulating the immunoresponsive cell, wherein each of

CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4,

20

TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB,

antigen are different. In certain embodiments, the first antigen and the second antigen

25

SIRPB1, LTB4R and SLC9A1, LTB4R and ITGA5, LTB4R and CD70, LTB4R and

30 and KCNN4, CD33 and ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and

SIRPB1, CD33 and SLC9A1, CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4,

SIRPB1, MYADM and SLC9A1, MYADM and ITGA5, MYADM and CD70, MYADM

35 and KCNN4, PIEZO1 and SIRPB1, PIEZO1 and SLC9A1, PIEZO1 and ITGA5,

PIEZO1 and CD70, PIEZO1 and KCNN4, SIRPB1 and SLC9A1, SIRPB1 and ITGA5,

SIRPB1 and CD70, SIRPB1 and KCNN4, SLC9A1 and ITGA5, SLC9A1 and CD70,

SLC9A1 and KCNN4, ITGA5 and CD70, ITGA5 and KCNN4, CD70 and KCNN4,

9
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5 EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33, LILRB2 and CLEC12A,

EMR2 and CLEC12A, EMR2 and CD96, CCR1 and CD33, CCR1 and CD96, CD70 and

CLEC12A, CD70 and CD96, LILRB2 and CD33, LILRB2 and CD96, and EMR2 and

EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33, LILRB2 and CLEC12A,

10 LTB4R1 and CD70, CD70 and EMR2, and LTB4R1 and EMR2.

In certain non-limiting embodiments, the presently disclosed subject matter

provides a nucleic acid encoding an antigen recognizing receptor that binds to an

antigen. In certain embodiments, the antigen is selected from the group consisting of

15 SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3,

CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10,

TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB,

CD96, LILRB3, LILRA6, LILRA2, and SLC19A1 and SLC19A1. The presently

20 disclosed subject matter further provides a vector comprising such nucleic acid In

certain non-limiting embodiments, the antigen recognizing receptor is a CAR. In certain

embodiments, the vector is a retroviral vector.

The presently disclosed subject matter further provides pharmaceutical

25 immunoresponsive cells and a pharmaceutically acceptable excipient. In certain

embodiments, the pharmaceutical composition is for treat or preventing a myeloid

Furthemore, the presently disclosed subject matter provides kits for treating or

preventing a myeloid disorder (e.g., AML), comprising one or more presently disclosed

30

preventing a myeloid disorder in a subject. The nucleic acid may encode more than one

antigen recognizing receptor, each may be operably linked to a promoter which may be

the same or different promoters. In certain embodiments, the kit further comprises

35

preventing a myeloid disorder in a subject.

10

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

E
M
R
2
 
a
n
d
 
C
L
E
C
1
2
A
,
 
E
M
R
2
 
a
n
d
 
C
D
9
6
,
 
C
C
R
1
 
a
n
d
 
C
D
3
3
,
 
C
C
R
1
 
a
n
d
 
C
D
9
6
,
 
C
D
7
0
 
a
n
d

2
0
2
6
2
0
2
1
0
7
 
1
8
 
M
a
r
 
2
0
2
6

C
D
7
0
,
 
G
Y
P
A
,
 
F
C
G
R
1
A
,
 
C
D
1
2
3
,
 
C
L
E
C
1
2
A
,
 
I
T
G
B
5
,
 
P
T
P
R
J
,
 
S
L
C
3
0
A
1
,
 
E
M
C
1
0
,

T
N
F
R
S
F
1
B
,
 
C
D
8
2
,
 
I
T
G
A
X
,
 
C
R
1
,
 
D
A
G
L
B
,
 
S
E
M
A
4
A
,
 
T
L
R
2
,
 
P
2
R
Y
1
3
,
 
L
I
L
R
B
2
,
 
E
M
B
,

1
0



5

antigen is capable of activating the immunoreponsive cell, and wherein the antigen is

FKBP1B, KCNJ5, CAPN3, TNFRSF14, SPAG17, MMP25, NGFR, CLEC1A, OTOA,

10

PEAR1, ASPRV1, LOXL4, TRIM55, KIF19, LPAR2, CNIH2, FLRT1, RNF183,

15 RDH16, CADM3, C3orf35, GDPD3, TMPRSS5, SEC31B, AGER, ADAMTS13,

IL20RB, WNT4, LRRC37A3, SCNN1D, TMEM89, EXOC3L4, ATP6V0A4, CHST3,

NPAS2, IGFBP3, ADRA1D, RNF173, CEACAM6, MANSC1, ELOVL6, LEPR, SUN3,

HOOK1, CCDC155, TMEM27, GABRB2, EPHA4, CDH13, AQP2, KCNK13, KIF26B,

HTR2A, SLC44A3, ILDR1, CYP4F11, SLC8A3, GPR153, SLCO2B1, SCIN, SCN2A,

20

immunoresponsive cell comprising: (a) an antigen recognizing receptor that binds to a

25

receptor (CCR) that binds to a second antigen, wherein binding of the CCR to the secod

30 GNAZ, SLC6A16, PPP2R5B, TEX29, FKBP1B, KCNJ5, CAPN3, TNFRSF14,

SPAG17, MMP25, NGFR, CLEC1A, OTOA, LRRN2, RHBDL3, HEPHL1, TSPEAR,

35 KCNV2, SCN11A, ABCG2, ANO9, GAS2, ASIC3, B3GNT4, TMEM59L, SLC25A36,

LPAR2, CNIH2, FLRT1, RNF183, RDH16, CADM3, C3orf35, GDPD3, TMPRSS5,

SEC31B, AGER, ADAMTS13, IL20RB, WNT4, LRRC37A3, SCNN1D, TMEM89,
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5 EXOC3L4, ATP6V0A4, CHST3, NPAS2, IGFBP3, ADRA1D, RNF173, CEACAM6,

CDH13, AQP2, KCNK13, KIF26B, HTR2A, SLC44A3, ILDR1, CYP4F11, SLC8A3,

PDE3A, MFAP3L, SLC34A3, TACSTD2, ITGB8, LAX1, SLC45A3, SYNC, PLXNA4,

10 ADORA3, SIGLEC11, RYR2, LRRC8E, DGKI, COLEC12, and CX3CR1, and the first

antigen and the second antigen are different.

In various embodiments of any of the aspects delineated herein, the antigen

recognizing receptor is a T cell receptor (TCR) or chimeric antigen receptor (CAR). In

various embodiments of any of the aspects delineated herein, the antigen recognizing

15 receptor is exogenous or endogenous. In various embodiments of any of the aspects

20 signaling domain is the CD3¢-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154,

CD8, OX40, 4-1BB, CD28 signaling domain, a portion thereof, or combinations thereof.

In certain non-limiting embodiments, the antigen recognizing receptor is a CAR

comprising at least a portion of CD28, 4-1BB, and/or CD3-chain, together with an

receptor is a CAR described in Kohn et al., 2011, Molecular Ther. 19(3):432-438,

optionally where the antigen binding portion is substituted with amino acid sequence that

a recombinant or an endogenous antigen receptor that is 1928z or 4H1128z.

In an additional aspect, the invention provides a method for treating or preventing

IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, SLC9A1,

MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM,

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA,

ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3,
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5 the group consisting of LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1,

KCNN4, ENG, ITGA5, and CD70. In certain embodiments, the antigen is selected from

BRIEF DESCRIPTION OF THE FIGURES

with the accompanying drawings.

1B depicts the algorithm to identify suitable CAR targets in AML. Figure 1C depicts the

candidates from step #4 of Figure 1B. Figure 1E depicts the combinatorial targeting

strategy with immunoresponsive cells expressing both a suboptimal CAR and a chimeric

co-stimulatory receptor (CCR) recognizing a second antigen.

Figures 2A-2E depict the results of antigen expression analyses in normal and

IL10RB, PLXNC1, CD300LF, MBOAT7, MRP1, SLC43A3, and SLC44A1, which have

25

HSCs. Figure 2E is a summary of Figures 2A-2D.

30 depicts the flow cytometry results verifying expression of LTB4R1 and EMR2 in normal

and malignant cells.

35 assay.

expressing indicated mutant genes and wildtype controls.
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5

right the data sources related to normal cells. Orange boxes represent the information

derived from either previous studies (346) or in-house surface proteomics studies (4,862)

10 information regarding subcellular localization. Green boxes represent three distinct

published repositories of protein expression levels in several normal tissues and the

normal (right side) or AML cells (left side). The blue box represents the expression data

obtained by flow- cytometry in multiple distinct subsets of hematopoietic cells. The

15

Figures 7A-7B depicts an algorithm to identify candidates for CAR therapy. A)

20

Fig. 6. Indicated to the right of each box, the number of molecules resulting from each

analytical step. B) Heatmap showing the expression profile of 24 selected candidates in a

large panel of normal tissues as well as previously identified CAR targets in AML and

CD19. *Only PDB distinguishes between CD44 and CD44v6, shown is an aggregate of

25

both CD33 and CLEC12A would be included amongst the top 24 CAR candidate targets

(as illustrated in Fig. 14). Figures 8A-8E depict the flow-cytometric analysis in primary

candidate antigens in AML bulk population with respect to 3 CAR targets (CD123,

30 CD33 and CLEC12A) in current clinical investigations by flow-cytometry B) Percentage

bone marrow CD34+CD38-CD45RA-CD90+ HSCs and CD34+CD38+ progenitor cells

by flow-cytometry. D) Percentage of cells expressing candidate antigens in normal

35 CD3+ T cells at two time points (freshly purified and upon activation) by flow-cytometry

HSCs and T cells. corresponds to P value <0.0001 by Student's t-test.
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5 Figures 9A-9F depict the principles of pairwise analysis. A) An ideal pair should

not present overlapping expression in normal tissues. In the CAR/CAR approach, some

dual-antigen positive tumor cells, thus relaxing the expression criteria for at least one of

10

resting and activated (r/a) T cells. D) Each antigen in a pair may be differentially

15 may pair an antigen expressed on most cells but not on LSCs. F) Co-targeting may

a later time (t1).

Figures 10A-10D depict the combinatorial pairs of targets. A) 4 combinatorial

pairs, defined by evaluating the expression of tissue sites together. Criteria for vital

20 tissues require at least one antigen in the pair to possess no detectable expression in any

25 are represented as mean ± standard deviation. D) Expression levels of the pairs in AML

depicting the principle of surface-specific proteomic analyses performed in a panel of

30

Figures 12A-12B depict the calculation of distribution metrics in PDB and HPM

datasets. A) PDB, the log10 expression density, plotted with normal curve overlay.

35

and below peak max.

toxicity in normal tissues. Expression profile of ERBB2, targeted in breast cancer and
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5

targeted in colon cancer and related to hemorrhagic colitis. High expression was found in

the normal colon (arrow) as well as stomach and esophagus. Adoptively transferred T

10 Figure 14 depicts the expression profile of CAR targets in normal tissues.

Heatmap showing the expression profile of selected candidates with no high (3)

Figures 15 depicts the scatter plots of the expressions of AML targets in patient.

First row shows 2 scatter plots of ADGRE2+CD33 pair from 2 patients. Second row

15

plots of CCR1+CLEC12A pair from 2 patients and fourth row shows 2 scatter plots of

20

DETAILED DESCRIPTION OF THE INVENTION
The presently disclosed subject matter provides cells, including genetically

modified immunoresponsive cells (e.g., T cells, Natural Killer (NK) cells, cytotoxic

T lymphocytes (CTL) cells and regulatory T cells) comprising one or more antigen

optionally further comprise a co-stimulatory receptor (CCR), and methods of using such

cells for treating and/or preventing myeloid disorders and other pathologies where an

antigen-specific immune response is desired. The presently disclosed subject matter is

based, at least in part, on the discovery of antigens specific to AML cells.

Malignant cells have developed a series of mechanisms to protect themselves

from immune recognition and elimination. The present approach provides

represents a significant advance over conventional adoptive T cell therapy. In certain

non-limiting embodiments, it provides an option of foregoing some or all ancillary

treatments such as prior conditioning of the host with total body irradiation, high-dose
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5 Definitions

Unless defined otherwise, all technical and scientific terms used herein have the

of the terms used in this invention: Singleton et al., Dictionary of Microbiology and

10

(eds.), Springer Verlag (1991); and Hale & Marham, The Harper Collins Dictionary of

15 As used herein, the term "about" or "approximately" means within an acceptable

which will depend in part on how the value is measured or determined, i.e., the

limitations of the measurement system. For example, "about" can mean within 3 or

more than 3 standard deviations, per the practice in the art. Alternatively, "about" can

20 mean a range of up to 20%, preferably up to 10%, more preferably up to 5%, and more

preferably still up to 1% of a given value. Alternatively, particularly with respect to

25

immune response. For example, when CD3 Chains cluster in response to ligand binding

30

phosphorylation in turn initiates a T cell activation pathway ultimately activating

35
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5

immune cell (e.g., T-cell) activation or concomitantly mediated through receptors

including, but not limited to, CD28, CD137 (4-IBB), OX40, CD40 and ICOS. Without

10 mount a robust and long-term T cell mediated immune response. Without receiving

these stimulatory signals, T cells quickly become inhibited and unresponsive to antigen.

they generally result in increasing gene expression in order to generate long lived,

proliferative, and anti-apoptotic T cells that robustly respond to antigen for complete and

15 sustained eradication.

The term "antigen recognizing receptor" as used herein refers to a receptor that is

20

but also fragments of antibody molecules that retain immunogen-binding ability. Such

fragments are also well known in the art and are regularly employed both in vitro and

in vivo. Accordingly, as used herein, the term "antibody" means not only intact

25 immunoglobulin molecules but also the well-known active fragments F(ab'), and Fab.

rapidly from the circulation, and may have less non-specific tissue binding of an intact

antibody (Wahl et al., J. Nucl. Med. 24:316-325 (1983). The antibodies of the invention

comprise whole native antibodies, bispecific antibodies; chimeric antibodies; Fab, Fab',

30 single chain V region fragments (scFv), fusion polypeptides, and unconventional

antibodies.

As used herein, the term "single-chain variable fragment" or "scFv" is a fusion

immunoglobulin covalently linked to form a VH::VL heterodimer. The heavy (VH) and

35 light chains (VL) are either joined directly or joined by a peptide-encoding linker (e.g.,

10, 15, 20, 25 amino acids), which connects theN-terminus of the VH with the Cterminus

of the VL, or the C-terminus of the VH with theN-terminus of the VL. The linker is

usually rich in glycine for flexibility, as well as serine or threonine for solubility. Despite
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5 removal of the constant regions and the introduction of a linker, scFv proteins retain the

specificity of the original immunoglobulin. Single chain Fv polypeptide antibodies can

Patent Nos. 5,091,513, 5,132,405 and 4,956,778; and U.S. Patent Publication Nos.

10

Cachexia Sarcopenia Muscle 2012 August 12; Shieh et al., J Imunol2009 183(4):2277-

15

Biotech 1997 15(8):768-71; Ledbetter et al., Crit Rev Immunol 17(5-6):427-55; Ho

et al., BioChim Biophys Acta 2003 1638(3):257-66).

As used herein, the term "affinity" refers to a measure of binding strength.

20 Without being bound to theory, affinity depends on the closeness of stereochemical fit

between antibody combining sites and antigen determinants, on the size of the area of

25

experiments to calculate affinity. Antibody activity in functional assays (e.g., flow

30

comprises a transmembrane domain. In certain embodiments, the CAR's antigen-

35
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CD137) and activation (CD3(). "Third-generation" CARs include those that provide

multiple co-stimulation (e.g. CD28 and CD137) and activation (CD3(). In various

The term "chimeric co-stimulating receptor" or "CCR" refers to a chimeric

receptor that binds to an antigen and provides co-stimulatory signals, but does not

(1998);188(4):619-626, and US20020018783, the contents of which are incorporated by

reference in their entireties. CCRs mimic co-stimulatory signals, but unlike, CARs, do

not provide a T-cell activation signal, e.g., CCRs lack a CD3 polypeptide.

The term "immunosuppressive activity" is meant induction of signal transduction

neoplastic cells. In various embodiments, inhibiting, blocking, or antagonizing the

interaction of immunosuppressive polypeptides and/or their ligands enhances the

immune response of the immunoresponsive cell.

The term "immunostimulatory activity" is meant induction of signal transduction

resulting in an increase in an immune response. Immunostimulatory activity may include

pro-inflammatory activity. Polypeptides known to stimulate or increase an immune

response via their binding include CD28, OX-40, 4-1BB, and their corresponding

ligands, including B7-1, B7-2, OX-40L, and 4-1BBL. Such polypeptides are present in

the tumor microenvironment and activate immune responses to neoplastic cells. In

various embodiments, promoting, stimulating, or agonizing pro-inflammatory

immunoreponsive cell.

By "OX40L polypeptide" is meant a polypeptide having at least about 85%,

about 90 about, about 95%, about 96%, about 97%, about 98%, about 99% or about

100% homologous to NCBI Reference No: BAB18304 or NP_003317 (SEQ ID NO: 4)
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5 or fragments thereof, and/or may optionally comprise up to one or up to two or up to

three conservative amino acid substitutions.. SEQ ID NO: 4 is provided below

1 MERVQPLEEN VGNAARPRFE RNKLLLVASV IQGLGLLLCF TYICLHFSAL QVSHRYPRIQ

61 SIKVQFTEYK KEKGFILTSQ KEDEIMKVQN NSVIINCDGF YLISLKGYFS QEVNISLHYQ

10 181 CVL [SEQ ID NO: 4]

Nucleic acid molecules useful in the methods of the invention include any nucleic

15

typically capable of hybridizing with at least one strand of a double-stranded nucleic acid

molecule. By "hybridize" is meant pair to form a double-stranded molecule between

20 complementary polynucleotide sequences (e.g., a gene described herein), or portions

thereof, under various conditions of stringency. (See, e.g., Wahl, G. M. and S. L. Berger

(1987) Methods Enzymol. 152:399; Kimmel, A. R. (1987) Methods Enzymol. 152:507).

25

solvent, e.g., formamide, while high stringency hybridization can be obtained in the

30

stringency are accomplished by combining these various conditions as needed. In a

35
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5

stringency. Wash stringency conditions can be defined by salt concentration and by

10

concentration or by increasing temperature. For example, stringent salt concentration for

the wash steps will preferably be less than about 30 mM NaCl and 3 mM trisodium

citrate, and most preferably less than about 15 mM NaCl and 1.5 mM trisodium citrate.

Stringent temperature conditions for the wash steps will ordinarily include a temperature

15 of at least about 25° C, more preferably of at least about 42° C, and even more preferably

of at least about 68° C. In a preferred embodiment, wash steps will occur at 25° C in 30

mM NaCl, 3 mM trisodium citrate, and 0.1% SDS. In certain embodiments, wash steps

will occur at 42° C. in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS. In a more

preferred embodiment, wash steps will occur at 68° C in 15 mM NaCl, 1.5 mM

trisodium citrate, and 0.1% SDS. Additional variations on these conditions will be

readily apparent to those skilled in the art. Hybridization techniques are well known to

those skilled in the art and are described, for example, in Benton and Davis (Science

196:180, 1977); Grunstein and Rogness (Proc. Natl. Acad. Sci., USA 72:3961, 1975);

Ausubel et al. (Current Protocols in Molecular Biology, Wiley Interscience, New York,

25 2001); Berger and Kimmel (Guide to Molecular Cloning Techniques, 1987, Academic

Press, New York); and Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold

Spring Harbor Laboratory Press, New York.

By "substantially identical" or "substantially homologous" is meant a polypeptide

or nucleic acid molecule exhibiting at least about 50% homolougs or identical to a

30 reference amino acid sequence (for example, any one of the amino acid sequences

described herein) or nucleic acid sequence (for example, any one of the nucleic acid

sequences described herein). Preferably, such a sequence is at least about 60%,

about80%,about 85%, about 90%, about 95%,about 99%, or about 100% homolgous or

identical at the amino acid level or nucleic acid to the sequence used for comparison.

35 Sequence identity is typically measured using sequence analysis software (for

example, Sequence Analysis Software Package of the Genetics Computer Group,

University of Wisconsin Biotechnology Center, 1710 University Avenue, Madison, Wis.

53705, BLAST, BESTFIT, GAP, or PILEUP/PRETTYBOX programs). Such software
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5 matches identical or similar sequences by assigning degrees of homology to various

substitutions, deletions, and/or other modifications. Conservative substitutions typically

include substitutions within the following groups: glycine, alanine; valine, isoleucine,

leucine; aspartic acid, glutamic acid, asparagine, glutamine; serine, threonine; lysine,

10 degree of identity, a BLAST program may be used, with a probability score between e-3

15

20

25

30

35
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5

present in a cell or sample obtained from a cell. This nucleic acid may be from another

10

in a cell or sample.

By "immunoresponsive cell" is meant a cell that functions in an immune

response or a progenitor, or progeny thereof.

By "increase" is meant to alter positively by at least 5%. An alteration may be by

15 about 5%, about 10%, about 25%, about 30%, about 50%, about 75%, about 100% or

more.

By "isolated cell" is meant a cell that is separated from the molecular and/or

cellular components that naturally accompany the cell.

The terms "isolated," "purified," or "biologically pure" refer to material that is

20 free to varying degrees from components which normally accompany it as found in its

native state. "Isolate" denotes a degree of separation from original source or

surroundings. "Purify" denotes a degree of separation that is higher than isolation. A

"purified" or "biologically pure" protein is sufficiently free of other materials such that

any impurities do not materially affect the biological properties of the protein or cause

25 other adverse consequences. That is, a nucleic acid or peptide of this invention is purified

if it is substantially free of cellular material, viral material, or culture medium when

produced by recombinant DNA techniques, or chemical precursors or other chemicals

when chemically synthesized. Purity and homogeneity are typically determined using

analytical chemistry techniques, for example, polyacrylamide gel electrophoresis or high

30 performance liquid chromatography. The term "purified" can denote that a nucleic acid

or protein gives rise to essentially one band in an electrophoretic gel. For a protein that

can be subjected to modifications, for example, phosphorylation or glycosylation,

different modifications may give rise to different isolated proteins, which can be

separately purified.

35 The term "obtaining" as in "obtaining the agent" is intended to include

purchasing, synthesizing or otherwise acquiring the agent (or indicated substance or

material).
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5 "Linker", as used herein, shall mean a functional group (e.g., chemical or

polypeptide) that covalently attaches two or more polypeptides or nucleic acids so that

they are connected to one another. As used herein, a "peptide linker" refers to one or

more amino acids used to couple two proteins together (e.g., to couple VH and VL

10 GGGGSGGGGSGGGGS [SEQ ID NO: 5].

15

about 100%.
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5

symptoms, diminishment of any direct or indirect pathological consequences of the

10 disease, reducing or preventing metastases, decreasing the rate of disease progression,

amelioration or palliation of the disease state, and remission or improved prognosis. By

preventing progression of a disease or disorder, a treatment can reduce or prevent

deterioration due to a disorder in an affected or diagnosed subject or a subject suspected

of having the disorder, but also a treatment may prevent the onset of the disorder or a

15 symptom of the disorder in a subject at risk for the disorder or suspected of having the

disorder.

The term "subject" as used herein refers to a vertebrate, preferably a mammal,

more preferably a human. Non-human subjects include non-human primates, dogs, cats,

horses, rodents, etc..

20 The term "immunocompromised" as used herein refers to a subject who has an

immunodeficiency. The subject is very vulnerable to opportunistic infections, infections

caused by organisms that usually do not cause disease in a person with a healthy immune

system, but can affect people with a poorly functioning or suppressed immune system.

Other aspects of the invention are described in the following disclosure and are

25 within the ambit of the invention.

Antibodies

The present disclosure provides antibodies or antigen-binding portions thereof

that bind to a myeloid/AML antigen.

Antibodies for use in the presently disclosed subject matter include any antibody,

30 whether natural or synthetic, full length or a fragment thereof, monoclonal or polyclonal,

that binds sufficiently strongly and specifically to a myeloid/AML antigen. An antibody

can have a Kd of at most about about 10M, about 10M, about 10M, about 10M,

about 10¹M, about 10¹¹M and about 10¹²M.

Antibodies and derivatives thereof that can be used encompasses polyclonal or

35 monoclonal antibodies, chimeric, human, humanized, primatized (CDR-grafted),

veneered or single-chain antibodies, phase produced antibodies (e.g., from phage display

libraries), as well as functional binding fragments, of antibodies. For example, antibody

fragments capable of binding to a myeloid/AML antigen, or portions thereof, including,
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5 but not limited to Fv, Fab, Fab' and F(ab') fragments can be used. Such fragments can

be produced by enzymatic cleavage or by recombinant techniques. For example, and not

by way of limitation, papain or pepsin cleavage can generate Fab or F(ab') fragments,

respectively. Other proteases with the requisite substrate specificity can also be used to

10
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5

TA504592 (Origene); MBOAT7 NBP1-69610 (Novus); CD235a-APC (GYPA) cat.

10 551336 (BD Pharmigen); and PLXNC1 cat. AF3887-SP (R&D Systems).

The CDRs of the commercially available antibodies are readily accessible by one

skilled in the art using conventional sequencing technology. Further, one skilled in the

art is able to construct nucleic acids encoding scFvs and antigen recognizing receptors

(e.g., CARs and TCRs) based on the CDRs of those antibodies.

15 T-cell receptor (TCR)

The present disclosure provides antigen binding receptors that bind to a

myeloid/AML antigen. In certain embodiments, the antigen recognizing receptor is a

TCR. A TCR is a disulfide-linked heterodimeric protein consisting of two variable

chains expressed as part of a complex with the invariant CD3 chain molecules. A TCR

20 is found on the surface of T cells, and is responsible for recognizing antigens as peptides

bound to major histocompatibility complex (MHC) molecules. In certain embodiments,

a TCR comprises an alpha chain and a beta chain (encoded by TRA and TRB,

respectively). In certain embodiments, a TCR comprises a gamma chain and a delta

chain (encoded by TRG and TRD, respectively).

25 Each chain of a TCR is composed of two extracellular domains: Variable (V)

region and a Constant (C) region. The Constant region is proximal to the cell membrane,

followed by a transmembrane region and a short cytoplasmic tail. The Variable region

binds to the peptide/MHC complex. The variable domain of both chains each has three

complementarity determining regions (CDRs).

30 In certain embodiments, a TCR can form a receptor complex with three dimeric

signaling modules CD3/, CD3/ and CD247 5/5 or Gn. When a TCR complex

engages with its antigen and MHC (peptide/MHC), the T cell expressing the TCR

complex is activated.

In certain embodiments, the presently disclosed subject matter provides a

35 recombinant TCR. In certain embodiments, the TCR is a non-naturally occurring TCR.

In certain embodiments, the TCR differs from any naturally occurring TCR by at least

one amino acid residue. In certain embodiments, the TCR differs from any naturally

occurring TCR by at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 40, 50,

28
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5 60, 70, 80, 90, 100 or more amino acid residues. In certain embodiments, the TCR is

modified from a naturally occurring TCR by at least one amino acid residue. In certain

embodiments, the TCR is modified from a naturally occurring TCR by at least 2, 3, 4, 5,

6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100 or more amino

acid residues.

10

15

vectors.

20

25

30

efficacy of "Second Generation" CAR modified T cells was demonstrated in clinical

35

29

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

1
8
 
M
a
r
 
2
0
2
6

2
0
2
6
2
0
2
1
0
7

v
e
c
t
o
r
s
.

2
9



5

10 In certain non-limiting embodiments, the Kd is from about 1.5 X 10 M to about 3 X 10

M. In certain non-limiting embodiments, the Kd is from about 1.5 x 10 M to about 2.7 x

10 M.

Binding of the extracellular antigen-binding domain (for example, in an scFv or

an analog thereof) of a presently disclosed AML-targeted CAR can be confirmed by, for

15 example, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA),

assays generally detect the presence of protein-antibody complexes of particular interest

by employing a labeled reagent (e.g., an antibody, or a scFv) specific for the complex of

interest. For example, the scFv can be radioactively labeled and used in a

20 radioimmunoassay (RIA) (see, for example, Weintraub, B., Principles of

Radioimmunoassays, Seventh Training Course on Radioligand Assay Techniques, The

Endocrine Society, March, 1986, which is incorporated by reference herein). The

radioactive isotope can be detected by such means as the use of a  counter or a

scintillation counter or by autoradiography. In certain embodiments, the extracellular

25 antigen-binding domain of the AML antigen-targeted CAR is labeled with a fluorescent

marker. Non-limiting examples of fluorescent markers include green fluorescent protein

(GFP), blue fluorescent protein (e.g., EBFP, EBFP2, Azurite, and mKalama1), cyan

fluorescent protein (e.g., ECFP, Cerulean, and CyPet), and yellow fluorescent protein

(e.g., YFP, Citrine, Venus, and YPet). In one embodiment, the scFv of a presently

30 disclosed AML antigen-targeted CAR is labeled with GFP.

extracellular antigen-binding domain, a transmembrane domain and an intracellular

signaling domain, wherein the extracellular antigen-binding domain specifically binds to

an AML antigen. In certain embodiments, the extracellular antigen-binding domain is an

35 scFv. In certain embodiments, the extracellular antigen-binding domain is a Fab, which

is optionally crosslinked. In a certain embodiments, the extracellular binding domain is a

F(ab). In certain embodiments, any of the foregoing molecules may be comprised in a

fusion protein with a heterologous sequence to form the extracellular antigen-binding
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5 domain. In certain embodiments, the scFv is identified by screening scFv phage library

with an AML antigen-Fc fusion protein.

Extracellular Antigen-Binding Domain of A CAR

In certain embodiments, the extracellular antigen-binding domain specifically

binds to an AML antigen. In certain embodiments, the AML antigen is a human

10

scFv is a humanized scFv.

15

Different transmembrane domains result in different receptor stability. After antigen

20

25

30

substitutions. In certain embodiments, the CD8 polypeptide can have an amino acid

35
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5 MALPVTALLLPIALLLHAARPSQFRVSPLDRTWNLGETVELKCQVLLSNPTSGCSWLFQPRGAAE

SPTFLLYLSQNKPKAAEGLDTQRFSGKRLGDTFVLTLSDFRRENEGYYFCSALSNSIMYFSHFV

VFLPAKPTTTPAPRPPTPAPTIASOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGV

10

99% or about 100% homologous to the sequence having a NCBI Reference No:

AAA92533.1 (SEQ ID NO: 10) (homology herein may be determined using standard

may optionally comprise up to one or up to two or up to three conservative amino acid

15 substitutions. In certain embodiments, the CD8 polypeptide can have an amino acid

sequence that is a consecutive portion of SEQ ID NO: 10 which is at least about 20, or at

about 70, or at least about 100, or at least about 200, and up to 247 amino acids in length.

Alternatively or additionally, in non-limiting various embodiments, the CD8 polypeptide

20 comprises or has an amino acid sequence of amino acids 1 to 247, 1 to 50, 50 to 100, 100

to 150, 150 to 200, 151 to 219, or 200 to 247 of SEQ ID NO: 10. In certain

embodiments, the CAR of the presently disclosed comprises a transmembrane domain

comprising a CD8 polypeptide that comprises an amino acid sequence of amino acids

151 to 219 of SEQ ID NO: 10.

25 1 MASPLTRFLS LNLLLMGESI ILGSGEAKPQ APELRIFPKK MDAELGQKVD LVCEVLGSVS

61 QGCSWLFQNS SSKLPQPTFV VYMASSHNKI TWDEKLNSSK LFSAVRDTNN KYVLTLNKFS

121 KENEGYYFCS VISNSVMYFS SVVPVLQKVN STTTKPVLRT PSPVHPTGTS QPQRPEDCRP

181 RGSVKGTGLD FACDIYIWAP LAGICVAPLL SLIITLICYH RSRKRVCKCP RPLVRQEGKP

241 RPSEKIV [SEQ ID NO: 10]

30 In certain embodiments, the CD8 polypeptide comprises or has the amino acid

sequence set forth in SEQ ID NO: 11, which is provided below:

STTTKPVLRTPSPVHPTGTSQPQRPEDCRPRGSVKGTGLDFACDIYIWAPLAGI

In accordance with the presently disclosed subject matter, a "CD8 nucleic acid

35 molecule" refers to a polynucleotide encoding a CD8 polypeptide.

In certain embodiments, the CD8 nucleic acid molecule encoding the CD8

polypeptide comprised in the transmembrane domain of the presently disclosed CAR

(SEQ ID NO: 11) comprises nucleic acids having the sequence set forth in SEQ ID NO:

12 as provided below.
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5 CTACTACTACCAAGCCAGTGCTGCGAACTCCCTCACCTGTGCACCCTACCGGGACATCTCAGCO

CCAGAGACCAGAAGATTGTCGGCCCCGTGGCTCAGTGAAGGGGACCGGATTGGACTTCGCCTGTG

ATATTTACATCTGGGCACCCTTGGCCGGAATCTGCGTGGCCCTTCTGCTGTCCTTGATCATCAC

CTCATCTGCTAC [SEQ ID NO: 12]

In certain embodiments, the transmembrane domain of a presently disclosed CAR

comprises a CD28 polypeptide. The CD28 polypeptide can have an amino acid

No: P10747 or NP_006130 (SEQ ID No: 2), or fragments thereof, and/or may optionally

30, or at least 40, or at least 50, and up to 220 amino acids in length. Alternatively or

20

1 MLRLLLALNL FPSIQVTGNK ILVKQSPMLV AYDNAVNLSC KYSYNLFSRE FRASLHKGLD

25 61 SAVEVCVVYG NYSQQLQVYS KTGFNCDGKL GNESVTFYLQ NLYVNQTDIY FCKIEVMYPP

different directions to facilitate antigen recognition. The spacer region can be the hinge
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comprise up to one or up to two or up to three conservative amino acid substitutions. In

10 certain non-limiting embodiments, the CD3 polypeptide can have an amino acid

sequence that is a consecutive portion of SEQ ID NO: 1 which is at least 20, or at least

30, or at least 40, or at least 50, and up to 164 amino acids in length. Alternatively or

additionally, in non-limiting various embodiments, the CD3 polypeptide has an amino

acid sequence of amino acids 1 to 164, 1 to 50, 50 to 100, 100 to 150, or 150 to 164 of

15 SEQ ID NO: 1. In certain embodiments, the CD3 polypeptide comprises or has an

amino acid sequence of amino acids 52 to 164 of SEQ ID NO: 1.

SEQ ID NO: 1 is provided below:

1 MKWKALFTAA ILQAQLPITE AQSFGLLDPK LCYLLDGILF IYGVILTALF LRVKFSRSAD

61 APAYQQGQNQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP QRRKNPQEGL YNELQKDKMA

121 EAYSEIGMKG ERRRGKGHDG LYQGLSTATK DTYDALHMQA LPPR [SEQ ID NO: 1]

In certain embodiments, the CD3 polypeptide has an amino acid sequence that is

at least about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about

99% or about 100% homologous to the sequence having a NCBI Reference No:

certain non-limiting embodiments, the CD3 polypeptide can have an amino acid

sequence that is a consecutive portion of SEQ ID NO: 13 which is at least about 20, or at

least about 30, or at least about 40, or at least about 50, or at least about 90, or at least

about 100, and up to 188 amino acids in length. Alternatively or additionally, in non-

30 limiting various embodiments, the CD3 polypeptide has an amino acid sequence of

amino acids 1 to 164, 1 to 50, 50 to 100, 52 to 142, 100 to 150, or 150 to 188 of SEQ ID

sequence of amino acids 52 to 142 of SEQ ID NO: 13.

SEQ ID NO: 13 is provided below:

35 1 MKWKVSVLAC ILHVRFPGAE AQSFGLLDPK LCYLLDGILF IYGVIITALY LRAKFSRSAE

61 TAANLQDPNQ LYNELNLGRR EEYDVLEKKR ARDPEMGGKQ RRRNPQEGVY NALQKDKMAE

121 AYSEIGTKGE RRRGKGHDGL YQDSHFQAVQ FGNRREREGS ELTRTLGLRA RPKACRHKKP

181 LSLPAAVS [SEQ ID NO: 13]
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5 In certain embodiments, the CD3 polypeptide comprises or has the amino acid

sequence set forth in SEQ ID NO: 14, which is provided below:

RAKFSRSAETAANLODPNOLYNELNLGRREEYDVLEKKRARDPEMGGKOORRRN

PQEGVYNALQKDKMAEAYSEIGTKGERRRGKGHDGLYQGLSTATKDTYDALHMQ

TLAPR [SEQ ID NO: 14]

10 In accordance with the presently disclosed subject matter, a "CD3" nucleic acid

15 AGAGCAAAATTCAGCAGGAGTGCAGAGACTGCTGCCAACCTGCAGGACCCCAACCAGCTCTACAA

TGAGCTCAATCTAGGGCGAAGAGAGGAATATGACGTCTTGGAGAAGAAGCGGGCTCGGGATCCAG

20

25 3 polypeptide, a 2B4 polypeptide, a BTLA polypeptide, a synthetic peptide (not based on

a protein associated with the immune response), or a combination thereof.

30

polypeptide, an OX40 polypeptide, an ICOS polypeptide, a DAP-10 polypeptide, or a

35

but are not limited to CD80, CD86, CD70, OX40L, 4-1BBL, CD48, TNFRSF14, and

PD-L1. As one example, a 4-1BB ligand (i.e., 4-1BBL) may bind to 4-1BB (also known

35

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

5
1
8
 
M
a
r
 
2
0
2
6

R
A
K
F
S
R
S
A
E
T
A
A
N
L
Q
D
P
N
Q
L
Y
N
E
L
N
L
G
R
R
E
E
Y
D
V
L
E
K
K
R
A
R
D
P
E
M
G
G
K
Q
Q
R
R
R
N

P
Q
E
G
V
Y
N
A
L
Q
K
D
K
M
A
E
A
Y
S
E
I
G
T
K
G
E
R
R
R
G
K
G
H
D
G
L
Y
Q
G
L
S
T
A
T
K
D
T
Y
D
A
L
H
M
O

T
L
A
P
R
 
[
S
E
Q
 
I
D
 
N
O
:
 
1
4
]

1
0

2
0
2
6
2
0
2
1
0
7

1
5

A
G
A
G
C
A
A
A
A
T
T
C
A
G
C
A
G
G
A
G
T
G
C
A
G
A
G
A
C
T
G
C
T
G
C
C
A
A
C
C
T
G
C
A
G
G
A
C
C
C
C
A
A
C
C
A
G
C
T
C
T
A
C
A
A

F
G
A
G
C
T
C
A
A
T
C
T
A
G
G
G
C
G
A
A
G
A
G
A
G
G
A
A
T
A
T
G
A
C
G
T
C
T
T
G
G
A
G
A
A
G
A
A
G
C
G
G
G
C
T
C
G
G
G
A
T
C
C
A
G

2
0

3
5



5

domain that comprises a co-stimulatory signaling region comprising 4-1BB, ICOS or

DAP-10 are disclosed in U.S. 7,446,190 (e.g., the nucleotide sequence encoding 4-1BB

in U.S.7,446,190), which is herein incorporated by reference in its entirety.

In certain embodiments, the intracellular signaling domain of the CAR comprises

a co-stimulatory signaling region that comprises a CD28 polypeptide. The CD28

polypeptide can have an amino acid sequence that is at least about 85%, about 90%,

fragments thereof, and/or may optionally comprise up to one or up to two or up to three

conservative amino acid substitutions. In non-limiting certain embodiments, the CD28

polypeptide has an amino acid sequence that is a consecutive portion of SEQ ID NO: 2

20 which is at least 20, or at least 30, or at least 40, or at least 50, and up to 220 amino acids

in length. Alternatively or additionally, in non-limiting various embodiments, the CD28

polypeptide has an amino acid sequence of amino acids 1 to 220, 1 to 50, 50 to 100, 100

to 150, 114 to 220, 150 to 200, or 200 to 220 of SEQ ID NO: 2. In certain embodiments,

25

180 to 220 of SEQ ID NO: 2.

In certain embodiments, the CD28 polypeptide has an amino acid sequence that is

at least about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about

99% or about 100% homologous to the sequence having a NCBI Reference No:

30 NP_031668.3 (SEQ ID No: 16), or fragments thereof, and/or may optionally comprise up

to one or up to two or up to three conservative amino acid substitutions. In non-limiting

consecutive portion of SEQ ID NO: 16 which is at least about 20, or at least about 30, or

at least about 40, or at least about 50, and up to 218 amino acids in length. Alternatively

35 or additionally, in non-limiting various embodiments, the CD28 polypeptide has an

amino acid sequence of amino acids 1 to 218, 1 to 50, 50 to 100, 100 to 150, 114 to 220,

36
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5 co-stimulatory signaling region of a presently disclosed CAR comprises a CD28

polypeptide that comprises or has the amino acids 178 to 218 of SEQ ID NO: 16.

1 MTLRLLFLAL NFFSVQVTEN KILVKQSPLL VVDSNEVSLS CRYSYNLLAK EFRASLYKGV

61 NSDVEVCVGN GNFTYQPQFR SNAEFNCDGD FDNETVTFRL WNLHVNHTDI YFCKIEFMYP

10 121 PPYLDNERSN GTIIHIKEKH LCHTQSSPKL FWALVVVAGV LFCYGLLVTV ALCVIWTNSR

181 RNRLLQSDYM NMTPRRPGLT RKPYQPYAPA RDFAAYRP [SEQ ID NO: 16]

15

amino acids 178 to 218 of SEQ ID NO: 16) comprises or has a nucleotide sequence set

forth in SEQ ID NO: 17, which is provided below.

CACTCGAAAGCCTTACCAGCCCTACGCCCCTGCCAGAGACTTTGCAGCGTACCGCCCC [SEQ

20 ID NO: 17]

In certain embodiments, the intracellular domain of the CAR comprises a co-

stimulatory signaling region that comprises two co-stimulatory molecules: CD28 and 4-

1BB or CD28 and OX40.

4-1BB can act as a tumor necrosis factor (TNF) ligand and have stimulatory

25 activity. The 4-1BB polypeptide can have an amino acid sequence that is at least about

85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99% or about

100% homologous to the sequence having a NCBI Reference No: P41273 or NP_001552

(SEQ ID NO: 3) or fragments thereof, and/or may optionally comprise up to one or up to

two or up to three conservative amino acid substitutions.

30 SEQ ID NO: 3 is provided below:

1 MGNSCYNIVA TLLLVLNFER TRSLQDPCSN CPAGTFCDNN RNQICSPCPP NSFSSAGGQR

181 PGHSPQIISF FLALTSTALL FLLFFLTLRF SVVKRGRKKL LYIFKQPFMR PVQTTQEEDG

35

85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99% or about

40 100% homologous to the sequence having a NCBI Reference No: P43489 or NP_003318

37
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5

SEQ ID NO: 18 is provided below:

1 MCVGARRLGR GPCAALLLLG LGLSTVTGLH CVGDTYPSND RCCHECRPGN GMVSRCSRSQ

61 NTVCRPCGPG FYNDVVSSKP CKPCTWCNLR SGSERKQLCT ATQDTVCRCR AGTQPLDSYK

10 121 PGVDCAPCPP GHFSPGDNQA CKPWTNCTLA GKHTLQPASN SSDAICEDRD PPATQPQETQ

181 GPPARPITVQ PTEAWPRTSQ GPSTRPVEVP GGRAVAAILG LGLVLGLLGP LAILLALYLL

241 RRDQRLPPDA HKPPGGGSFR TPIQEEQADA HSTLAKI [SEQ ID NO: 18]

In accordance with the presently disclosed subject matter, an "OX40 nucleic acid

molecule" refers to a polynucleotide encoding an OX40 polypeptide.

15 An ICOS polypeptide can have an amino acid sequence that is at least about 85%,

about 90%, about 95%, about 96%, about 97%, about 98%, about 99% or about 100%

homologous to the sequence having a NCBI Reference No: NP_036224 (SEQ ID NO:

19) or fragments thereof, and/or may optionally comprise up to one or up to two or up to

three conservative amino acid substitutions.

1

121 VTLTGGYLHI YESQLCCQLK FWLPIGCAAF VVVCILGCIL ICWLTKKKYS SSVHDPNGEY

181 MFMRAVNTAK KSRLTDVTL [SEQ ID NO: 19]

25 In accordance with the presently disclosed subject matter, an "ICOS nucleic acid

molecule" refers to a polynucleotide encoding an ICOS polypeptide.

mediates activated T cell inhibition or anergy. In both preclinical and clinical studies,

30 CTLA-4 blockade by systemic antibody infusion, enhanced the endogenous anti-tumor

response albeit, in the clinical setting, with significant unforeseen toxicities.

cytoplasmic tail. Alternate splice variants, encoding different isoforms, have been

by a disulfide bond, while the soluble isoform functions as a monomer. The intracellular

domain is similar to that of CD28, in that it has no intrinsic catalytic activity and contains

one YVKM motif (SEQ ID NO: 25) able to bind PI3K, PP2A and SHP-2 and one

proline-rich motif able to bind SH3 containing proteins. One role of CTLA-4 in

38
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5 of TCR-proximal signaling proteins such as CD3 and LAT. CTLA-4 can also affect

signaling indirectly via competing with CD28 for CD80/86 binding. CTLA-4 has also

and/or may optionally comprise up to one or up to two or up to three conservative amino

acid substitutions.

15

1 MACLGFQRHK AQLNLATRTW PCTLLFFLLF IPVFCKAMHV AQPAVVLASS RGIASFVCEY

61 ASPGKATEVR VTVLRQADSQ VTEVCAATYM MGNELTFLDD SICTGTSSGN QVNLTIQGLR

20 In accordance with the presently disclosed subject matter, a "CTLA-4 nucleic acid

PD-1 is a negative immune regulator of activated T cells upon engagement with

25 ligands, PD-L1 and PD-L2, which are members of the B7 family. The protein's structure

comprises an extracellular IgV domain followed by a transmembrane region and an

intracellular tail. The intracellular tail contains two phosphorylation sites located in an

30

PD-L1 is one mechanism tumor cells may evade the host immune system. In pre- clinical

responses mediated through the host endogenous immune system.

35

96%, about 97%, about 98%, about 99% or about 100% homologous to NCBI Reference

No: NP_005009.2 (SEQ ID NO: 21) or fragments thereof, and/or may optionally

comprise up to one or up to two or up to three conservative amino acid substitutions.

39
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5

61 ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT

121 YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV VGVVGGLLGS

181 LVLLVWVLAV ICSRAARGTI GARRTGQPLK EDPSAVPVFS VDYGELDFQW REKTPEPPVP

10 241 CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWPL [SEQ ID NO:
21]

In accordance with the presently disclosed subject matter, a "PD-1 nucleic acid

molecule" refers to a polynucleotide encoding a PD-1 polypeptide.

Lymphocyte-activation protein 3 (LAG-3) is a negative immune regulator of

15 immune cells. LAG-3 belongs to the immunoglobulin (lg) superfamily and contains 4

extracellular Ig-like domains. The LAG3 gene contains 8 exons. The sequence data,

exon/intron organization, and chromosomal localization all indicate a close relationship

of LAG3 to CD4. LAG3 has also been designated CD223 (cluster of differentiation 223).

In accordance with the the presently disclosed subject matter, a LAG-3

20 polypeptide can have an amino acid sequence that is at least about 85%, about 90%,

to UniProtKB/Swiss-Prot Ref. No.: P18627.5 (SEQ ID NO: 22) or fragments thereof,

acid substitutions.

25 SEQ ID NO: 22 is provided below:

1 MWEAQFLGLL FLQPLWVAPV KPLQPGAEVP VVWAQEGAPA QLPCSPTIPL QDLSLLRRAG

181 ASDWVILNCS FSRPDRPASV HWFRNRGQGR VPVRESPHHH LAESFLFLPQ VSPMDSGPWG

30 241 CILTYRDGFN VSIMYNLTVL GLEPPTPLTV YAGAGSRVGL PCRLPAGVGT RSFLTAKWTP

301 PGGGPDLLVT GDNGDFTLRL EDVSQAQAGT YTCHIHLQEQ QLNATVTLAI ITVTPKSFGS

361 PGSLGKLLCE VTPVSGQERF VWSSLDTPSQ RSFSGPWLEA QEAQLLSQPW QCQLYQGERL

481 RRFSALEQGI HPPQAQSKIE ELEQEPEPEP EPEPEPEPEP EPEQL [SEQ ID NO: 22]

35

molecule" refers to a polynucleotide encoding a LAG-3 polypeptide.

Natural Killer Cell Receptor 2B4 (2B4) mediates non-MHC restricted cell killing

on NK cells and subsets of T cells. To date, the function of 2B4 is still under

investigation, with the 2B4-S isoform believed to be an activating receptor, and the 2B4-

40

40

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

5
1
8
 
M
a
r
 
2
0
2
6

6
1
 
E
S
F
V
L
N
W
Y
R
M
 
S
P
S
N
Q
T
D
K
L
A
 
A
F
P
E
D
R
S
Q
P
G
 
Q
D
C
R
F
R
V
T
Q
L
 
P
N
G
R
D
F
H
M
S
V
 
V
R
A
R
R
N
D
S
G
T

1
2
1
 
Y
L
C
G
A
I
S
L
A
P
 
K
A
Q
I
K
E
S
L
R
A
 
E
L
R
V
T
E
R
R
A
E
 
V
P
T
A
H
P
S
P
S
P
 
R
P
A
G
Q
F
Q
T
L
V
 
V
G
V
V
G
G
L
L
G
S

1
8
1
 
L
V
L
L
V
W
V
L
A
V
 
I
C
S
R
A
A
R
G
T
I
 
G
A
R
R
T
G
Q
P
L
K
 
E
D
P
S
A
V
P
V
F
S
 
V
D
Y
G
E
L
D
F
Q
W
 
R
E
K
T
P
E
P
P
V
P

1
0

2
4
1
 
C
V
P
E
Q
T
E
Y
A
T
 
I
V
F
P
S
G
M
G
T
S
 
S
P
A
R
R
G
S
A
D
G
 
P
R
S
A
Q
P
L
R
P
E
 
D
G
H
C
S
W
P
L
 
[
S
E
Q
 
I
D
 
N
O
:

2
0
2
6
2
0
2
1
0
7

1
5

2
5

1
 
M
W
E
A
Q
F
L
G
L
L
 
F
L
Q
P
L
W
V
A
P
V
 
K
P
L
Q
P
G
A
E
V
P
 
V
V
W
A
Q
E
G
A
P
A
 
Q
L
P
C
S
P
T
I
P
L
 
Q
D
L
S
L
L
R
R
A
G

1
8
1
 
A
S
D
W
V
I
L
N
C
S
 
F
S
R
P
D
R
P
A
S
V
 
H
W
F
R
N
R
G
Q
G
R
 
V
P
V
R
E
S
P
H
H
H
 
L
A
E
S
F
L
F
L
P
Q
 
V
S
P
M
D
S
G
P
W
G

3
0
 
2
4
1
 
C
I
L
T
Y
R
D
G
F
N
 
V
S
I
M
Y
N
L
T
V
L
 
G
L
E
P
P
T
P
L
T
V
 
Y
A
G
A
G
S
R
V
G
L
 
P
C
R
L
P
A
G
V
G
T
 
R
S
F
L
T
A
K
W
T
P

3
0
1
 
P
G
G
G
P
D
L
L
V
T
 
G
D
N
G
D
F
T
L
R
L
 
E
D
V
S
Q
A
Q
A
G
T
 
Y
T
C
H
I
H
L
Q
E
Q
 
Q
L
N
A
T
V
T
L
A
I
 
I
T
V
T
P
K
S
F
G
S

3
6
1
 
P
G
S
L
G
K
L
L
C
E
 
V
T
P
V
S
G
Q
E
R
F
 
V
W
S
S
L
D
T
P
S
Q
 
R
S
F
S
G
P
W
L
E
A
 
Q
E
A
Q
L
L
S
Q
P
W
 
Q
C
Q
L
Y
Q
G
E
R
L

4
8
1
 
R
R
F
S
A
L
E
Q
G
I
 
H
P
P
Q
A
Q
S
K
I
E
 
E
L
E
Q
E
P
E
P
E
P
 
E
P
E
P
E
P
E
P
E
P
 
E
P
E
Q
L
 
[
S
E
Q
 
I
D
 
N
O
:
 
2
2
]

3
5

4
0



5 engaged upon binding its high-affinity ligand, CD48. 2B4 contains a tyrosine-based

switch motif, a molecular switch that allows the protein to associate with various

10

15

121 FQVFVFESLL PDKVEKPRLQ GQGKILDRGR CQVALSCLVS RDGNVSYAWY RGSKLIQTAG

181 NLTYLDEEVD INGTHTYTCN VSNPVSWESH TLNLTQDCQN AHQEFRFWPF LVIIVILSAL

361 KELENFDVYS [SEQ ID NO: 23]

molecule" refers to a polynucleotide encoding a 2B4 polypeptide.

25

CTLA4, BTLA interacts with a B7 homolog, B7H4. However, unlike PD-1 and CTLA-

4, BTLA displays T-Cell inhibition via interaction with tumor necrosis family receptors

(TNF-R), not just the B7 family of cell surface receptors. BTLA is a ligand for tumor

30 virus entry mediator (HVEM). BTLA-HVEM complexes negatively regulate T-cell

CD8 cancer-specific T cells. BTLA has also been designated as CD272 (cluster of

In accordance with the presently disclosed subject matter, a BTLA polypeptide

35 can have an amino acid sequence that is at least about 85%, about 90%, about 95%,

about 96%, about 97%, about 98%, about 99% or about 100% homologous to

UniProtKB/Swiss-Prot Ref. No.: Q7Z6A9.3 (SEQ ID NO: 24) or fragments thereof,

and/or may optionally comprise up to one or up to two or up to three conservative amino

acid substitutions.
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5

61 KYCANRPHVT WCKLNGTTCV KLEDRQTSWK EEKNISFFIL HFEPVLPNDN GSYRCSANFQ

121 SNLIESHSTT LYVTDVKSAS ERPSKDEMAS RPWLLYRLLP LGGLPLLITT CFCLFCCLRR

181 HQGKQNELSD TAGREINLVD AHLKSEQTEA STRQNSQVLL SETGIYDNDP DLCFRMQEGS

10 241 EVYSNPCLEE NKPGIVYASL NHSVIGPNSR LARNVKEAPT EYASICVRS [SEQ ID NO:
24]

In accordance with the presently disclosed subject matter, a "BTLA nucleic acid

molecule" refers to a polynucleotide encoding a BTLA polypeptide.

In certain embodiments, the CAR of the presently disclosed subject matter can

15 further comprise an inducible promoter, for expressing nucleic acid sequences in human

cells. Promoters for use in expressing CAR genes can be a constitutive promoter, such

as ubiquitin C (UbiC) promoter.

20 portion thereof. In certain embodiments, the isolated nucleic acid molecule encodes a

presently disclosed an AML antigen-targeted CAR comprising an scFv that specifically

binds to an AML antigen, a transmembrane domain comprising a CD8 polypeptide, and

polypeptide and a CD3 polypeptide.

25 In certain embodiments, the isolated nucleic acid molecule encodes a functional

activity of an AML antigen-targeted CAR (the parent CAR). For example, functional

30

antigen-targeted CAR that retains the ability to recognize a target cell, to treat a disease,

certain embodiments, an isolated nucleic acid molecule encoding a functional portion of

35

about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%,
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5 Chimeric Co-Stimulatory Receptor (CCR)

As used herein, the term "chimeric co-stimulatory receptor" or "CCR" refers to a

10

15

and, critically, balanced strength of T-cell activation and costimulation to generate T

cells that eliminate target cells that express a combination of antigens while sparing cells

20

whereas costimulation is independently mediated by a CCR specific for a second

25 rescue provided by simultaneous CCR recognition of the second antigen.

In certain embodiments, the CCR comprises an extracellular antigen-binding

domain that binds to a second antigen, a transmembrane domain, and a co-stimulatory

embodiments, the CCR does not alone deliver an activation signal tto the cell. Non-

30

DAP-10. In certain embodiments, the co-stimulatory signaling region of the CCR

stimulatory signaling molecule is CD28. In certain embodiments, the one co-stimulatory

signaling molecule is 4-1BB. In certain embodiments, the co-stimulatory signaling

35

embodiments, the two co-stimulatory signaling molecules are CD28 and 4-1BB. A

second antigen is selected so that expression of both the first antigen and the second

antigen is restricted to the targeted cells (e.g., cancerous tissue or cancerous cells).
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5

antigen-binding domain.

In certain embodiments, the CCR is co-expressed with an antigen recognizing

receptor (e.g. CAR or TCR) binding to an antigen that is different from the antigen to

10 which the CCR binds, e.g., the antigen recognizing receptor binds to a first antigen and

the CCR binds to a second antigen. In certain embodiments, the antigen recognizing

receptor is a CAR. In certain embodiments, the immunoresponsive cell expressing the

antigen recognizing receptor (e.g., CAR) and the CCR exhibits a greater degree of

cytolytic activity against cells that are positive for both the first antigen and the second

15 antigen as compared to against cells that are singly positive for the first antigen. In

certain embodiments, the immunoresponsive cell expressing the antigen recognizing

In certain embodiments, the antigen recognizing receptor (e.g., CAR) is not

20 potent or efficient, e.g., an antigen recognizing receptor (e.g., a CAR) that exhibits

substantially no or negligible cytolytic activity against cells that are singly positive for

antigen recognizing receptor (e.g., CAR) binds to the first antigen with a low binding

affinity, e.g., a dissociation constant (Kd) of about 1 X 10 M or more, about 5 X 10 M

25

domain (e.g., scFv) of the CAR to the antigen. In certain embodiments, the antigen

30 certain embodiments, the antigen recognizing receptor (e.g., CAR) binds to the first

recognizing receptor (e.g., CAR) binds to the first antigen with a binding affinity that is

35 of from about 1 X 10 M to about 1 x 10 M, e.g., about 1 X 10 M or less, about 1 x 10"

8 M or less, or about 1 X 10 M or less.
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5 Tumor Microenvironment

Tumors have a microenvironment that is hostile to the host immune response

10

15

apoptosis of adoptively transferred CAR modified T cells upon encounter with targeted

tumor cells.

20

disrupt key processes such as cell proliferation and differentiation. Myeloid malignancies

25 MPNs include chronic myeloid leukemia (CML) and non-CML MPNs such as

polycythemia vera (PV), essential thrombocythemia (ET) and primary myelofibrosis

(PMF). Acute diseases include acute myeloid leukemia (AML).

accumulate in the bone marrow and disrupt the production of normal blood cells.

30

infection, and easy bruising and bleeding. The majority of AML cases occur de novo, but

AML: myeloblastic - undifferentiated (M0), myeloblastic - minimal maturation (M1)

myeloblastic - full maturation (M2), promyeloctic (M3), myelomonocytic (M4),

35

are.
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5

a difucosylated carbohydrate antigen, targeted in a phase I study of four patients with

relapsed AML. Infusion of second generation CD28-based CARs resulted in

stable/transient remission of three patients, who ultimately progressed, despite T cell

10 persistence(Ritchie et al., 2013); 2) CD123, the high-affinity interleukin-3 receptor -

chain; a partial remission was induced in a patient with FLT3-ITD+ AML treated with a

third generation CD123-CD28/CD137/CD27/CD3z/iCaps9 CAR(Yi Luo, 2015).

Preclinical studies resulted in significant myeloablation(Gill et al., 2014); 3) CD33 is a

myeloid-specific sialic acid-binding receptor, also targeted by gentuzumab ozogamicin

15 (GO)(Administration, 2010), with demonstrated survival benefit(Hills et al., 2014;

Ravandi et al., 2012). Preclinical activity of CD33 CAR CIK cells resulted in slowing

2015). One AML patient was treated with CD33 CAR T cells at the Chinese PLA

20 General Hospital, showing transient efficacy and mild fluctuations in bilirubin(Wang et

al., 2015) and a clinical trial is registered as NCT01864902; 4). Folate receptor ß is a

meet the criteria of an ideal CAR target.

The present disclosure provides new AML antigens suitable for CAR targets,

25

LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1,

30 LILRB2, EMB, CD96, LILRB3, LILRA6, LILRA2, and SLC19A1.

EGF-like module-containing mucin-like hormone receptor-like 2 (EMR2)

35 coupled receptors, and is expressed mainly in myeloid cells where it promotes cell-cell

adhesion through interaction with chondroitin sulfate chains.
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5 CD33

CD33 (GenBank ID: 945, also known as Siglec-3, sialic acid binding Ig-like

IL10RB

10

receptor, which is an accessory chain essential for the active interleukin 10 receptor

15

for semaphorins.

PIEZO1

20

CD300LF

25 encoding a member of the CD300 protein family, which are cell surface glycoproteins

with a single IgV-like extracellular domain.

CPM
carboxypeptidase M (GenBank ID: 1368) is a gene encoding a membrane-bound

arginine/lysine carboxypeptidase.

30 ITFG3

Integrin alpha FG-GAP repeat containing 3 (official name: family with sequence

C16orf9) is a gene encoding a member of proteins containing integrin alpha FG-GAP

repeat.

35

the chloride anion channels.
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5 ITGA4

gene encoding a member of the integrin alpha chain family of proteins.

SLC9A1

Solute carrier family 9 member A1 (GenBank ID: 6548, also known as APNH;

10 NHE1; LIKNS; NHE-1; and PPP1R143) is a gene encoding a Na+/H+ antiporter.

MBOAT7

also known as BB1; LRC4; LENG4; LPIAT; MBOA7; OACT7; and hMBOA-7) is a

gene encoding a member of the membrane-bound O-acyltransferases family of integral

15 membrane proteins that have acyltransferase activity.

CD38

encoding a non-lineage-restricted, type II transmembrane glycoprotein that synthesizes

and hydrolyzes cyclic adenosine 5'-diphosphate-ribose, an intracellular calcium ion

20 mobilizing messenger.

SLC6A6

Solute carrier family 6 member 6 (GenBank ID: 6533, also known as TAUT) is a

gene encoding a member of a family of sodium and chloride-ion dependent transporters.

ENG
25

vascular endothelium.

30

MRP1

35 ABCC; GS-X; and ABC29) is a gene encoding a member of the superfamily of ATP-

binding cassette (ABC) transporters.
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5 ITGA5

Integrin subunit alpha 5 (GenBank ID: 3678, also known as FNRA; CD49e;

proteins.

SLC43A3

10

FOAP-13; PRO1659; and SEEEG-1) is a gene encoding an equilibrative nucleobase

transporter.

MYADM

15

differentiate into myeloid cells. The protein is predicted to be a membrane protein.

ICAM1

20

Solute carrier family 44 member 1 (GenBank ID: 23446, also known as CD92;

CCR1

25 C-C motif chemokine receptor 1 (GenBank ID: 1230, also known as CKR1;

CD191; CKR-1; HM145; CMKBR1; MIP1aR; and SCYAR1) is a gene encoding a

transmembrane protein similar to G protein-coupled receptors.

SLC22A5

30 Solute carrier family 22 member 5 (GenBank ID: 6584, also known as CDSP and

OCTN2) is a gene encoding a plasma integral membrane protein that functions as an

organic cation transporter. The protein also functions as a sodium-dependent high

affinity carnitine transporter, which is involved in active cellular uptake of carnitine..

TFR2

35

transferrin receptor-like family.
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5 KCNN4

also known as IK; IK1; SK4; DHS2; KCA4; hSK4; IKCA1; hKCa4; KCa3.1; and

10 LILRB4

immunoglobulin-like receptor (LIR) family.

15 Leukotriene B4 receptor (GenBank ID: 1241, also known as BLT1; BLTR;

of leukotriene receptors, which are G protein-coupled receptors that bind and are

activated by the leukotrienes.

CD70

20 CD70 (GenBank ID: 970, also known as CD27L; CD27LG; TNFSF7; and

ligand family.

GYPA

Glycophorin A (MNS blood group) (GenBank ID: 2993, also known as MN;

25

bear the antigenic determinants for the MN and Ss blood groups.

Fc fragment of IgG receptor Ia (GenBank ID: 2209, also known as CD64; FCRI;

30

member of the leukocyte immunoglobulin-like receptor (LIR) family. The encoded

35 protein is expressed on myeloid and B cells, acting to suppress the immune response. It

is also expressed on NSCLC cells (Sun et al., 2008).
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5 CLEC12A

C-type lectin domain family 12 member A (GenBank ID: 160364, also known as

CLL1; MICL; CD371; CLL-1; and DCAL-2) is a gene encoding a member of the C-type

lectin/C-type lectin-like domain (CTL/CTLD) superfamily. Members of this family share

a common protein fold and have diverse functions, such as cell adhesion, cell-cell

10

CD123

Interleukin 3 receptor subunit alpha (GenBank ID: 3563, also known as IL3R;

specific subunit of a heterodimeric cytokine receptor. The receptor is comprised of a

15

receptors for interleukin 3 (IL3), colony stimulating factor 2 (CSF2/GM-CSF), and

Integrin subunit beta 5 (GenBank ID: 3693) is a gene encoding a member of the

20

PTPRJ

DEP1; SCC1; CD148; HPTPeta; and R-PTP-ETA) is a gene encoding a member of the

25 that regulate a variety of cellular processes, including cell growth, differentiation, mitotic

cycle, and oncogenic transformation.

Solute carrier family 30 member 1 (GenBank ID: 7779, also known as ZNT1and

30 EMC10

ER membrane protein complex subunit 10 (GenBank ID: 284361, also known as

HSM1; HSS1; and C19orf63) is a gene encoding a component of the ER membrane

protein complex (EMC) in mammals.

TNFRSF1B

35

R-II) is a gene encoding a member of the TNF-receptor superfamily. This protein and
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5 TNF-receptor 1 form a heterocomplex that mediates the recruitment of two anti-

CD82

10 a member of the transmembrane 4 superfamily..

ITGAX

is a gene encoding a member of the integrin alpha chain family of proteins. This protein

15 as inactivated-C3b (iC3b) receptor 4 (CR4).

Complement C3b/C4b receptor 1 (GenBank ID: 1378, also known as KN; C3BR;

C4BR; and CD35) is a gene encoding a member of the receptors of complement

20 which is a monomeric single-pass type I membrane glycoprotein found on erythrocytes,

leukocytes, glomerular podocytes, and splenic follicular dendritic cells..

DAGLB

DAGLBETA) is a gene encoding an enzyme in the biosynthesis of the endocannabinoid

25

Semaphorin 4A (GenBank ID: 64218, also known as RP35; SEMB; SEMAB;

transmembrane proteins, which is a single-pass type I membrane protein containing an

30 immunoglobulin-like C2-type domain, a PSI domain and a sema domain.

TLR2

fundamental role in pathogen recognition and activation of innate immunity. This protein

35 is a cell-surface protein that can form heterodimers with other TLR family members to

recognize conserved molecules derived from microorganisms known as pathogen-
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5 P2RY13

Purinergic receptor P2Y13 (GenBank ID: 53829, also known as GPCR1; GPR86;

GPR94; P2Y13; SP174; and FKSG77) is a gene encoding a member of the family of G-

protein coupled receptors. This receptor is activated by ADP.

EMB
10

transmembrane glycoprotein that is a member of the immunoglobulin superfamily.

CD96

immunoglobulin superfamily.

15

Leukocyte immunoglobulin like receptor B3 (GenBank ID: 11025, also known as

is found in a gene cluster at chromosomal region 19q13.4. The encoded protein belongs

20

immunoreceptor tyrosine-based inhibitory motifs (ITIMs).

LILRA6

25 ILT5; ILT8; CD85b; ILT-8; LILRB3; and LILRB6) is a gene encoding a member of a

family of immunoreceptors that are expressed predominantly on monocytes and B cells,

and at lower levels on dendritic cells and natural killer cells.

LILRA2

30

lower levels on dendritic cells and natural killer cells.

In certain embodiments, the antigen suitable for antigen recognizing receptor

35

SLC43A3, MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4,

LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1,
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5 EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13,

recognizing receptor (e.g., CAR or TCR) targeting an antigen of interest, e.g., an AML

10

administered to a human subject in need thereof for treating and/or preventing myeloid

disorders.

15 of the lymphoid lineage. The lymphoid lineage, comprising B, T and natural killer (NK)

system, detection of foreign agents in the blood, detection of cells foreign to the host,

and the like. Non-limiting examples of immunoresponsive cells of the lymphoid lineage

20 cells (e.g., those from which lymphoid cells may be differentiated). T cells can be

lymphocytes that mature in the thymus and are chiefly responsible for cell-mediated

to, T helper cells, cytotoxic T cells, memory T cells (including central memory T cells,

25

inducing the death of infected somatic or tumor cells. A patient's own T cells may be

30 genetically modified to target specific antigens through the introduction of an antigen

recognizing receptor, e.g., a CAR or a TCR.

activation in order to perform their cytotoxic effect on target cells.

35 Types of human lymphocytes of the presently disclosed subject matter include,

without limitation, peripheral donor lymphocytes genetically modified to express CARs

genetically modified to express a full-length antigen-recognizing T cell receptor complex
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lymphocyte cultures derived from tumor infiltrating lymphocytes (TILs) in tumor

biopsies (Panelli, M.C., et al. 2000 J Immunol 164:495-504; Panelli, M.C., et al. 2000 J

Immunol 164:4382-4392), and selectively in vitro-expanded antigen-specific peripheral

dendritic cells (Dupont, J., et al. 2005 Cancer Res 65:5417-5427; Papanicolaou, G.A., et

al. 2003 Blood 102:2498-2505). The T cells may be autologous, allogeneic, or derived

marrow, fetal, neonate or adult or other hematopoietic cell source, e.g., fetal liver,

separate the cells. For instance, negative selection methods can remove non-CTLs

A large proportion of terminally differentiated cells can be initially removed by a

20

least 70% of the total hematopoietic cells will be removed prior to cell isolation.

Procedures for separation include, but are not limited to, density gradient

25 separation with antibody-coated magnetic beads; affinity chromatography; cytotoxic

agents joined to or used in conjunction with a mAb, including, but not limited to,

complement and cytotoxins; and panning with antibody attached to a solid matrix, e.g.

plate, chip, elutriation or any other convenient technique.

30

The cells can be selected against dead cells, by employing dyes associated with

dead cells such as propidium iodide (PI). Preferably, the cells are collected in a medium

cell) is used. In certain embodiments, a universal T cell with deficient TCRß is used.
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5 The methods of developing universal T cells are described in the art, for example, in

Valton et al., Molecular Therapy (2015); 23 9, 1507-1518, and Torikai et al., Blood

isolated immunoresponsive cell comprising an antigen recognizing receptor (e.g. CAR or

10

MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM,

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA,

15 ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3,

the group consisting of LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1,

KCNN4, ENG, ITGA5, and CD70. In certain embodiments, the antigen is selected from

20 embodiments, the antigen is selected from the group consisting of CD82, TNFRSF1B,

EMR2, ITGB5, CCR1, CD96, PTPRJ, CD70 and LILRB2. In certain embodiments, the

consisting of EMR2, CCR1, CD70 and LILRB2. In certain non-limiting embodiments,

25

CAR or TCR) that binds to a first antigen, wherein binding of the receptor to the first

30 antigen is capable of activating the immunoresponsive cell, and (b) a chimeric co-

stimulating receptor (CCR) that binds to a second antigen, wherein binding of the CCR

IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, SLC9A1,

35 MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM,

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA,

ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3,
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5

combination selected from the group consisting of LTB4R and EMR2, LTB4R and

CD33, LTB4R and ENG, LTB4R and MYADM, LTB4R and PIEZO1, LTB4R and

10 KCNN4. EMR2 and CD33, EMR2 and ENG, EMR2 and MYADM, EMR2 and PIEZO1,

EMR2 and SIRPB1, EMR2 and SLC9A1, EMR2 and ITGA5, EMR2 and CD70, EMR2

and KCNN4, CD33 and ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and

SIRPB1, CD33 and SLC9A1, CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4,

ENG and MYADM, ENG and PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG

15 and ITGA5, ENG and CD70, ENG and KCNN4, MYADM and PIEZO1, MYADM and

SIRPB1, MYADM and SLC9A1, MYADM and ITGA5, MYADM and CD70, MYADM

SIRPB1 and CD70; SIRPB1 and KCNN4, SLC9A1 and ITGA5, SLC9A1 and CD70,

20

EMR2 and CLEC12A, EMR2 and CD96, CCR1 and CD33, CCR1 and CD96, CD70 and

CLEC12A, CD70 and CD96, LILRB2 and CD33, LILRB2 and CD96, and EMR2 and

25 combination selected from the group consisting of EMR2 and CD33, CCR1 and

CLEC12A, CD70 and CD33, LILRB2 and CLEC12A, LTB4R1 and CD70, CD70 and

EMR2, and LTB4R1 and EMR2.

In certain embodiments, the immunoresponsive cell exhibits a greater degree of

30

receptor (e.g. CAR or TCR) that binds to a first antigen with a low binding affinity or a

low binding avidity. In certain embodiments, the antigen recognizing receptor (e.g. CAR

35 embodiments, the antigen recognizing receptor (e.g. CAR or TCR) binds to the first

antigen with a binding affinity that is lower compared to the binding affinity with which

the CCR binds to the second antigen. In non-limiting embodiments herein, for example

57

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

2
0
2
6
2
0
2
1
0
7
 
1
8
 
M
a
r
 
2
0
2
6

C
D
3
3
,
 
L
T
B
4
R
 
a
n
d
 
E
N
G
,
 
L
T
B
4
R
 
a
n
d
 
M
Y
A
D
M
,
 
L
T
B
4
R
 
a
n
d
 
P
I
E
Z
O
1
,
 
L
T
B
4
R
 
a
n
d

a
n
d
 
K
C
N
N
4
,
 
C
D
3
3
 
a
n
d
 
E
N
G
,
 
C
D
3
3
 
a
n
d
 
M
Y
A
D
M
,
 
C
D
3
3
 
a
n
d
 
P
I
E
Z
O
1
,
 
C
D
3
3
 
a
n
d

S
I
R
P
B
1
,
 
C
D
3
3
 
a
n
d
 
S
L
C
9
A
1
,
 
C
D
3
3
 
a
n
d
 
I
T
G
A
5
,
 
C
D
3
3
 
a
n
d
 
C
D
7
0
,
 
C
D
3
3
 
a
n
d
 
K
C
N
N
4
,

S
I
R
P
B
1
,
 
M
Y
A
D
M
 
a
n
d
 
S
L
C
9
A
1
,
 
M
Y
A
D
M
 
a
n
d
 
I
T
G
A
5
,
 
M
Y
A
D
M
 
a
n
d
 
C
D
7
0
,
 
M
Y
A
D
M

S
I
R
P
B
1
 
a
n
d
 
C
D
7
0
;
 
S
I
R
P
B
1
 
a
n
d
 
K
C
N
N
4
,
 
S
L
C
9
A
1
 
a
n
d
 
I
T
G
A
5
,
 
S
L
C
9
A
1
 
a
n
d
 
C
D
7
0
,

E
M
R
2
 
a
n
d
 
C
L
E
C
1
2
A
,
 
E
M
R
2
 
a
n
d
 
C
D
9
6
,
 
C
C
R
1
 
a
n
d
 
C
D
3
3
,
 
C
C
R
1
 
a
n
d
 
C
D
9
6
,
 
C
D
7
0
 
a
n
d

E
M
R
2
,
 
a
n
d
 
L
T
B
4
R
1
 
a
n
d
 
E
M
R
2
.

5
7



5 is used to direct costimulation to enhance or rescue suboptimal function of a CAR or

TCR targeting a second antigen. Using this approach, the immunoresponsive T cells are

for at least one of the paired antigens; however the presence of the CAR or TCR antigen

becomes more important to avert antigen escape. In contrast, immunoresponsive cells

10

number of targetable tumor cells, addressing the challenge of clonal heterogeneity.

15 Another priority is to target leukemia stem cells ("LSCs") to achieve satisfactory

therapeutic benefit. Finally, pairing choices should favor redundant expression of the two

targets in the tumor in order to minimize the risk of antigen escape. Accordingly, in non-

limiting embodiments, provided herein are an immunoresponsive cell that comprises (i) a

20 a second antigen recognizing receptor (e.g. CAR or TCR) that binds to a second antigen,

wherein the combination of both receptors binding to their targets produces a therapeutic

both be CARs; alternatively, the first antigen recognizing receptor can be a CAR and the

25

recognizes a third antigen. In non-limiting embodiments, the first, second, and optional

30 third antigen are different. In non-limiting embodiments, each of the first antigen,

second antigen and third antigen is selected from the group consisting of EMR2, CD33,

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA,

35

different. In certain embodiments, the first antigen and the second antigen are a

58

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

2
0
2
6
2
0
2
1
0
7
 
1
8
 
M
a
r
 
2
0
2
6

I
C
A
M
1
,
 
S
L
C
4
4
A
1
,
 
C
C
R
1
,
 
S
L
C
2
2
A
5
,
 
T
F
R
2
,
 
K
C
N
N
4
,
 
L
I
L
R
B
4
,
 
L
T
B
4
R
,
 
C
D
7
0
,
 
G
Y
P
A
,

5
8



5

SIRPB1, LTB4R and SLC9A1, LTB4R and ITGA5, LTB4R and CD70, LTB4R and

10 and KCNN4, CD33 and ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and

SIRPB1, CD33 and SLC9A1, CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4,

ENG and MYADM, ENG and PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG

and ITGA5, ENG and CD70, ENG and KCNN4, MYADM and PIEZO1, MYADM and

15

EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33, LILRB2 and CLEC12A,

20

CD70. In certain embodiments, the first antigen and the second antigen are a

combination selected from the group consisting of EMR2 and CD33, CCR1 and

25 EMR2, and LTB4R1 and EMR2 In addition, in non-limiting embodiments, where an

antigen recognizing receptor is a TCR, a target antigen can be WT1 or PRAME. In

certain non-limiting embodiments, the first antigen is EMR2. In certain embodiments,

the immunoresponsive cell exhibits a greater degree of cytolytic activity against cells

30

TCR) that binds to a first antigen with a low binding affinity or a low binding avidity. In

certain embodiments, the first antigen recognizing receptor (e.g. CAR or TCR) binds to

35 antigen recognizing receptor (e.g. CAR or TCR) binds to the first antigen with a binding

affinity that is lower compared to the binding affinity with which the second antigen

recognizing receptor binds to the second antigen. In certain embodiments, the first
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5 affinity that is at least 5 fold lower compared to the binding affinity with which the

second antigen recognizing receptor binds to the second antigen. In certain

antigen with a binding affinity that is at leat 10 fold, 20 fold, 30 fold, 40 fold, 50 fold, 60

fold, 70 fold, 80 fold, 90 fold, 100 fold, 200 fold, 5000 fold, 1000 fold, 5000 fold, or

10

CAR constructs. In certain embodiments, the cell comprises a first CAR comprising a

first intracellular signaling domain, and a second CAR comprising a second introcellular

15 signalling domain, wherein the first intracellular signaling domain and the second

intracellular signaling domain are different. In certain embodiments, each of the first

intracellular signaling domain and the second intracellular signaling domain is selected

from the group consisting of CD3¢-chain, CD97, CD11a-CD18, CD2, ICOS, CD27,

20 the first intracellular signaling domain and the second intracellular signaling domain are

different. In certain embodiments, each of the first intracellular signaling domain and the

CD2, ICOS, CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or

embodiments, the first intracellular signaling domain comprises a CD3¢-chain and a

CD28 signaling domain, and the second intracellular signaling domain comprises a

CD3¢-chain and a 4-1BB signaling domain. In certain embodiments, the first

In certain non-limiting embodiments, an immunoresponsive cell may comprise

or two species of CAR and one TCR; or one CAR, one TCR, and one CCR. Still further
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5

specifically binds to CD70, and a CCR that specifically binds to ADGRE2.

10 specifically binds to CD70, and a CCR that specifically binds to CD33.

In particular non-limiting embodiments, an immunoresponsive cell, such as a T

cell or NK cell, may comprise a CAR that specifically binds to CLEC12A, a CCR that

15

between the CAR and at least one co-stimulatory ligand provides a non-antigen-specific

20

factor (TNF) superfamily, and immunoglobulin (Ig) superfamily ligands. TNF is a

cytokine involved in systemic inflammation and stimulates the acute phase reaction. Its

primary role is in the regulation of immune cells. Members of TNF superfamily share a

25 number of common features. The majority of TNF superfamily members are synthesized

as type II transmembrane proteins (extracellular C-terminus) containing a short

cytoplasmic segment and a relatively long extracellular region. TNF superfamily

members include, without limitation, nerve growth factor (NGF), CD40L

(CD40L)/CD154, CD137L/4-1BBL, TNF-, CD134L/OX40L/CD252, CD27L/CD70,

30 Fas ligand (FasL), CD30L/CD153, tumor necrosis factor beta (TNFB)/lymphotoxin-

alpha (LT), lymphotoxin-beta (LTB), CD257/B cell-activating factor

(BAFF)/Blys/THANK/Tall-1, glucocorticoid-induced TNF Receptor ligand (GITRL),

and TNF-related apoptosis-inducing ligand (TRAIL), LIGHT (TNFSF14). The

immunoglobulin (Ig) superfamily is a large group of cell surface and soluble proteins

35 that are involved in the recognition, binding, or adhesion processes of cells. These

proteins share structural features with immunoglobulins -- they possess an

immunoglobulin domain (fold). Immunoglobulin superfamily ligands include, but are
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5 not limited to, CD80 and CD86, both ligands for CD28, PD-L1/(B7-H1) that ligands for

PD-1. In certain embodiments, the at least one co-stimulatory ligand is selected from the

and combinations thereof. In certain embodiments, the immunoresponsive cell

comprises one recombinant co-stimulatory ligand that is 4-1BBL. In certain

10

entirety.

Vectors

15 Genetic modification of immunoresponsive cells (e.g., T cells, CTL cells, NK

cells) can be accomplished by transducing a substantially homogeneous cell composition

with a recombinant DNA construct. Preferably, a retroviral vector (either gamma-

retroviral or lentiviral) is employed for the introduction of the DNA construct into the

20 tumor antigen, or a variant, or a fragment thereof), can be cloned into a retroviral vector

and expression can be driven from its endogenous promoter, from the retrovirallong

25

likewise proves effective. The CAR and CCR can be constructed in a single,

multicistronic expression cassette, in multiple expression cassettes of a single vector, or

30

include, but is not limited to, various Internal Ribosome Entry Sites (IRES, e.g.,

poliovirus IRES and encephalomyocarditis virus IRES) and 2A peptides (e.g., P2A,

T2A, E2A and F2A peptides). Combinations of retroviral vector and an appropriate

35 human cells. Various amphotropic virus-producing cell lines are known, including, but

not limited to, PA12 (Miller, et al. (1985) Mol. Cell. Biol. 5:431-437); PA317 (Miller, et

al. (1986) Mol. Cell. Biol. 6:2895-2902); and CRIP (Danos, et al. (1988) Proc. Natl.

Acad. Sci. USA 85:6460-6464). Non-amphotropic particles are suitable too, e.g.,
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5

the art.

Possible methods of transduction also include direct co-culture of the cells with

10 appropriate growth factors and polycations, e.g., by the method of Xu, et al. (1994) Exp.

Hemat. 22:223-230; and Hughes, et al. (1992) J. Clin. Invest. 89:1817.

Other transducing viral vectors can be used to express a antigen receptor, a CAR,

15

example, adenoviral, lentiviral, and adena-associated viral vectors, vaccinia virus, a

20

244:1275-1281, 1989; Eglitis et al., BioTechniques 6:608-614, 1988; Tolstoshev et al.,

Current Opinion in Biotechnology 1:55-61, 1990; Sharp, The Lancet 337:1277-1278,

1991; Cornetta et al., Nucleic Acid Research and Molecular Biology 36:311-322, 1987;

25 Anderson, Science 226:401-409, 1984; Moen, Blood Cells 17:407-416, 1991; Miller et

al., Biotechnology 7:980-990, 1989; LeGal La Salle et al., Science 259:988-990, 1993;

and Johnson, Chest 107:77S- 83S, 1995). Retroviral vectors are particularly well

30 Non-viral approaches can also be employed for the expression of a protein in cell.

Med. Sci. 298:278, 1989; Staubinger et al., Methods in Enzymology 101:512, 1983),

35
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5 DEAE dextran, electroporation, and protoplast fusion. Liposomes can also be potentially

acid into a cultivatable cell type ex vivo (e.g., an autologous or heterologous primary cell

or progeny thereof), after which the cell (or its descendants) are injected into a targeted

10

electroporation.

cDNA expression for use in polynucleotide therapy methods can be directed from

15 any suitable promoter (e.g., the human cytomegalovirus (CMV), simian virus 40 (SV40),

or metallothionein promoters), and regulated by any appropriate mammalian regulatory

element or intron (e.g. the elongation factor la enhancer/promoter/intron structure). For

example, if desired, enhancers known to preferentially direct gene expression in specific

20 include, without limitation, those that are characterized as tissue- or cell-specific

enhancers. Alternatively, if a genomic clone is used as a therapeutic construct, regulation

25

Also included in the presently disclosed subject matter are a CD8, CD28, CD3,,

4-1BB, EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3,

30

SLC43A3, MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4,

LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1,

EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13,

fragments thereof that are modified in ways that enhance their activity when expressed

in an immunoresponsive cell. The presently disclosed subject matterprovides methods

for optimizing an amino acid sequence or nucleic acid sequence by producing an
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5

insertions, or post-translational modifications. The presently disclosed subject matter

further includes analogs of any naturally-occurring polypeptide of the invention.

10 invention will generally exhibit at least about 85%, about 90%, about 91%, about 92%,

about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or

more identity with all or part of a naturally-occurring amino, acid sequence of the

15

phosphorylation, or glycosylation; such modifications may occur during polypeptide

20

alterations in primary sequence. These include genetic variants, both natural and induced

(for example, resulting from random mutagenesis by irradiation or exposure to

ethanemethylsulfate or by site-specific mutagenesis as described in Sambrook, Fritsch

25 and Maniatis, Molecular Cloning: A Laboratory Manual (2d ed.), CSH Press, 1989, or

Ausubel et al., supra). Also included are cyclized peptides, molecules, and analogs which

contain residues other than L-amina acids, e.g., D-amino acids or non-naturally occurring

In addition to full-length polypeptides, the presently disclosed subject matter also

30 provides fragments of any one of the polypeptides or peptide domains of the presently

disclosed subject matter. As used herein, the term "a fragment" means at least 5, 10, 13,

or 15 amino acids. In other embodiments a fragment is at least 20 contiguous amino

acids, at least 30 contiguous amino acids, or at least 50 contiguous amino acids, and in

other embodiments at least 60 to 80, 100, 200, 300 or more contiguous amino acids.

35

acids by alternative mRNA splicing or alternative protein processing events).
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5 Non-protein analogs have a chemical structure designed to mimic the functional

physiological activity of the original polypeptide. Methods of analog design are well

known in the art, and synthesis of analogs can be carried out according to such methods

10

R groups and varying the degree of saturation at specific carbon atoms of a reference

polypeptide. In certain embodiments, the protein analogs are relatively resistant to in

15 vivo degradation, resulting in a more prolonged therapeutic effect upon administration.

Assays for measuring functional activity include, but are not limited to, those described

in the Examples below.

Pre-leukemic Stem Cell Model

20 mutations including, but are not limited to, DNMT3a (Shlush et al., 2014b) and fusion

protein MLLAF9.

25

R882 mutant serves as a dominant-negative regulator of wild-type DNMT3A(Russler-

30

35 In certain non-limiting embodiments, an immunoresponsive cell (e.g., a T cell,

Tumor Infiltrating Lymphocyte, Natural Killer (NK) cell, cytotoxic T lymphocyte

(CTL), Natural Killer T (NKT) cells or regulatory T cell), which comprises an antigen
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5

embodiments, the antigen is selected from the group consisting of EMR2, CD33,

IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, SLC9A1,

10 FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82,

ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3,

LILRA6, LILRA2, and SLC19A1. In certain embodiments, the antigen is selected from

15

CD70 and LILRB2. In certain embodiments, the antigen is selected from the group

20

increased expression level in DNMT3a mutant cells or in MLLAF9 mutant cells. In

certain non-limiting embodiments, the antigen is selected from the group consisting of

genes in Table 2.

25 In certain embodiment, a T cell is engineered to express a CAR targeting a

Myeloid/AML antigen (e.g., LTB4R, EMR2, MYADM, and PIEZO1).

In certain embodiment, a T cells is engineered to comprise (e.g., express) (a) a

Myeloid/AML antigen. The combination of the targeted antigens can be any one selected

30 from Table 1. In certain embodiment the combination can be any one of the following

pairs of targets: LTB4R and EMR2, LTB4R and CD33, LTB4R and ENG, LTB4R and

MYADM, LTB4R and PIEZO1, LTB4R and SIRPB1, LTB4R and SLC9A1, LTB4R

and ITGA5, LTB4R and CD70, LTB4R and KCNN4. EMR2 and CD33, EMR2 and

ENG, EMR2 and MYADM, EMR2 and PIEZO1, EMR2 and SIRPB1, EMR2 and

35

PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG and CD70,
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5 ENG and KCNN4, MYADM and PIEZO1, MYADM and SIRPB1, MYADM and

and KCNN4, SIRPB1 and SLC9A1, SIRPB1 and ITGA5, SIRPB1 and CD70, SIRPB1

and KCNN4, SLC9A1 and ITGA5, SLC9A1 and CD70, SLC9A1 and KCNN4, ITGA5

10 and CD70, ITGA5 and KCNN4, CD70 and KCNN4, EMR2 and CD33, CCR1 and

LILRB2 and CD33, LILRB2 and CD96, and EMR2 and CD70. In certain embodiments,

the combination is EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33, LILRB2

and CLEC12A, LTB4R1 and CD70, CD70 and EMR2, or LTB4R1 and EMR2.

In certain embodiments, the combination is selected from the group consisting of

EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33, and LILRB2 and CLEC12A.

In certain embodiment, the CAR is a second generation CAR, comprising an

20 CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, OX40, 4-1BB, or CD28 signaling

domain. In certain embodiment, the CAR is recombinantly expressed (e.g., via a vector,

cytosoiic signaling domain (e.g., 28BB CCR, see detailed description in WO2014055668

30

[CRR1+TFR2] [SLC19A1+CPM] [LILRB4+IL1ORB] [CD300LF+MYADM]

[CRR1+KCNN4] [SLC19A1+ITFG3] [LILRB4+PLNXC1]

[CRR1+LTB4R] [SLC19A1+ITGA4] [LILRB4+CD300LF] [CPM+ITFG3]

[CRR1+CD70] [SLC19A1+SLC9A1] [LILRB4+CPM] [CPM+TTYH3]

[CRR1+GYPA] [SLC19A1+MBOAT7] [LILRB4+ITFG3] [CPM+ITGA4]

[CRR1+FCGR1A] [SLC19A1+CD38] [LILRB4+TTYH3] [CPM+SLC9A1]
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[CRR1+SLC19A1] [SLC19A1+SLC6A6] [LILRB4+ITGA4]

[CRR1+EMR2] [SLC19A1+ENG] [LILRB4+SLC9A1] [CPM+CD38]

[CRR1+CD33] [SLC19A1+SIRPB1] [LILRB4+MBOAT7] [CPM+SLC6A6]

[CRR1+IL10RB] [SLC19A1+MRP1] [LILRB4+CD38] [CPM+ENG]

[CRR1+PIEZO1] [SLC19A1+SLC43A3] [LILRB4+ENG] [CPM+MRP1]

[CRR1+CD300LF] [SLC19A1+MYADM] [LILRB4+SIRPB1] [CPM+ITGA5]

[CRR1+ITFG3] [SLC19A1+SLC44A1] [LILRB4+ITGA5] [CPM+MYADM]
[CRR1+TTYH3] [EMR2+CD33] [LILRB4+SLC43A3] [CPM+ICAM1]

[CRR1+ITGA4] [EMR2+IL10RB] [LILRB4+MYADM] [CPM+SLC44A1]

[CRR1+SLC9A1] [EMR2+PLNXC1] [LILRB4+ICAM1] [ITFG3+TTYH3]

[CRR1+ENG] [EMR2+ITFG3] [LTB4R+FCGR1A] [ITFG3+CD38]

[CRR1+ITGA5] [EMR2+SLC9A1] [LTB4R+CD33] [ITFG3+SIRPB1]

[CRR1+SLC43A3] [EMR2+MBOAT7] [LTB4R+IL10RB] [ITFG3+MRP1]

[CRR1+SLC44A1] [EMR2+ENG] [LTB4R+CD300LF] [ITFG3+MYADM]

[SLC22A5+TFR2] [EMR2+SIRPB1] [LTB4R+CPM] [ITFG3+ICAM1]

[SLC22A5+KCNN4] [EMR2+MRP1] [LTB4R+ITFG3] [ITFG3+SLC44A1]

[SLC22A5+LILRB4] [EMR2+ITGA5] [LTB4R+TTYH3] [TTYH3+ITGA4]

[SLC22A5+LTB4R] [EMR2+SLC43A3] [LTB4R+ITGA4] [TTYH3+SLC9A1]

[SLC22A5+CD70] [EMR2+MYADM] [LTB4R+SLC9A1] [TTYH3+MBOAT7]

[SLC22A5+GYPA] [EMR2+ICAM1] [LTB4R+MBOAT7] [TTYH3+CD38]

[SLC22A5+FCGR1A] [EMR2+SLC44A1] [LTB4R+CD38] [TTYH3+SLC6A6]

[TTYH3+ENG]

[SLC22A5+EMR2] [CD33+PLNXC1] [LTB4R+ENG] [TTYH3+SIRPB1]

[SLC22A5+CD33] [CD33+PIEZO1] [LTB4R+SIRPB1] [TTYH3+MRP1]

[SLC22A5+IL10RB] [CD33+CD300LF] [LTB4R+MRP1] [TTYH3+ITGA5]

[SLC22A5+PLNXC1] [CD33+CPM] [LTB4R+ITGA5] [TTYH3+SLC43A3]

[SLC22A5+PIEZO1] [CD33+ITFG3] [LTB4R+SLC43A3] [TTYH3+MYADM]

[TTYH3+SLC44A1]

[SLC22A5+ITFG3] [CD33+SLC9A1] [LTB4R+SLC44A1] [ITGA4+SLC9A1]
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[SLC22A5+MBOAT7

[CD70+EMR2] [ITGA4+ENG]

[SLC22A5+CD38] [CD33+SIRPB1] [CD70+CD33] [ITGA4+SIRPB1]

[SLC22A5+SLC6A6] [CD33+MRP1] [CD70+IL10RB] [ITGA4+MRP1]

[SLC22A5+ENG] [CD70+PLNXC1]

[SLC22A5+SIRPB1] [CD33+SLC43A3] [CD70+PIEZO1] [ITGA4+SLC43A3]

[SLC22A5+MRP1] [CD33+MYADM] [CD70+CD300LF]

[SLC22A5+ITGA5] [CD70+CPM] [ITGA4+ICAM1]

[SLC22A5+SLC43A3] [CD33+SLC44A1] [CD70+ITFG3] [ITGA4+SLC44A1]

[SLC22A5+MYADM] [IL10RB+PLNXC1] [CD70+TTYH3]

[SLC22A5+ICAM1] [IL10RB+PIEZO1] [CD70+ITGA4]

[SLC22A5+SLC44A1]

[TFR2+KCNN4] [CD70+MBOAT7] [SLC9A1+ENG]

[TFR2+LILRB4] [IL10RB+ITFG3] [CD70+CD38] [SLC9A1+SIRPB1]

[TFR2+LTB4R] [IL10RB+TTYH3] [CD70+SLC6A6] [SLC9A1+MRP1]

[TFR2+CD70] [IL10RB+ITGA4] [CD70+ENG] [SLC9A1+ITGA5]

[TFR2+GYPA] [IL10RB+SLC9A1] [CD70+SIRPB1] [SLC9A1+SLC43A3]

[TFR2+FCGR1A] [IL10RB+MBOAT7] [CD70+MRP1] [SLC9A1+MYADM]

[TFR2+SLC19A1] [IL10RB+CD38] [CD70+ITGA5] [SLC9A1+ICAM1]

[TFR2+EMR2] [IL10RB+SLC6A6] [CD70+SLC43A3] [SLC9A1+SLC44A1]

[TFR2+CD33] [CD70+MYADM] [MBOAT7+CD38]

[TFR2+IL10RB] [IL10RB+SIRPB1] [CD70+ICAM1] [MBOAT7+SLC6A6]

[TFR2+PLNXC1] [IL10RB+MRP1] [CD70+SLC44A1] [MBOAT7+ENG]

[TFR2+PIEZO1] [GYPA+FCGR1A]

[TFR2+CD300LF] [IL10RB+SLC43A3] [GYPA+SLC19A1]

[TFR2+CPM] [GYPA+EMR2] [MBOAT7+ITGA5]

[TFR2+SLC9A1] [PLNXC1+CD300LF] [GYPA+PIEZO1]

[TFR2+MRP1] [PLNXC1+MBOAT7] [GYPA+SLC9A1] [CD38+SLC43A3]

[TFR2+ITGA5] [PLNXC1+CD38] [GYPA+MBOAT7]

[TFR2+MYADM] [PLNXC1+ENG] [GYPA+SLC6A6] [CD38+SLC44A1]

[TFR2+ICAM1] [PLNXC1+SIRPB1] [GYPA+ENG] [SLC6A6+ENG]

[TFR2+SLC44A1] [PLNXC1+MRP1] [GYPA+SIRPB1] [SLC6A6+SIRPB1]

70

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

[
S
L
C
2
2
A
5
+
M
B
O
A
T
7

[
C
D
7
0
+
E
M
R
2
]

2
0
2
6
2
0
2
1
0
7
 
1
8
 
M
a
r
 
2
0
2
6

[
C
D
3
3
+
M
R
P
1
]

[
C
D
3
3
+
M
Y
A
D
M
]

[
S
L
C
2
2
A
5
+
M
Y
A
D
M
]

[
S
L
C
2
2
A
5
+
S
L
C
4
4
A
1
]

[
I
L
1
0
R
B
+
C
D
3
0
0
L
F
]

[
S
L
C
9
A
1
+
S
L
C
6
A
6
]

[
C
D
7
0
+
M
B
O
A
T
7
]

[
C
D
7
0
+
C
D
3
8
]

[
S
L
C
9
A
1
+
S
I
R
P
B
1
]

[
T
F
R
2
+
L
T
B
4
R
]

[
I
L
1
0
R
B
+
T
T
Y
H
3
]

[
C
D
7
0
+
S
L
C
6
A
6
]

[
S
L
C
9
A
1
+
M
R
P
1
]

[
T
F
R
2
+
G
Y
P
A
]

[
C
D
7
0
+
M
R
P
1
]

[
S
L
C
9
A
1
+
M
Y
A
D
M
]

[
I
L
1
0
R
B
+
C
D
3
8
]

[
C
D
7
0
+
M
Y
A
D
M
]

[
M
B
O
A
T
7
+
C
D
3
8
]

[
C
D
7
0
+
I
C
A
M
1
]

[
M
B
O
A
T
7
+
S
L
C
6
A
6
]

[
M
B
O
A
T
7
+
E
N
G
]

[
G
Y
P
A
+
E
M
R
2
]

[
M
B
O
A
T
7
+
I
T
G
A
5
]

[
P
L
N
X
C
1
+
C
D
3
0
0
L
F
]

[
P
L
N
X
C
1
+
M
B
O
A
T
7
]

[
G
Y
P
A
+
M
B
O
A
T
7
]

[
T
F
R
2
+
M
Y
A
D
M
]

[
P
L
N
X
C
1
+
M
R
P
1
]

7
0



[PLNXC1+ITGA5] [GYPA+MRP1] [SLC6A6+MRP1]

[KCNN4+LTB4R] [PLNXC1+SLC43A3]

[PLNXC1+SLC44A1] [SLC6A6+ICAM1]

[ENG+SIRPB1]

[PIEZO1+ITFG3]

[ENG+SLC43A3]

[ENG+MYADM]

[PIEZO1+MBOAT7] [FCGR1A+PIEZO1] [ENG+ICAM1]

[PIEZO1+CD38]

[KCNN4+SLC6A6] [PIEZO1+MYADM] [FCGR1A+CD38] [MRP1+ITGA5]

[FCGR1A+SLC6A6] [MRP1+SLC43A3]

[MRP1+MYADM]
[CD300LF+CPM] [MRP1+ICAM1]

[MRP1+SLC44A1]

[CD300LF+TTYH3] [FCGR1A+ITGA5] [ITGA5+SLC43A3]

[KCNN4+MYADM] [CD300LF+ITGA4] [FCGR1A+SLC43A3] [ITGA5+MYADM]

[KCNN4+ICAM1] [CD300LF+SLC9A1] [FCGR1A+MYADM] [ITGA5+ICAM1]

[CD300LF+MBOAT7

[KCNN4+SLC44A1] ] [FCGR1A+ICAM1] [ITGA5+SLC44A1]

[LILRB4+LTB4R] [CD300LF+CD38] [FCGR1A+SLC44A1] [SLC43A3+MYADM]

[SLC43A3+ICAM1]

[LILRB4+GYPA] [CD300LF+ENG] [SLC19A1+CD33] [SLC43A3+SLC44A1]

[LILRB4+FCGR1A] [CD300LF+SIRPB1] [SLC19A1+IL10RB] [MYADM+ICAM1]

[LILRB4+SLC19A1] [CD300LF+MRP1] [SLC19A1+PLNXC1] [MYADM+SLC44A1]

[LILRB4+EMR2] [CD300LF+ITGA5] [SLC19A1+PIEZO1] [ICAM1+SLC44A1]

5

mutant

ABCG2
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PPP2R5B ASIC3 LEPR

TEX29 B3GNT4

FKBP1B TMEM59L HOOK1
KCNJ5 SLC25A36 CCDC155

CAPN3 FRMD5 TMEM27
GABRB2

SPAG17 ZDHHC11 EPHA4

MMP25 ITGA8 CDH13

PEAR1 AQP2
CLEC1A ASPRV1 KCNK13

OTOA LOXL4 KIF26B

LRRN2 TRIM55 HTR2A

RHBDL3 KIF19 SLC44A3

HEPHL1 LPAR2 ILDR1

TSPEAR CNIH2 CYP4F11

TAS1R3 FLRT1 SLC8A3

MBOAT1 RNF183 GPR153

MT-ND1 RDH16 SLCO2B1

DARC CADM3 SCIN

SH3PXD2A C3orf35 SCN2A

BEST4 GDPD3 IL23R

STON2 TMPRSS5 ALS2

LRRTM2 AGER
STC1 ADAMTS13 EXTL3

IL20RB PDE3A

CDHR1 WNT4 MFAP3L

MYADML2 LRRC37A3 SLC34A3

PNPLA3 SCNN1D TACSTD2

PSD2 TMEM89 ITGB8

SLC45A3

KCND1 CHST3 SYNC

TMEM145 IGFBP3 ADORA3

KCNV2 COLEC12

SCN11A CX3CR1

5 Genomice Integration into Immunoresponsive Cell

can be integrated into a selected locus of the genome of an immunoresponsive cell. Any
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5 targeted genome editing methods can be used to integrate the antigen recognizing

10

15

20

25

to transfect the target cells. The crRNA needs to be designed for each application as this

30

the insertion sequence. Multiple crRNA's and the tracrRNA can be packaged together to

form a single-guide RNA (sgRNA). This sgRNA can be joined together with the Cas9

gene and made into a plasmid in order to be transfected into cells. Methods of using the

35 A1 and WO 2015089354 A1, which are incorporated by reference in their entireties.

In certain embodiments, zinc-finger nucleases are used to integrate the antigen

recognizing receptor (e.g., CAR or TCR) in selected loci of the genome of an

immunoresponsive cell. A zinc-finger nuclease (ZFN) is an artificial restriction enzyme,
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5

cleavage domain. A zinc finger domain can be engineered to target specific DNA

sequences which allows a zinc-finger nuclease to target desired sequences within

genomes. The DNA-binding domains of individual ZFNs typically contain a plurality of

individual zinc finger repeats and can each recognize a plurality of basepairs. The most

10 common method to generate new zinc-finger domain is to combine smaller zinc-finger

"modules" of known specificity. The most common cleavage domain in ZFNs is the non-

specific cleavage domain from the type IIs restriction endonuclease Fokl. Using the

endogenous homologous recombination (HR) machinery and a homologous DNA

template carrying CAR expression cassette, ZFNs can be used to insert the CAR

15 expression cassette into genome. When the targeted sequence is cleaved by ZFNs, the

HR machinery searches for homology between the damaged chromosome and the

homologous DNA template, and then copies the sequence of the template between the

two broken ends of the chromosome, whereby the homologous DNA template is

integrated into the genome. Methods of using the ZFN system are described, for

20 example, in WO 2009146179 A1, WO 2008060510 A2 and CN 102174576 A, which are

incorporated by reference in their entireties.

In certain embodiments, the TALEN system is used to integrate the antigen

recognizing receptor (e.g., CAR or TCR) in selected loci of the genome of an

immunoresponsive cell. Transcription activator-like effector nucleases (TALEN) are

25 restriction enzymes that can be engineered to cut specific sequences of DNA. TALEN

system operates on almost the same principle as ZFNs. They are generated by combining

domain. Transcription activator-like effectors (TALEs) are composed of 33-34 amino

acid repeating motifs with two variable positions that have a strong recognition for

30 specific nucleotides. By assembling arrays of these TALEs, the TALE DNA-binding

2014040370 A1, which are incorporated by reference in their entireties.

35
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5 limited to, electroporation, microinjection, gene gun, impalefection, hydrostatic pressure,

10

or TCR). In certain embodiments, the modification is introduced upstream of the

15

20 Administration

25

interest, for example, by administration into the circulatory system (e.g., the tumor

30 in vitro or in vivo.

The modified cells can be administered in any physiologically acceptable vehicle,

normally intravascularly, although they may also be introduced into bone or other

convenient site where the cells may find an appropriate site for regeneration and

35 reaching 1x10¹ or more. Genetically modified immunoresponsive cells of the invention

can comprise a purified population of cells. Those skilled in the art can readily determine

the percentage of genetically modified immunoresponsive cells in a population using

various well-known methods, such as fluorescence activated cell sorting (FACS).
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5

immunoresponsive cells are about 50 to about 55%, about 55 to about 60%, and about 65

to about 70%. More preferably the purity is about 70 to about 75%, about 75 to about

80%, about 80 to about 85%; and still more preferably the purity is about 85 to about

90%, about 90 to about 95%, and about 95 to about 100%. Dosages can be readily

10 adjusted by those skilled in the art (e.g., a decrease in purity may require an increase in

dosage). The cells can be introduced by injection, catheter, or the like. If desired, factors

can also be included, including, but not limited to, interleukins, e.g. IL-2, IL-3, IL-6, IL-

factors, such as G-, M- and GM-CSF, interferons, e.g.gamma.-interferon and

erythropoietin.

In certain embodiments, the compositions are pharmaceutical compositions

comprising genetically modified immunoresponsive cells or their progenitors and a

pharmaceutically acceptable carrier. Administration can be autologous or heterologous.

For example, immunoresponsive cells, or progenitors can be obtained from one subject,

20

derived immunoresponsive cells of the invention or their progeny (e.g., in vivo, ex vivo

or in vitro derived) can be administered via localized injection, including catheter

administration, systemic injection, localized injection, intravenous injection, or

parenteral administration. When administering a presently disclosed therapeutic

25 composition (e.g., a pharmaceutical composition containing a genetically modified

immunoresponsive cell), it will generally be formulated in a unit dosage injectable form

Formulations

Presently disclosed compositions comprising genetically modified

30

liquid compositions are somewhat more convenient to administer, especially by

35
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5 example, glycerol, propylene glycol, liquid polyethylene glycol, and the like) and

10

such as wetting, dispersing, or emulsifying agents (e.g., methylcellulose), pH buffering

15

20 including antimicrobial preservatives, antioxidants, chelating agents, and buffers, can be

25

modified immunoresponsive cells or their progenitors.

30 compositions may be accomplished using sodium chloride, or other pharmaceutically

acceptable agents such as dextrose, boric acid, sodium tartrate, propylene glycol or other

inorganic or organic solutes. Sodium chloride is preferred particularly for buffers

containing sodium ions.

35 using a pharmaceutically acceptable thickening agent. Methylcellulose is preferred

because it is readily and economically available and is easy to work with. Other suitable

thickening agents include, for example, xanthan gum, carboxymethyl cellulose,

hydroxypropyl cellulose, carbomer, and the like. The concentration of the thickener can
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5

achieve the selected viscosity. Obviously, the choice of suitable carriers and other

additives will depend on the exact route of administration and the nature of the particular

dosage form, e.g., liquid dosage form (e.g., whether the composition is to be formulated

into a solution, a suspension, gel or another liquid form, such as a time release form or

10 liquid-filled form).

Those skilled in the art will recognize that the components of the compositions

should be selected to be chemically inert and will not affect the viability or efficacy of

subject matter. This will present no problem to those skilled in chemical and

15 pharmaceutical principles, or problems can be readily avoided by reference to standard

texts or by simple experiments (not involving undue experimentation), from this

disclosure and the documents cited herein.

One consideration concerning the therapeutic use of the presently disclosed

immunoresponsive cells is the quantity of cells necessary to achieve an optimal effect.

20

embodiments, between 10 to 10¹ between 10 to 10 , or between 10 and 10

genetically presently disclosed cells are administered to a human subject. More effective

cells may be administered in even smaller numbers. In some embodiments, at least about

1x10, 2x10, 3x10, 4x10, and 5x10 presently disclosed cells are administered to a

25 human subject. The precise determination of what would be considered an effective dose

may be based on factors individual to each subject, including their size, age, sex, weight,

skilled in the art from this disclosure and the knowledge in the art.

The skilled artisan can readily determine the amount of cells and optional

30

about 0.0001 to about 5 wt %, preferably about 0.0001 to about 1 wt %, still more

35
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5 as by determining the lethal dose (LD) and LD50 in a suitable animal model e.g., rodent

10

Methods of Treatment

contemplated herein are methods for treating a pathogen infection or other infectious

15

20 An "effective amount" (or, "therapeutically effective amount") is an amount

25

are typically taken into account when determining an appropriate dosage to achieve an

30 the immunoresponsive cells administered.

For adoptive immunotherapy using antigen-specific T cells, cell doses in the

range of about 10-10¹ (e.g., about 10) are typically infused. Upon administration of the

presently disclosed cells into the host and subsequent differentiation, T cells are induced

35 include inactivation of antigen-specific T cells such as by deletion or anergy. Inactivation

is particularly useful to establish or reestablish tolerance such as in autoimmune

disorders. The modified cells can be administered by any method known in the art
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5

intrathecal, intrapleural, intraperitoneal and directly to the thymus.

Therapeutic Methods

The presently disclosed subject matter provides methods for increasing an

immune response in a subject in need thereof. The presently disclosed subject matter

10 provides methods for treating and/or preventing a myeloid disorder in a subject. Suitable

distinguished by clinical criteria. Subjects with "advanced disease" or "high tumor

tumor is one that can be detected on the basis of tumor mass (e.g., based on percentage

15 of leukemic cells, by palpation, CAT scan, sonogram, mammogram or X-ray; positive

biochemical or histopathologic markers on their own are insufficient to identify this

population). A pharmaceutical composition embodied in this invention is administered to

these subjects to elicit an anti-tumor response, with the objective of palliating their

condition. Ideally, reduction in tumor mass occurs as a result, but any clinical

20

of progression or reduction in pathological consequences of the tumor.

A second group of suitable subjects is known in the art as the "adjuvant group."

These are individuals who have had a history of a myeloid disorder, but have been

responsive to another mode of therapy. The prior therapy can have included, but is not

25 restricted to, surgical resection, radiotherapy, and traditional chemotherapy. As a result,

these individuals have no clinically measurable tumor. However, they are suspected of

metastases. This group can be further subdivided into high-risk and low-risk individuals.

The subdivision is made on the basis of features observed before or after the initial

30

yet evidenced clinical signs of the myeloid disorder. For instance, women testing

35

preventive surgery.
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5 The subjects can have an advanced form of disease, in which case the treatment

10

and/or preventing a myeloid disorder in a subject, the method comprising administering

As a consequence of surface expression of a receptor that binds to a myeloid

15

20 lymphocytes, NK-, NKT- cells, dendritic cells, and macrophages).

Kits

25

or other suitable container forms known in the art. Such containers can be made of

30 an antigen recognizing receptor (e.g., a CAR or a TCR) directed toward an antigen of

interest in expessible (and secretable) form, which may optionally be comprised in the

same or different vectors.

If desired, the immunoresponsive cell and/or nucleic acid is provided together

35 of developing a myeloid disorder. The instructions will generally include information

about the use of the composition for the treatment and/or prevention of myeloid disorder.

In certain embodiments, the instructions include at least one of the following: description
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5

indications; overdosage information; adverse reactions; animal pharmacology; clinical

studies; and/or references. The instructions may be printed directly on the container

(when present), or as a label applied to the container, or as a separate sheet, pamphlet,

card, or folder supplied in or with the container.

10 EXAMPLES

conventional techniques of molecular biology (including recombinant techniques),

purview of the skilled artisan. Such techniques are explained fully in the literature, such

15 as, "Molecular Cloning: A Laboratory Manual", second edition (Sambrook, 1989);

"Oligonucleotide Synthesis" (Gait, 1984); "Animal Cell Culture" (Freshney, 1987);

"Methods in Enzymology" "Handbook of Experimental Immunology" (Weir, 1996);

"Gene Transfer Vectors for Mammalian Cells" (Miller and Calos, 1987); "Current

Protocols in Molecular Biology" (Ausubel, 1987); "PCR: The Polymerase Chain

20

the invention, and, as such, may be considered in making and practicing the invention.

Particularly useful techniques for particular embodiments will be discussed in the

sections that follow.

25 The following examples are put forth so as to provide those of ordinary skill in

the art with a complete disclosure and description of how to make and use the

not intended to limit the scope of what the inventors regard as their invention.

Example 1 - Integrated analysis of the AML cell surfaceome identifies CAR targets

30

2015). This therapeutic modality induces complete remissions in subjects with CD19

35

therapy bodes well for tackling all hematological malignancies, including Acute Myeloid
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5 Leukemia (AML), which affects over one quarter million adults annually worldwide.

10 comprehensively considering antigen expression in normal organs/tissues across the

generated protein expressions. Alternatively, advanced proteomic technologies combined

15

20 deciphered from individual or limited analysis of mRNA or protein expression (Haider

and Pal, 2013). Moreover, defined criteria of a suitable CAR target have never been set

25

suitable CAR targets. This allowed to annotate, filter and validate thousands of surface

30 and/or combinatorial CAR T cell strategies for patients with AML. These do not overlap

with the four molecules that have been pursued to date as CAR targets: Lewis (Le)-

Y(Ritchie et al., 2013); CD123(Al-Hussaini et al., 2016; Gill et al., 2014; Jordan et al.,

2000; Yi Luo, 2015); (Kenderian et al., 2015; Pizzitola et al., 2014) and folate

35 and safety criteria for an ideal CAR target or represent the equivalent of CD19 for ALL.

Furthermore, genetically-defined models of leukemic stem cells are generated, which

were used to further validate the candidates and pairs of candidates and also to identify
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5

strategies, based on the genetic mutational profile.

Generating a comprehensive annotated dataset of surface AML targets to identify

suitable CAR targets

In order to generate a comprehensive dataset of surface AML targets, from which

10

first collected, and additional surface-specific proteomic studies were performed (3675

proteins) (Fig. 1A).

2010), CD123 (Jordan et al., 2000), CD47 (Majeti et al., 2009), CD32 and CD25 (Saito

15 et al., 2010), CLL-1 (Bakker et al., 2004), CD96 (Hosen et al., 2007), CD33 (Taussig et

al., 2005) for instance, and also the results of surface-specific proteomic studies in five

human myeloid leukemia (NB4, HL60, THP1, PLB985, K562) cell lines and normal

human granulocytes(Strassbergen et al., 2014). Also performed was cell surface

biotinylation of additional four (Kasumi, Monomac, Molm13, 09AML, THP1, K562)

20

the cohort of potential candidate targets given the complex heterogenicity of AML. For

instance, THP1 line bears MLL-AF9 translocation, deletion of p16, p53, UTX and

rearrangement of RB1; Kasumi line bears AML1-ETO translocation; Molm13 FLT3-

25 ITD; NB4 and HL60 PML-RAR.

The expression of each candidate was annotated through multiple data sources,

(HPM)(Kim et al., 2014) and the Proteomics Database (PD)(Wilhelm et al., 2014), which

provide information on protein expression in several (>60) normal tissues/organs,

30

fluid, bile, saliva, through different means such as antibody-based

35

and non-vital organ structures and functions. Through the subcellular localization
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5 database (aka Compartments), the proteins localized at the cell membrane was annotated

10 such as HSCs, myeloid progenitors, monocytes etc and primary AML patient samples

antibodies of a subset of 32 selected antigens, additional information of their expression

15

20 potential AML candidates, described above in Fig1. This multi-step approach enabled

identification of a limited number of suitable CAR targets, starting from a much larger

number.

25 information on the antigen expression in normal tissues and organs (HPA, HPM and

membrane associated sub-localization were prioritized. This first step is termed "Quality

30 selected. three selection criteriawhich would prefer the candidates with were defined: a)

low average expression in 64 normal tissues/organs (using 1 as cut-off value) b) no high

expression in any tissue (using a scale 0 to 3 where 0,1,2 and 3 indicate zero, low,

medium and high expression respectively) c) low mRNA expression in HSCs compared

35 tissues" resulting in 215 candidates (Fig. 1B - step#2).

The top lowest overall expressors were selected (10) based on mean value (in

increasing order): CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA,
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5

additional AML cell lines (Fig1A - blue boxes). This assured broad distribution of

candidate expression across multiple AML models, thus extended application in

targeting those candidates. They are 29 in total and the molecules are listed below, not

including the 10 lowest overall expressors: EMR2, CD33, IL10RB, PLXNC1, PIEZO1,

10

SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, ICAM1, SLC44A1. This third step was

termed "Rank selection", resulting in 32 proteins (Fig. 1B - step#3 and Fig. 1C).

were systematically defined in primary CD34, CD34CD38 HSCs which were purified

15 from cord blood, and in five AML cell lines by flow-cytometry. This fourth step was

termed "Expression by flow-cytometry", which selected the candidates with <5%

expression in normal CD34+ and CD34+CD38- HSCs and >75% expression in 4/5 AML

cells (Fig. 1B - step#4). This resulted in 11 top candidates that can be targeted by CAR

T cells safely and efficiently: LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1,

20

cells before and after stimulation on CD19*3T3 cells, mimicking therapeutic cells. the

candidates with <5% expression in T cells: LTB4R, EMR2, MYADM and PIEZO1 were

25

Targeting AML with any of those can result in efficient and safe CAR T cell therapies.

and 55 pairs of antigens were obtained from the step termed "Combinatorial CAR

selection" (Fig. 1B - step#5'; Fig. 3A).

30

[EMR2+SIRPB1]; [EMR2+SLC9A1]; [EMR2+ITGA5]; [EMR2+CD70];

35
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5 [ENG+MYADM]; [ENG+PIEZO1]; [ENG+SIRPB1]; [ENG+SLC9A1];

10 [PIEZO1+KCNN4];

[ITGA5+CD70]; [ITGA5+KCNN4] and

15

1.

20 expressing both antigens but do not affect cells expressing either antigen alone (Kloss et

al., 2013). This strategy are to be employed to assess and compare the efficacy and

specificity of the pairs of CARs in AML (Fig. 1E). Exemplary combination can be:

25 optional validation (in genetically-defined subsets of AML cells) refined the choice of

the specific mutational profile of AML (Fig. 1B - step#6 and #6').

30 CD34+CD38- HSCs, CAR+ T cells (before and after activation) and in four malignant

AML (THP1, Monomac, Molm13 and 09AML) cells.

Fig2A shows 9 candidates: LTB4R, EMR2, SLC9A1, MYADM, CD33,

SLC6A6, KCNN4, PIEZO1, SIRPB1. LTB4R and EMR2 present the best expression

profile compared to the whole panel in Fig2.

35 Fig2B shows 3 candidates: CD70, ENG, ITGA5. These antigens share high

expression in T cells.
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5 Fig2C shows 13 candidates: CCR1, SLC22A5, TFR2, LILRB4, GYPA,

FCGR1A, IL10RB, PLXNC1, CD300LF, MBOAT7, MRP1, SLC43A3, SLC44A1.

These antigens share a non-homogenous expression in all AML cells.

Fig2D shows 6 candidates: CPM, TTYH3, ITGA4, SLC19A1, CD38, ICAM1.

These antigens share high expression in normal HSCs.

10

discussed above, which yeilded 55 pairs of suitable targets (Figure 3A). Figure 3B

shows the flow cytometry results verifying expression of LTB4R1 and EMR2, one pair

of the 55 pairs of targets, in normal and malignant cells. Figure 4 depict the

combinatorial approach. Using CD70-CCR and CD33-CAR as example, the CAR and

15 CCR can be constructed in separate vector/cassette (the upper two schematics), or in a

2A peptide). The expression of the CD33 CAR and CD70 CCR in T cells and the

cytotoxic T lymphocyte (CTL) assay in AML cells are also shown in Figure 4.

Information on top single targets (also included in the combinatorial study) is

20

survival and can be aberrantly expressed in cancer cells(O'Hayre et al., 2014). In AML,

for instance CXCR4 overexpression has been associated with poor outcome(Konoplev et

25

cells demonstrated that the most highly expressed GPCRs in AML cells are in decreasing

LTB4R, TPRA1, C5AR1, LPAR2, LTB4R2 and GPR107(Maiga et al., 2016).

Chemokine receptors found to be overexpressed in AML specimens such as CCR1 have

30

of this disease(Dairaghi et al., 2012). This suggests that these surface receptors are

35

protein-coupled seven-transmembrane domain receptors, LTB4 receptor (BLT1) and

BLT2, the high- and low-affinity receptors, respectively(Yokomizo et al., 1997;
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5

contrast to BLT2, which is expressed ubiquitously, BLT1 is predominantly expressed in

10 expression of BLT1 during neutrophilic differentiation is markedly increased by

15

AML1 and other transcription factors(Hashidate et al., 2010). Sp1 site is the essential

20 (BMA) to a large CML patient microarray dataset(Oehler et al., 2009).

In addition to mediating the chemotactic responses to LTB4 in leukocytes, the

LTB4 receptor has been shown to act as a co-receptor mediating entry of HIV-1 into

25 monocytes, lymphocytes and granulocytes by flow-cytometry(Dasari et al., 2000).

monoclonal antibodies on CD15+ peripheral blood granulocytes, and on HL-60 cells

when differentiated into neutrophil-like cells by treatment with DMSO(Pettersson et al.,

30 from retinoic acid-differentiated HL-60 cells using a subtraction strategy(Yokomizo et

al., 1997). BLT1 binds to LTB4 with significantly greater specificity than BLT2.

105,696(Showell et al., 1995), CP-195,543(Showell et al., 1998), U-75302(Lawson et

al., 1989), ZK158252 and ONO-4057(Kishikawa et al., 1992). Some of these agents

35 selectively antagonize BLT1, whereas others antagonize both receptors. Leukocyte

BLT1 expression is upregulated in inflammation. Specific inflammatory stimuli
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5 but to date both IFNgamma and glucocorticoids have been shown to induce BLT1

EMR2 is a member of the epidermal growth factor (EGF)-TM7 family of

proteins. EMR2, EMR1 (EGF-like molecule containing mucin-like hormone receptor

1)(Baud et al., 1995), F4/80 (the probable mouse homologue of human EMR1)(Lin et al.,

10

predominantly expressed on leukocytes, suggesting a role in the immune system by

interacting with either cell surface proteins or extracellular matrix proteins, possibly

leading to signal transduction via the 7TM domain. These molecules possess N-terminal

EGF-like domains coupled to a seven-span transmembrane (7TM) moiety via a mucin-

15 like spacer domain. EMR2 shares strikingly similar molecular characteristics with CD97.

contains a total of five tandem highly homologous EGF-like domains, indicating that

both genes are the products of a gene duplication event. The EGF domains of EMR2 are

almost identical to those of CD97 with the sequence identity ranging from 95 to 100% in

20

consensus amino acid sequences for the EGF domain calcium-binding site and for

posttranslational beta-hydroxylation of aspartate/asparagine, which were identified in

25

domains, found in a broad spectrum of extracellular proteins have been shown to play an

and its cellular ligand CD55(Hamann et al., 1998). Significant amino acid sequence

30

within the extracellular domain are found conserved as well. Monoclonal antibodies

35

residues and is found in other members of the EGF-TM7 family and family B GPCR-

related proteins. The cysteine-rich motif, named GPS for GPCR proteolytic site, is
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5

for protein kinase C-mediated phosphorylation in intracellular loops 2 and 3 and the

10 regulation is not observed for EMR2(Lin et al., 2000). EMR2 fails to interact with CD55,

15

transcripts, potentially resulting in multiple protein isoforms that contain different

20 and two EGF domains (EGF 1,2) are predicted. A splice variant resulting from the by-

pass of exon 12 predicted to encode a soluble EMR2 molecule. Possible ligand

candidates include the regulators of complement activation, such as CD46, CD35, CD21

25 CD70 is the membrane-bound ligand of the CD27 receptor, which belongs to the

CD70 is expressed by DLBCL, follicular lymphoma, Hodgkin lymphoma(Lens et al.,

1999), Waldenstrom macroglobulinemia, multiple myeloma, human T-lymphotropic

30 1995), renal cell carcinoma(Junker et al., 2005) and glioblastoma(Chahlavi et al., 2005).

Physiologically, CD70 expression is transient and restricted to a subset of highly

specific monoclonal antibodies has shown promise in preclinical animal

models(McEarchern et al., 2007; McEarchern et al., 2008) and Shaffer et al have targeted

35 CD70 generating CD70-specific CAR, consisting of full-length CD27 as the antigen

recognition domain fused to the intracellular domain of the CD3-zeta chain(Shaffer et
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5 In order to design a curative therapeutic strategy with CAR T cells, the top

epigenetic mutations in CD34 HSPCs, that were purified from cord blood, were

retrovirally expressed (Perna et al., 2010). Pre-leukemic stem cells are genetically

defined by the expression of initiating mutations such as DNMT3a(Shlush et al., 2014b).

10

vectors carrying GFP that served as selection marker of the transduced cells. Most of the

oncogenic mutations used herein also characterize specific phenotypic subsets of AML,

behave as dominant-negative on the wild type allele and associate with poor prognostic

outcome, thus representing the types of patients that will most likely benefit from

15 immune mediated therapies.

DNA methyltransferase family and one of the most frequently mutated genes in AML,

occurring in up to 36% of cytogenetically normal AML (CN-AML) patients(Marcucci et

al., 2012). Despite the high frequency of mutations in DNMT3A in AML and their

20

mutations(Ley et al., 2010; Yan et al., 2011). In AML cells, R882 mutations always

occur with retention of the wild-type allele and it was showed that the R882 mutant

25

2014). Methylation studies using the HELP (Hpall tiny fragment enrichment by ligation-

DNMT3A wild-type samples. DNMT3a mutation is an early event in leukemogenesis. In

30

bearing HSCs show a multilineage repopulation advantage over non-mutated HSCs in

35

toward DNMT3A have been developed to date.
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5

70% of infant leukemia, ~ 10% of adult AML, and many cases of secondary acute

10 MLL. Studies in mice have demonstrated that MLL-fusions can confer self-renewal

15

Although AML patients harboring the t(8;21) translocation are generally given a good

20 options that improve patient survival.

The t(15;17)(q24;q21), generating a PML-RARA fusion gene, is the hallmark of

acute promyelocytic leukemia (APL). The resulting fusion protein retains domains of the

25 protein interactions, associating with RXRA to form hetero-oligomeric complexes that

transcriptional activity. Moreover, RARA fusion proteins can homodimerize, conferring

the ability to regulate an expanded repertoire of genes normally not affected by RARA.

30 signaling, inducing a differentiation blockage at the promyelocyte stage, which can be

overcome with therapeutic doses of ATRA or arsenic trioxide. However, resistance to

Primary CD34+ HSCs isolated from cord blood were retrovirally infected, and a

"myeloid priming" was provided in liquid cultures supporting the myeloid

35 differentiation. The GFP+ cells were sorted by FACS and used for flow-cytometry,

Mass-Spect and RNA-seq analyses. Cell surface genes listed in Figure 5A have at least

Cell surface genes listed in Figure 5B have at least 2-fold increase in the MLLAF9
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5 mutant cells compared to control cells (MIGR1). Those genes (also listed in Table 2)

Conclusions

CAR therapy is a novel approach to cancer immunotherapy that has demonstrated

great potential against B-cell malignancies and may soon be approved for relapsed,

10

targets are identified.

Through an innovative multi-tiered platform integrating surface-specific

proteomics and transcriptomics in several malignant and normal cell subsets, 32

candidates, 11 top candidates, 4 candidates for single CAR strategies and 55 pairs, 3 top

15 pairs of targets for combinatorial strategies were identified. Furhtermore, pre-leukemic

Materials and methods

Flow-cytometry

We used the following antibodies to define antigen expression by flow-

20

LTB4R1-AF700 cat.FAB099N; LTB4R1-AF405 cat.FAB099V; LTB4R1-FITC

cat.NB100-64832 (Novus Biologicals); LTB4R1-PE cat. FAB099P (R&D)

25

CD33-APC t.551378 (BD Pharmingen);

ITGA5 (CD49e)-APC cat. 328011 (Biolegend)

30

CCR1-PE cat. 130-100-368 (Milteniy)

35

CD300f (IREM-1)-PE cat. 130-098-472; CD300f (IREM-1)-FITC cat. 130-098-
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5

MRP1-PE cat. IC19291P (R&D)

10 TTYH3 cat. NBP1-91350 (Novus)

15

SLC43A3 NBP1-85026 (Novus)

20 PLXNC1 cat. AF3887-SP (R&D Systems)

Vectors cloning

DNMT3a WT, DNMT3a R882H, IDH2 WT, IDH2 R172K, IDH1 WT, IDH1

25 GFP vectors. Design in CD70 CAR and CD33 CAR are shown in Figure 5.

CD34+ cells purification and culture conditions

Mononuclear cells are isolated by centrifugation on a gradient of Ficoll-Hypaque

30 (magnetic-activated cell sorting) LS+ separation columns and isolation Kit according to

the manufacturer`s protocol (Miltenyi). Cells may be frozen in DMEM supplemented

One day before the transduction, CD34+ cells are thawed and cultured in Iscove`s

modified Dulbecco`s medium (IMDM) containing 20% BIT medium supplemented with

35 SCF (100 ng/ml), FLT-3 (10 ng/ml), IL-6 (20 ng/ml) and TPO (100 ng/ml). Cytokines

may be purchased purchased from Peprotech and R&D. After a 24 hours- recover

(8 µg/ml).
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5 Generation and concentration of retroviruses

to standard protocols. Briefly H29 cells may be cultured in Dulbecco modified Eagle

medium (DMEM), supplemented with 10% fetal bovine serum (FBS) and when

subconfluent, transfected with plasmids. The transfection is performed by calcium-

10

to infect RD114 cells.
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5 Example 3

samples, at least 50 samples, bearing frequently recurring genetic abnormalities,

10

leukocyte chemoattractant30. LTB4 signals through two G protein-coupled seven-

transmembrane domain receptors, LTB4 receptor (BLT1) and BLT2, the high- and low-

affinity receptors, respectively (Yokomizo, Nature, 387:620-624, 1997; Yokomizo, J

15

vaccine setting in BALB/c leukemia model and showed better primary and recall

EMR2 is a new member of the EGF-TM7 family of proteins, containing a total of

20

function in the myeloid lineage (Lin, Genomics, 67:188-200, 2000).

25

activating CD3 domain) or CCR (fusion molecule coupling antigen specificity to T cell

30

compared to normal cells in a panel of representative cell lines by cytotoxic lymphocyte

35 receptor targets

Summary
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5

expressed molecules absent from vital tissues. Large transcriptomics and proteomics data

identify potential targets expressed in leukemia stem cells, but not in normal

CD34+CD38- hematopoietic cells, T cells or vital tissues. As these investigations did

10 not uncover candidate targets with a profile as favorable as CD19, a generalizable

Introduction

15 An ideal CAR target should be expressed at high density, in most if not all tumor

cells including cancer stem cells, and in a large fraction of patients (Table 3). Unlike

antigen density, CAR T cells require higher antigen densities to fully activate effector

20 antigen expression that is easily detected by FACS analysis is thus much preferred for

CAR target selection. Clonal heterogeneity creates complex tumors that are prone to

escape targeted therapies. Expression of the target in normal tissues may be tolerable

(transient or partial elimination of non-vital cell types) or unacceptable (destruction of

25 tumor target should not be expressed on any normal tissue/organ of, or at least not in

vital tissues (heart, liver, CNS, lung and other tissues that cannot withstand transient

damage) nor in closely related normal cellular counterparts, i.e., CD34+ hematopoietic

stem/progenitor cells (HSPCs) in the case of AML. The target antigen should also not be

30 imperative to carefully evaluate candidate targets not just in tumor cells, but across all

normal tissues. Consequently, this task requires comprehensive sources of antigen

target antigens.

Table 3. Features of an ideal CAR target

Activity Expression

Efficient High on-tumor - in all tumor cells

recognition and -
at high level

targeting by CAR - in many patients
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T cells

Safe Low off-tumor NOT in:

-

CAR T cells - resting/activated T cells

5

To date, searches for CAR targets have largely relied on transcriptome analyses,

under the assumption that there exists a direct correspondence between mRNA

transcripts and protein expression. The correlation between mRNA and protein

expression is complex and potentially unrepresentative of the cell proteome, due to

10 multiple factors including variable half-lives and post transcriptional regulatory

mechanisms (Hack, 2004). An integrated and comprehensive analysis of transcriptomic

and proteomic data in both malignant and normal cells is therefore needed to capture

information lacking from indirect analyses of mRNA or limited protein expression

assays (Haider and Pal, 2013). Moreover, advanced proteomic technologies combined

15 with enrichment strategies for identifying plasma cell membrane proteins can provide

direct measurements of the surface proteome. Both proteomic and genomic datasets were

therefore integrated from AML and normal cell populations, including the surface-

specific mass-spectrometry analyses of AML cell lines. After compiling a

comprehensive dataset of antigen annotations, in both normal and malignant cells, a

20 multi-step ranking algorithm were developed for the identification of potential CAR

targets. These were then validated by flow cytometry in primary AML patient samples,

normal bone marrow (BM) HSPCs and peripheral blood (PB) T cells. Here the most

promising candidates and candidate pairs that meet stringent criteria for serving as

prospective targets in CAR therapies targeting AML were report.

25 Materials and methods

Experimental Model and Subject Details

Primary AML specimens were obtained from the Hematology Oncology Tissue

Bank (HOTB) of MSKCC (IRB protocol Y2017P026). Patient characteristics are

illustrated in Supplemental Table 2.

30
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5

Blood Center. Peripheral blood mononuclear cells were isolated by density gradient

centrifugation, and T lymphocytes were then purified using the Pan T cell isolation kit

10

density of 106 cells/ml. The beads were removed by magnetic separation 48h after

15

20

compartments.jensenlab.org,

35

Correcting Tissue and Organelle Nomenclature

Due to differing tissue nomenclature among source repositories, each data set

was mapped to a set of consensus tissue labels. In cases where multiple tissues from one
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5 repository mapped to a single label from another source, the maximum expression value

discarded, resulting in 43 distinct tissue categories (Table 4) shown below: adipose

tissue, adrenal, appendix, bladder, blood, bone, brain, breast, bronchus, cerumen, cervix,

10 epididymis, eye, fallopian tube, gallbladder, gut, heart, kidney, esophagus, liver, lung,

seminal, skeletal muscle, skin, smooth muscle, soft tissue, spinal cord, spleen, stomach,

synovial fluid, testis, thyroid, tonsil, uterus, vagina

Similarly, maps of subcellular localization labels from the HPA and

15 COMPARTMENTS databases were generated by manually classifying organelle labels

as either cell membrane-associated or otherwise unaffiliated, and then applying the

resulting dictionary to proteins in both repositories.

Table 4

Consensus HPA HPM PDB
Tissue

Name
1 adipose 'adipose tissue' 'adipocyte'

tissue

2 adrenal 'adrenal gland' 'Adult, Adrenal' 'adrenal gland'

3 appendix 'appendix'

4 bladder 'urinary bladder' 'Adult. Urinary. Bladder' 'urinary bladder', 'urine'

5 blood 'B. Cells', 'CD4. Cells', 'B-lymphocyte', 'blood',

'CD8.Cells', 'blood platelet', 'cytotoxic

'Monocytes', T-lymphocyte', "helper T-

'NK. Cells', 'Platelets' lymphocyte', 'monocyte',

'natural killer cell', 'serum'

6 bone 'bone marrow' 'bone', 'bone marrow

stromal cell', mesenchymal

stem cell'

7 brain cerebellum', 'cerebral 'Adult. Frontal. Cortex' 'brain', 'cerebral cortex',

cortex', 'hippocampus', 'prefrontal cortex'

'lateral ventricle'

8 breast 'breast' 'breast'

9 bronchus 'bronchus'

10 cerumen 'cerumen'

11 cervix 'cervix, uterine' 'cervical epithelium',

'cervical mucosa', 'uterine

cervix', 'uterus'

12 epididymis 'epididymis'

13 'Adult. Retina' 'retina', 'vitreous humor'

14 fallopian 'fallopian tube'

tube
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15

16 gut 'colon', 'duodenum', 'small 'Adult. Colon' 'colon', 'colon muscle',

intestine' 'colonic epithelial cell',

'gut', 'ileum epithelial cell'

17 heart 'heart muscle' 'Adult.Heart' 'heart', 'proximal fluid

18 kidney 'kidney' 'Adult. Kidney' 'kidney'

19 eesophagus 'esophagus' 'Adult. Esophagus' 'esophagus'

21 lung 'lung' 'Adult. Lung' 'lung'

22 lymph node 'lymph node' "lymph node'

23 nasopharynx 'nasopharynx'

'oral epithelium', 'saliva',

gland' 'salivary gland'

25 ovary

27 parathyroid 'parathyroid gland'

prostate gland'

29 rectum 'rectum' 'Adult Rectum' 'rectum'

30 seminal 'seminal vesicle' 'seminal plasma', 'seminal

31 'skeletal muscle'

33 smooth 'smooth muscle'

36 spleen 'spleen'

37 stomach 'stomach', 'stomach 1',

'stomach 2'

38 synovial 'synovial fluid'

39 testis 'testis' 'Adult. Testis'

40

41 tonsil

42 uterus 'myometrium'

43 vagina 'vagina'

5

Calculation of Distribution Metrics
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5

10

15

Gene identification labels for all data sources not natively provided in Ensembl

20

for each tissue was retained. And in cases where entries mapped to more than one

For each unique (protein, tissue, repository) entry, the maximum expression value

was retained and the remaining expression values, which arose from native IDs mapped

25 to two Ensembl Gene IDs, were discarded.

then recorded and the maximum binned expression abundance for each unique (protein,

30

considered to be of "medium" (2) abundance, expression values above this threshold

standard deviation and below the normal peak were considered of "low" (1) abundance,

35 and abundance values falling below one standard deviation considered to have an

expression level low enough to consider "not detected" (0), for the purpose of epitope

selection.

AML/ normal HSPCs ratio analysis
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5 The experiment-normalized RNA data obtained from Bloodspot.eu was

exponentiated using a base of two as the data was natively provided in log2 format, after

which the maximum values taken for each unique (gene-cell type) entry. Data was then

divided into two groups, AML and normal HSPCs, with the AML group consisting of

the following subtypes: -5/7(Q), -9Q, 7, 8, ABN(3Q), COMPLEX, COMPLEX_

10 DEL(5Q), COMPLEX_ UNTYPICAL, DEL(5Q), DEL(7Q)/7Q-, DEL(9Q), INV(16),

INV(3), nan, NORMAL, OTHER, T(1;3), T(11Q23)/MLL, T(6;9), T(8;16), T(8;21),

T(9;11), T(9;22), TRISOMY 11, TRISOMY 13, and TRISOMY 8. The normal HSPCs

group consisting of the following cell types: HSC, MPP, CMP, GMP, and MEP. A mean

expression value for each gene in the AML group was then calculated by averaging

15 across the five normal cell types. The resulting mean values were then taken as devisors

base ten logarithm was then taken for each expression ratio and normal curves were fit to

the observed distribution using the Broyden-Fletcher-Goldfarb-Shanno algorithm, after

which the peak maximum and standard deviation measure was recorded for each curve.

20 A threshold of two standard deviations above the distribution maximum was then

use.

25

six AML cell lines, THP1, Mono-mac, Kasumi, Molm13, OCI/AML3 and TF-1, those

reported by Strassberger et al., or a select list of 359 previously reported molecules,

study.

30 Step 1 - RNA

Further, exclusively molecules whose ratio of RNA expression in AML samples

retained.

35
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5 Step 3 - Exclude High Expressors

10 further study.

Combinatorial Selection

Pairwise Exclusion

15

given protein were required to pass. Due to their high concentration of hematopoietic

20

required at least one of the tissue pairs to possess no detectable expression. Criteria for

node, ovary, parathyroid, prostate, seminal, spleen, synovial fluid, testis, thyroid, tonsil,

uterus, and vagina) permit tissue expression in both antigens in a pair to exhibit "low"

25 expression, or to possess no detectable expression, as qualified above.

OCI/AML3 and TF-1) human AML cell lines were performed, which was used for mass

30

cultured in 75 cm² flasks. Prior to surface protein biotinylation, all reagents were cooled

followed by incubation with 0.25 mg/mL Sulfo-NHS-SS-Biotin in 10 mL ice-cold PBS

35 per flask on a rocking platform for 30 minutes at 4°C. The biotinylation reaction was

quenched by adding 500 µL of the provided quenching solution (Pierce). Centrifuge cells

at 500×g for 5 minutes and discard supernatant. Cells were washed with ice-cold PBS,

harvested by gentle scraping and pelleted by centrifugation. The cells were lysed using
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5

minutes on ice with intermittent vortexing. Lysates were centrifuged at 16,000×g for 2

minutes at 4°C. The clarified supernatant was used for purification of biotinylated

proteins on NeutrAvidin Agarose. Before use, 500 µL of NeutrAvidin Agarose slurry

was washed three times with Pierce wash buffer in a provided column (Pierce). The

10

removed by repetitive washing; three times with 500 µL Pierce Wash Buffer in a

provided column (Pierce), three times with 500µL (50mM Ammonium bicarbonate) and

15 eight times with 500µL digestion buffer (50mM Tric-Cl, pH 7.5, 1mM CaCl). Finally

(prepared in digestion buffer) over night at 37 °C in shaking incubator (~750 rpm). The

next day, digested peptides were filtered through column and protease reaction was

stopped by of 0.5% TFA. Samples were cleared by centrifuging 10 min at 14,000 X g, 15

20 °C and desalted by stage tips. Desalted peptides were dry down by speed vac and re-

LC-MS/MS analysis

25

eluted with a non-linear 200 min gradient of 2-35% buffer B (0.1% (v/v) formic acid,

100% acetonitrile) at a flow rate of 300 nl/min. After each gradient, the column was

formic acid, 100% HPLC-grade water) for 4 min. MS data were acquired with an

30 automatic switch between a full scan and 10 scan data-dependent MS/MS scan (TopN

method). Target value for the full scan MS spectra was 3 X 10 charges in the 380-1800

in profile mode. Isolation of precursors was performed with 2.0 m/z. Precursors were

35
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5 MS raw files were converted into MGF by Proteome Discover (Thermo

10 missed cleavages, fixed carbamidomethylation of cysteine modifications, variable

methionine oxidation and N-terminal protein acetylation, Mascot significance threshold

of 0.05, and a false discovery rate of <0.01. Mascot data were assembled by Scaffold

15

The following antibodies were used to define antigen expression by flow-

20

APC (Miltenyi, 130-101-031); PTPRJ (CD148)-PE (life technologies, A15799); CD70-

567, 130-100-559); LTB4R1-AF700 (Novus Biologicals, FAB099N); CD85h

(ILT1)-APC (Miltenyi, 130-100-920); TLR2-APC (Miltenyi, 130-099-020); CR1 (aka

25 CD35)-APC (Miltenyi, 130-099-923); ITGAX (CD11c)- APC (Biolegend, 301613);

(Novus, NBP2- 37382); LILRA6-APC (Miltenyi, 130-101-665); SLC30A1 (Alomone

30

(Biolegend, 343515); CD45RA-BV640 (Biolegend, 304135); CD90-FITC (BD

Quantification and Statistical analysis

35 Student's t-test was used for significance testing in the bar graphs using a two-

sample, normally distributed equal-variance model. P values less than 0.05 were

considered to be significant. Graphs and error bars reflect means and standard deviations.
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5 All statistical analyses were carried out using GraphPad Prism 4.0 and the R statistical

environment. (*)0.03,(**) 0.0021 0.0001.
Allowing for a 20% margin, a sufficient single-tailed estimate of arbitrarily large

population size can be assessed at 95% confidence with 23 patients. A sample size of 30

was chosen to further narrow the window of uncertainty.

10

#204296].

Results

15 Assembling a comprehensive dataset of AML surface molecule annotations

performed in a diverse panel of AML (THP1, Mono-mac, Kasumi, Molm13, OCI/AML3

and TF-1) cell lines. After biotinylating the cell surface (Fig. 11), mass-spectrometric

analysis were performed and 4,942 proteins were identified. In order to generate the

20 largest possible inclusive data set, the findings of surface-specific proteomic studies

(Strassberger et al., 2014) and all previously reported surface proteins, such as CD123

25

further added to this list, adding another 80 proteins (Fig. 6 - orange boxes).

To annotate the expression of these molecules in normal tissues, data from the

(Kim et al., 2014) and the Proteomics Database (PD) (Wilhelm et al., 2014) were

30 integrated. These data sources provided protein expression information for several

normal tissues/organs, including liver, gallbladder, pancreas, stomach, gut, duodenum,

and smooth muscle, cerebral cortex, hippocampus, lateral ventricle, cerebellum, thyroid,

35
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5

and the Jensen Lab's Compartments repository were relied on (Fig. 6 - yellow boxes).

10 CD45RA- multipotent progenitors (MPP), Lin- CD34+ CD38+ CD45RA- CD123+

common myeloid progenitor cells (CMP), Lin- CD34+ CD38+ CD45RA+ CD123+

granulocyte monocyte progenitors (GMP), Lin- CD34+ CD38+ CD45RA- CD123-

15

(GSE13159, GSE15434, GSE61804, GSE14468 and the Cancer Genome Atlas) (Bagger

20

the most comprehensive repository of AML surface protein annotation assembled to

Design of an algorithm to identify CAR targets

Starting from an annotated dataset of 23,118 Ensembl gene entries (19,876

25 unique HUGO gene identities) including 4,943 surface molecules, an algorithm to select

were first computed between AML cells and normal HSPCs per molecule by comparing

30

calculated and a normal distribution fit to the AML/normal HSPCs ratios. A threshold of

Ensembl gene entries corresponding to 682 unique HUGO entries. Antigens were then

35 prioritized with a membrane- associated sub-localization and redundant protein

expression data in at least 2 of the 3 databases (HPA, HPM and PDB) that annotate

expression levels in normal tissues. This "quality control" step further removed 321

molecules, leaving us with 361 candidates.
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5 To eliminate any molecule highly expressed in normal tissues, protein expression

the level of detection) to 3 (high) (Fig. 12). Molecules exhibiting high average

expression (>2) across all normal tissues as well as molecules exhibiting high expression

(3) in any normal tissue were excluded, except for blood and bone/bone marrow. With

10 this algorithm, 24 molecules overexpressed in AML vs. their normal counterparts were

and CLEC12A amongst the top 24 CAR candidate targets (Fig. 14).

Expression analyses in primary AML samples and normal hematopoietic cells

15 Expression levels of the 24 candidates were analyzed by flow cytometry in 30

predisposing to clinical relapse (Table 4).. These samples bear frequently recurring

genetic abnormalities, including mutations in DNMT3A (14), CEBP  (12), IDH2

(11), FLT3-ITD (9), NPM1 (7), IDH1 (7), WT1 (4), RUNX1 (4), ASXL1 (4),

20 SUZ12 (3), KRas (2), TET2 (2), p53 (1) and CBL (1). Nine of the 24 candidate targets

TNFRSF1B (aka CD120b), ADGRE2 (aka EMR2 or CD312), ITGB5, CCR1 (aka

25

in >75% of AML cells in all patients (Fig. 8A).

As an ideal CAR target should be expressed in leukemic stem cells (LSCs) (Table

examined using flow cytometry. All 9 targets were also highly expressed (>75%) in this

30 essential AML cell subset (Fig. 8B). Their mean expression levels (range 78-99%) were

comparable to that of CD123 (mean 82%) and slightly higher than that of CLEC12A

CD34+CD38- CD90+ CD45RA- HSCs and CD34+ CD38+ progenitor cells showed that

35
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5

expression of these antigens in freshly purified and activated T cells from healthy donors

10

ablation) if one were to pursue these antigens in a CAR therapy.

In summary, the selection process identified 4 potential CAR targets with high

15

highly expressed in AML, especially LSCs (Fig. 8A- B), but is also abundant in multiple

progenitor cells (Fig. 8C), consistent with their RNA expression levels(Bagger et al.,

20

lung, prostate and skin (Fig. 7B).

It is noteworthy that none of these molecules showed a profile comparable to that

of CD19, which is expressed at high levels in virtually all B cell leukemia cells, remains

completely absent from HSPCs and T cells, and undetectable systemically. The absence

25 of a target expression profile similarly favorable to CD19 thus prompted us to leverage

Combinatorial strategies fall in two major categories (Fig. 9). One is based on

30

Hawkins, 1996; Krause et al., 1998) to target two antigens, using one antigen to direct

the other antigen (Kloss et al., 2013; Krause et al., 1998). In the former approach

35 (CAR/CAR, Fig. 9), T cells recognize target cells that express any of two given antigens

and will thus engage tissues expressing either antigen alone. Some low or moderate

expression in normal tissues, albeit not optimal, may be tolerable depending on the

tissues in question. In the latter approach (CAR/CCR, Fig. 9), T cells are more restricted
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5 to dual-antigen positive tumor cells, thus relaxing the expression criteria for at least one

of the CAR target to avert antigen escape (Fig. 9D). In both instances, target pairings

depend on the systemic expression and co-expression of the two prospective matches to

minimize cumulative expression in normal tissues.

10 To further improve the targeting of AML (approaching 100% FACS positivity in

by avoiding cumulative target expression in normal organ/tissues (Fig. 9A). Two other

related safety requirements are the avoidance of normal HSC (Fig. 9B) and T cell

15 recognition (Fig. 9C). The considerations for a combinatorial approach are however

combinations. Thus, with regards to increasing therapeutic efficacy, the first principle is

to maximize the number of targetable tumor cells, addressing the challenge of clonal

20 therapy would not stand a chance of being potentially curative (Fig. 9E). Finally, pairing

25

target/off- tumor tissue targeting, addressing the principle illustrated in Fig. 9A. To this

end, a script that pairs targets with non-overlapping expression in normal tissues were

in vital tissues required that at least one of two antigens be "not-detected" (0) in each

30 tissue. Pairing in non-vital tissues allowed both and one of the two antigens to exhibit

"low" (1) expression. Our top 4 targets (ADGRE2, CCR1, CD70 and LILRB2), did not

blood, spleen, appendix) when paired with CD33, CLEC12A or CD96. Thus, several

35
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5

antigen escape, strive to recognize all AML cells in a given clinical specimen,

10

(CLEC12A+CCR1 = 96%) vs CLEC12A (87.8%) and CCR1 (87%); (CD70+CD33=

97.2%) vs CD70 (86%) and CD33 (87.5%); (LILRB2+CLEC12A = 92.7%) vs LILRB2

15

expression (which would serve to target multiple cancer clones, principle Fig. 9D). Most

positivity (intersection) (Fig. 10C), suggesting the presence of minor clones expressing

20

these antigen pairs in the dual-targeting approach (CAR/CAR, Fig. 9). A CAR/CCR

combinatorial targeting approach might in this instance increase the risk of relapse and

antigen escape and disease relapse (Fig. 9).

Finally, expression levels of our 4 combinations in normal bone marrow HSPCs

25 and peripheral blood T cells was low (Fig. 10D), confirming that one can maximize

Discussion

30

platform that relies on large data sets of protein and RNA expression in malignant and

were identified. However, neither these nor previously described CAR targets

35 sufficiently fulfill the criteria for a suitable CAR target (Table 3). This led to instead

employ the platform to identify combinatorial pairings which can target nearly all AML

cells within a tumor sample, including LSCs, but without increasing off-target activity

above the level encountered with single targets. Here several target pairs identified using
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5 this algorithm were reported, which exhibit non-overlapping expression in normal tissues

normal HSCs and T cells (Fig. 9B-C) and allow redundant targeting to nearly all AML

cells, including LSCs with high redundancy, thereby addressing the challenges of clonal

heterogeneity and antigen escape (Fig. 9D-F and 10B-C).

10 An extensive AML surfaceome dataset were assembled, combining public

candidate targets typically focus on one molecule, comparing expression in cancer cells

to their normal counterparts, but rarely do they take into account the systemic expression

15 of the candidate target, risking underestimation of the toxicity across normal organs.

combined, which map the human proteome. Both immuno-histochemical assays and

mass spectrometry data were combined, increasing confidence especially for low levels

20 panel of normal tissues, in addition to AML and normal HSP cells. Notably, the

25

expected lymphoid-rich tissues (Fig. 7B).

Starting from over 5,000 Ensembl gene IDs (4,942 hgnc), the algorithm identified

noted, four of these targets, all present in our cell surface proteomics, were G-protein

30 coupled receptors (G- PCRs): ADGRE2, CCR1, LTB4R and P2RY13. Prior studies

based on RNA-seq have found these G-PCRs to be amongst the most highly expressed

behavior has been suggested for chemokine receptors (such as CCR1), adhesion

35

123

20
26

20
21

07
   

   
18

 M
ar

 2
02

6

1
8
 
M
a
r
 
2
0
2
6

1
0

2
0
2
6
2
0
2
1
0
7

1
2
3



5

CD96, CD70 and LILRB2. TNFRSF1B and CD96 were found to be expressed at high

10

The remaining four candidate targets identified by our algorithm were ADGRE2,

CCR1, CD70 and LILRB2. ADGRE2 (aka EMR2) is a member of the epidermal growth

15

many cell types, EMR2 expression is restricted to monocytes/macrophages and

conversely, its expression levels in AML were higher compared to normal BM HSCs.

20

family. An immunohistochemical analysis of 944 hematolymphoid neoplasias previously

identified CCR1 expression in a subset of AML, B and T cell lymphomas, plasma cell

myeloma, and Hodgkin lymphoma (Anderson et al., 2010). CCR1 presents the lowest

overall expression in normal tissues while the majority of the AML cases showed strong

25 CCR1 expression, averaging 88% positivity by FACS in all specimens.

multiple tumor types and serves as a target for antibody and drug-conjugated antibody

30

lymphoma xenografts (Shaffer et al., 2011). CD70 to be expressed at low levels in the

LILRB2 (aka CD85d) is a member of the leukocyte immunoglobulin-like

35 receptor (LIR) family. The encoded protein is expressed on myeloid and B cells, acting

to suppress the immune response. It is also expressed on NSCLC cells (Sun et al., 2008).

LILRB2 to be expressed in the gallbladder and spleen at low levels and the FACS

analyses detected LILRB2 in ~76% of cells in most patient specimens. This finding
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5 supports the notion that HSCs can express immune inhibitors of innate and adaptive

Seven targets have been previously reported as potential AML CAR targets.

None of these meet our criteria for optimal single CAR targeting (Table 3), however they

may nonetheless prove effective while remaining within acceptable levels of toxicity.

10 Expression profiles for these seven targets in normal tissues are shown in Fig. 7B. CD33

et al., 2014; Ravandi et al., 2012). Vadastuximab talirine, a CD33-directed antibody-drug

conjugated in phase III clinical development (2016), was recently halted following 5

15 serious adverse events in patients with AML. Preclinical studies evaluating CD33 CARs

2014). Two clinical trials targeting CD33 are currently active (NCT01864902 and

NCT02799680). One AML patient was treated with CD33 CAR T cells at the Chinese

20 (Wang et al., 2015). CD33 was found to be detected at higher levels than other myeloid

25

most patient specimens. It is expressed in committed progenitor cells, consistent with

RNA expression levels (Bakker et al., 2004) and our flow cytometry results (Fig. 8C).

CLEC12A CAR T cells have been shown to be effective against HL60 (Tashiro et al.,

30 2017), but exhibited modest activity against primary AML xenografts (Kenderian et al.,

2016). Lewis (Le)-Y, a difucosylated carbohydrate antigen, has been targeted in four

resulted in stable/transient remission of three patients, all of whom ultimately progressed,

35
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5

have revealed significant myeloablation in one study (Gill et al., 2014) but not another

10

myeloid-lineage antigens (Bendall et al., 2000; Legras et al., 1998; Lynn et al., 2016;

Lynn et al., 2015) that were found to be expressed in multiple normal tissues (Fig. 7B).

15

restricted, type II transmembrane glycoprotein targeted by Daratumumab, the first U.S.

al., 2016). It is expressed in all normal hematopoietic progenitor cells, T cell and NK

20

over 2 logs of affinity and demonstrated that CAR T cells bearing scFvs with reduced

affinity can strongly lyse CD38 myeloma cells (on-target/on-tumor effect), while

sparing CD38 normal hematopoietic cells (on-target/off-tumor effect) (Drent et al.,

2017). These findings extend previous reports showing a correlation between scFv

25 affinity and CAR activity (Caruso et al., 2015; Hudecek et al., 2013; Liu et al., 2015).

these candidates in AML cells or LSCs as measured by FACS analysis suggests a higher

30

Some combine activating receptors (CAR/CAR), which enables T cells to recognize

reactivity in the context of a heterogeneous disease like AML and likely decreases the

35 risk of antigen escape, but at the cost of potentially accumulating toxicity associated with

each target. In contrast, a combinatorial approach that restricts T cell function to dual-

positive tumor cells will avert T cell activity against normal tissues that express either

target alone (Alvarez-Vallina and Hawkins, 1996; Kloss et al., 2013), but requires pan-
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5 expression of the CAR target in AML cells. The analyses (Fig. 10B-C and Fig. 14),

6 principles (Fig. 9) were laid out to guide combinatorial CAR pairing with the

purpose of enhancing AML targeting (Fig. 9D-F, Fig. 10B-D) without increasing the

potential for off-tumor toxicity (Fig. 9A-C and 10A). From a pool of 12 promising

10 molecules, pairwise combination results in 66 distinct pairs, from which several possible

by looking at their expression in primary AML specimens. Three of these pairings

positively stained >97% of cells in AML samples, (LILRB2 + CLEC12A scored slightly

15 lower, averaging 93%, Fig. 10B), while all stained <5% of normal HSCs and T cells.

recognition to 97%. CD33 is a relatively abundant myeloid marker, more abundant in

lung, skin, and prostate than other myeloid markers, however this combinatorial pairing

20 the combined targeting of CCR1 and CLEC12A is not predicted to increase off-tumor

25

database, including both proteomics and transcriptomics, for evaluating many candidates

simultaneously. And second the application of six principles to guide combinatorial

advance the development of CAR therapy for AML and other cancers including solid

30 tumors.
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extent as if each independent patent and publication and sequence ,vas specifically and 

individually indicated to be incorporated by reference. 

Other embodiments as described herein are defined in the following paragraphs: 

1. An isolated immunoresponsive cell comprising an antigen recognizing receptor that binds 

to an antigen selected from the group consisting of EMR2, CD33, IL10RB, PLXNC1, 5 

PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, SLC9A1, MBOAT7, CD38, SLC6A6, 

ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, 

TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, 

PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, 

P2RY13, LILRB2, EMB, CD96, LILRB3, LILRA6, LILRA2, WT1, PRAME and SLC19A1. 10 

2. The isolated immunoresponsive cell of paragraph 1, wherein the antigen is selected from 

the group consisting of LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1, 

KCNN4, ENG, ITGA5, and CD70. 

3. . The isolated immunoresponsive cell of paragraph 1, wherein the antigen is selected from 

the group consisting of LTB4R, EMR2, MYADM and PIEZO1. 15 

4. The isolated immunoresponsive cell of paragraph 1, wherein the antigen is selected from 

the group consisting of CD82, TNFRSF1B, EMR2, ITGB5, CCR1, CD96, PTPRJ, CD70 and 

LILRB2. 

5. . The isolated immunoresponsive cell of paragraph 4, wherein the antigen is selected from 

the group consisting of TNFRSF1B, EMR2, CCR1, CD96, CD70 and LILRB2. 20 

6. . The isolated immunoresponsive cell of paragraph 5, wherein the antigen is selected from 

the group consisting of EMR2, CCR1, CD70 and LILRB2. 

7. The isolated immunoresponsive cell of any one of paragraphs 1-7, wherein said antigen 

recognizing receptor is a T cell receptor (TCR), or a chimeric antigen receptor (CAR). 

8. The isolated immunoresponsive cell of paragraph 7, wherein said antigen recognizing 25 

receptor is a CAR.  
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9. The isolated immunoresponsive cell of paragraph 8, wherein the intracellular signaling 

domain of said CAR is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, 

CD8, OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 

10. The isolated immunoresponsive cell of any one of paragraphs 1-9, wherein said antigen 

recognizing receptor is exogenous or endogenous. 5 

11. The isolated immunoresponsive cell of any one of paragraphs 1-10, wherein said antigen 

recognizing receptor is recombinantly expressed.  

12. The isolated immunoresponsive cell of any one of paragraphs 1-11, wherein the antigen 

recognizing receptor is expressed from a vector, or a selected locus from the genome of the 

immunoresponsive cell. 10 

13. The isolated immunoresponsive cell of any one of paragraphs 1-12, wherein the cell is 

selected from the group consisting of a T cell, a Natural Killer (NK) cell, a cytotoxic T 

lymphocyte (CTL), a regulatory T cell, a Natural Killer T (NKT) cell, a human embryonic 

stem cell, and a pluripotent stem cell from which lymphoid cells may be differentiated. 

14. The isolated immunoresponsive cell of any one of paragraphs 1-13, wherein said 15 

immunoresponsive cell is autologous. 

15. The isolated immunoresponsive cell of any one of paragraphs 1-13, wherein said 

immunoresponsive cell is allogeneic. 

16. An isolated immunoresponsive cell comprising: 

 (a) an antigen recognizing receptor that binds to a first antigen, wherein binding of the 20 

antigen recognizing receptor to the first antigen is capable of activating the immunoresponsive 

cell, and 

 (b) a chimeric co-stimulating receptor (CCR) that binds to a second antigen, wherein 

binding of the CCR to the second antigen is capable of stimulating the immunoresponsive cell 

wherein each of the first antigen and the second antigen is selected from the group consisting 25 

of EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, 

SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, 

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, 

FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, 

5
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ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3, 

LILRA6, LILRA2, WT1, PRAME and SLC19A1, and  

the first antigen and the second antigen are different. 

17. The isolated immunoresponsive cell of paragraph 16, wherein the first antigen and the 

second antigen are a combination selected from the group consisting of LTB4R and EMR2, 5 

LTB4R and CD33, LTB4R and ENG, LTB4R and MYADM, LTB4R and PIEZO1, LTB4R 

and SIRPB1, LTB4R and SLC9A1, LTB4R and ITGA5, LTB4R and CD70, LTB4R and 

KCNN4. EMR2 and CD33, EMR2 and ENG, EMR2 and MYADM, EMR2 and PIEZO1, 

EMR2 and SIRPB1, EMR2 and SLC9A1, EMR2 and ITGA5, EMR2 and CD70, EMR2 and 

KCNN4, CD33 and ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and SIRPB1, 10 

CD33 and SLC9A1, CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4, ENG and 

MYADM, ENG and PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG 

and CD70, ENG and KCNN4, MYADM and PIEZO1, MYADM and SIRPB1, MYADM and 

SLC9A1, MYADM and ITGA5, MYADM and CD70, MYADM and KCNN4, PIEZO1 and 

SIRPB1, PIEZO1 and SLC9A1, PIEZO1 and ITGA5, PIEZO1 and CD70, PIEZO1 and 15 

KCNN4, SIRPB1 and SLC9A1, SIRPB1 and ITGA5; SIRPB1 and CD70; SIRPB1 and 

KCNN4, SLC9A1 and ITGA5, SLC9A1 and CD70, SLC9A1 and KCNN4, ITGA5 and 

CD70, ITGA5 and KCNN4, CD70 and KCNN4, EMR2 and CD33, CCR1 and CLEC12A, 

CD70 and CD33, LILRB2 and CLEC12A, EMR2 and CLEC12A, EMR2 and CD96, CCR1 

and CD33, CCR1 and CD96, CD70 and CLEC12A, CD70 and CD96, LILRB2 and CD33, 20 

LILRB2 and CD96,  and EMR2 and CD70. 

18. The isolated immunoresponsive cell of paragraph 17, wherein the first antigen and the 

second antigen are a combination selected from the group consisting of EMR2 and CD33, 

CCR1 and CLEC12A, CD70 and CD33, LILRB2 and CLEC12A, LTB4R1 and CD70, CD70 

and EMR2, and LTB4R1 and EMR2.  25 

19. The immunoresponsive cell of any one of paragraphs 16-18, wherein the 

immunoresponsive cell exhibits a greater degree of cytolytic activity against cells that are 

positive for both the first antigen and the second antigen as compared to against cells that are 

singly positive for the first antigen. 

20. The immunoresponsive cell of any one of paragraphs 16-19, wherein the antigen 30 

recognizing receptor binds to the first antigen with a low binding affinity. 
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21. The immunoresponsive cell of any one of any one of paragraphs 16-20, wherein the 

antigen recognizing receptor binds to the first antigen with a dissociation constant (Kd) of 

about 1 x 10-8 M to about 1 x 10-7 M.  

22. The immunoresponsive cell of paragraph 21, wherein the antigen recognizing receptor 

binds to the first antigen with a Kd of 1 x 10-8 M or more. 5 

23. The immunoresponsive cell of paragraph 21, wherein the antigen recognizing receptor 

binds to the first antigen with a Kd of 5 x 10-8 M or more. 

24. The immunoresponsive cell of paragraph 21, wherein the antigen recognizing receptor 

binds to the first antigen with a Kd of 1 x 10-7 M or more. 

25. The immunoresponsive cell of paragraph 21, wherein the antigen recognizing receptor 10 

binds to the first antigen with a Kd of 1 x 10-6 M or more. 

26. The immunoresponsive cell of any one of paragraphs 16-25, wherein the antigen 

recognizing receptor binds to the first antigen with a binding affinity that is lower compared 

to the binding affinity with which the CCR binds to the second antigen. 

27. The immunoresponsive cell of any one of paragraphs 16-26, wherein the CCR has a Kd of 15 

about 1 x 10-9 M to about 1 x 10-7 M. 

28. The immunoresponsive cell of any one of paragraphs 16-27, wherein the antigen 

recognizing receptor binds to the first antigen with a low binding avidity. 

29. The immunoresponsive cell of any one of paragraphs 16-28, wherein the antigen 

recognizing receptor binds to the first antigen at an epitope of low accessibility. 20 

30. The isolated immunoresponsive cell of any one of paragraphs 16-29 , wherein said 

antigen recognizing receptor is a T cell receptor (TCR) or a chimeric antigen receptor (CAR). 

31. The isolated immunoresponsive cell ofparagraph 30, wherein said antigen recognizing 

receptor is a CAR. 

32. The isolated immunoresponsive cell paragraph 31, wherein the CAR comprises an 25 

intracellular signaling domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, 

CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 
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33. The isolated immunoresponsive cell of any one of paragraphs 16-32 , wherein said 

antigen recognizing receptor is exogenous or endogenous. 

34. The isolated immunoresponsive cell of any one of paragraphs 16-33, wherein said antigen 

recognizing receptor is recombinantly expressed.  

35. The isolated immunoresponsive cell of any one of paragraphs 16-34, wherein the antigen 5 

recognizing receptor is expressed from a vector, or a selected locus from the genome of the 

immunoresponsive cell. 

36. The isolated immunoresponsive cell of any one of paragraphs 16-35, wherein the CCR is 

recombinantly expressed. 

37. The isolated immunoresponsive cell of any one of paragraphs 16-36, wherein the CCR is 10 

expressed from a vector, or a selected locus from the genome of the immunoresponsive cell. 

38. The isolated immunoresponsive cell of any one of paragraphs 16-37, wherein the cell is 

selected from the group consisting of a T cell, a Natural Killer (NK) cell, a cytotoxic T 

lymphocyte (CTL), a regulatory T cell, a Natural Killer T (NKT) cell, a human embryonic 

stem cell, and a pluripotent stem cell from which lymphoid cells may be differentiated. 15 

39. The isolated immunoresponsive cell of any one of paragraphs 16-38, wherein said 

immunoresponsive cell is autologous. 

40. The isolated immunoresponsive cell of any one of paragraphs 16-38, wherein said 

immunoresponsive cell is allogeneic. 

41. An isolated immunoresponsive cell comprising: 20 

 (a) a first antigen recognizing receptor that binds to a first antigen, and 

 (b) a second antigen recognizing receptor that binds to a second antigen, 

wherein each of the first antigen and the second antigen is selected from the group consisting 

of EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, 

SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, 25 

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, 

FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, 

ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3, 

LILRA6, LILRA2, WT1, PRAME and SLC19A1, and  
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the first antigen and the second antigen are different. 

42. The isolated immunoresponsive cell of paragraph 41, wherein the first antigen and the 

second antigen are a combination selected from the group consisting of LTB4R and EMR2, 

LTB4R and CD33, LTB4R and ENG, LTB4R and MYADM, LTB4R and PIEZO1, LTB4R 

and SIRPB1, LTB4R and SLC9A1, LTB4R and ITGA5, LTB4R and CD70, LTB4R and 5 

KCNN4. EMR2 and CD33, EMR2 and ENG, EMR2 and MYADM, EMR2 and PIEZO1, 

EMR2 and SIRPB1, EMR2 and SLC9A1, EMR2 and ITGA5, EMR2 and CD70, EMR2 and 

KCNN4, CD33 and ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and SIRPB1, 

CD33 and SLC9A1, CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4, ENG and 

MYADM, ENG and PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG 10 

and CD70, ENG and KCNN4, MYADM and PIEZO1, MYADM and SIRPB1, MYADM and 

SLC9A1, MYADM and ITGA5, MYADM and CD70, MYADM and KCNN4, PIEZO1 and 

SIRPB1, PIEZO1 and SLC9A1, PIEZO1 and ITGA5, PIEZO1 and CD70, PIEZO1 and 

KCNN4, SIRPB1 and SLC9A1, SIRPB1 and ITGA5; SIRPB1 and CD70; SIRPB1 and 

KCNN4, SLC9A1 and ITGA5, SLC9A1 and CD70, SLC9A1 and KCNN4, ITGA5 and 15 

CD70, ITGA5 and KCNN4, CD70 and KCNN4, EMR2 and CD33, CCR1 and CLEC12A, 

CD70 and CD33, LILRB2 and CLEC12A, EMR2 and CLEC12A, EMR2 and CD96, CCR1 

and CD33, CCR1 and CD96, CD70 and CLEC12A, CD70 and CD96, LILRB2 and CD33, 

LILRB2 and CD96,  and EMR2 and CD70. 

43. The isolated immunoresponsive cell of paragraph 42, wherein the first antigen and the 20 

second antigen are a combination selected from the group consisting of EMR2 and CD33, 

CCR1 and CLEC12A, CD70 and CD33, LILRB2 and CLEC12A, LTB4R1 and CD70, CD70 

and EMR2, and LTB4R1 and EMR2.  

44. The immunoresponsive cell of paragraph 41, wherein the immunoresponsive cell exhibits 

a greater degree of cytolytic activity against cells that are positive for both the first antigen 25 

and the second antigen as compared to against cells that are singly positive for either the first 

antigen or the second antigen. 

45. The isolated immunoresponsive cell of paragraph 41 , wherein each of said antigen 

recognizing receptor is a T cell receptor (TCR) or a chimeric antigen receptor (CAR). 

46. The immunoresponsive cell of paragraph 41, where one or more antigen recognizing 30 

receptor is a TCR, and the antigen of the TCR is WT1 or PRAME.   
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47. The immunoresponsive cell of paragraph 41, wherein the antigen recognizing receptor 

binds to the first antigen with a low binding affinity. 

48. The immunoresponsive cell of paragraph 41, wherein the first antigen recognizing 

receptor binds to the first antigen at an epitope of low accessibility. 

49. The isolated immunoresponsive cell of paragraph 41, wherein each of said antigen 5 

recognizing receptor is a CAR. 

50. The isolated immunoresponsive cell of paragraph 49, wherein the CAR comprises an 

intracellular signaling domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, 

CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 

51. The isolated immunoresponsive cell of paragraph 41 , wherein each of said antigen 10 

recognizing receptor is exogenous or endogenous. 

52. The isolated immunoresponsive cell of paragraph 41, wherein each of said antigen 

recognizing receptor is recombinantly expressed.  

53. The isolated immunoresponsive cell of paragraph 41, wherein each of the antigen 

recognizing receptor is expressed from a vector, or a selected locus from the genome of the 15 

immunoresponsive cell. 

54. The isolated immunoresponsive cell of paragraph 41, wherein the cell is selected from the 

group consisting of a T cell, a Natural Killer (NK) cell, a cytotoxic T lymphocyte (CTL), a 

regulatory T cell, a Natural Killer T (NKT) cell, a human embryonic stem cell, and a 

pluripotent stem cell from which lymphoid cells may be differentiated. 20 

55. The isolated immunoresponsive cell of paragraph 41, wherein said immunoresponsive 

cell is autologous. 

56. The isolated immunoresponsive cell of paragraph 41, wherein said immunoresponsive 

cell is allogeneic. 

57. The isolated immunoresponsive cell of paragraph 49, wherein the first CAR comprises a 25 

first intracellular signaling domain, and the second CAR comprises a second introcellular 

signalling domain, and wherein the first intracellular signaling domain and the second 

intracellular signaling domain are different.   
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58. The isolated immunoresponsive cell of paragraph 57, each of the first intracellular 

signaling domain and the second intracellular signaling domain is selected from the group 

consisting of CD3-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, OX40, 4-

1BB, CD28 signaling domain, or combinations thereof.   

59. The isolated immunoresponsive cell of paragraph 58, each of the first intracellular 5 

signaling domain and the second intracellular signaling domain comprises a CD3-chain, and 

optionally further comprises a signaling domain selected from the group consisting of CD97, 

CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or 

combinations thereof.   

60. The isolated immunoresponsive cell of paragraph 59, wherein the first intracellular 10 

signaling domain comprises a CD3-chain and a CD28 signaling domain, and the second 

intracellular signaling domain comprises a CD3-chain.  

61. The isolated immunoresponsive cell of paragraph 59, wherein the first intracellular 

signaling domain comprises a CD3-chain and a CD28 signaling domain, and the second 

intracellular signaling domain comprises a CD3-chain and a 4-1BB signaling domain.   15 

62. The isolated immunoresponsive cell of paragraph 59, wherein the first intracellular 

signaling domain comprises a CD3-chain and a 4-1BB signaling domain, and the second 

intracellular signaling domain comprises a CD3-chain. 

63. The isolated immunoresponsive cell of paragraph 41, wherein the immunoresponsive cell 

comprises three species of CAR, or two species of CAR and one CCR; or two species of 20 

CAR and one TCR; or one CAR, one TCR, and one CCR.  

64. The isolated immunoresponsive cell of paragraph 63, wherein the immunoresponsive cell 

comprises a CAR that specifically binds to CLEC12A, a CAR that specifically binds to 

CD70, and a CCR that specifically binds to ADGRE2. 

65. The isolated immunoresponsive cell of paragraph 63, wherein the immunoresponsive cell 25 

comprises a CAR that specifically binds to CLEC12A, a CAR that specifically binds to 

CD70, and a CCR that specifically binds to CD33. 
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66. The isolated immunoresponsive cell of paragraph 63, wherein the immunoresponsive cell 

comprises a CAR that specifically binds to CLEC12A, a CCR that specifically binds to 

CD70, and a CAR that specifically binds to TIM3. 

67. A method of reducing tumor burden in a subject, comprising administeringto the subject 

an effective amount of the immunoresponsive cell of any one of paragraphs 1-66. 5 

68. The method of paragraph 67, wherein the method reduces the number of tumor cells. 

69. The method of paragraph 67, wherein the method reduces tumor size. 

70. The method of paragraph 67, wherein the method eradicates the tumor in the subject. 

71. A method of treating or preventing a myeloid disorder in a subject, comprising 

administering to the subjet an effective amount of the immunoresponsive cell of any one of 10 

paragraphs 1-66. 

72. The method of paragraph 71, wherein the myeloid malignancy is myelodysplastic 

syndromes, myeloproliferative neoplasms, chronic myelomonocytic leukemia, or acute 

myeloid leukemia (AML) , acute myeloblastic leukemia, acute promyelocytic leukemia, 

acute myelomonocytic leukemia, chronic myelocytic leukemia, and polycythemia vera.  15 

73. The method of paragraph 72, wherein the myeloid malignancy is acute myeloid leukemia 

(AML). 

74. The method of paragraph 72 or 73, wherein the method reduces or eradicates the tumor 

burden in the subject. 

75. A method for producing an antigen-specific immunoresponsive cell, comprising 20 

introducing into the immunoresponsive cell a nucleic acid sequence  encoding an antigen 

recognizing receptor that binds to an antigen, wherein the antigen is selected from the group 

consisting of EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, 

ITGA4, SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, 

MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, 25 

GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, 

CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3, 

LILRA6, LILRA2, WT1, PRAME and SLC19A1. 
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76. The method of paragraph 75, wherein the antigen is selected from the group consisting of 

LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1, KCNN4, ENG, ITGA5, and 

CD70. 

77. . The method of paragraph 76, wherein the antigen is selected from the group consisting 

of LTB4R, EMR2, MYADM and PIEZO1. 5 

78. The method of paragraph 75, wherein the antigen is selected from the group consisting of 

CD82, TNFRSF1B, EMR2, ITGB5, CCR1, CD96, PTPRJ, CD70 and LILRB2. 

79. . The method of paragraph 78, wherein the antigen is selected from the group consisting 

of TNFRSF1B, EMR2, CCR1, CD96, CD70 and LILRB2. 

80. . The method of paragraph 79, wherein the antigen is selected from the group consisting 10 

of EMR2, CCR1, CD70 and LILRB2. 

81. The method of any one of paragraphs 75-80, wherein said antigen recognizing receptor is 

a T cell receptor (TCR), or a chimeric antigen receptor (CAR). 

82. The method of paragraph 81, wherein said antigen recognizing receptor is a CAR. 

83. The method of paragraph 82, wherein the CAR comprises an intracellular signaling 15 

domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, 

OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 

 

84. A method for producing an antigen-specific immunoresponsive cell, comprising 

introducing into the immunoresponsive cell 20 

 (a) a first nucleic acid sequence encoding an antigen recognizing receptor that binds to a 

first antigen, wherein binding of the antigen recognizing receptor to the first antigen is capable 

of activating the immunoresponsive cell, and 

 (b) a second nucleic acid sequence encoding a chimeric co-stimulating receptor (CCR) that 

binds to a second antigen, wherein binding of the CCR to the second antigen is capable of 25 

stimulating the immunoresponsive cell, 

wherein each of the first antigen and the second antigen is selected from the group consisting 

of EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, 

SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, 

CD70.
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ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, 

FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, 

ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3, 

LILRA6, LILRA2, WT1, PRAME and SLC19A1, and 

the first antigen and the second antigen are different. 5 

85. The method of paragraph 84, wherein the first antigen and the second antigen are a 

combination selected from the group consisting of LTB4R and EMR2, LTB4R and CD33, 

LTB4R and ENG, LTB4R and MYADM, LTB4R and PIEZO1, LTB4R and SIRPB1, 

LTB4R and SLC9A1, LTB4R and ITGA5, LTB4R and CD70, LTB4R and KCNN4. EMR2 

and CD33, EMR2 and ENG, EMR2 and MYADM, EMR2 and PIEZO1, EMR2 and SIRPB1, 10 

EMR2 and SLC9A1, EMR2 and ITGA5, EMR2 and CD70, EMR2 and KCNN4, CD33 and 

ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and SIRPB1, CD33 and SLC9A1, 

CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4, ENG and MYADM, ENG and 

PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG and CD70, ENG 

and KCNN4, MYADM and PIEZO1, MYADM and SIRPB1, MYADM and SLC9A1, 15 

MYADM and ITGA5, MYADM and CD70, MYADM and KCNN4, PIEZO1 and SIRPB1, 

PIEZO1 and SLC9A1, PIEZO1 and ITGA5, PIEZO1 and CD70, PIEZO1 and KCNN4, 

SIRPB1 and SLC9A1, SIRPB1 and ITGA5; SIRPB1 and CD70; SIRPB1 and KCNN4, 

SLC9A1 and ITGA5, SLC9A1 and CD70, SLC9A1 and KCNN4, ITGA5 and CD70, ITGA5 

and KCNN4, CD70 and KCNN4, EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33, 20 

LILRB2 and CLEC12A, EMR2 and CLEC12A, EMR2 and CD96, CCR1 and CD33, CCR1 

and CD96, CD70 and CLEC12A, CD70 and CD96, LILRB2 and CD33, LILRB2 and 

CD96,  EMR2 and CD70. 

86. The method of paragraph 85, wherein the first antigen and the second antigen are a 

combination selected from the group consisting of EMR2 and CD33, CCR1 and CLEC12A, 25 

CD70 and CD33, LILRB2 and CLEC12A, LTB4R1 and CD70, CD70 and EMR2, and 

LTB4R1 and EMR2. 

87. The method of paragraph 84 or 85, wherein said antigen recognizing receptor is a T cell 

receptor (TCR) or a chimeric antigen receptor (CAR). 

88. The method of paragraph 87, wherein the antigen recognizing receptor is a CAR.  30 
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89. The method of paragraph 88, wherein the CAR comprises an intracellular signaling 

domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, 

OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 

90. The method of paragraph 88 or 89, wherein the CAR binds to the first antigen with a 

binding affinity that is lower compared to the binding affinity with which the CCR binds to 5 

the second antigen. 

91. The method of any one of paragraphs 88-90, wherein the CAR has a Kd of about 1 x 10-8 

M to about 1 x 10-7 M, and the CCR has a Kd of about 1 x 10-9 M to about 1 x 10-7 M. 

92. A method for producing an antigen-specific immunoresponsive cell, comprising 

introducing into the immunoresponsive cell 10 

 (a) a first nucleic acid sequence encoding a first antigen recognizing receptor that binds to 

a first antigen, and 

 (b) ) a second nucleic acid sequence encoding a second antigen recognizing receptor that 

binds to a second antigen, 

wherein each of the first antigen and the second antigen is selected from the group consisting 15 

of EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, 

SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, 

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, 

FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, 

ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3, 20 

LILRA6, LILRA2, WT1, PRAME and SLC19A1, and 

the first antigen and the second antigen are different. 

93. The method of paragraph 92, wherein the first antigen and the second antigen are a 

combination selected from the group consisting of LTB4R and EMR2, LTB4R and CD33, 

LTB4R and ENG, LTB4R and MYADM, LTB4R and PIEZO1, LTB4R and SIRPB1, 25 

LTB4R and SLC9A1, LTB4R and ITGA5, LTB4R and CD70, LTB4R and KCNN4. EMR2 

and CD33, EMR2 and ENG, EMR2 and MYADM, EMR2 and PIEZO1, EMR2 and SIRPB1, 

EMR2 and SLC9A1, EMR2 and ITGA5, EMR2 and CD70, EMR2 and KCNN4, CD33 and 

ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and SIRPB1, CD33 and SLC9A1, 

CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4, ENG and MYADM, ENG and 30 

PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG and CD70, ENG 

and KCNN4, MYADM and PIEZO1, MYADM and SIRPB1, MYADM and SLC9A1, 
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MYADM and ITGA5, MYADM and CD70, MYADM and KCNN4, PIEZO1 and SIRPB1, 

PIEZO1 and SLC9A1, PIEZO1 and ITGA5, PIEZO1 and CD70, PIEZO1 and KCNN4, 

SIRPB1 and SLC9A1, SIRPB1 and ITGA5; SIRPB1 and CD70; SIRPB1 and KCNN4, 

SLC9A1 and ITGA5, SLC9A1 and CD70, SLC9A1 and KCNN4, ITGA5 and CD70, ITGA5 

and KCNN4, CD70 and KCNN4, EMR2 and CD33, CCR1 and CLEC12A, CD70 and CD33, 5 

LILRB2 and CLEC12A, EMR2 and CLEC12A, EMR2 and CD96, CCR1 and CD33, CCR1 

and CD96, CD70 and CLEC12A, CD70 and CD96, LILRB2 and CD33, LILRB2 and 

CD96,  EMR2 and CD70. 

94. The method of paragraph 93, wherein the first antigen and the second antigen are a 

combination selected from the group consisting of EMR2 and CD33, CCR1 and CLEC12A, 10 

CD70 and CD33, LILRB2 and CLEC12A, LTB4R1 and CD70, CD70 and EMR2, and 

LTB4R1 and EMR2.  

95. The method of paragraph 92, wherein the immunoresponsive cell exhibits a greater 

degree of cytolytic activity against cells that are positive for both the first antigen and the 

second antigen as compared to against cells that are singly positive for either the first antigen 15 

or the second antigen. 

96. The method of paragraph 92 , wherein each of said antigen recognizing receptor is a T 

cell receptor (TCR) or a chimeric antigen receptor (CAR). 

97. The method of paragraph 92, where one or more antigen recognizing receptor is a TCR, 

and the antigen of the TCR is WT1 or PRAME.   20 

98. The method of paragraph 92, wherein the antigen recognizing receptor binds to the first 

antigen with a low binding affinity. 

99. The method of paragraph 92, wherein the first antigen recognizing receptor binds to the 

first antigen at an epitope of low accessibility. 

100. The method of paragraph 92, wherein each of said antigen recognizing receptor is a 25 

CAR. 

101. The method of paragraph 92, wherein the CAR comprises an intracellular signaling 

domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, 

OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 
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102. The method of paragraph 92 , wherein each of said antigen recognizing receptor is 

exogenous or endogenous. 

103. The method of paragraph 92, wherein each of said antigen recognizing receptor is 

recombinantly expressed.  

104. The method of paragraph 92, wherein each of the antigen recognizing receptor is 5 

expressed from a vector, or a selected locus from the genome of the immunoresponsive cell. 

105. The method of paragraph 92, wherein the cell is selected from the group consisting of a 

T cell, a Natural Killer (NK) cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a 

Natural Killer T (NKT) cell, a human embryonic stem cell, and a pluripotent stem cell from 

which lymphoid cells may be differentiated. 10 

106. The method of paragraph 92, wherein said immunoresponsive cell is autologous. 

107. The method of paragraph 92, wherein said immunoresponsive cell is allogeneic. 

108. The method of paragraph 100, wherein the first CAR comprises a first intracellular 

signaling domain, and the second CAR comprises a second introcellular signalling domain, 

and wherein the first intracellular signaling domain and the second intracellular signaling 15 

domain are different.   

109. The method of paragraph 108, each of the first intracellular signaling domain and the 

second intracellular signaling domain is selected from the group consisting of CD3-chain, 

CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling 

domain, or combinations thereof, and wherein the first intracellular signaling domain and the 20 

second intracellular signaling domain are different.   

110. The method of paragraph 109, each of the first intracellular signaling domain and the 

second intracellular signaling domain comprises a CD3-chain, and optionally further 

comprises a signaling domain selected from the group consisting of CD97, CD11a-CD18, 

CD2, ICOS, CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or combinations 25 

thereof, wherein the first intracellular signaling domain and the second intracellular signaling 

domain are different.   
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111. The method of paragraph 110, wherein the first intracellular signaling domain comprises 

a CD3-chain and a CD28 signaling domain, and the second intracellular signaling domain 

comprises a CD3-chain.  

112. The method of paragraph 110, wherein the first intracellular signaling domain comprises 

a CD3-chain and a CD28 signaling domain, and the second intracellular signaling domain 5 

comprises a CD3-chain and a 4-1BB signaling domain.   

113. The method of paragraph 110, wherein the first intracellular signaling domain comprises 

a CD3-chain and a 4-1BB signaling domain, and the second intracellular signaling domain 

comprises a CD3-chain. 

114. The method of paragraph 92, wherein the immunoresponsive cell comprises three 10 

species of CAR, or two species of CAR and one CCR; or two species of CAR and one TCR; 

or one CAR, one TCR, and one CCR.  

115. The method of paragraph 114, wherein the immunoresponsive cell comprises a CAR that 

specifically binds to CLEC12A, a CAR that specifically binds to CD70, and a CCR that 

specifically binds to ADGRE2. 15 

116. The method of paragraph 114, wherein the immunoresponsive cell comprises a CAR that 

specifically binds to CLEC12A, a CAR that specifically binds to CD70, and a CCR that 

specifically binds to CD33. 

117. The method of paragraph 114, wherein the immunoresponsive cell comprises a CAR that 

specifically binds to CLEC12A, a CCR that specifically binds to CD70, and a CAR that 20 

specifically binds to TIM3. 

118. A nucleic acid encoding an antigen recognizing receptor that binds to an antigen, 

wherein the antigen is selected from the group consisting of EMR2, CD33, IL10RB, 

PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, SLC9A1, MBOAT7, CD38, 

SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, ICAM1, SLC44A1, CCR1, 25 

SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, 

ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, 

TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3, LILRA6, LILRA2, WT1, PRAME and 

SLC19A1.  
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119. The nucleic acid of paragraph 118, wherein the antigen is selected from the group 

consisting of LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1, KCNN4, ENG, 

ITGA5, and CD70. 

120.  The nucleic acid of paragraph 119, wherein the antigen is selected from the group 

consisting of LTB4R, EMR2, MYADM and PIEZO1. 5 

121. The nucleic acid of paragraph 118, wherein the antigen is selected from the group 

consisting of CD82, TNFRSF1B, EMR2, ITGB5, CCR1, CD96, PTPRJ, CD70 and LILRB2. 

122. . The isolated immunoresponsive cell of paragraph 121, wherein the antigen is selected 

from the group consisting of TNFRSF1B, EMR2, CCR1, CD96, CD70 and LILRB2. 

123. . The isolated immunoresponsive cell of paragraph 122, wherein the antigen is selected 10 

from the group consisting of EMR2, CCR1, CD70 and LILRB2. 

124. The nucleic acid of any one of paragraphs 118-123, comprised in a vector, or a selected 

locus from the genome of the immunoresponsive cell. 

125. The nucleic acid of paragraph 124, wherein the vector is a retroviral vector. 

126. A pharmaceutical composition comprising an effective amount of an immunoresponsive 15 

cell of any one of paragraphs 1-66 and a pharmaceutically acceptable excipient. 

127. The pharmaceutical composition of paragraph 126, which is for treating and/or 

preventing a myeloid disorder. 

128. A kit for treating and/or preventing a myeloid disorder, comprising an 

immunoresponsive cell of any one of paragraphs 1-66. 20 

129. The kit of paragraph 128, further comprises written instructions for using said cell for 

treating and/or preventing a myeloid disorder  in a subject . 

130. A kit for treating and/or preventing a myeloid disorder, comprising a nucleic acid  of 

any one of paragraphs 118-125.  

131. The kit of paragraph 130, further comprises written instructions for using said nucleic 25 

acid for producing antigen-specific immunoresponsive cell for treating and/or preventing a 

myeloid disorder in a subject. 
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132. A method of treating and/or preventing a myeloid disorder, comprising administering 

an effective amount of at least one antibody that binds to an antigen, wherein the antigen is 

selected from the group consisting of EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, 

CPM, ITFG3, TTYH3, ITGA4, SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, 

MRP1, ITGA5, SLC43A3, MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, 5 

KCNN4, LILRB4, LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, 

SLC30A1, EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, 

LILRB2, EMB, CD96, LILRB3, LILRA6, LILRA2, WT1, PRAME and SLC19A1. 

133. The method of paragraph 132, wherein the antigen is selected from the group consisting 

of LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1, KCNN4, ENG, ITGA5, 10 

and CD70. 

134. . The method of paragraph 133, wherein the antigen is selected from the group 

consisting of LTB4R, EMR2, MYADM and PIEZO1. 

135. The method of paragraph 132, wherein the antigen is selected from the group consisting 

of CD82, TNFRSF1B, EMR2, ITGB5, CCR1, CD96, PTPRJ, CD70 and LILRB2. 15 

136. . The method of paragraph 135, wherein the antigen is selected from the group 

consisting of TNFRSF1B, EMR2, CCR1, CD96, CD70 and LILRB2. 

137. . The method of paragraph 136, wherein the antigen is selected from the group 

consisting of EMR2, CCR1, CD70 and LILRB2. 

138. The method of paragraph 132-137, wherein the myeloid disorder is selected from the 20 

group consisting of myelodysplastic syndromes, myeloproliferative neoplasms, chronic 

myelomonocytic leukemia, or acute myeloid leukemia (AML) , acute myeloblastic leukemia, 

acute promyelocytic leukemia, acute myelomonocytic leukemia, chronic myelocytic 

leukemia, and polycythemia vera.  

139. The method of paragraph 138, wherein the myeloid disorder is acute myeloid leukemia 25 

(AML). 

140. The method of any one of paragraphs 132-139, wherein the method reduces or eradicates 

the tumor burden in the subject. 
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141. An isolated immunoresponsive cell comprising an antigen recognizing receptor that binds 

to an antigen, wherein binding of the antigen recognizing receptor to the antigen is capable of 

activating the immunoreponsive cell, and wherein the antigen is selected from the group 

consisting of TMEM40, GNAZ, SLC6A16, PPP2R5B, TEX29, FKBP1B, KCNJ5, CAPN3, 

TNFRSF14, SPAG17, MMP25, NGFR, CLEC1A, OTOA, LRRN2, RHBDL3, HEPHL1, 5 

TSPEAR, TAS1R3, MBOAT1, MT-ND1, DARC, SH3PXD2A, BEST4, STON2, ACKR6, 

LRRTM2, STC1, SLC16A6, CDHR1, MYADML2, PNPLA3, PSD2, SLC25A41, SUSD2, 

KCND1, HILPDA, TMEM145, DFNB31, PPFIA4, NLGN3, FAM186B, KCNV2, SCN11A, 

ABCG2, ANO9, GAS2, ASIC3, B3GNT4, TMEM59L, SLC25A36, FRMD5, COL15A1, 

ZDHHC11, ITGA8, PEAR1, ASPRV1, LOXL4, TRIM55, KIF19, LPAR2, CNIH2, FLRT1, 10 

RNF183, RDH16, CADM3, C3orf35, GDPD3, TMPRSS5, SEC31B, AGER, ADAMTS13, 

IL20RB, WNT4, LRRC37A3, SCNN1D, TMEM89, EXOC3L4, ATP6V0A4, CHST3, 

NPAS2, IGFBP3, ADRA1D, RNF173, CEACAM6, MANSC1, ELOVL6, LEPR, SUN3, 

HOOK1, CCDC155, TMEM27, GABRB2, EPHA4, CDH13, AQP2, KCNK13, KIF26B, 

HTR2A, SLC44A3, ILDR1, CYP4F11, SLC8A3, GPR153, SLCO2B1, SCIN, SCN2A, IL23R, 15 

ALS2, GNA14, TMEFF2, EXTL3, PDE3A, MFAP3L, SLC34A3, TACSTD2, ITGB8, LAX1, 

SLC45A3, SYNC, PLXNA4, ADORA3, SIGLEC11, RYR2, LRRC8E, DGKI, COLEC12, 

WT1, PRAME and CX3CR1. 

142. The isolated immunoresponsive cell of paragraph 141, wherein said antigen recognizing 

receptor is a T cell receptor (TCR), or a chimeric antigen receptor (CAR). 20 

143. The isolated immunoresponsive cell of paragraph 142, wherein said antigen recognizing 

receptor is a CAR. 

144. The isolated immunoresponsive cell of paragraph 143, wherein the CAR comprises an 

intracellular signaling domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, 

CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 25 

145. The isolated immunoresponsive cell of any one of paragraphs 141-144, wherein said 

antigen recognizing receptor is exogenous or endogenous. 

146. The isolated immunoresponsive cell of any one of paragraphs 141-145, wherein said 

antigen recognizing receptor is recombinantly expressed.  
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147. The isolated immunoresponsive cell of any one of paragraphs 141-146, wherein the 

antigen recognizing receptor is expressed from a vector, or a selected locus from the genome 

of the immunoresponsive cell. 

148. The isolated immunoresponsive cell of any one of paragraphs 141-147, wherein the cell 

is selected from the group consisting of a T cell, a Natural Killer (NK) cell, a cytotoxic T 5 

lymphocyte (CTL), a regulatory T cell, a Natural Killer T (NKT) cell, a human embryonic 

stem cell, and a pluripotent stem cell from which lymphoid cells may be differentiated. 

149. The isolated immunoresponsive cell of any one of paragraphs 141-148, wherein said 

immunoresponsive cell is autologous. 

150. The isolated immunoresponsive cell of any one of paragraphs 141-148, wherein said 10 

immunoresponsive cell is allogeneic. 

151. An isolated immunoresponsive cell comprising: 

 (a) an antigen recognizing receptor that binds to a first antigen, wherein binding of the 

antigen recognizing receptor to the first antigen is capable of activating the immunoresponsive 

cell, and 15 

 (b) a chimeric co-stimulating receptor (CCR) that binds to a second antigen, wherein 

binding of the CCR to the secod antigen is capable ofstimulating the immunoresponsive cell, 

wherein each of the first antigen and the second antigen isselected from the group consisting 

of TMEM40, GNAZ, SLC6A16, PPP2R5B, TEX29, FKBP1B, KCNJ5, CAPN3, TNFRSF14, 

SPAG17, MMP25, NGFR, CLEC1A, OTOA, LRRN2, RHBDL3, HEPHL1, TSPEAR, 20 

TAS1R3, MBOAT1, MT-ND1, DARC, SH3PXD2A, BEST4, STON2, ACKR6, LRRTM2, 

STC1, SLC16A6, CDHR1, MYADML2, PNPLA3, PSD2, SLC25A41, SUSD2, KCND1, 

HILPDA, TMEM145, DFNB31, PPFIA4, NLGN3, FAM186B, KCNV2, SCN11A, ABCG2, 

ANO9, GAS2, ASIC3, B3GNT4, TMEM59L, SLC25A36, FRMD5, COL15A1, ZDHHC11, 

ITGA8, PEAR1, ASPRV1, LOXL4, TRIM55, KIF19, LPAR2, CNIH2, FLRT1, RNF183, 25 

RDH16, CADM3, C3orf35, GDPD3, TMPRSS5, SEC31B, AGER, ADAMTS13, IL20RB, 

WNT4, LRRC37A3, SCNN1D, TMEM89, EXOC3L4, ATP6V0A4, CHST3, NPAS2, 

IGFBP3, ADRA1D, RNF173, CEACAM6, MANSC1, ELOVL6, LEPR, SUN3, HOOK1, 

CCDC155, TMEM27, GABRB2, EPHA4, CDH13, AQP2, KCNK13, KIF26B, HTR2A, 

SLC44A3, ILDR1, CYP4F11, SLC8A3, GPR153, SLCO2B1, SCIN, SCN2A, IL23R, ALS2, 30 

GNA14, TMEFF2, EXTL3, PDE3A, MFAP3L, SLC34A3, TACSTD2, ITGB8, LAX1, 
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SLC45A3, SYNC, PLXNA4, ADORA3, SIGLEC11, RYR2, LRRC8E, DGKI, COLEC12, 

WT1, PRAME and CX3CR1, and 

the first antigen and the second antigen are different. 

152. The isolated immunoresponsive cell of paragraph 151, wherein said antigen recognizing 

receptor is a T cell receptor (TCR) or a chimeric antigen receptor (CAR). 5 

153. The isolated immunoresponsive cell of paragraph 152, wherein said antigen recognizing 

receptor is a CAR. 

154. The isolated immunoresponsive cell of paragraph 153, wherein the CAR comprises an 

intracellular signaling domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, 

CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 10 

155. The isolated immunoresponsive cell of paragraph 153 or 154, wherein the CAR binds to 

the first antigen with a binding affinity that is lower compared to the binding affinity with 

which the CCR binds to the second antigen. 

156. isolated immunoresponsive cell of any one of paragraphs 153-155, wherein the CAR 

has a Kd of about 1 x 10-8 M to about 1 x 10-7 M, and the CCR has a Kd of about 1 x 10-9 M to 15 

about 1 x 10-7 M. 

157. The isolated immunoresponsive cell of any one of paragraphs 151-156, wherein said 

antigen recognizing receptor is exogenous or endogenous. 

158. The isolated immunoresponsive cell of any one of paragraphs 151-157, wherein said 

antigen recognizing receptor is recombinantly expressed.  20 

159. The isolated immunoresponsive cell of any one of paragraphs 151-158, wherein the 

antigen recognizing receptor is expressed from a vector, , or a selected locus from the 

genome of the immunoresponsive cell. 

160. The isolated immunoresponsive cell of any one of paragraphs 151-159, wherein the 

CCR is recombinantly expressed. 25 

161. The isolated immunoresponsive cell of any one of paragraphs 151-160, wherein the 

CCR is expressed from a vector, or a selected locus from the genome of the 

immunoresponsive cell. 
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162. The isolated immunoresponsive cell of any one of paragraphs 151-161, wherein the cell 

is selected from the group consisting of a T cell, a Natural Killer (NK) cell, a cytotoxic T 

lymphocyte (CTL), a regulatory T cell, a Natural Killer T (NKT) cell, a human embryonic 

stem cell, and a pluripotent stem cell from which lymphoid cells may be differentiated. 

163. The isolated immunoresponsive cell of any one of paragraphs 151-162, wherein said 5 

immunoresponsive cell is autologous. 

164. The isolated immunoresponsive cell of any one of paragraphs 151-163, wherein said 

immunoresponsive cell is allogeneic. 

165. An isolated immunoresponsive cell comprising: 

 (a) a first antigen recognizing receptor that binds to a first antigen, and 10 

 (b) a second antigen recognizing receptor that binds to a second antigen, 

wherein each of the first antigen and the second antigen isselected from the group consisting 

of TMEM40, GNAZ, SLC6A16, PPP2R5B, TEX29, FKBP1B, KCNJ5, CAPN3, TNFRSF14, 

SPAG17, MMP25, NGFR, CLEC1A, OTOA, LRRN2, RHBDL3, HEPHL1, TSPEAR, 

TAS1R3, MBOAT1, MT-ND1, DARC, SH3PXD2A, BEST4, STON2, ACKR6, LRRTM2, 15 

STC1, SLC16A6, CDHR1, MYADML2, PNPLA3, PSD2, SLC25A41, SUSD2, KCND1, 

HILPDA, TMEM145, DFNB31, PPFIA4, NLGN3, FAM186B, KCNV2, SCN11A, ABCG2, 

ANO9, GAS2, ASIC3, B3GNT4, TMEM59L, SLC25A36, FRMD5, COL15A1, ZDHHC11, 

ITGA8, PEAR1, ASPRV1, LOXL4, TRIM55, KIF19, LPAR2, CNIH2, FLRT1, RNF183, 

RDH16, CADM3, C3orf35, GDPD3, TMPRSS5, SEC31B, AGER, ADAMTS13, IL20RB, 20 

WNT4, LRRC37A3, SCNN1D, TMEM89, EXOC3L4, ATP6V0A4, CHST3, NPAS2, 

IGFBP3, ADRA1D, RNF173, CEACAM6, MANSC1, ELOVL6, LEPR, SUN3, HOOK1, 

CCDC155, TMEM27, GABRB2, EPHA4, CDH13, AQP2, KCNK13, KIF26B, HTR2A, 

SLC44A3, ILDR1, CYP4F11, SLC8A3, GPR153, SLCO2B1, SCIN, SCN2A, IL23R, ALS2, 

GNA14, TMEFF2, EXTL3, PDE3A, MFAP3L, SLC34A3, TACSTD2, ITGB8, LAX1, 25 

SLC45A3, SYNC, PLXNA4, ADORA3, SIGLEC11, RYR2, LRRC8E, DGKI, COLEC12, 

WT1, PRAME and CX3CR1, and 

the first antigen and the second antigen are different. 

166. The immunoresponsive cell of paragraph 165, wherein the immunoresponsive cell 

exhibits a greater degree of cytolytic activity against cells that are positive for both the first 30 

antigen and the second antigen as compared to against cells that are singly positive for either 

the first antigen or the second antigen. 
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167. The isolated immunoresponsive cell of paragraph 165 , wherein each of said antigen 

recognizing receptor is a T cell receptor (TCR) or a chimeric antigen receptor (CAR). 

168. The immunoresponsive cell of paragraph 165, where one or more antigen recognizing 

receptor is a TCR, and the antigen of the TCR is WT1 or PRAME.   

169. The immunoresponsive cell of paragraph 165, wherein the antigen recognizing receptor 5 

binds to the first antigen with a low binding affinity. 

170. The immunoresponsive cell of paragraph 165, wherein the first antigen recognizing 

receptor binds to the first antigen at an epitope of low accessibility. 

171. The isolated immunoresponsive cell of paragraph 165, wherein each of said antigen 

recognizing receptor is a CAR. 10 

172. The isolated immunoresponsive cell of paragraph 171, wherein the CAR comprises an 

intracellular signaling domain that is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, 

CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 

173. The isolated immunoresponsive cell of paragraph 165 , wherein each of said antigen 

recognizing receptor is exogenous or endogenous. 15 

174. The isolated immunoresponsive cell of paragraph 165, wherein each of said antigen 

recognizing receptor is recombinantly expressed.  

175. The isolated immunoresponsive cell of paragraph 165, wherein each of the antigen 

recognizing receptor is expressed from a vector, or a selected locus from the genome of the 

immunoresponsive cell. 20 

176. The isolated immunoresponsive cell of paragraph 165, wherein the cell is selected from 

the group consisting of a T cell, a Natural Killer (NK) cell, a cytotoxic T lymphocyte (CTL), 

a regulatory T cell, a Natural Killer T (NKT) cell, a human embryonic stem cell, and a 

pluripotent stem cell from which lymphoid cells may be differentiated. 

177. The isolated immunoresponsive cell of paragraph 165, wherein said immunoresponsive 25 

cell is autologous. 

178. The isolated immunoresponsive cell of paragraph 165, wherein said immunoresponsive 

cell is allogeneic. 
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179. The isolated immunoresponsive cell of paragraph 171, wherein the first CAR comprises 

a first intracellular signaling domain, and the second CAR comprises a second introcellular 

signalling domain, and wherein the first intracellular signaling domain and the second 

intracellular signaling domain are different.   

180. The isolated immunoresponsive cell of paragraph179, each of the first intracellular 5 

signaling domain and the second intracellular signaling domain is selected from the group 

consisting of CD3-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, OX40, 4-

1BB, CD28 signaling domain, or combinations thereof.   

181. The isolated immunoresponsive cell of paragraph 180, each of the first intracellular 

signaling domain and the second intracellular signaling domain comprises a CD3-chain, and 10 

optionally further comprises a signaling domain selected from the group consisting of CD97, 

CD11a-CD18, CD2, ICOS, CD27, CD154, CD8, OX40, 4-1BB, CD28 signaling domain, or 

combinations thereof.   

182. The isolated immunoresponsive cell of paragraph 181, wherein the first intracellular 

signaling domain comprises a CD3-chain and a CD28 signaling domain, and the second 15 

intracellular signaling domain comprises a CD3-chain.  

183. The isolated immunoresponsive cell of paragraph 181, wherein the first intracellular 

signaling domain comprises a CD3-chain and a CD28 signaling domain, and the second 

intracellular signaling domain comprises a CD3-chain and a 4-1BB signaling domain.   

184. The isolated immunoresponsive cell of paragraph 181, wherein the first intracellular 20 

signaling domain comprises a CD3-chain and a 4-1BB signaling domain, and the second 

intracellular signaling domain comprises a CD3-chain. 

185. The isolated immunoresponsive cell of paragraph 165, wherein the immunoresponsive 

cell comprises three species of CAR, or two species of CAR and one CCR; or two species of 

CAR and one TCR; or one CAR, one TCR, and one CCR.  25 

186. The isolated immunoresponsive cell of paragraph 185, wherein the immunoresponsive 

cell comprises a CAR that specifically binds to CLEC12A, a CAR that specifically binds to 

CD70, and a CCR that specifically binds to ADGRE2. 
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187. The isolated immunoresponsive cell of paragraph 185, wherein the immunoresponsive 

cell comprises a CAR that specifically binds to CLEC12A, a CAR that specifically binds to 

CD70, and a CCR that specifically binds to CD33. 

188. The isolated immunoresponsive cell of paragraph 185, wherein the immunoresponsive 

cell comprises a CAR that specifically binds to CLEC12A, a CCR that specifically binds to 5 

CD70, and a CAR that specifically binds to TIM3. 
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What is claimed is: 

1. An isolated immunoresponsive cell comprising an antigen recognizing receptor that 

binds to an antigen selected from the group consisting of EMR2, CD33, IL10RB, PLXNC1, 

PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, SLC9A1, MBOAT7, CD38, SLC6A6, 

ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, ICAM1, SLC44A1, CCR1, SLC22A5, 5 

TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, FCGR1A, CD123, CLEC12A, ITGB5, 

PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, ITGAX, CR1, DAGLB, SEMA4A, TLR2, 

P2RY13, LILRB2, EMB, CD96, LILRB3, LILRA6, LILRA2, WT1, PRAME and SLC19A1. 

2. The isolated immunoresponsive cell of claim 1, wherein the antigen is selected from the 

group consisting of LTB4R, EMR2, CD33, MYADM, PIEZO1, SIRPB1, SLC9A1, KCNN4, 10 

ENG, ITGA5, and CD70. 

3. . The isolated immunoresponsive cell of claim 1, wherein the antigen is selected from the 

group consisting of LTB4R, EMR2, MYADM and PIEZO1. 

4. The isolated immunoresponsive cell of claim 1, wherein the antigen is selected from the 

group consisting of CD82, TNFRSF1B, EMR2, ITGB5, CCR1, CD96, PTPRJ, CD70 and 15 

LILRB2. 

5. . The isolated immunoresponsive cell of claim 4, wherein the antigen is selected from the 

group consisting of TNFRSF1B, EMR2, CCR1, CD96, CD70 and LILRB2. 

6. . The isolated immunoresponsive cell of claim 5, wherein the antigen is selected from the 

group consisting of EMR2, CCR1, CD70 and LILRB2. 20 

7. The isolated immunoresponsive cell of any one of claims 1-7, wherein said antigen 

recognizing receptor is a T cell receptor (TCR), or a chimeric antigen receptor (CAR). 

8. The isolated immunoresponsive cell of claim 7, wherein said antigen recognizing receptor 

is a CAR.  

9. The isolated immunoresponsive cell of claim 8, wherein the intracellular signaling 25 

domain of said CAR is the CD3-chain, CD97, CD11a-CD18, CD2, ICOS, CD27, CD154, 

CD8, OX40, 4-1BB, CD28 signaling domain, or combinations thereof. 

What is claimed is:

1.

5

10

15

LILRB2.

20

is a CAR.
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10. The isolated immunoresponsive cell of any one of claims 1-9, wherein said antigen 

recognizing receptor is exogenous or endogenous. 

11. The isolated immunoresponsive cell of any one of claims 1-10, wherein said antigen 

recognizing receptor is recombinantly expressed.  

12. The isolated immunoresponsive cell of any one of claims 1-11, wherein the antigen 5 

recognizing receptor is expressed from a vector, or a selected locus from the genome of the 

immunoresponsive cell. 

13. The isolated immunoresponsive cell of any one of claims 1-12, wherein the cell is 

selected from the group consisting of a T cell, a Natural Killer (NK) cell, a cytotoxic T 

lymphocyte (CTL), a regulatory T cell, a Natural Killer T (NKT) cell, a human embryonic 10 

stem cell, and a pluripotent stem cell from which lymphoid cells may be differentiated. 

14. The isolated immunoresponsive cell of any one of claims 1-13, wherein said 

immunoresponsive cell is autologous. 

15. The isolated immunoresponsive cell of any one of claims 1-13, wherein said 

immunoresponsive cell is allogeneic. 15 

16. An isolated immunoresponsive cell comprising: 

 (a) an antigen recognizing receptor that binds to a first antigen, wherein binding of the 

antigen recognizing receptor to the first antigen is capable of activating the immunoresponsive 

cell, and 

 (b) a chimeric co-stimulating receptor (CCR) that binds to a second antigen, wherein 20 

binding of the CCR to the second antigen is capable of stimulating the immunoresponsive cell 

wherein each of the first antigen and the second antigen is selected from the group consisting 

of EMR2, CD33, IL10RB, PLXNC1, PIEZO1, CD300LF, CPM, ITFG3, TTYH3, ITGA4, 

SLC9A1, MBOAT7, CD38, SLC6A6, ENG, SIRPB1, MRP1, ITGA5, SLC43A3, MYADM, 

ICAM1, SLC44A1, CCR1, SLC22A5, TFR2, KCNN4, LILRB4, LTB4R, CD70, GYPA, 25 

FCGR1A, CD123, CLEC12A, ITGB5, PTPRJ, SLC30A1, EMC10, TNFRSF1B, CD82, 

ITGAX, CR1, DAGLB, SEMA4A, TLR2, P2RY13, LILRB2, EMB, CD96, LILRB3, 

LILRA6, LILRA2, WT1, PRAME and SLC19A1, and  

the first antigen and the second antigen are different. 
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17. The isolated immunoresponsive cell of claim 16, wherein the first antigen and the second 

antigen are a combination selected from the group consisting of LTB4R and EMR2, LTB4R 

and CD33, LTB4R and ENG, LTB4R and MYADM, LTB4R and PIEZO1, LTB4R and 

SIRPB1, LTB4R and SLC9A1, LTB4R and ITGA5, LTB4R and CD70, LTB4R and 

KCNN4. EMR2 and CD33, EMR2 and ENG, EMR2 and MYADM, EMR2 and PIEZO1, 5 

EMR2 and SIRPB1, EMR2 and SLC9A1, EMR2 and ITGA5, EMR2 and CD70, EMR2 and 

KCNN4, CD33 and ENG, CD33 and MYADM, CD33 and PIEZO1, CD33 and SIRPB1, 

CD33 and SLC9A1, CD33 and ITGA5, CD33 and CD70, CD33 and KCNN4, ENG and 

MYADM, ENG and PIEZO1, ENG and SIRPB1, ENG and SLC9A1, ENG and ITGA5, ENG 

and CD70, ENG and KCNN4, MYADM and PIEZO1, MYADM and SIRPB1, MYADM and 10 

SLC9A1, MYADM and ITGA5, MYADM and CD70, MYADM and KCNN4, PIEZO1 and 

SIRPB1, PIEZO1 and SLC9A1, PIEZO1 and ITGA5, PIEZO1 and CD70, PIEZO1 and 

KCNN4, SIRPB1 and SLC9A1, SIRPB1 and ITGA5; SIRPB1 and CD70; SIRPB1 and 

KCNN4, SLC9A1 and ITGA5, SLC9A1 and CD70, SLC9A1 and KCNN4, ITGA5 and 

CD70, ITGA5 and KCNN4, CD70 and KCNN4, EMR2 and CD33, CCR1 and CLEC12A, 15 

CD70 and CD33, LILRB2 and CLEC12A, EMR2 and CLEC12A, EMR2 and CD96, CCR1 

and CD33, CCR1 and CD96, CD70 and CLEC12A, CD70 and CD96, LILRB2 and CD33, 

LILRB2 and CD96,  and EMR2 and CD70. 

18. The isolated immunoresponsive cell of claim 17, wherein the first antigen and the second 

antigen are a combination selected from the group consisting of EMR2 and CD33, CCR1 and 20 

CLEC12A, CD70 and CD33, LILRB2 and CLEC12A, LTB4R1 and CD70, CD70 and 

EMR2, and LTB4R1 and EMR2.  

19. The immunoresponsive cell of any one of claims 16-18, wherein the immunoresponsive 

cell exhibits a greater degree of cytolytic activity against cells that are positive for both the 

first antigen and the second antigen as compared to against cells that are singly positive for 25 

the first antigen. 

20. The immunoresponsive cell of any one of claims 16-19, wherein the antigen recognizing 

receptor binds to the first antigen with a low binding affinity. 
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CD34+ CD34+ CD38 activated CAR+ T cells
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AML line G-CSF+ CD34+ DNMT3a R882H
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FIG. 2C Continued
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FIG. 2C Continued
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FIG. 2C Continued
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MLL-AF9+ AML line #1
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Previously reported CAR targets in AML

CAR target benchmark
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normal BM CD34+ CD38- CD45RA - CD90+ HSCs
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Sequence Listing
1 Sequence Listing

Information
1-1 File Name P302819D1 ST26 Sequence Listing XML.xml
1-2 DTD Version V1_3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.3.0
1-5 Production Date 2024-01-10
1-6 Original free text language

code
1-7 Non English free text

language code

2 General Information
2-1 Current application: IP

Office
AU

2-2 Current application:
Application number

2024200020

2-3 Current application: Filing
date

2024-01-02

2-4 Current application:
Applicant file reference

P302819D1

2-5 Earliest priority application:
IP Office

US

2-6 Earliest priority application:
Application number

62/371,199

2-7 Earliest priority application:
Filing date

2016-08-04

2-8en Applicant name Memorial Sloan-Kettering Cancer Center
2-8 Applicant name: Name

Latin
2-9en Inventor name Sadelain, Michel
2-9 Inventor name: Name Latin
2-10en Invention title Cancer antigen targets and uses thereof
2-11 Sequence Total Quantity 25

1

Information

1-1 File Name

1-2 DTD Version V1_3
1-3 Software Name

1-4 Software Version 2.3.0

1-5 Production Date 2024-01-10

1-6

code

1-7

2 General Information

2-1 AU
Office

2-2 2024200020

2-3 2024-01-02

date

2-4 P302819D1

2-5 US
IP Office

2-6

2-7

2-8en

2-8

Latin

2-9en Inventor name

2-9 Inventor name: Name Latin

2-10en Invention title

2-11 25
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3-1 Sequences
3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 164
3-1-4 Features

Location/Qualifiers
source 1..164
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-1-5 Residues MKWKALFTAA ILQAQLPITE AQSFGLLDPK LCYLLDGILF IYGVILTALF LRVKFSRSAD 60

APAYQQGQNQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP QRRKNPQEGL YNELQKDKMA 120
EAYSEIGMKG ERRRGKGHDG LYQGLSTATK DTYDALHMQA LPPR 164

3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 220
3-2-4 Features

Location/Qualifiers
source 1..220
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-2-5 Residues MLRLLLALNL FPSIQVTGNK ILVKQSPMLV AYDNAVNLSC KYSYNLFSRE FRASLHKGLD 60

SAVEVCVVYG NYSQQLQVYS KTGFNCDGKL GNESVTFYLQ NLYVNQTDIY FCKIEVMYPP 120
PYLDNEKSNG TIIHVKGKHL CPSPLFPGPS KPFWVLVVVG GVLACYSLLV TVAFIIFWVR 180
SKRSRLLHSD YMNMTPRRPG PTRKHYQPYA PPRDFAAYRS 220

3-3 Sequences
3-3-1 Sequence Number [ID] 3
3-3-2 Molecule Type AA
3-3-3 Length 255
3-3-4 Features

Location/Qualifiers
source 1..255
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-3-5 Residues MGNSCYNIVA TLLLVLNFER TRSLQDPCSN CPAGTFCDNN RNQICSPCPP NSFSSAGGQR 60

TCDICRQCKG VFRTRKECSS TSNAECDCTP GFHCLGAGCS MCEQDCKQGQ ELTKKGCKDC 120
CFGTFNDQKR GICRPWTNCS LDGKSVLVNG TKERDVVCGP SPADLSPGAS SVTPPAPARE 180
PGHSPQIISF FLALTSTALL FLLFFLTLRF SVVKRGRKKL LYIFKQPFMR PVQTTQEEDG 240
CSCRFPEEEE GGCEL 255

3-4 Sequences
3-4-1 Sequence Number [ID] 4
3-4-2 Molecule Type AA
3-4-3 Length 183
3-4-4 Features

Location/Qualifiers
source 1..183
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-4-5 Residues MERVQPLEEN VGNAARPRFE RNKLLLVASV IQGLGLLLCF TYICLHFSAL QVSHRYPRIQ 60

SIKVQFTEYK KEKGFILTSQ KEDEIMKVQN NSVIINCDGF YLISLKGYFS QEVNISLHYQ 120
KDEEPLFQLK KVRSVNSLMV ASLTYKDKVY LNVTTDNTSL DDFHVNGGEL ILIHQNPGEF 180
CVL 183

3-5 Sequences
3-5-1 Sequence Number [ID] 5
3-5-2 Molecule Type AA
3-5-3 Length 15
3-5-4 Features

Location/Qualifiers
REGION 1..15
note=Description of Artificial Sequence: Synthetic peptide
source 1..15
mol_type=protein
organism=synthetic construct

NonEnglishQualifier Value
3-5-5 Residues GGGGSGGGGS GGGGS 15

3-6 Sequences
3-6-1 Sequence Number [ID] 6
3-6-2 Molecule Type AA
3-6-3 Length 20
3-6-4 Features

Location/Qualifiers
source 1..20
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-6-5 Residues METPAQLLFL LLLWLPDTTG 20

3-7 Sequences

3-1

3-1-1

AA
3-1-3 164

3-1-4 Features source 1..164

Location/Qualifiers

3-1-5 Residues

APAYQQGQNQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP QRRKNPQEGL YNELQKDKMA 120

164

3-2

2

3-2-2 AA
220

220

3-3-1 3

3-3-3 255

3-3-5

CFGTFNDQKR GICRPWTNCS LDGKSVLVNG TKERDVVCGP SPADLSPGAS SVTPPAPARE 180

CSCRFPEEEE GGCEL 255

3-4

3-4-1 4

3-4-2 AA
3-4-3 183

3-4-4 Features source 1..183

Location/Qualifiers

3-4-5 Residues

SIKVQFTEYK KEKGFILTSQ KEDEIMKVON NSVIINCDGF YLISLKGYFS QEVNISLHYQ 120

CVL 183

3-5

3-5-1 5

3-5-2 AA
3-5-3 15

3-5-4 Features REGION 1..15
Location/Qualifiers

source 1..15

3-5-5 GGGGSGGGGS GGGGS 15

3-6

3-6-1 6

3-6-2 AA
3-6-3

3-6-4 Features source 1..20

Location/Qualifiers

3-6-5 Residues
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3-7-1 Sequence Number [ID] 7
3-7-2 Molecule Type AA
3-7-3 Length 20
3-7-4 Features

Location/Qualifiers
source 1..20
mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-7-5 Residues METDTLLLWV LLLWVPGSTG 20

3-8 Sequences
3-8-1 Sequence Number [ID] 8
3-8-2 Molecule Type AA
3-8-3 Length 21
3-8-4 Features

Location/Qualifiers
source 1..21
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-8-5 Residues MALPVTALLL PLALLLHAAR P 21

3-9 Sequences
3-9-1 Sequence Number [ID] 9
3-9-2 Molecule Type AA
3-9-3 Length 235
3-9-4 Features

Location/Qualifiers
source 1..235
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-9-5 Residues MALPVTALLL PLALLLHAAR PSQFRVSPLD RTWNLGETVE LKCQVLLSNP TSGCSWLFQP 60

RGAAASPTFL LYLSQNKPKA AEGLDTQRFS GKRLGDTFVL TLSDFRRENE GYYFCSALSN 120
SIMYFSHFVP VFLPAKPTTT PAPRPPTPAP TIASQPLSLR PEACRPAAGG AVHTRGLDFA 180
CDIYIWAPLA GTCGVLLLSL VITLYCNHRN RRRVCKCPRP VVKSGDKPSL SARYV 235

3-10 Sequences
3-10-1 Sequence Number [ID] 10
3-10-2 Molecule Type AA
3-10-3 Length 247
3-10-4 Features

Location/Qualifiers
source 1..247
mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-10-5 Residues MASPLTRFLS LNLLLMGESI ILGSGEAKPQ APELRIFPKK MDAELGQKVD LVCEVLGSVS 60

QGCSWLFQNS SSKLPQPTFV VYMASSHNKI TWDEKLNSSK LFSAVRDTNN KYVLTLNKFS 120
KENEGYYFCS VISNSVMYFS SVVPVLQKVN STTTKPVLRT PSPVHPTGTS QPQRPEDCRP 180
RGSVKGTGLD FACDIYIWAP LAGICVAPLL SLIITLICYH RSRKRVCKCP RPLVRQEGKP 240
RPSEKIV 247

3-11 Sequences
3-11-1 Sequence Number [ID] 11
3-11-2 Molecule Type AA
3-11-3 Length 69
3-11-4 Features

Location/Qualifiers
source 1..69
mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-11-5 Residues STTTKPVLRT PSPVHPTGTS QPQRPEDCRP RGSVKGTGLD FACDIYIWAP LAGICVALLL 60

SLIITLICY 69

3-12 Sequences
3-12-1 Sequence Number [ID] 12
3-12-2 Molecule Type DNA
3-12-3 Length 207
3-12-4 Features

Location/Qualifiers
source 1..207
mol_type=other DNA
organism=Mus musculus

NonEnglishQualifier Value
3-12-5 Residues tctactacta ccaagccagt gctgcgaact ccctcacctg tgcaccctac cgggacatct 60

cagccccaga gaccagaaga ttgtcggccc cgtggctcag tgaaggggac cggattggac 120
ttcgcctgtg atatttacat ctgggcaccc ttggccggaa tctgcgtggc ccttctgctg 180
tccttgatca tcactctcat ctgctac 207

3-13 Sequences
3-13-1 Sequence Number [ID] 13
3-13-2 Molecule Type AA
3-13-3 Length 188
3-13-4 Features source 1..188

3-7-1 7

AA
3-7-3 20

3-7-4 Features

Location/Qualifiers

3-7-5 Residues METDTLLLWV LLLWVPGSTG 20

3-8-1

3-8-2

21

3-8-5 21

3-9

3-9-1 9

3-9-3

3-9-4 Features

Location/Qualifiers

235

3-10

3-10-1 10

3-10-3

3-10-4 Features

Location/Qualifiers

247

3-11

3-11-1 11

3-11-4 Features

Location/Qualifiers

69

3-12-1

3-12-2

3-12-3

3-12-4 Features

207

3-13

3-13-1

3-13-2 AA
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Location/Qualifiers mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-13-5 Residues MKWKVSVLAC ILHVRFPGAE AQSFGLLDPK LCYLLDGILF IYGVIITALY LRAKFSRSAE 60

TAANLQDPNQ LYNELNLGRR EEYDVLEKKR ARDPEMGGKQ RRRNPQEGVY NALQKDKMAE 120
AYSEIGTKGE RRRGKGHDGL YQDSHFQAVQ FGNRREREGS ELTRTLGLRA RPKACRHKKP 180
LSLPAAVS 188

3-14 Sequences
3-14-1 Sequence Number [ID] 14
3-14-2 Molecule Type AA
3-14-3 Length 113
3-14-4 Features

Location/Qualifiers
source 1..113
mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-14-5 Residues RAKFSRSAET AANLQDPNQL YNELNLGRRE EYDVLEKKRA RDPEMGGKQQ RRRNPQEGVY 60

NALQKDKMAE AYSEIGTKGE RRRGKGHDGL YQGLSTATKD TYDALHMQTL APR 113

3-15 Sequences
3-15-1 Sequence Number [ID] 15
3-15-2 Molecule Type DNA
3-15-3 Length 342
3-15-4 Features

Location/Qualifiers
source 1..342
mol_type=other DNA
organism=Mus musculus

NonEnglishQualifier Value
3-15-5 Residues agagcaaaat tcagcaggag tgcagagact gctgccaacc tgcaggaccc caaccagctc 60

tacaatgagc tcaatctagg gcgaagagag gaatatgacg tcttggagaa gaagcgggct 120
cgggatccag agatgggagg caaacagcag aggaggagga acccccagga aggcgtatac 180
aatgcactgc agaaagacaa gatggcagaa gcctacagtg agatcggcac aaaaggcgag 240
aggcggagag gcaaggggca cgatggcctt taccagggtc tcagcactgc caccaaggac 300
acctatgatg ccctgcatat gcagaccctg gcccctcgct aa 342

3-16 Sequences
3-16-1 Sequence Number [ID] 16
3-16-2 Molecule Type AA
3-16-3 Length 218
3-16-4 Features

Location/Qualifiers
source 1..218
mol_type=protein
organism=Mus musculus

NonEnglishQualifier Value
3-16-5 Residues MTLRLLFLAL NFFSVQVTEN KILVKQSPLL VVDSNEVSLS CRYSYNLLAK EFRASLYKGV 60

NSDVEVCVGN GNFTYQPQFR SNAEFNCDGD FDNETVTFRL WNLHVNHTDI YFCKIEFMYP 120
PPYLDNERSN GTIIHIKEKH LCHTQSSPKL FWALVVVAGV LFCYGLLVTV ALCVIWTNSR 180
RNRLLQSDYM NMTPRRPGLT RKPYQPYAPA RDFAAYRP 218

3-17 Sequences
3-17-1 Sequence Number [ID] 17
3-17-2 Molecule Type DNA
3-17-3 Length 123
3-17-4 Features

Location/Qualifiers
source 1..123
mol_type=other DNA
organism=Mus musculus

NonEnglishQualifier Value
3-17-5 Residues aatagtagaa ggaacagact ccttcaaagt gactacatga acatgactcc ccggaggcct 60

gggctcactc gaaagcctta ccagccctac gcccctgcca gagactttgc agcgtaccgc 120
ccc 123

3-18 Sequences
3-18-1 Sequence Number [ID] 18
3-18-2 Molecule Type AA
3-18-3 Length 277
3-18-4 Features

Location/Qualifiers
source 1..277
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-18-5 Residues MCVGARRLGR GPCAALLLLG LGLSTVTGLH CVGDTYPSND RCCHECRPGN GMVSRCSRSQ 60

NTVCRPCGPG FYNDVVSSKP CKPCTWCNLR SGSERKQLCT ATQDTVCRCR AGTQPLDSYK 120
PGVDCAPCPP GHFSPGDNQA CKPWTNCTLA GKHTLQPASN SSDAICEDRD PPATQPQETQ 180
GPPARPITVQ PTEAWPRTSQ GPSTRPVEVP GGRAVAAILG LGLVLGLLGP LAILLALYLL 240
RRDQRLPPDA HKPPGGGSFR TPIQEEQADA HSTLAKI 277

3-19 Sequences
3-19-1 Sequence Number [ID] 19
3-19-2 Molecule Type AA

Location/Qualifiers

3-13-5 Residues

188

3-14

AA

3-14-5 Residues

NALQKDKMAE AYSEIGTKGE RRRGKGHDGL YQGLSTATKD TYDALHMQTL APR 113

15

3-15-5

342

3-16-4

Location/Qualifiers

3-16-5 Residues

CCC 123

3-18-4

3-18-5 Residues

277
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3-19-3 Length 199
3-19-4 Features

Location/Qualifiers
source 1..199
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-19-5 Residues MKSGLWYFFL FCLRIKVLTG EINGSANYEM FIFHNGGVQI LCKYPDIVQQ FKMQLLKGGQ 60

ILCDLTKTKG SGNTVSIKSL KFCHSQLSNN SVSFFLYNLD HSHANYYFCN LSIFDPPPFK 120
VTLTGGYLHI YESQLCCQLK FWLPIGCAAF VVVCILGCIL ICWLTKKKYS SSVHDPNGEY 180
MFMRAVNTAK KSRLTDVTL 199

3-20 Sequences
3-20-1 Sequence Number [ID] 20
3-20-2 Molecule Type AA
3-20-3 Length 223
3-20-4 Features

Location/Qualifiers
source 1..223
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-20-5 Residues MACLGFQRHK AQLNLATRTW PCTLLFFLLF IPVFCKAMHV AQPAVVLASS RGIASFVCEY 60

ASPGKATEVR VTVLRQADSQ VTEVCAATYM MGNELTFLDD SICTGTSSGN QVNLTIQGLR 120
AMDTGLYICK VELMYPPPYY LGIGNGTQIY VIDPEPCPDS DFLLWILAAV SSGLFFYSFL 180
LTAVSLSKML KKRSPLTTGV YVKMPPTEPE CEKQFQPYFI PIN 223

3-21 Sequences
3-21-1 Sequence Number [ID] 21
3-21-2 Molecule Type AA
3-21-3 Length 288
3-21-4 Features

Location/Qualifiers
source 1..288
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-21-5 Residues MQIPQAPWPV VWAVLQLGWR PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS 60

ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT 120
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV VGVVGGLLGS 180
LVLLVWVLAV ICSRAARGTI GARRTGQPLK EDPSAVPVFS VDYGELDFQW REKTPEPPVP 240
CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWPL 288

3-22 Sequences
3-22-1 Sequence Number [ID] 22
3-22-2 Molecule Type AA
3-22-3 Length 525
3-22-4 Features

Location/Qualifiers
source 1..525
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-22-5 Residues MWEAQFLGLL FLQPLWVAPV KPLQPGAEVP VVWAQEGAPA QLPCSPTIPL QDLSLLRRAG 60

VTWQHQPDSG PPAAAPGHPL APGPHPAAPS SWGPRPRRYT VLSVGPGGLR SGRLPLQPRV 120
QLDERGRQRG DFSLWLRPAR RADAGEYRAA VHLRDRALSC RLRLRLGQAS MTASPPGSLR 180
ASDWVILNCS FSRPDRPASV HWFRNRGQGR VPVRESPHHH LAESFLFLPQ VSPMDSGPWG 240
CILTYRDGFN VSIMYNLTVL GLEPPTPLTV YAGAGSRVGL PCRLPAGVGT RSFLTAKWTP 300
PGGGPDLLVT GDNGDFTLRL EDVSQAQAGT YTCHIHLQEQ QLNATVTLAI ITVTPKSFGS 360
PGSLGKLLCE VTPVSGQERF VWSSLDTPSQ RSFSGPWLEA QEAQLLSQPW QCQLYQGERL 420
LGAAVYFTEL SSPGAQRSGR APGALPAGHL LLFLILGVLS LLLLVTGAFG FHLWRRQWRP 480
RRFSALEQGI HPPQAQSKIE ELEQEPEPEP EPEPEPEPEP EPEQL 525

3-23 Sequences
3-23-1 Sequence Number [ID] 23
3-23-2 Molecule Type AA
3-23-3 Length 370
3-23-4 Features

Location/Qualifiers
source 1..370
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-23-5 Residues MLGQVVTLIL LLLLKVYQGK GCQGSADHVV SISGVPLQLQ PNSIQTKVDS IAWKKLLPSQ 60

NGFHHILKWE NGSLPSNTSN DRFSFIVKNL SLLIKAAQQQ DSGLYCLEVT SISGKVQTAT 120
FQVFVFESLL PDKVEKPRLQ GQGKILDRGR CQVALSCLVS RDGNVSYAWY RGSKLIQTAG 180
NLTYLDEEVD INGTHTYTCN VSNPVSWESH TLNLTQDCQN AHQEFRFWPF LVIIVILSAL 240
FLGTLACFCV WRRKRKEKQS ETSPKEFLTI YEDVKDLKTR RNHEQEQTFP GGGSTIYSMI 300
QSQSSAPTSQ EPAYTLYSLI QPSRKSGSRK RNHSPSFNST IYEVIGKSQP KAQNPARLSR 360
KELENFDVYS 370

3-24 Sequences
3-24-1 Sequence Number [ID] 24
3-24-2 Molecule Type AA
3-24-3 Length 289
3-24-4 Features source 1..289

3-19-3 199

3-19-4 Features source 1..199

Location/Qualifiers

3-19-5 Residues

VTLTGGYLHI YESQLCCQLK FWLPIGCAAF VVVCILGCIL ICWLTKKKYS SSVHDPNGEY 180

MFMRAVNTAK KSRLTDVTL 199

3-20

3-20-1

3-20-2 AA
3-20-3 223

3-20-4 Features source 1..223

Location/Qualifiers

ASPGKATEVR VTVLRQADSQ VTEVCAATYM MGNELTFLDD SICTGTSSGN QVNLTIQGLR 120

AMDTGLYICK VELMYPPPYY LGIGNGTQIY VIDPEPCPDS DFLLWILAAV SSGLFFYSFL 180

223

3-21-2

3-21-3

3-21-4 source 1..288

3-21-5 Residues

288

3-22

3-22-1 22

3-22-2 AA
3-22-3 525

3-22-4 Features source 1..525

Location/Qualifiers

3-22-5 Residues

VTWQHQPDSG PPAAAPGHPL APGPHPAAPS SWGPRPRRYT VLSVGPGGLR SGRLPLQPRV 120

525

3-23

3-23-2

3-23-3

3-24

3-24-1

AA
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Location/Qualifiers mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-24-5 Residues MKTLPAMLGT GKLFWVFFLI PYLDIWNIHG KESCDVQLYI KRQSEHSILA GDPFELECPV 60

KYCANRPHVT WCKLNGTTCV KLEDRQTSWK EEKNISFFIL HFEPVLPNDN GSYRCSANFQ 120
SNLIESHSTT LYVTDVKSAS ERPSKDEMAS RPWLLYRLLP LGGLPLLITT CFCLFCCLRR 180
HQGKQNELSD TAGREINLVD AHLKSEQTEA STRQNSQVLL SETGIYDNDP DLCFRMQEGS 240
EVYSNPCLEE NKPGIVYASL NHSVIGPNSR LARNVKEAPT EYASICVRS 289

3-25 Sequences
3-25-1 Sequence Number [ID] 25
3-25-2 Molecule Type AA
3-25-3 Length 4
3-25-4 Features

Location/Qualifiers
source 1..4
mol_type=protein
organism=Homo sapiens

NonEnglishQualifier Value
3-25-5 Residues YVKM 4

Location/Qualifiers

3-24-5 Residues

SNLIESHSTT LYVTDVKSAS ERPSKDEMAS RPWLLYRLLP LGGLPLLITT CFCLFCCLRR 180

3-25

3-25-1

3-25-2 AA
3-25-3 4

3-25-4 Features

Location/Qualifiers

3-25-5 Residues YVKM 4

20
26

20
21

07
   

   
18

 M
ar

 2
02

6


	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings
	Gene Sequence



