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CD123-SPECIFIC CHIMERIC ANTIGEN RECEPTOR REDIRECTED T CELLS AND
METHODS OF THEIR USE

PRIORITY CLAIM

[0001] This application claims priority to United States Patent Application
Number 13/844,048, filed March 15, 2013, which is incorporated herein by reference

in its entirety, including the drawings.

GOVERNMENT INTEREST

[0002] The present invention was made with government support under NIH
grants P50 CA107399, P01 CA030206, and MO1 RR0004. The government has

certain rights in the present invention.
BACKGROUND

[0003] Acute myeloid leukemia (AML) is a disease characterized by the rapid
proliferation of immature myeloid cells in the bone marrow resulting in dysfunctional
hematopoiesis [1]. First-line treatments for acute myeloid leukemia (AML) have
remained largely unchanged for nearly 50 years and AML remains a disease of poor
prognosis. Although standard induction chemotherapy can induce complete
remissions, many patients eventually relapse and succumb to the disease [2].

Therefore, the development of novel therapeutics for AML is crucial.

[0004] Allogeneic hematopoietic cell transplantation can achieve cure of the
disease in selected patients and highlights the susceptibility of AML to donor derived
immunotherapy. Additionally, the interleukin 3 receptor alpha chain (CD123) has
been identified as a potential immunotherapeutic target since it is over-expressed on

AML compared to normal hematopoietic stem cells.

[0005] Recent advances in the immunophenotyping of AML cells have
revealed several AML associated cell surface antigens that may act as targets for
future therapies [3]. Indeed, pre-clinical investigations using antibodies targeting
CD44, CD47, T cell immunoglobulin mucin-3 (TIM-3) and the interleukin 3 receptor
alpha chain (IL-3Ra; CD123) for the treatment of AML have been described and
demonstrated promising anti-leukemic activity in murine models [3, 4]. CD123 is
expressed on various malignancies including acute and chronic myeloid leukemia,

hairy cell leukemia, B-cell lineage acute lymphoblastic leukemia, and blastic
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plasmacytoid dendritic cell neoplasms. Additionally, CD123 is not typically
expressed on normal hematopoietic stem cells, thus making CD123 an ideal
immunotherapeutic target. Additionally, two phase | trials for CD123-specific
therapeutics have been completed with both drugs displaying good safety profiles
(ClinicalTrials.gov ID: NCT00401739 and NCT00397579). Unfortunately, these
CD123 targeting drugs had limited efficacy suggesting that alternative, and more

potent therapies targeting CD123 may be required to observe anti-leukemic activity.

[0006] A possibly more potent alternative therapy for the treatment of AML is
the use of T cells expressing chimeric antigen receptors (CARs) that redirect T cell
specificity towards cell surface tumor associated antigens (TAAs) in an MHC-
independent manner [5]. In most cases, CARs include a single-chain variable
fragment (scFv) from a monoclonal antibody fused to the signaling domain of CD3¢
and may contain a costimulatory endodomain [5]. Several groups have developed
CARs targeting various antigens for the treatment of B-cell malignancies [6-10] and
many have gone on to evaluating CAR expressing T cells in phase | clinical trials
[11-15]. In contrast, CAR engineered T cells for the treatment of AML remain scarce
[16, 17].

[0007] Although current treatment regimes for AML can achieve complete
responses in select patients, many will eventually relapse underscoring the need for
novel therapeutics which may lead to more durable responses. Various AML
targeting immunotherapies including antigen specific cytotoxic T lymphocytes,
alloreactive natural killer cells, and dendritic cell vaccines are currently being
developed. For example, Oka and colleagues have demonstrated that Wilms’ Tumor
1 peptide vaccination can lead to clinical and immunological responses in AML
patients [33]. However, these targeting therapies are HLA-dependent. To this end, it
would be desirable to design a targeted therapeutic, such as a CAR, that can
redirect T cell specificity to selectively target AML cells in an HLA-independent

manner.
SUMMARY

[0008] A family of chimeric antigen receptors (CARs) containing a CD123
specific scFv was developed to target different epitopes on CD123. In some

embodiments, such a CD123 chimeric antigen receptor (CD123CAR) gene includes
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an anti-CD123 scFv region fused in frame to a modified IgG4 hinge region
comprising an alteration of an |gG4 spacer region that would eliminate Fc receptor
binding. In one embodiment, the modified IgG4 hinge region includes an S228P
substitution, an L235E substitution, and optionally an N297Q substitution. The
CD123CAR gene also includes at least one costimulatory signaling domain; anda T
cell receptor (TCR) zeta chain signaling domain. In some embodiments, the
CD123CAR gene includes a nucleotide sequence selected from SEQ ID NO:1, SEQ
ID NO:2, SEQ ID NO:3, or SEQ ID NO:4. In other embodiments, the CD123CAR
gene encodes an amino acid sequence that includes SEQ ID NO:9; SEQ ID NO:10,
SEQ ID NO:11, or SEQ ID NO:12.

[0009] According to the embodiments described below, the CD123CAR genes
may be part of an expression cassette that is inserted within a vector (e.g., a viral
vector). As such, a population of human T cells may be transduced by the vector,
resulting the expression of the CD123CAR genes by the T cells. When expressed in
healthy donor T cells (CD4/CD8), the CD123CARs redirect T cell specificity and
mediated potent effector activity against CD123+ cell lines as well as primary AML
patient samples. CD123CAR T cells did not significantly alter
granulocyte/macrophage and erythroid colony formation in vitro, suggesting a

differential effect on AML cells as opposed to immune cells.

[0010] Further, T cells obtained from patients with active AML can be modified
to express CD123CAR genes and are able to lyse autologous AML blasts in vitro.
These results suggest that CD123CAR-transduced T cells may be used as an
immunotherapy for the treatment of high risk AML. Thus, according to some
embodiments, methods of treating AML in a subject are provided, wherein such
methods include a step of administering a first population of T cells transduced with
a first CD123CAR gene to the subject. The methods may further comprise an
additional step of administering the first population of T cells transfected with the first
CD123CAR gene in combination with a second population of T cells transduced with
a second CD123CAR gene to the subject. In some embodiments, the first
CD123CAR gene include a nucleotide sequence selected from SEQ ID NO:3 or SEQ
ID NO:4. The second CD123CAR gene may also include a nucleotide sequence
selected from SEQ ID NO:3 or SEQ ID NO:4, however, the nucleotide sequence of

the second CD123CAR gene may not the same as that selected for the first

-3-
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CD123CAR gene. This results in a combination treatment of AML using two or more
different CD123CAR-transduced T cell populations, which may cause a synergistic

effect when compared to using s single CD123CAR-transduced T cell population.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 shows that CD123-specific CARs can be expressed in healthy
donor human T cells. (A) Schematic diagram of the CAR containing a modified IgG4
hinge, a modified transmembrane and intracellular signaling domain of CD28, and
the CD3( signaling domain. The T2A ribosomal skip sequence and the truncated
EGFR (EGFRt) transduction marker are also indicated. (B) Representative
phenotype of mock and lenti-transduced T cells derived from a single healthy donor.
After immunomagnetic selection and one cycle of expansion, CAR modified T cells
were stained with biotinylated anti-Fc or biotinylated anti-EGFR followed by PE-
conjugated streptavidin and anti-TCRa/B, anti-CD4, or anti-CD8 and analyzed by
flow cytometry. Quadrant placement is based on staining with isotype controls, and
the percentage of cells falling in each quadrant is indicated. (C) Expression of
indicated cell surface markers from three different health donor T cell lines following
immunomagnetic selection and one cycle of expansion. Data represents mean

values + SEM.

[0012] Figure 2 shows that CD123-specific CAR expressing T cells lyse
CD123-expressing tumor cell lines. (A) Flow kilometric analysis of 293T cells
transiently transfected to express CD123 (top, black line) or CD19 (bottom, black
line). Parental mock transduced 293T cells were stained with either anti-CD123 or
anti-CD19 antibodies (grey filled, top and bottom) to determine background
expression levels. (B) Specific cytotoxicity of CD123-CAR expressing T cells (26292
and 32716) against 293T cells expressing either CD123 (293T-CD123) or CD19
(293T-CD19) by chromium release assay. Data represents mean values of triplicate
wells + S.D. (C) Flow kilometric analysis of CD123 on the AML cell line KG1a, the
EBV-transformed LCL cell line, and the CML cell line K562. Percentage of cells
positive for CD123 staining (black line) over isotype controls (grey filled) are
indicated in each histogram. (D) Specific cytotoxicity of CD123-CAR T cells (26292
and 32716) against the CD19+ CD123+ LCL cell line and the CD19- CD123+ cell
line KG1a by chromium release assay. OKT3 expressing LCL (LCL-OKT3) and the
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CD19- CD123- K562 cell lines were used as positive and negative control cell lines,

respectively. Data represents mean values of triplicate wells + S.D.

[0013] Figure 3 shows that CD123-specific T cells release INF-y and TNF-a
and proliferate in response to CD123 expressing target cells. CD123 CAR T cells, or
control pairmatched T cells, from three healthy donors were cocultured with the
indicated cell lines for 24 hours at an E: T of 10:1 and the release of IFN-y and TNF-a
were quantified by Luminex multiplex bead technology. (B) Pair-matched CFSE
labeled CD19 or CD123 specific T cells were cocultured with the indicated stimulator
cell lines for 96 hours at an E:T of 2:1, and analyzed by flow cytometry for CFSE
dilution. Unstimulated T cells (filled histograms) were used as baseline T cell

proliferation controls.

[0014] Figure 4 shows activation of multiple CD4 and CD8 effector functions
by CD123 specific CARs following coculture with primary AML samples. Pair-
matched CAR engineered T cells were cocultured for six hours with three different
primary AML patient samples (AML 179, 373, and 605) and analyzed for surface
CD107a expression and intracellular IFN-y or TNF-a production. (A, bar graphs)
Percentage of DAPI-CD3+CD8+ EGFRt+ cells expressing CD107a. Data represents
mean values + S.D. (A, pie charts). The fractions of CD3+CD8+ EGFRt+ cells
undergoing degranulation and producing IFN-y and/or TNF-a are plotted in the pie
charts. (B) DAPI-CD3+CD4+EGFRt+ population data from the same experiment as
described in A and B. (C) Pair-matched CFSE labeled CD19 or CD123-specific T
cells were cocultured with the indicated stimulator cells for 72 hours at an E:T of 2:1,
and analyzed by flow cytometry for CFSE dilution in the DAPICD3+ EGFRt+
population. LCL and K562 cell lines serve as positive and negative 27 controls,
respectively. Pre B-ALL 802 is a primary patient sample double positive for CD19
and CD123. Quadrant placement is based on unstimulated T cells.

[0015] Figure 5 shows that primary AML cells are specifically targeted by
CD123 specific T cells. (A) Pair-matched CD19 or CD123-specific T cells were
cocultured for 4 hours with 51Cr labeled CD34+ primary AML samples atan E:T of
25:1. LCL and K562 cell lines serve as positive and negative controls, respectively.
Pre B-ALL 802 is a primary patient sample double positive for CD19 and CD123.
Data represents mean values of triplicate wells + S.D. (B) Specific lysis of AML

blasts from the three primary AML patient samples in (A). Data represents mean
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values + SEM. *, p<0.05 and **,p<0.0005 using the unpaired Student’s t-test
comparing 26292 and 32716 to CD19R.

[0016] Figure 6 shows the effect of CD123 CAR expressing T cells on normal
and leukemic progenitor cells in vitro. (A and B) CD34+ cord blood (CB) cells (n=3)
were CD34 immunomagnetically selected and cocultured with either CD19 or
CD123-specific pairmatched T cells or media alone (untreated) for 4 hours at an E: T
of 25:1. The cells were then plated in semisolid methylcellulose progenitor culture for
14-18 days and scored for the presence of granulocyte-macrophage colony forming
unit (CFU-GM, A) and burst forming unit erythroid (BFU-E, B) colonies. Percentages
are normalized to CD19-specific T cell controls. Data represents mean values *
SEM for three different CB samples. (C) CD34+ primary AML patient samples (AML
493, 519, or 545) were immunomagnetically selected and cocultured with either
CD19 or CD123-specific pairmatched T cells or media alone (untreated) for 4 hours
atan E:T of 25:1. The cells were then plated in semisolid methylcellulose progenitor
culture for 14-18 days and scored for the presence of leukemia colony forming units
(CFU-L). Percentages are normalized to CD19-specific T cell controls. Data
represents mean values + SEM for three different primary AML patient samples. *,
p<0.05 using the unpaired Student’s t-test comparing 26292 and 32716 to CD19R.
(D) Combined colony formation of CB from (A) or AML cells from (C) treated with
either CD123 targeting CAR construct (26292 or 32716) normalized to CD19R. *,
p<0.05 using the unpaired Student’s t-test.

[0017] Figure 7 shows that CD123 CAR redirected T cells derived from AML
patients specifically lyse autologous blasts in vitro. (A) T cells from three AML
patients were lentivirally transduced to express either CD19R, 26292, or 32716
CARs. Shown are T cell lines from AML 722 19 days post-transduction. (B) CD123
expression on target cells used in 51Cr release assay. The percentage of CD123+
cells and the relative fluorescence index (RFI) of each sample is indicated. (C)
Results of 4 hour autologous killing assays using T cells engineered from three AML
patient samples as effectors and 51Cr-labeled autologous CD34-enriched blasts as

target cells. Data represents mean values of triplicate wells + S.D.

[0018] Figure 8 shows changes in tumor size as shown by bioluminescent
imaging of NSG mice that were treated five days after injection of the AML cell line
KG1a modified to express firefly luciferase (day 5) with CD123CAR-transduced T

-6-
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cells (26292) containing either the S228P+L235E mutations or the
S228P+L235E+N297Q mutations.

[0019] Figure 9 shows a schematic diagram of a chimeric antigen receptor
(CAR) having an antigen-specific single-chain Fv, a hinge region, a costimulatory
signaling domain, and T cell Receptor zeta-chain signaling domain in accordance
with some embodiments. (Image from Urba WJ and Longo DL N Engl J Med 2011;
365:754-757).

[0020] Figure 10 shows a schematic diagram of the 32716CAR construct
having an L235E mutation and an S228P mutation (“32716CAR(S228P+L235E)")
along with the nucleotide sequence of the 32716CAR(S228P+L235E) construct
(SEQ ID NO:1 — antisense strand (top numbered strand); SEQ ID NO:5 — sense
strand (bottom unnumbered strand)) and the amino acid sequence of the
32716CAR(S228P+L235E) construct (SEQ ID NO:9) according to some

embodiments. Mutations are shown in bold.

[0021] Figure 11 shows a schematic diagram of the 26292CAR construct
having an L235E mutation and an S228P mutation (“26292CAR(S228P+L235E)")
along with the nucleotide sequence of the 26292CAR(S228P+L235E) construct
(SEQ ID NO:2 — antisense strand (top numbered strand); SEQ ID NO:6 — sense
strand (bottom unnumbered strand)) and the amino acid sequence of the
26292CAR(S228P+L235E) construct (SEQ ID NO:10) according to some
embodiments. Mutations are shown in bold.

[0022] Figure 12 shows a schematic diagram of the 32716CAR construct
having an L235E mutation, an S228P mutation and an N297Q mutation
(“32716CAR(S228P+L235E+N297Q)") along with the nucleotide sequence of the
32716CAR(S228P+L235E+N297Q) construct (SEQ ID NO:3 — antisense strand (top
numbered strand); SEQ ID NO:7 — sense strand (bottom unnumbered strand)) and
the amino acid sequence of the 32716CAR(S228P+L235E+N297Q) construct (SEQ
ID NO:11) according to some embodiments. Mutations are shown highlighted, in
bold and underlined. IUPAC base code R corresponds to an A or G, and IUPAC
base code Y correspondstoa T or C.

[0023] Figure 13 shows a schematic diagram of the 26292CAR construct
having an L235E mutation, an S228P mutation and an N297Q mutation

-7-
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(“26292CAR(S228P+L235E+N297Q)") along with the nucleotide sequence of the
26292CAR(S228P+L235E+N297Q) construct (SEQ ID NO:4 — antisense strand (top
numbered strand); SEQ ID NO:8 — sense strand (bottom unnumbered strand)) and
the amino acid sequence of the 26292CAR(S228P+L235E+N297Q) construct (SEQ
ID NO:12) according to some embodiments. Mutations are shown in bold. IUPAC
base code R corresponds to an A or G, and IUPAC base code Y correspondstoa T
or C.

[0024] Figure 14 shows CD123 expression on primary AML samples and cord
blood. (A) Representative example of CD123 expression on primary AML cells.
Cells were gated on the DAPIlineage’CD34" population and assessed for CD123
expression (black — isotype control, red — anti-CD123). (B) Percentage of CD123
positive cells expressed in the DAPI'lineage'CD34" population. Each point
represents an individual sample. (C) CD123 relative fluorescence index (RFI) in the
DAPIlineage CD34" population. RFI is calculated by dividing the median of anti-
CD123 cells by the median of isotype control stained cells. (D) Histogram overlay of
CD123 expression on AML 605 (red), AML 722 (blue), and a cord blood sample

(gray). Isotype control shown in black.

[0025] Figure 15 illustrates a gating strategy used to investigate the activation
of multiple effector functions by CD123-specific T cells in response to incubation with
primary AML patient samples. The gating strategy for polychromatic flow cytometry
to identify T cell effector functions is shown for CD123 CAR (26292-based) T cells
following co-culture with AML 373. (A) An initial gate is set on CD3" cells. (B) A
secondary gate, established using a fluorescence minus one control, is set on
EGFRt" cells. (C) A tertiary gate is set for CD4" and CD8" populations. (D) A final
gate is set on CD107a" cells. (E) IFN-y and TNF-a production within the CD107a"
populations. Quadrants were established using isotype control stained samples.

Percentages in each quadrant are noted.

[0026] Figure 16 shows CFSE that is diluted in both the CD4 and CD8
populations of CAR-expressing T cells. The CD4 (A) and CD8 (B) subpopulations of
the cells shown in Figure 5C are shown here. Following an initial gate on DAPI
CD3'EGFRt" cells, CD4 and CD8 cells were analyzed for CFSE dilution following co-
culture with primary AML patient samples. Quadrant placement is based on

unstimulated T cells.
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DETAILED DESCRIPTION

[0027] Certain embodiments of the invention are described in detail, using
specific examples, sequences, and drawings. The enumerated embodiments are
not intended to limit the invention to those embodiments, as the invention is intended
to cover all alternatives, modifications, and equivalents, which may be included
within the scope of the present invention as defined by the claims. One skilled in the
art will recognize many methods and materials similar or equivalent to those

described herein, which could be used in the practice of the present invention.

[0028] In some embodiments, a gene encoding a tumor targeting chimeric
antigen receptor (CAR) is provided. According to certain embodiments, the gene
encodes a CD123-specific CAR (CD123CAR). A CD123CAR gene includes an anti-
CD123 single-chain Fv (scFv) region and one or more of the following domains: a
hinge region, a costimulatory signaling domain, an intracellular signaling domain, or

a combination thereof.

[0029] In some embodiments, a CD123CAR gene may include, but is not
limited to, an anti-CD123 single-chain Fv (scFv) region, a hinge region, optionally, at
least one costimulatory signaling domain, and optionally, an intracellular signaling

domain.

[0030] In certain embodiments, a CD123CAR gene may include, but is not
limited to, an anti-CD123 single-chain Fv (scFv) region, a hinge region, at least one

costimulatory signaling domain, and an intracellular signaling domain (Figure 9).

[0031] The anti-CD123 scFv region may include a nucleotide sequence that,
when expressed, may bind an epitope of CD123. In some embodiments, the scFv
anti-CD123 scFv region includes a nucleotide which encodes a VH and a VL domain
of recombinant immunotoxins (RITs) 26292 and 32716 [18]. A CD123CAR gene that
targets 26292 and a CD123CAR gene that targets 32716 is also referred to herein
as a 26292CAR and a 32716CAR, respectively. In certain embodiments, an anti-

CD123 scFv region may include a nucleotide sequence selected from the following:

nucleotides 82-814 of SEQ ID NO:1 or SEQ ID NO:3 for a 32716CAR
nucleotides 82-792 of SEQ ID NO:2 or SEQ ID NO:4 for a 26292CAR; or

[0032] Said nucleotide sequences encode amino acid sequences selected

from the following:
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residues 23-266 of SEQ ID NO:9 or SEQ ID NO:11 when used in a
32716CAR; or

residues 23-259 of SEQ ID NO:10 or SEQ ID NO:12 when used in a
26292CAR.

[0033] In certain embodiments, the anti-CD123 scFv region may be modified
to enhance binding or to reduce immunogenicity. For example, in one aspect, the

anti-CD123 scFv region may be a humanized anti-CD123 scFv region.

[0034] The hinge region may include at least a portion of an immunoglobulin
(e.g., 19G1, 1gG2, 19G3, 1gG4) that falls between the CH2-CH3 domains. In some
embodiments, the hinge regions is a modified hinge. The modified hinge may have
one or more amino acid substitutions or modifications that contribute to reducing the
CD123CAR’s off-target effects, thereby increasing its specificity and efficacy. An
"amino acid modification" or an “amino acid substitution” or a “substitution,” as used
herein, mean an amino acid substitution, insertion, and/or deletion in a protein or
peptide sequence. An "amino acid substitution” or "substitution" as used herein,
means a replacement of an amino acid at a particular position in a parent peptide or
protein sequence with another amino acid. For example, the substitution S228P
refers to a variant protein or peptide, in which the serine at position 228 is replaced

with proline.

[0035] Amino acid substitutions can be made by mutation such that a
particular codon in the nucleic acid sequence encoding the protein or peptide is
changed to a codon which codes for a different amino acid. Such a mutation is
generally made by making the fewest nucleotide changes possible. A substitution
mutation of this sort can be made to change an amino acid in the resulting protein in
a non-conservative manner (i.e., by changing the codon from an amino acid
belonging to a grouping of amino acids having a particular size or characteristic to an
amino acid belonging to another grouping) or in a conservative manner (i.e., by
changing the codon from an amino acid belonging to a grouping of amino acids
having a particular size or characteristic to an amino acid belonging to the same
grouping). Such a conservative change generally leads to less change in the

structure and function of the resulting protein.

-10-
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[0036] The following are examples of various groupings of amino acids:
. Amino acids with nonpolar R groups: Alanine, Valine, Leucine,

Isoleucine, Proline, Phenylalanine, Tryptophan, Methionine

. Amino acids with _uncharged polar R groups: Glycine, Serine,

Threonine, Cysteine, Tyrosine, Asparagine, Glutamine

. Amino acids with charged polar R groups (negatively charged at Ph

6.0): Aspartic acid, Glutamic acid

. Basic amino acids (positively charged at pH 6.0): Lysine, Arginine,

Histidine (at pH 6.0)

[0037] Another grouping may be those amino acids with phenyl groups:

Phenylalanine, Tryptophan, Tyrosine.

[0038] Another grouping may be according to molecular weight (i.e., size of R

groups) as shown below:

Glycine 75

Alanine 89

Serine 105
Proline 115
Valine 117
Threonine 119
Cysteine 121
Leucine 131
Isoleucine 131
Asparagine 132
Aspartic acid 133
Glutamine 146
Lysine 146
Glutamic acid 147
Methionine 149
Histidine (at pH 6.0) 155
Phenylalanine 165
Arginine 174
Tyrosine 181
Tryptophan 204

[0039] In certain embodiments, the modified hinge is derived from an IgG1,

IgG2, 19G3, or IgG4 that includes one or more amino acid residues substituted with

an amino acid residue different from that present in an unmodified hinge. The one or

more substituted amino acid residues are selected from, but not limited to one or

-11-
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more amino acid residues at positions 220, 226, 228, 229, 230, 233, 234, 235, 234,
237, 238, 239, 243, 247, 267, 268, 280, 290, 292, 297, 298, 299, 300, 305, 309, 218,
326, 330, 331, 332, 333, 334, 336, 339, or a combination thereof

[0040] In some embodiments, the modified hinge is derived from an IgG1,
IgG2, 19G3, or IgG4 that includes, but is not limited to, one or more of the following
amino acid residue substitutions: C220S, C226S, S228P, C229S, P230S, E233P,
V234A, L234V, L234F, L234A, L235A, L235E, G236A, G237A, P238S, S239D,
F243L, P2471, S267E, H268Q, S280H, K290S, K290E, K290N, R292P, N297A,
N297Q, S298A, S298G, S298D, S298V, T299A, Y300L, V305I, V309L, E318A,
K326A, K326W, K326E, L328F, A330L, A330S, A331S, P331S, I332E, E333A,
E333S, E333S, K334A, A339D, A339Q, P396L, or a combination thereof (50).

[0041] In some embodiments, the modified hinge is derived from an 1gG4
hinge having the following amino acid sequence:

Pos. 219 ESKYGPPCPS CPAPEFLGGP SVFLFPPKPK DTLMISRTPE VTCVVVDVSQ EDPEVQFNWY
Pos. 279 VDGVEVHNAK TKPREEQFNS TYRVVSVLTV LHQDWLNGKE YKCKVSNKGL PSSIEKTISK
Pos. 339 AKGQPREPQV YTLPPSQEEM TKNQVSLTCL VKGFYPSDIA VEWESNGQPE NNYKTTPPVL
Pos. 399 DSDGSFFLYS RLTVDKSRWQ EGNVFSCSVM HEALHNHYTQ KSLSLSLGK (SEQ ID
NO:13)

[0042] In certain embodiments, the modified hinge is derived from 1gG4 that
includes one or more amino acid residues substituted with an amino acid residue
different from that present in an unmodified hinge. The one or more substituted
amino acid residues are selected from, but not limited to one or more amino acid
residues at positions 220, 226, 228, 229, 230, 233, 234, 235, 234, 237, 238, 239,
243, 247, 267, 268, 280, 290, 292, 297, 298, 299, 300, 305, 309, 218, 326, 330, 331,
332, 333, 334, 336, 339, or a combination thereof

[0043] In some embodiments, the modified hinge is derived from an IgG4 that
includes, but is not limited to, one or more of the following amino acid residue
substitutions: 2208, 2268, 228P, 229S, 2308, 233P, 234A, 234V, 234F, 234A, 235A,
235E, 236A, 237A, 238S, 239D, 243L, 2471, 267E, 268Q, 280H, 290S, 290E, 290N,
292P, 297A, 297Q, 298A, 298G, 298D, 298V, 299A, 300L, 305I, 309L, 318A, 326A,
326W, 326E, 328F, 330L, 330S, 331S, 331S, 332E, 333A, 333S, 333S, 334A, 339D,
339Q, 396L, or a combination thereof, wherein the amino acid in the unmodified

hinge is substituted with the above identified amino acids at the indicated position.
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[0044] In some embodiments, the modified IgG4 hinge includes, but is not
limited to, a substitution of proline (P) in place of serine (S) at position 228 (S228P),
a substitution of leucine (L) in place of glutamic acid (E) at position 235 (L235E), a
substitution of asparagine (N) in place of glutamine (Q) at position 297 (N297Q). In
certain embodiments, a modified 1gG4 hinge region may include a nucleotide

sequence selected from the following:

nucleotides 814-1500 of SEQ ID NO:1 or SEQ ID NO:3 for a 32716CAR; or
nucleotides 793-1479 of SEQ ID NO:2 or SEQ ID NO:4 for a 26292CAR.

[0045] Said nucleotide sequences encode amino acid sequences selected

from the following:

residues 267-495 of SEQ ID NO:1 or SEQ ID NO:3 when used in a
32716CAR; or

residues 260-488 of SEQ ID NO:2 or SEQ ID NO:4 when used in a
26292CAR.

[0046] In one embodiment, the modified IgG4 hinge region includes an S228P
substitution and an L235E substitution (“S228P+L235E") (See Figures 10 and 11).

In another embodiment, the modified IgG4 hinge region includes an S228P
substitution, an L235E substitution, and an N297Q substitution
(“S228P+L235E+N297Q") (See Figures 12 and 13).

[0047] In some embodiments, the hinge may be modified to substitute the Fc
spacer region in the C123CAR for a spacer that has no Fc binding, such as the
hinge region of CD8a. Alternatively, the Fc spacer region of the hinge may be

deleted. Such substitutions would reduce or eliminate Fc binding.

[0048] The term "position," as used herein, is a location in the sequence of a
protein. Positions may be numbered sequentially, or according to an established
format, for example a Kabat position or an EU position or EU index as in Kabat. For
all positions discussed herein, numbering is according to the EU index or EU
numbering scheme (Kabat et al., 1991, Sequences of Proteins of Immunological
Interest, 5th Ed., United States Public Health Service, National Institutes of Health,
Bethesda, hereby entirely incorporated by reference). The EU index or EU index as
in Kabat or EU numbering scheme refers to the numbering of the EU antibody
(Edelman et al., 1969, Proc Natl Acad Sci USA 63:78-85, which is hereby entirely
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incorporated by reference). Kabat positions, while also well known in the art, may
vary from the EU position for a given position. For example, the S228P and L235E
substitutions described above refer to the EU position. However, these substitutions
may also correspond to Kabat positions 241 (S241P) and 248 (L248E) [21].

[0049] The costimulatory signaling domain may include any suitable
costimulatory domain including, but not limited to a 4-1BB costimulatory domain, an
OX-40 costimulatory domain, a CD27 costimulatory domain, or a CD28 costimulatory
domain. According to the embodiments described herein, a CD123CAR may include
at least one costimulatory signaling domain. In one aspect the CD123CAR has a
single costimulatory signaling domain, or it may include two or more costimulatory
signaling domains such as those described above. In another aspect, the
costimulatory domain may be made up of a single costimulatory domain such as
those described above, or alternatively, may be made up of two or more portions of
two or more costimulatory domains. Alternatively, in some embodiments, the

CD123CAR does not include a costimulatory signaling domain.

[0050] In one embodiment, the CD123CAR includes a costimulatory signaling
domain which is a CD28 costimulatory domain. The CD28 signaling domain may
include a modified CD28 transmembrane domain. In one embodiment, such a
modified CD28 transmembrane domain has one or more amino acid substitutions or
modifications including, but not limited to a substitution of leucine-leucine (LL) to
glycine-glycine (GG) at amino acid residues 530-531 of SEQ ID NO:10 or SEQ ID
NO:12; or residues 523-524 of SEQ ID NO:11 or SEQ ID NO:13 (e.g., RLLH —
RGGH [22]). In certain embodiments, a modified costimulatory signaling domain

region may include a nucleotide sequence selected from the following:

nucleotides 1501-1707 of SEQ ID NO:1 or SEQ ID NO:3 for a 32716CAR; or
nucleotides 1480-1686 of SEQ ID NO:2 or SEQ ID NO:4 for a 26292CAR.

[0051] Said nucleotide sequences encode amino acid sequences selected

from the following:

residues 498-564 of SEQ ID NO:1 or SEQ ID NO:3 when used in a
32716CAR; or.

residues 489-557 of SEQ ID NO:2 or SEQ ID NO:4 when used in a
26292CAR.
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[0052] The intracellular signaling domain may include any suitable T cell
receptor (TCR) complex, signaling domain portion thereof. In some embodiments,
the intracellular signaling domain is a TCR zeta-chain ({-chain) signaling domain. In
certain embodiments, a {-chain signaling domain may include a nucleotide sequence

selected from the following:
nucleotides 1717-2052 of SEQ ID NO:1 or SEQ ID NO:3 for a 32716CAR; or.
nucleotides 1696-2031 of SEQ ID NO:2 or SEQ ID NO:4 for a 26292CAR.

[0053] Said nucleotide sequences encode amino acid sequences selected

from the following:

residues 568-679 of SEQ ID NO:1 or SEQ ID NO:3 when used in a
32716CAR; residues 561-672 of SEQ ID NO:2 or SEQ ID NO:4 when used
in a 26292CAR.

[0054] Therefore, in accordance with the embodiments described above, the
CD123CAR gene may include a nucleotide sequence selected from SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3 or SEQ ID NO:4. In other embodiments, the
CD123CAR gene may encode an amino acid sequence selected from SEQ ID NO:9,
SEQ ID NO:10, SEQ ID NO:11 or SEQ ID NO:12. (Figures 10, 11, 12, 13).

Expression of CD123CAR genes and Transduction of T cells

[0055] In some embodiments, the CD123CAR gene is part of an expression
cassette. In some embodiments, the expression cassette may - in addition to the
CD123CAR gene - also include an accessory gene. When expressed by a T cell,
the accessory gene may serve as a transduced T cell selection marker, an in vivo

tracking marker, or a suicide gene for transduced T cells.

[0056] In some embodiments, the accessory gene is a truncated EGFR gene
(EGFRt). An EGFRt may be used as a non-immunogenic selection tool (e,g.,
immunomagnetic selection using biotinylated cetuximab in combination with anti-
biotin microbeads for enrichment of T cells that have been lentivirally transduced
with EGFRt-containing constructs), tracking marker (e.g., flow cytometric analysis for
tracking T cell engraftment), and suicide gene (e.g., via Cetuximab/Erbitux®
mediated antibody dependent cellular cytotoxicity (ADCC) pathways). An example
of a truncated EGFR (EGFRt) gene that may be used in accordance with the
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embodiments described herein is described in International Application No.
PCT/US2010/055329, the subject matter of which is hereby incorporated by
reference as if fully set forth herein. In other embodiments, the accessory gene is a
truncated CD19 gene (CD19t).

[0057] In another embodiment, the accessory gene is an inducible suicide
gene. A suicide gene is a recombinant gene that will cause the cell that the gene is
expressed in to undergo programmed cell death or antibody mediated clearance at a
desired time. In one embodiment, an inducible suicide gene that may be used as an
accessory gene is an inducible caspase 9 gene (see Straathof et al. (2005) An
inducible caspase 9 safety switch for T-cell therapy. Blood. June 1; 105(11): 4247
4254, the subject matter of which is hereby incorporated by reference as if fully set

forth herein).

[0058] In some embodiments, the expression cassette that include a
CD123CAR gene described above may be inserted into a vector for delivery — via
transduction or transfection — of a target cell. Any suitable vector may be used, for
example, a bacterial vector, a viral vector, or a plasmid. In some embodiments, the
vector is a viral vector selected from a retroviral vector, a lentiviral vector, a poxvirus
vector, an adenoviral vector, or an adeno-associated viral vector In some
embodiments, the vector may transduce a population of healthy T cells.
Successfully transduced or transfected target cells express the one or more genes

that are part of the expression cassette.

[0059] As such, one or more populations of T cells may be transduced with a
CD123CAR gene. In some embodiments, the CD123CAR gene includes a
nucleotide sequence selected from SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 or
SEQ ID NO:4. Accordingly, in some embodiments, the transduced T cells express a
CD123CAR gene that encodes an amino acid sequence selected from SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11 or SEQ ID NO:12. (Figures 10, 11, 12, 13).
The transduced T cells may be from a donor, or may be from a subject having AML
and who is in need of a treatment for AML. In some embodiments, the transduced T

cells are used in an adoptive immunotherapy treatment for the treatment of AML

[0060] Further, the one or more populations of T cells may be part of a

pharmaceutically acceptable composition for delivery for administration to a subject.

-16-



WO 2014/144622 PCT/US2014/029109

In addition to the CD123CAR-transduced T cells, the pharmaceutically effective
composition may include one or more pharmaceutically effective carriers. A
"pharmaceutically acceptable carrier" as used herein refers to a pharmaceutically
acceptable material, composition, or vehicle that is involved in carrying or
transporting a treatment of interest from one tissue, organ, or portion of the body to
another tissue, organ, or portion of the body. Such a carrier may comprise, for
example, a liquid, solid, or semi-solid filler, solvent, surfactant, diluent, excipient,
adjuvant, binder, buffer, dissolution aid, solvent, encapsulating material,
sequestering agent, dispersing agent, preservative, lubricant, disintegrant, thickener,
emulsifier, antimicrobial agent, antioxidant, stabilizing agent, coloring agent, or some

combination thereof.

[0061] Each component of the carrier is "pharmaceutically acceptable” in that
it must be compatible with the other ingredients of the composition and must be
suitable for contact with any tissue, organ, or portion of the body that it may
encounter, meaning that it must not carry a risk of toxicity, irritation, allergic
response, immunogenicity, or any other complication that excessively outweighs its

therapeutic benefits.

[0062] Some examples of materials which can serve as pharmaceutically-
acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2)
starches, such as corn starch and potato starch; (3) cellulose, and its derivatives,
such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4)
powdered tragacanth; (5) malt; (6) natural polymers such as gelatin, collagen, fibrin,
fibrinogen, laminin, decorin, hyaluronan, alginate and chitosan; (7) talc; (8)
excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil,
cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10)
glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol
and polyethylene glycol; (12) esters, such as trimethylene carbonate, ethyl oleate
and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide
and aluminum hydroxide; (15) alginic acid (or alginate); (16) pyrogen-free water; (17)
isotonic saline; (18) Ringer's solution; (19) alcohol, such as ethyl alcohol and
propane alcohol; (20) phosphate buffer solutions; (21) thermoplastics, such as

polylactic acid, polyglycolic acid, (22) polyesters, such as polycaprolactone; (23) self-
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assembling peptides; and (24) other non-toxic compatible substances employed in

pharmaceutical formulations such as acetone.

[0063] The pharmaceutical compositions may contain pharmaceutically
acceptable auxiliary substances as required to approximate physiological conditions
such as pH adjusting and buffering agents, toxicity adjusting agents and the like, for
example, sodium acetate, sodium chloride, potassium chloride, calcium chloride,

sodium lactate and the like.

[0064] In one embodiment, the pharmaceutically acceptable carrier is an
aqueous carrier, e.g. buffered saline and the like. In certain embodiments, the

pharmaceutically acceptable carrier is a polar solvent, e.g. acetone and alcohol.

[0065] The concentration of CD123CAR-transduced T cells in these
formulations can vary widely, and will be selected primarily based on fluid volumes,
viscosities, organ size, body weight and the like in accordance with the particular

mode of administration selected and the biological system's needs.

[0066] In certain embodiments, populations of T cells transduced with a
CD124CAR gene (i.e., CD124CAR-transduced T cells) such as those described
herein cells used in the methods for targeting and killing AML cells may be grown in
a cell culture. In certain aspects of this embodiment, the method may be used in an
in vitro or research setting to investigate the role of CD123 in the etiology of AML, or

to evaluate the targeting abilities of new CD123CAR constructs.
Treatment of AML with CD123CAR-transduced T cells

[0067] According to some embodiments, CD123CAR genes and populations
of T cells that are transduced with CD123CAR genes such as those described above
may be used in methods for treating AML in a subject. Such methods may include a
step of administering a therapeutically effective amount of at least one population of
T cells transduced with at least one CD123CAR gene to the subject. In these
embodiments, the population of CD123CAR-transduced T-cells express one or more
CD123CAR genes, such as those described above. In certain embodiments, the T
cells are transduced with and express a 32716CAR(S228P+L235E+N297Q) gene
construct (Figure 12) or a 26292CAR(S228P+L235E+N297Q) gene construct (Figure
13). When such cells are administered via an adoptive immunotherapy treatment,

the transduced T cells specifically target and lyse CD123 expressing cells (i.e., AML
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cells) in vivo, thereby delivering their therapeutic effect of eliminating cancer cells.
As described in the Examples below, CD123CAR gene constructs having the S228P
and L235E mutations in the hinge range provides sufficient protection from off-target
effects to generate a sufficient response in cultured cells in vitro. However, this data
should not be extrapolated to these constructs’ effect in vivo. Researchers often
give great deference to in vitro data with respect to its transferability of a treatment’s
effect to in vivo data. Sometimes, in vitro data does coincide with in vivo data.
However, this correlation is unpredictable, because as Figure 8 shows,
CD123CAR(S228P+L235E) gene constructs (Figures 10-11) which showed a highly
effective anti-tumor cell effect in vitro did not have the same effects in vivo.
Consequently, an additional mutation was made in the hinge region (N297Q) to
generate CD123CAR(S228P+L235E+N297Q) constructs. In contrast to the
CD123CAR(S228P+L235E) gene constructs administration of these constructs

resulted in significant reduction of leukemic burden.

[0068] The population or populations of T cells transduced with the
CD123CAR gene or genes that may be used in accordance with the methods
described herein may be administered, by any suitable route of administration, alone
or as part of a pharmaceutical composition. A route of administration may refer to
any administration pathway known in the art, including but not limited to intracranial,
parenteral, or transdermal. "Parenteral” refers to a route of administration that is
generally associated with injection, including infraorbital, infusion, intraarterial,
intracapsular, intracardiac, intradermal, intramuscular, intraperitoneal,
intrapulmonary, intraspinal, intrasternal, intrathecal, intratumoral, intrauterine,
intravenous, subarachnoid, subcapsular, subcutaneous, transmucosal, or
transtracheal. In certain embodiments, transduced T cells are administered

intravenously or intrathecally.

[0069] The term “effective amount” as used herein refers to an amount of an
agent, compound, treatment or therapy that produces a desired effect. For example,
a population of cells may be contacted with an effective amount of an agent,
compound, treatment or therapy to study its effect in vitro (e.g., cell culture) or to
produce a desired therapeutic effect ex vivo or in vitro. An effective amount of an
agent, compound, treatment or therapy may be used to produce a therapeutic effect

in a subject, such as preventing or treating a target condition, alleviating symptoms
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associated with the condition, or producing a desired physiological effect. In such a
case, the effective amount of a compound is a “therapeutically effective amount,”
"therapeutically effective concentration” or "therapeutically effective dose." The
precise effective amount or therapeutically effective amount is an amount of the
composition that will yield the most effective results in terms of efficacy of treatment
in a given subject or population of cells. This amount will vary depending upon a
variety of factors, including but not limited to the characteristics of the compound
(including activity, pharmacokinetics, pharmacodynamics, and bioavailability), the
physiological condition of the subject (including age, sex, disease type and stage,
general physical condition, responsiveness to a given dosage, and type of
medication) or cells, the nature of the pharmaceutically acceptable carrier or carriers
in the formulation, and the route of administration. Further an effective or
therapeutically effective amount may vary depending on whether the compound is
administered alone or in combination with another compound, drug, therapy or other
therapeutic method or modality. One skilled in the clinical and pharmacological arts
will be able to determine an effective amount or therapeutically effective amount
through routine experimentation, namely by monitoring a cell’s or subject's response
to administration of a compound and adjusting the dosage accordingly. For
additional guidance, see Remington: The Science and Practice of Pharmacy, 21
Edition, Univ. of Sciences in Philadelphia (USIP), Lippincott Williams & Wilkins,
Philadelphia, PA, 2005, which is hereby incorporated by reference as if fully set forth
herein. Agents, compounds treatments or therapies that may be used in an effective
amount or therapeutically effective amount to produce a desired effect in accordance
with the embodiments described herein may include, but are not limited to, a
CD123CAR gene, an expression cassette that includes a CD123CAR gene, a vector
that delivers an expression cassette that includes a CD123CAR gene to a target cell
such as a T cell, and a population of T cells that are transduced with a CD123CAR

gene.

[0070] The terms “treating” or "treatment” of a condition may refer to
preventing the condition, slowing the onset or rate of development of the condition,
reducing the risk of developing the condition, preventing or delaying the development
of symptoms associated with the condition, reducing or ending symptoms associated

with the condition, generating a complete or partial regression of the condition, or
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some combination thereof. Treatment may also mean a prophylactic or preventative

treatment of a condition.

[0071] The term “subject” as used herein refers to a human or animal,
including all mammals such as primates (particularly higher primates), sheep, dog,
rodents (e.g., mouse or rat), guinea pig, goat, pig, cat, rabbit, and cow. In some

embodiments, the subject is a human.

[0072] In certain embodiments, the methods for treating AML may include a
step of administering a therapeutically effective amount of a first population of T cells
transduced with a first CD123CAR gene in combination with a therapeutically
effective amount of a second population of T cells transduced with a second
CD123CAR gene.

[0073] In other embodiments, CD123CAR-transduced T cells may be
administered in combination with one or more additional anti-cancer therapies. “In
combination” or “in combination with,” as used herein, means in the course of
treating the same cancer in the same subject using two or more agents, drugs,
therapeutics, procedures, treatment regimens, treatment modalities or a combination
thereof, in any order. This includes simultaneous administration, as well as in a
temporally spaced order of up to several days apart. Such combination treatment
may also include more than a single administration of any one or more of the agents,
drugs, therapeutics, procedures, treatment regimens, and treatment modalities.
Further, the administration of the two or more agents, drugs, therapeutics,
procedures, treatment regimens, treatment modalities or a combination thereof may

be by the same or different routes of administration.

[0074] Additional anti-cancer therapies that may be used in accordance with
the methods described herein may include one or more anti-cancer procedures,
treatment modalities, anti-cancer therapeutics or a combination thereof. In some
embodiments, the CD123CAR-transduced T cells may be administered in
combination with one or more anti-cancer procedures or treatment modalities
including, but not limited to, stem cell transplantation (e.g., bone marrow transplant
or peripheral blood stem cell transplant using allogenic stem cells, autologous stem
cells; or a non-myeloablative transplant), radiation therapy, or surgical resection. In

other embodiments, the CD123CAR-transduced T cells may be administered in
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combination with one or more anti-cancer therapeutics or drugs that may be used to
treat AML including, but not limited to, chemotherapeutics and other anti-cancer

drugs, immunotherapeutics, targeted therapeutics, or a combination thereof.

[0075] Chemotherapeutics and other anti-cancer drugs that may be
administered in combination with the CD123CAR-transduced T cells in accordance
with the embodiments described herein include, but are not limited to, all-trans-
retinoic acid (ATRA), arsenic trioxide, anthracycline antibiotics and pharmaceutically
acceptable salts thereof (e.g., doxorubicin hydrochloride, daunorubicin
hydrochloride, idarubicin, mitoxantrone), alkylating agents (e.g., cyclophosphamide,
laromustine), antimetabolite analogs (cytarabine, 6-thioguanine, 6-mercaptopurine,
methotrexate), demethylating agents (e.g., decitabine, 5-azacytidine), nucleic acid
synthesis inhibitors (e.g., hydroxyurea), topoisomerase inhibitors (e.g., etoposide),
vinca alkaloids (e.g., vincristine sulfate), or a combination thereof (e.g., “ADE,” which
is a combination treatment that includes a combination of Cytarabine (Ara-C),

Daunorubicin Hydrochloride and Etoposide).

[0076] Immunotherapeutics that may be administered in combination with the
CD123CAR-transduced T cells in accordance with the embodiments described
herein include, but are not limited to, immune modulatory reagents (e.g., STAT3
inhibitors, Lenalidomide) and therapeutic monoclonal antibodies. The therapeutic
monoclonal antibodies may be designed (i) to target one or more AML antigens
including, but not limited to, CD33 (e.g., gemtuzumab, lintuzumab), MUC1 (e.g.,
cantuzumab ravtansine, clivatuzumab tetraxetan, pemtumomab); (i) a B cell antigen
(e.g., rituximab, ofatumumab); or a vasculature modulator such as VEGF or VEGFR

(e.g., alacizumab pegol, bevacizumab, icrucumab, ramucirumab, ranibizumab).

[0077] Targeted therapeutics that may be administered in combination with
the CD123CAR-transduced T cells in accordance with the embodiments described
herein include, but are not limited to, tyrosine kinase inhibitors (imatinib, dasatinib,
nilotinib, sunitinib), farnesyl transferase inhibitors (e.g., tipifarnib), FLT inhibitors, and
c-Kit (or CD117) inhibitors (imatinib, dasatinib, nilotinib).
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EXAMPLE 1: CD123CAR-TRANSDUCED T CELLS EXHIBIT POTENT
CYTOLYTIC ACTIVITY AND MULTIPLE EFFECTOR FUNCTIONS
AGAINST AML IN VITRO

Materials and Methods

[0078] Cell lines. Unless stated otherwise, all cell lines were maintained in
RPMI 1640 (Irvine Scientific) supplemented with 2mM L-glutamine, 256mM HEPES,
and 10% heat-inactivated FCS (Hyclone), hereafter referred to as complete media
(CM). Peripheral blood mononuclear cells (PBMCs) were transformed with Epstein-
Barr virus to generate lymphoblastoid cell lines (LCL) as previously described [19].
LCL-OKTS3 cells express membrane bound OKT3 and are grown in CM
supplemented with 0.4 mg/ml hygromycin [20]. K562 cells were obtained from
ATCC and cultured as recommended. KG1a cells (kindly provided by Dr. Ravi
Bhatia) were maintained in IMDM (Irvine Scientific) with 25mM HEPES, 4mM L-
glutamine (Irvine Scientific), and 20% FCS. 293T cells (a kind gift from the Center
for Biomedicine and Genetics at City of Hope) were maintained in DMEM + 10%
heatinactivated FCS.

[0079] Primary AML samples. Primary AML samples were obtained from
peripheral blood of patients (referred to herein as AML Sample ID Nos. 179. 373,
493, 519, 545, 559, 605, 722 and 813). The characteristics of the samples are

summarized in Table 1 below.

[Table 1 is on following page]
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Table 1. Characteristics of primary AML samples.

AML Age/ Fit3 Clinical Sample CD123 CD123 %

Sample ID Sex Cytogenetics Mléttaat tlch)QaI Status Type (RFI¥® positive

Intermediate-

179 74/M risk ND Relapsed

{(1:7), 1(14:15) PB 428.32 99.22

Poor-risk
Complex
373 47/M | abnormalities ND
in 3 cell lines

Relapsed PB 1052.83 99.66

Intermediate-

493 46/F risk ND Relapsed

Trisomy 8 PB 23.98 76.80

del(17p), dic
(11;7), clonal

loss of
TP53/17p13.1
Intermediate-
risk Induction

545 58/M ((3:6), del(7) ND failure PB 52.73 99.32

519 44/F ND Relapsed PB 63.18 97.40

Complex
abnormalities,
Massive
hyperdiploidy

559 59/M Negative Relapsed | Apheresis 9.30 45.0

605 55/M Normal Negative Persistent PB 58.48 99.91

Intermediate
risk t(14;21),

722 22/M del(9q)

Negative Untreated PB 33.53 92.74

Complex
abnormalities,
Trlsomy 8, ND Untreated PB 37.19 90.93
Trisomy 21,

add(17)

813 48/F

®Relative Fluorescence Index (RFI) is the ratio of the median of the 9F5-stained signal to isotype matched
control stain in the CD34" population

Gated on CD34" population

ND — not determined

PB — peripheral blood

[0080] Flow Cytometry. Fluorochrome conjugated isotype controls, anti-CD4,
anti-CD8, anti-T-cell receptor-af3 (TCRap), anti-CD123 (9F5), anti-CD34 (8G12), and
anti-CD38 (HIT2) were purchased from BD Biosciences. Biotinylated anti-Fc was
purchased from Jackson ImmunoResearch Laboratories. Biotinylated cetuximab

(Erbitux) was purchased from the COH pharmacy and has been previously
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described [20]. Biotinylated anti-CD2, anti-CD3, anti-CD7, anti-CD10, anti-CD11Db,
anti-CD19, anti-CD33, and ant- CD235A were purchased from eBioscience. Data
acquisition was performed on a FACSCalibur, LSRII (BD Biosciences), or
MACSQuant Analyzer (Miltenyi Biotec) and analyzed using FCS Express, Version 3

(De Novo Software).

[0081] Transfection of 293T cells with CD123. CD123 cDNA was amplified
from CD123-pMD18-T (Sino Biological Inc.) using polymerase chain reaction and
primers (CD123-F: 5-ATAAGGCCTGCCGCCACCATGGTCCTCCTTTGGCTCACG-
3 and CD123-R 5-ATAGCTAGCTCAAGTTTTCTGCACGACCTGTACTTC-3'). The
PCR product was cloned into pMGPac using Stul and Nhel restriction sites. 293T
cells were transfected using Lipofectamine 2000 (Life Technologies) per
manufacturer’s instructions. 24 hours post-transfection, expression of CD123 was

confirmed by flow cytometry

[0082] Generation of Lentiviral vectors. To generate the CAR constructs used
in this study, codon optimized DNA sequences encoding for the VH and VL chains, a
modified 19G4 hinge and a modified CD28 transmembrane domain (RLLH — RGGH
[22]) were synthesized (GENEART) and cloned into CD19RCAR-
T2AEGFRt_epHIV7 [20] using Nhel and Rsrll sites to replace the CD19RCAR.
Lentivirus was produced by transfecting 293T cells with a lentivrial vector and the
packaging vectors pCMV-Rev2, pCHGP-2, and pCMV-G using CalPhosTM
mammalian cell transfection kit (Clontech). These 26292 and 32716 CAR constructs
are also referred to herein as 26292CAR(S228P+L235E) or
26292CAR(S228P+L235E+N297Q) (Figures 11 and 13) and
32716CAR(S228P+L235E) or 32716CAR(S228P+L235E+N297Q) (Figures 10 and
12). Lentiviral supernatants were collected at 24, 48, and 72 hours post-transfection

and concentrated by ultracentrifugation.

[0083] Transduction of healthy donor and AML Patient PBMCs. Deidentified
PBMCs were obtained from consented healthy donors and patients under
institutional review board approved protocols. For healthy donors, T cells were
activated using OKT3 (30ng/ml) in CM supplemented 3 times a week with 25 U/ml
IL-2 and 0.5 ng/ml IL-15 (herein referred to as T cell media). 72 hours post-
activation, T cells were spinoculated with lentivirus at MOI=3 by centrifuging for 30

minutes at 800g and 32°C. CAR expression was analyzed by flow cytometry 12-14
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days post lentiviral transduction. EGFRt expressing T cells were enriched as
previously described [20]. T cells were expanded in T cell media by rapid expansion
method [23].

[0084] For genetic modification of T cells from AML patients, thawed
peripheral blood or apheresis product were stimulated using Dynabeads® Human T-
Expander CD3/CD28 (Life Technologies) at a 3:1 bead:CD3+ cell ratio in T cell
media. 72 hours post-bead stimulation, cells were spinoculated with lentivirus at a
MOI = 3. Beads were removed 9-14 days after initial stimulation using a DynaMag ™-
50 magnet (Life Technologies) and T cells were maintained in T cell media. CAR-
expressing AML patient derived T cell lines were not immunomagnetically selected

prior to use in killing assays.

[0085] CFSE proliferation assay. T cells were labeled with 0.5 uM
carboxyfluoroscein succinimidyl ester (CFSE; Molecular Probes) per manufacturer’s
instructions. Labeled T cells were cocultured with, or without, stimulator cells at an
E:T ratio of 2:1 in CM supplemented with 10 U/ml IL-2. After 72-96 hours, cells were
harvested and stained with biotinylated cetuximab as well as propidium iodide or
DAPI to exclude dead cells from analysis. Samples were analyzed by flow cytometry
to evaluate proliferation of live EGFRt-positive cells by CFSE dilution.

[0086] Chromium-release assay and cytokine secretion assay. Target cells
were labeled for 1 hour with 51Cr (PerkinElmer), washed five times, and aliquoted in
triplicate at 5 X 103 cells/well with effector cells at various effector to target (E:T)
ratios. Following a 4 hour coculture, supernatants were harvested and radioactivity
was measured using a gamma counter or a Topcount (PerkinElmer). Percent-
specific lysis was calculated as previously described [24]. Cytokine production
following a 24 hour coculture at a 10:1 E:T ratio was measured as previously
described [25].

[0087] CD107a degranulation and intracelleular cytokine production. T cells
were cocultured with target cells at an E:T of 2:1 for six hours at 37°C in the
presence of GolgiStop™ (BD Biosciences) and anti-CD107a clone H4A3 or isotype
matched control antibody. At the completion of the six hour incubation, cells were
harvested, washed and stained with anti-CD3, CD4, CD8, and biotinylated

cetuximab followed by a secondary stain using PE-conjugated streptavidin. Cells

-26-



WO 2014/144622 PCT/US2014/029109

were then fixed and permeabilized (Cytofix/Cytoperm™ BD Biosciences) per
manufacturer’s instructions and stained with anti-IFN-_ (BD Biosciences clone B27)
and anti-TNF-a (BD Biosciences clone MAb11). Data acquisition was performed
using MACSQuant analyzer (Miltenyi Biotec) and analysis was done using FCS

Express Version 3 (De Novo Software).

[0088] Colony Forming Cell Assay. CD34+ cells from cord blood (CB)
mononuclear cells or primary AML samples were selected using immunomagnetic
column separation (Miltenyi Biotech). 103 CD34+ CB cells were cocultured with 25 X
103 effector cells for 4 hours prior to plating in semisolid methylcellulose progenitor
culture in duplicate wells [26]. 14 to 18 days later, colonyforming unit granulocyte-
macrophage (CFU-GM) and burst-forming unit erythroid (BFUE) colonies were
enumerated. For AML samples, 5 X 103 CD34+ AML cells were cocultured with 125
X 103 effector cells for 4 hours prior to plating in semisolid methylcellulose progenitor

culture in duplicate wells.

[0089] Statistics analysis. Statistical analyses were performed using
Graphpad Prism v5.04. Unpaired Student's t-test were used to identify significant

differences between treatment groups.
Results

Generation of CD123 CAR expression T cells

[0090] To redirect T cell specificity, lentiviral vectors encoding CD123 CARs
were developed. Each of the CARs includes codon-optimized sequences encoding
one of two CD123-specific scFvs, 26292 and 32716 [18], respectively. The scFvs
are fused in-frame to the human IgG4 Fc region, a CD28 costimulatory domain, and
the CD3( signaling domain. Just downstream of the CAR sequence is a T2A
ribosome skip sequence and a truncated human EGFR (EGFRt) transduction marker
(Figure 1A). OKT3 stimulated PBMCs from healthy donors were lenti-transduced
and CAR expressing T cells were isolated by immunomagnetic selection using a
biotinylated-Erbitux antibody followed by a secondary stain with anti-biotin magnetic
beads. Following one REM cycle, the isolated cells were analyzed by flow cytometry
for CAR surface expression and T-cell phenotype. Both Fc and EGFRt expression

was greater than 90% in the generated T cell lines from three healthy donors and
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final T cell products consisted of a mixture of CD4 and CDS8 positive T cells (Figure
1B, 1C).

CD123 CAR T cells specifically target CD123 expressing tumor cell lines

[0091] To confirm the specificity of the CD123 CAR T cells, the ability of the
genetically modified T cells to lyse 293T cells transiently transfected to express
CD123 was examined (293T-CD123; Figure 2A). Both CD123 CART cells
generated efficiently lysed 293T-CD123, but not 293T cells transiently transfected to
express CD19, demonstrating the specific recognition of CD123 (Figure 2B). Next,
the in vitro cytolytic capacity of CD123-specific T cells was investigated against
tumor cell lines endogenously expressing CD123. Expression of CD123 on the cell
lines LCL and KG1a were confirmed by flow cytometry (Figure 2C). Both CD123-
specific T cell lines efficiently lysed LCL and KG1a target lines, but not the CD123-
K562 cell line (Figure 2C). Pair-matched CD19-specific T cells effectively lysed
CD19+ LCL targets, but not CD19- KG1a or K562 targets (Figure 2D). Mock
transduced parental cells lysed only the positive control LCL-OKT3 cell line (Figure
2D).

CD123 CAR T cells activate multiple effector functions when cocultured with

CD123-positive target cells

[0092] To examine the effector function of CD123-specific T cells, the
secretion of IFN-y and TNF-a was measured following coculture with various tumor
cell lines. T cell products expressing either CD123 CAR produced both IFN-y and
TNF-a when cocultured with CD123+ target cells, while pair-matched CD19-specific
T cells secreted these cytokines only when cocultured with the CD19+ LCL or LCL-
OKT3 cell line Figure 3A). Additionally, both CD123-specific T cell lines proliferated
when cocultured with either of the CD123+ cell lines LCL, LCL-OKT3, or KG1a, but
not with the CD123- K562 cell line (Figure 3B). In contrast, pair-matched CD19
CAR-expressing T cells proliferated only when cocultured with LCL or LCL-OKT3
(Figure 3B).

CD123 CAR T cells activate multiple effector functions when cocultured with

primary AML samples

[0093] The over-expression of CD123 on primary AML samples is well
documented [27-29] and confirmed in this study (Figure 14). Multifaceted T cell
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responses are critical for robust immune responses to infections and vaccines and
may also play a role in the anti-tumor activity of CAR redirected T cells [30]. To
investigate the ability CD123 CAR T cells to activate multiple effector pathways
against primary AML samples, engineered T cells were cocultured with three
different AML patient samples (179, 373, and 605) for 6 hours and evaluated for
upregulation of CD107a and production of IFN-y and TNF-a using polychromatic flow
cytometry (gating strategy shown in Figure 15). Cell surface mobilization of CD107a
was observed in both the CD4 and CD8 compartments of CD123-specific T cells
while pair-matched CD19R T cells no appreciable degranulation against primary
AML samples (Figure 4A, bar graphs). Further, subpopulations of CD107a+ CD123
CAR T cells also produced either IFN-y, TNF-q, or both cytokines (Figure 4A, pie
charts). This multifunctional response was observed for both CD4 and CD8
populations (Figure 4A and 4B). Additionally, the ability of CAR engineered T cells
to proliferate in response to coculture with primary AML samples was examined.
Both CD123-specific T cell lines were capable of proliferating following coculture with
AML 813 or pre B-ALL 802 samples (Figure 4C). Proliferation was observed for in
both the CD4 and CD8 populations (Figure 16). Pair-matched CD19-specific T cells
proliferated when cocultured with CD19+ pre B-ALL 802, but not when cocultured
with AML 813.

CD123 CAR expressing T cells target primary AML cells in vitro

CD123-specific T cells do not eliminate colony formation by cord blood cells in

vitro

[0094] Given that CD123 is expressed on common myeloid progenitors
(CMPs) [31], the effect of the engineered T cells on the colony forming ability of
CD34-enriched normal cord blood (CB) samples was investigated. Myeloid and
erythroid colony formation by CB samples was not significantly reduced following a 4
hour coculture with CD123-CAR expressing T cells at an E:T of 25:1 when compared
to pair-matched CD19R CAR T cells (Figure 6 A&B). Next, the ability of CD123-
specific T cells to inhibit the growth of primary clonogenic AML cells was examined in
vitro. Both CD123 CAR T cell lines significantly decreased the formation of leukemic
colonies compared to pair-matched CD19R T cells (Figure 6C). Notably, CD123-

specific T cells had a greater impact on leukemic colony formation compared to
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normal myeloid colony formation (Figure 6D, 69% reduction vs 31% reduction,

respectively).

T cells from AML patients can be genetically modified to express CD123

CARs and specifically target autologous tumor cells

[0095] AML patient derived T cells are known to poorly repolarize actin and
form defective immune synapses with autologous blasts [32]. Additionally, to the best
of our knowledge, CAR expressing T cells derived from AML patients have yet to be
described. Therefore, it was determined whether T cells from AML patients could be
genetically modified to express CD123 CARs. Cryopreserved PBMCs (AML 605 and
AML 722) or apheresis product (AML 559) were CD3/CD28 bead stimulated, and
lentivirally transduced to express either of the CD123 CARs or a CD19R control
CAR. All three patient sample derived T cells expressed the 26292 CAR (40-65%
transduction efficiency), the 32716 CAR (46-70% transduction efficiency) and the
CD19R CAR (To evaluate the ability of CD123-specific T cells to kill primary AML
cells, pair-matched CD19R CAR or CD123 CAR expressing T cells were cocultured
with primary CD34-enriched AML patient samples in a 4 hour *'Cr release assay. In
contrast to pair-matched CD19R T cells, both CD123 CAR T cell lines robustly lysed
all primary AML patient samples tested (Figure 5A). Additionally, whereas no
statistical difference was noted between the cytolytic capability of the CD123 CAR
expressing T cells, both CD123-specific T cells demonstrated significantly enhanced

cytotoxicity when compared to pair-matched CD19R-CAR T cells (Figure 5B).

[0096] 23-37% transduction efficiency). A representative example of the
phenotype of AML patient derived CAR T cells is shown in Figure 7A. Next, the
cytolytic potential of AML patient derived CAR T cells against autologous CD34-
enriched target cells was examined in a 4 hour *'Cr release assay. All of the
autologous CD34-enriched cells expressed CD123, albeit at varying percentages
and intensities (Figure 7B). T cells derived from AML 605 and 722 efficiently lysed
autologous blasts while T cells derived from AML 559 displayed low levels of
autologous blast lysis likely due to the low and heterogeneous expression of CD123
on AML 559 blasts (Figure 7C).
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Discussion

[0097] The embodiments described herein include the generation of two novel
CD123 targeting CARs using scFvs from recombinant immunotoxins (RITs), 26292
and 32716, which bind distinct epitopes and have similar binding affinities for CD123
[18]. When expressed by a population of T cells, these CD123 targeting CARs
redirect T cell specificity against CD123 expressing cells. Using a standard 4 hour
chromium-51 (51Cr) release assay, healthy donor T cells that were engineered to
express the CD123 CARs efficiently lysed CD123+ cell lines and primary AML
patient samples. Additionally, both of the CD123 CAR T cells activated multiple
effector functions following coculture with CD123+ cell lines and primary AML patient
samples. Further, CD123-targeting T cells did not significantly reduce the number of
colony-forming unit granulocyte-macrophage (CFU-GM) or burst-forming unit
erythroid (BFU-E) colonies from cord blood (CB) when compared to CD19 CAR T
cells. Notably, while CD19-specific T cells had little impact on leukemic colony
formation of primary AML samples, CD123-targeting T cells significantly reduced
leukemic colony formation in vitro. It was also shown that AML patient derived T

cells can express CD123 CARs and lyse autologous blasts in vitro.

[0098] T cells expressing either of the two CD123-specific CARs can
specifically lyse CD123 expressing cell lines and primary AML patient samples, and
activate multiple effector functions in an antigen specific manner in vitro
demonstrating that both epitopes are potential targets for treatment. No major
differences were observed between the CD123 CAR engineered T cell lines with
respect to target cell killing, cytokine secretion, or proliferation when cocultured with
CD123+ cells. One possible explanation for this is the binding affinities of the
CD123-specific scFvs used in the CD123-CARs are in the nanomolar range and
differ by less than 3-fold and thus offer no significant advantage in target antigen

binding is conferred by either scFv [18].

[0099] The expression of multiple cell surface antigens on AML cells has been
well documented [4, 27, 34]. Targeting some of these antigens via CAR-expressing
T cells may not be feasible. For instance, the AML associated antigen TIM-3 is
expressed on a subset of exhausted T cells [35, 36] and targeting TIM-3 using CAR-
engineered T cells may result in the autolysis of genetically modified cells.
Additionally, CD47 is ubiquitously expressed [37] and thus unlikely targetable by
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CAR-engineered T cells. The CD33 differentiation antigen is predominately
expressed on myeloid cells and immunotherapies targeting CD33 such as
Gemtuzumab ozogamicin, CD33/CD3 bispecific T cell engaging antibodies, and a
CD33 CAR are currently used in clinical and pre-clinical settings [17, 38, 39]. Like
TIM-3, CD33 is expressed on a subset of T cells making it a non-ideal target for a
CAR based therapy [40]. Additionally, the antileukemic activity of CD33-targeting
therapies was often accompanied with slow recovery of hematopoiesis and
cytopenias likely the result of CD33 expression on long-term self-renewing normal
hematopoietic stem cells (HSCs) [41]. Further, hepatotoxicities are a common side
effect of CD33-targeted treatments and are possibly due to the unintended targeting
of CD33+ Kupffer cells [42].

[00100] Expression of CD123 is absent on T cells, predominantly restricted to
cells of the myeloid lineage [43], and largely absent on HSCs [27]. Together, these
observations made CD123 an attractive target for CAR mediated T cell therapy.
Therapeutics specific for CD123 have displayed favorable safety profiles in phase |
trials (ClinicalTrials.gov ID: NCT00401739 and NCT00397579) . Unfortunately, these
therapies have failed to induce responses in the vast majority of treated patients.
The CD123-CAR expressing T cells generated here displayed potent cytolytic
capacity in vitro against CD123+ cell lines and primary AML samples. The studies
described below show that primary samples from patients with poor-risk AML were
susceptible to CD123 CAR T cell mediated cytotoxicity. Collectively, in the small
cohort of primary samples used for short-term cytotoxicity assays, AML patient
samples that exhibited high-risk features at diagnosis and/or chemoresistant were
sensitive to CD123 CAR killing similar to what was observed in experiments using
CD123+ cell lines. Further analysis will need to be done to confirm that these results

will hold true for a larger cohort of samples.

[00101] Multifunctional T cell responses correlate with the control of virus
infection and may be important in an anti-tumor CAR T cell response [44]. Indeed,
patients responsive to CD19 CAR T cell therapy have detectable T cell responses
(i.e. degranulation, cytokine secretion or proliferation) post-therapy in response to
CD19+ targets ex vivo [11, 12, 14]. In the Examples below, it was demonstrated that
the functionality of CD123-CAR expressing T cells by analyzing the upregulation of

CD107a, production of inflammatory cytokines and proliferation of CD123-specific T
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cells in response to both CD123+ cell lines and primary AML samples. Further,
multifunctionality was observed in both the CD4+ and CD8+ compartments, which
may promote sustained anti-leukemic activity and boost anti-leukemic activity within
the tumor microenvironment [45, 46]. The inclusion of other costimulatory domains
such as 4-1BB, and the use of “younger” less differentiated T cells may further

augment CD123 CAR responses and are an area of active research [9, 47].

[00102] Further, CD123-specific T cells do not inhibit normal progenitor colony
formation - even atan E:T of 25:1. Expression of CD123 on lineage-CD34+CD38-
cells is a hallmark of the common myeloid progenitor cell and thus a likely target of
CD123 CART cells [31]. While a decrease in the relative percentage of myeloid-
derived colonies was observed when CB cells were incubated with CD123-specific T
cells, the decrease was not significantly less than pair-matched CD19R CAR T cells.
It is possible that the limited sample size attributes to this result and further
experimentation may reveal a significant decrease in CFU-GM formation in CD123
CAR T cell treated cord blood samples. Additionally, the 4 hour coculture of T cells
and CB cells prior to plating may not be a long enough time period to observe an
effect on normal myeloid progenitor colony formation and that longer incubation
times may decrease the number of observed myeloid derived colonies. However,
using the same methodology as was used for CB cells, a substantial decrease in the
number of leukemic colonies formed was observed when primary CD34-enriched
AML patient samples were incubated with CD123 CAR T cells, suggesting that the 4
hour incubation time is sufficient to observe an effect between leukemic and normal
colony formation. Alternatively, the lower relative expression of CD123 on CB cells
compared to AML cells may in part result in the inability of CD123 CAR T cells to
alter myeloid derived colony formation in vitro. While others have demonstrated that
CD123 is expressed only in a small fraction of lineage-CD34+CD38- HSCs, and two
phase | trials using agents targeting CD123 revealed no long term
myelosuppression, further studies are needed to evaluate the effect of CD123 CAR
T cell therapy on hematopoiesis. In order to control unwanted off-target toxicities,
EGFRt was included in the lentiviral construct to allow for ablation of CAR
expressing T cells. Other strategies to modulate CAR T cell activity such as the
inducible caspase 9 apoptosis switch [48] or electroporation of CAR mRNA [49] are

also of high interest given the potential for killing of normal cells expressing CD123.
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[00103] Further, it was demonstrated that cryopreserved PBMCs from AML
patients with active disease can be genetically modified to express CD123 CARs
and exhibit potent cytolytic activity against autologous leukemic blasts in 2/3 of the
samples. While CD123 CAR-expressing T cells from AML 559 failed to lyse
autologous blasts which expressed low levels of CD123, these CAR T cells did lyse
CD123+ LCL and KG1a cell lines (data not shown) suggesting that the generated T
cells have the potential to target CD123-expressing target cells. To our knowledge,
this is the first demonstration that AML patient-derived T cells can be engineered to
express a CAR and exhibit redirected antigen specific cytotoxicity against autologous

blasts.

[00104] Collectively, the results of the studies described in the Examples below
demonstrate that CD123 CAR T cells can distinguish between CD123+ and CD123-
cells, and can activate multiple T cell effector functions against a panel of poor-risk
primary AML patient samples. Notably, CD123-specific T cells did not significantly
alter normal progenitor colony formation but considerably reduced the growth of
clonogenic myeloid leukemic progenitors in vitro. It was also demonstrated that T
cells derived from AML patients can be genetically modified to express CD123-
pecific CARs and lyse autologous blasts in vitro. Therefore, CD123 CAR T cells are

a promising candidate for immunotherapy of AML.

EXAMPLE 2: CD123CAR-TRANSDUCED T CELLS DELAY LEUKEMIC
PROGRESSION IN VIVO

[00105] CD123CAR Constructs. 26292CAR(S228P+L235E) and
32716CAR(S228P+L235E) constructs were generated as described in Example 1
above. Two additional CD123CAR constructs were also generated that included an
additional mutation in the 1gG4 hinge at position 297 (N297Q) for each scFv
(“26292CAR(S228P+L235E+N297Q)” and “32716CAR(S228P+L235E+N297Q)")

(Figures 12 and 13, mutations bolded and underlined).

[00106] NSG mice implanted with AML tumor cells (day 0), and were treated
with 5.0x10° CAR+ T cells expressing either the 26292CAR(S5228P+L235E) or the
26292CAR(S228P+L235E+N297Q) on day 5, and leukemic progression was
monitored by bioluminescent imaging. As shown in Figure 8, leukemic burden

progressed on day 8 as compared to the day of treatment in mice treated with T-cells
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transduced with 26292CAR(S228P+L235E), indicating that cells transduced with the
CD123CAR construct having hinge region mutations at positions S228P and L235E
had no effect in vivo. In contrast, mice treated with T cells transduced with
26292CAR(S228P+L235E+N297Q) showed a reduction in tumor size as compared
to the day of treatment, indicating that the addition of a hinge region mutation at
position 297 (N297Q) results in a CD123CAR construct that is able to delay leukemic

progression in vivo.
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CLAIMS

What is claimed is:

1. A CD123 chimeric antigen receptor (CD123CAR) gene, comprising an anti-

CD123 scFv region fused in frame to

a modified 1gG4 hinge region comprising a nucleotide sequence that encodes
an S228P amino acid substitution and an L235E amino acid substitution; and

a T cell receptor (TCR) zeta chain signaling domain.

2. The CD123CAR gene of claim 1, wherein the modified IgG4 hinge region

further comprises a nucleotide sequence that encodes an N297Q substitution.

3. The CD123CAR gene of claim 1, wherein the anti-CD123 scFv region

encodes a VH and a VL domain of recombinant immunotoxin 26292 or 32716.

4. The CD123CAR gene of claim 1, wherein the anti-CD123 scFv region is

humanized

5. The CD123CAR gene of claim 1, further comprises at least one costimulatory
signaling domain selected from a CD27 costimulatory signaling domain, a CD28
costimulatory signaling domain, a 4-1BB costimulatory signaling domain, a OX40

costimulatory signaling domain, or any combination thereof.

6. The CD123CAR gene of claim 1, comprising a nucleotide sequence selected
from SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, or SEQ ID NO:4.

7. The CD123CAR gene of claim 1,wherein the gene encodes an amino acid
sequence comprising SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, or SEQ ID
NO:12.

8. The CD123CAR gene of claim 1, wherein the gene is part of an expression

cassette that is inserted within a viral vector.

9. The CD123CAR gene of claim 7, wherein the expression cassette further
comprises an accessory gene selected from a truncated epidermal growth factor
receptor (EGFRY), a truncated CD19 (CD19t) gene or an induced caspase 9 gene.
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10. A population of human T cells transduced by a viral vector comprising an
expression cassette that includes a CD123CAR gene, the gene comprising an anti-

CD123 scFv region fused in frame to:

a modified 1gG4 hinge region comprising a nucleotide sequence that encodes

an S228P amino acid substitution and an L235E amino acid substitution;
at least one costimulatory signaling domain; and

a T cell receptor (TCR) zeta chain signaling domain;

wherein the population of human T cells express the CD123CAR gene.

11.  The population of human T cells of claim 10, wherein the modified IgG4 hinge
region further comprises a nucleotide sequence that encodes an N297Q amino acid

substitution.

12.  The population of human T cells of claim 10, wherein the CD123CAR gene
comprising a nucleotide sequence selected from SEQ ID NO:1; SEQ ID NO:2, SEQ
ID NO:3, or SEQ ID NO:4.

13.  The population of human T cells of claim 9, wherein the gene encodes an
amino acid sequence comprising SEQ ID NO:9; SEQ ID NO:10, SEQ ID NO:11, or
SEQ ID NO:12.

16. A method of treating AML in a subject comprising administering a first
population of T cells transduced with a first CD123CAR gene to the subject; wherein
the first CD123CAR gene comprises an anti-CD123 scFv region fused in frame to:

a modified 1gG4 hinge region comprising a nucleotide sequence that encodes
an S228P substitution, an L235E substitution and an N297Q substitution;

at least one costimulatory signaling domain; and
a T cell receptor (TCR) zeta chain signaling domain.

17.  The method of claim 16, wherein the first CD123CAR gene comprises a
nucleotide sequence selected from SEQ ID NO:3 or SEQ ID NO:4.
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18.  The method of claim 17, further comprising administering the first population
of T cells transduced with the first CD123CAR gene in combination with a second
population of T cells transduced with a second CD123CAR gene to the subject;
wherein the second CD123CAR gene comprises an anti-CD123 scFv region fused in

frame to:

a modified IgG4 hinge region comprising an S228P substitution, an L235E
substitution and an N297Q substitution;

at least one costimulatory signaling domain; and
a T cell receptor (TCR) zeta chain signaling domain.

19. The method of claim 18, wherein the second CD123CAR gene comprises a
nucleotide sequence selected from SEQ ID NO:3 or SEQ ID NO:4, wherein the
nucleotide sequence of the second CD123CAR gene is not the same as that

selected in claim 17.

20.  The method of claim 16, further comprising administering the first population
of T cells transduced with the first CD123CAR gene in combination with one or more
anti-cancer therapy selected from stem cell transplantation, radiation therapy,
surgical resection, chemotherapeutics, immunotherapeutics, targeted therapeutics or

a combination thereof.
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SEQUENCE LISTING

<110> CITY OF HOPE
FORMAN, Stephen
MARDIROS, Armen
<120> (CD123-SPECIFIC CHIMERIC ANTIGEN RECEPTOR REDIRECTED T CELLS AND
METHODS OF THEIR USE
<130> 54435.8127.w000
<150> Uus 13/844,048
<151> 2013-03-15
<160> 13
<170> PatentIn version 3.5
<210> 1
<211> 2052
<212> DNA
<213> Artificial Sequence
<220>
<223> antisense nucleotide sequence of the 32716CAR(S228P+L235E)
construct
<400> 1
gctagcgccg ccaccatgct gctgctggtg accagcctge tgctgtgcga gctgccccac 60
cccgecttte tgctgatccc ccagattcag ctggtgcaga gcggcccgga actgaaaaaa 120
ccgggcgaaa ccgtgaaaat tagctgcaaa gcgagcgget atatttttac caactatggce 180
atgaactggg tgaaacaggc gccgggcaaa agctttaaat ggatgggctg gattaacacc 240
tataccggcg aaagcaccta tagcgcggat tttaaaggcc getttgegtt tagcctggaa 300
accagcgcga gcaccgcgta tctgcatatt aacgatctga aaaacgaaga taccgcgacc 360
tatttttgeg cgcgcagcgg cggctatgat ccgatggatt attggggcca gggcaccagce 420
gtgaccgtga gcagcggcgg cggcggcagc ggcggcggceg gcagcggegg cggcggceage 480
gatattgtgc tgacccagag cccggcgagc ctggcggtga gcctgggcca gcgcgcgacc 540
attagctgcc gcgcgagcga aagcgtggat aactatggca acacctttat gcattggtat 600
cagcagaaac cgggccagcc gccgaaactg ctgatttatc gcgcgagcaa cctggaaagc 660
ggcattccgg cgcgctttag cggcagcggc agccgcaccg attttaccct gaccattaac 720
ccggtggaag cggatgatgt ggcgacctat tattgccagc agagcaacga agatccgccg 780
acctttggcg cgggcaccaa actggaactg aaagagagca agtacggccc tccctgcccc 840
ccttgeecctg cccccgagtt cgagggcgga cccagcgtgt tcctgttccc ccccaagcce 900
aaggacaccc tgatgatcag ccggaccccc gaggtgacct gcgtggtggt ggacgtgagce 960
caggaagatc ccgaggtcca gttcaattgg tacgtggacg gcgtggaagt gcacaacgcc 1020
aagaccaagc ccagagagga acagttcaac agcacctacc gggtggtgtc tgtgctgacc 1080
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1



gtgctgcacc
ctgcccagcea
gtgtacaccc
ctggtgaagg
gagaacaact
agccggctga
atgcacgagg
atgttctggg
gtggccttca
atgaacatga
cccagggact
gacgcccctg
agggaagagt
cctcggegga
gaggcctaca
ctgtatcagg
ctgcccccaa
<210>
<211>
<212>
<213>

<220>
<223>

DNA

2
2031

aggactggct
gcatcgaaaa
tgcctecctce
gcttctaccc
acaagaccac
ccgtggacaa
ccetgcacaa
tgctggtggt
tcatcttttg
cceccagacy
ttgccgecta
cctaccagca
acgacgtcct
agaaccccca
gcgagatcgg
gcctgtcecac

g9

construct

<400> 2
gctagcgccg

ccegecttte
ccgggegega
atgaactggy
tatgatagcyg
aaaagcagca
tattattgcg
agcagcggcey
attacccaga

cgcgcgagcea

ccaccatgct
tgctgatccc
gcgtgaaact
tgaaacagcg
aaacccatta
gcaccgcgta
cgcgcggeaa
gcggcggeag
gcccgageta

aaagcattag

gaacggcaaa
gaccatcagc
ccaggaagag
cagcgacatc
cccteecgtyg
gagccggtgg
ccactacacc
ggtgggcggg
ggtgcggagce
gcctggeecc
ccggteeggce
gggccagaat
ggataagcgg
ggaaggcctg
catgaagggc

cgccaccaag

Artificial Sequence

gctgctggtg
ccaggtgcag
gagctgcaaa
cccggatcag
taaccagaaa
tatgcagctg
ctgggatgat
€ggcggaggc
tctggcggcyg

caaagatctg

gaatacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
caggaaggca
cagaagagcc
gtgctggcct
aagcggagca
acccggaagc
ggagggcggg
cagctgtaca
agaggccggg
tataacgaac
gagcggaggc

gatacctacg

antisense nucleotide sequence of the

accagcctgce
ctgcagcagc
gcgagcggcet
ggcctggaat
tttaaagata
agcagcctga
tattggggcc
ggcagcggcyg
agcccgggcy
gcgtggtatc

gcaaggtgtc
gccagectcg
accaggtgtc
gggagagcaa
acggcagctt
acgtctttag
tgagcctgtc
gctacagect
gaggcggcca
actaccagcc
tgaagttcag
acgagctgaa
accctgagat
tgcagaaaga
ggggcaaggg

acgcecctgea

caacaagggc
cgagccccag
cctgacctgc
cggccagect
cttcctgtac
ctgcagcgty
cctgggcaag
gctggtgaca
cagcgactac
ctacgcccca
cagaagcgcc
cctgggcaga
gggcggcaag
caagatggcc
ccacgacggc

catgcaggcc

26292CAR(S228P+L235E)

tgctgtgcga
€gggcgcgga
atacctttac
ggattggccy
aagcgattct
ccagcgaaga
agggcaccac
gcggcggeag
aaaccattac

aggaaaaacc

Page 2

gctgccccac
actggtgcgc
cagctattgg
cattgatccy
gaccgtggat
tagcgeggty
cctgaccgty
cgatgtgcag
cattaactgc

gggcaaaacc

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2052

60
120
180
240
300
360
420
480
540
600



aacaaactgc
ggcagcggcea
gcgatgtatt
ctggaaatta
gagggcggac
cggacccccg
ttcaattggt
cagttcaaca
aacggcaaag
accatcagca
caggaagaga
agcgacatcg
cctcecgtgce
agccggtggce
cactacaccc
gtgggcgagg
gtgcggagca
cctggcccca
cggtccggceg
ggccagaatc
gataagcgga
gaaggcctgt
atgaagggcg
gccaccaagg
<210> 3

<211>
<212>
<213>

<220>
<223>

DNA

2052

tgatttatag
gcggcaccga
attgccagca
aagagagcaa
ccagcgtgtt
aggtgacctg
acgtggacgg
gcacctaccg
aatacaagtg
aggccaaggg
tgaccaagaa
ccgtggagty
tggacagcga
aggaaggcaa
agaagagcct
tgctggcectg
agcggagcag
cccggaagcea
gagggcgggt
agctgtacaa
gaggccggga
ataacgaact
agcggaggcg

atacctacga

construct

<400> 3

cggcagcacc
ttttaccctg
gcataacaaa
gtacggccct
cctgtteecc
cgtggtggtg
cgtggaagtg
ggtggtgtct
caaggtgtcc
ccagcctegce
ccaggtgtcc
ggagagcaac
cggcagcttc
cgtctttagce
gagcctgtcc
ctacagcctg
aggcggecac
ctaccagccc
gaagttcagc
cgagctgaac
ccctgagatg
gcagaaagac
gggcaagggc

cgccctgeac

Artificial Sequence

ctgcagagcg
accattagca
tatccgtata
ccctgececc
cccaagccca
gacgtgagcc
cacaacgcca
gtgctgaccg
aacaagggcc
gagccccagg
ctgacctgcec
ggccagectg
ttcctgtaca
tgcagcgtga
ctgggcaaga
ctggtgacag
agcgactaca
tacgceccac
agaagcgccg
ctgggcagaa
ggcggcaagc
aagatggccg
cacgacggcc

atgcaggccc

antisense nucleotide sequence of the

gctagcgccg ccaccatget getgetggtg accagectgce

cccgecttte tgctgatcce ccagattcag ctggtgcaga

Page

gcattccgag
gcctggaacc
cctttggedg
cttgcectgc
aggacaccct
aggaagatcc
agaccaagcc
tgctgcacca
tgcccageag
tgtacaccct
tggtgaaggg
agaacaacta
gccggetgac
tgcacgaggc
tgttctgggt
tggccttcat
tgaacatgac
ccagggactt
acgccectgce
gggaagagta
ctcggcggaa
aggcctacag
tgtatcaggg

tgcccccaag

ccgctttage
ggaagatttt
cggcaccaaa
cccecgagttc
gatgatcagc
cgaggtccag
cagagaggaa
ggactggctg
catcgaaaag
gccteectcec
cttctacccc
caagaccacc
cgtggacaag
cctgcacaac
gctggtgatg
catcttttgg
ccccagacdg
tgccgectac
ctaccagcag
cgacgtcctg
gaacccccag
cgagatcggc
cctgtccacc

g

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2031

32716CAR(S228P+L235E+N297Q)

tgctgtgcga
gcggcecgga
3

gctgccccac

actgaaaaaa

60
120



ccgggcgaaa
atgaactggy
tataccggcy
accagcgcga
tatttttgcg
gtgaccgtga
gatattgtgc
attagctgcec
cagcagaaac
ggcattccgy
ccggtggaag
acctttggcy
ccttgeccty
aaggacaccc
caggaagatc
aagaccaagc
gtgctgcacc
ctgcccagea
gtgtacaccc
ctggtgaagg
gagaacaact
agccggctga
atgcacgagg
atgttctggg
gtggccttca
atgaacatga
cccagggact
gacgcccctg
agggaagagt
cctcggegga
gaggcctaca

ctgtatcagg

ccgtgaaaat
tgaaacaggc
aaagcaccta
gcaccgcgta
cgcgcagegy
gcagcggcegy
tgacccagag
gcgcgagega
cgggccagcec
cgcgctttag
cggatgatgt
cgggcaccaa
ccceccgagtt
tgatgatcag
ccgaggtcca
ccagagagga
aggactggct
gcatcgaaaa
tgcctecctce
gcttctaccc
acaagaccac
ccgtggacaa
ccctgcacaa
tgctggtggt
tcatcttttg
ccecccagacg
ttgccgccta
cctaccagca
acgacgtcct
agaaccccca
gcgagatcgg

gcctgtcecac

tagctgcaaa
gccgggcaaa
tagcgcggat
tctgcatatt
cggctatgat
cggcggcagce
cccggcegage
aagcgtggat
gccgaaactg
cggcageggce
ggcgacctat
actggaactg
cgagggcgga
ccggacccce
gttcaattgg
acagttccar
gaacggcaaa
gaccatcagc
ccaggaagag
cagcgacatc
cccteeegtg
gagccggtgg
ccactacacc
9gtgggcggyg
ggtgcggage
gcctggeccc
ccggtceggce
gggccagaat
ggataagcgg

ggaaggcctg
catgaagggc

cgccaccaag

gcgagcggcet
agctttaaat
tttaaaggcc
aacgatctga
ccgatggatt
ggcggcggcyg
ctggcggtga
aactatggca
ctgatttatc
agccgeaccg
tattgccagce
aaagagagca
cccagegtgt
gaggtgacct
tacgtggacg
agcacctacc
gaatacaagt
aaggccaagg
atgaccaaga
gccgtggagt
ctggacagcg
caggaaggca
cagaagagcc
gtgctggect
aagcggagca
acccggaagc
ggagggcggy
cagctgtaca
agaggccggyg
tataacgaac
gagcggaggc
gatacctacg

Page

atatttttac
ggatgggctg
gctttgcgtt
aaaacgaaga
attggggcca
gcagcggagy
gcctgggeca
acacctttat
gcgcgagcaa
attttaccct
agagcaacga
agtacggccc
tcctgttecc
gcgtggtggt
gcgtggaagt
gggtggtgtc
gcaaggtgtc
gccagectcg
accaggtgtc
gggagagcaa
acggcagctt
acgtctttag
tgagcctgtc
gctacagect
gaggcggcca
actaccagcc
tgaagttcag
acgagctgaa
accctgagat
tgcagaaaga
ggggcaaggyg
acgccctgea

4

caactatggc
gattaacacc
tagcctggaa
taccgegacc
gggcaccagc
cggcggcagc
gcgcgegacc
gcattggtat
cctggaaagc
gaccattaac
agatccgecg
tccectgeccc
ccccaagecc
ggacgtgagc
gcacaacgcc
tgtgctgacc
caacaagggc
cgagccccag
cctgacctgc
cggccagect
cttcctgtac
ctgcagcgtg
cctgggcaag
gctggtgaca
cagcgactac
ctacgcccca
cagaagcgcc
cctgggcaga
gggcggcaag
caagatggcc
ccacgacggc

catgcaggcc

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



ctgcccccaa

<210>
<211>
<212>
<213>

<220>
<223>

DNA

4
2031

99

construct

<400> 4
gctagcgccg

ccegectttce
ccgggcgega
atgaactggg
tatgatagcg
aaaagcagca
tattattgcg
agcagcggcg
attacccaga
cgcgcgagea
aacaaactgc
ggcagcggca
gcgatgtatt
ctggaaatta
gagggcggac
cggacccccy
ttcaattggt
cagttcaara
aacggcaaag
accatcagca
caggaagaga
agcgacatcy
ccteeegtge
agccggtggce
cactacaccc

gtgggcgggy

ccaccatgct
tgctgatccc
gcgtgaaact
tgaaacagcg
aaacccatta
gcaccgcgta
cgcgcggeaa
gcggcggcag
gcccgageta
aaagcattag
tgatttatag
gcggcaccga
attgccagca
aagagagcaa
ccagcgtgtt
aggtgacctg
acgtggacgg
gcacctaccg
aatacaagtg
aggccaaggg
tgaccaagaa
ccgtggagtg
tggacagcga
aggaaggcaa
agaagagcct

tgctggectyg

Artificial Sequence

gctgctggty
ccaggtgcag
gagctgcaaa
cccggatcag
taaccagaaa
tatgcagctg
ctgggatgat
€ggcggeggc
tctggeggceg
caaagatctg
cggcagecacc
ttttaccctg
gcataacaaa
gtacggccect
cctgttececce
cgtggtggtg
cgtggaagtg
ggtggtgtct
caaggtgtcc
ccagcctegce
ccaggtgtcc
ggagagcaac
cggcagettc
cgtctttagce
gagcctgtcc

ctacagcctg

antisense nucleotide sequence of the

accagcctgc
ctgcagcagc
gcgagcggct
ggcctggaat
tttaaagata
agcagcctga
tattggggcc
ggcagcggcg
agcccgggeg
gcgtggtatc
ctgcagagcg
accattagca
tatccgtata
ccctgecccc
cccaagccca
gacgtgagcc
cacaacgcca
gtgctgaccg
aacaagggcc
gagccccagg
ctgacctgcec
ggccagectg
ttcctgtaca
tgcagcgtga
ctgggcaaga
ctggtgacag

2052

26292CAR(S228P+L235E+N297Q)

tgctgtgcga
cgggcgcgga
atacctttac
ggattggccg
aagcgattct
ccagcgaaga
agggcaccac
gcggcggcag
aaaccattac
aggaaaaacc
gcattccgag
gcctggaacc
cctttyggegg
cttgcectgc
aggacaccct
aggaagatcc
agaccaagcc
tgctgcacca
tgcccageag
tgtacaccct
tggtgaaggg
agaacaacta
gccggetgac
tgcacgaggc
tgttctgggt

tggccttcat

Page 5

gctgecccac
actggtgcgc
cagctattgg
cattgatccg
gaccgtggat
tagcgeggty
cctgaccgty
cgatgtgcag
cattaactgc
gggcaaaacc
ccgctttage
ggaagatttt
cggcaccaaa
cccecgagttc
gatgatcagc
cgaggtccag
cagagaggaa
ggactggctg
catcgaaaag
gccteectcec
cttctacccc
caagaccacc
cgtggacaag
cctgcacaac
gctggtggtg
catcttttgg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



gtgcggagca
cctggcccca
cggtccggceg
ggccagaatc
gataagcgga
gaaggcctgt
atgaagggcg
gccaccaagg
<210> 5

<211>
<212>
<213>

<220>
<223>

<400> 5

DNA

2052

agcggagcag
cccggaagea
gagggcgggt
agctgtacaa
gaggccggga
ataacgaact
agcggaggeg

atacctacga

aggcggccac
ctaccagccc
gaagttcagc
cgagctgaac
ccctgagatg
gcagaaagac
gggcaagggc

cgcecctgeac

Artificial Sequence

sense nucleotide sequence

cgatcgcggc ggtggtacga cgacgaccac

gggcggaaag
ggcccgcettt
tacttgaccc
atatggccgce
tggtcgcgcet
ataaaaacgc
cactggcact
ctataacacg
taatcgacgg
gtcgtctttg
ccgtaaggcec
ggccaccttc
tggaaaccgc
ggaacgggac
ttcctgtggy
gtccttctag
ttctggttcg
cacgacgtgy

acgactaggg
ggcactttta
actttgtccg
tttcgtggat
cgtggcgcat
gcgegtegec
cgtcgecgec
actgggtctc
cgcgcteget
gcceggtegg
gcgcgaaatc
gcctactaca
gcccgtggtt
gggggctcaa
actactagtc
ggctccaggt
ggtctctect

tcctgaccga

ggtctaagtc
atcgacgttt
cggcccgttt
atcgcgecta
agacgtataa
gccgatacta
gccgecgteg
gggccgeteg
ttcgcaccta
cggctttgac
gccgtcgecg
ccgctggata
tgaccttgac
gctcccgect
ggcctggggg
caagttaacc
tgtcaagttg

cttgccgttt

agcgactaca
tacgccccac
agaagcgccg
ctgggcagaa
ggcggcaage
aagatggccg
cacgacggcc

atgcaggccc

tgaacatgac
ccagggactt
acgcccctge
gggaagagta
ctcggcggaa
aggcctacag
tgtatcaggg

tgcccccaag

ccccagacgg
tgccgectac
ctaccagcag
cgacgtcctg
gaacccccag
cgagatcggc
cctgtccacc

g

1620
1680
1740
1800
1860
1920
1980
2031

of the 32716CAR(S228P+L235E) construct

tggtcggacg
gaccacgtct
cgctcgecga
tcgaaattta
aaatttccgg
ttgctagact
ggctacctaa
ccgecgecgce
gaccgccact
ttgataccgt
gactaaatag
tcggcgtgge
ataacggtcg
tttctctegt
dgggtcgcaca
ctccactgga
atgcacctgce
tcgtggatgg
cttatgttca

acgacacgct
cgccgggect
tataaaaatg
cctacccgac
cgaaacgcaa
ttttgcttct
taaccccggt
cgtcgeegec
cggacccggt
tgtggaaata
cgcgctegtt
taaaatggga
tctcgttget
tcatgccggg
aggacaaggg
cgcaccacca
cgcaccttca
cccaccacag

cgttccacag

Page 6

cgacgggatg
tgactttttt
gttgataccg
ctaattgtgg
atcggacctt
atggcgctgg
cccgtggteg
gccgecgtceg
cgcgegetgg
cgtaaccata
ggacctttcg
ctggtaatty
tctaggcggc
agggacgggg
ggggttcggg
cctgcactcg
cgtgttgcgg
acacgactgg

gttgttcccg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



gacgggtcgt
cacatgtggg
gaccacttcc
ctcttgttga
tcggecgact
tacgtgctcc
tacaagaccc
caccggaagt
tacttgtact
gggtccctga
ctgcggggac
tcccttetea
ggagccgcect
ctcecggatgt

gacatagtcc

gacgggggtt

<210> 6
<211>
<212>
<213>

<220>
<223>

<400> 6

DNA

2031

cgtagctttt
acggagggag
cgaagatggg
tgttctggtg
ggcacctgtt
gggantgtt
acgaccacca
agtagaaaac
gggggtctgc
aacggcggat
ggatggtcgt
tgctgcagga
tcttgggggt
cgctctagec
cggacaggtg

CcC

ctggtagtcg
ggtccttcte
gtcgctgtag
gggagggcac
ctcggecacc
ggtgatgtgg
ccacccgece
ccacgcctcg
cggaccgggg

ggccaggccg
cccggtctta

cctattcgece
ccttceggac

gtacttcccyg

gcggtggttc

Artificial Sequence

sense hucleotide sequence

cgatcgcggc ggtggtacga cgacgaccac

gggcggaaag
ggcccgegcet
tacttgaccc
atactatcgc
ttttcgtcgt
ataataacgc
tcgtegecge
taatgggtct
gcgegetegt
ttgtttgacg

acgactaggg
cgcactttga
actttgtcgce
tttgggtaat
cgtggcgeat
gcgcgecgtt
cgccgecgtce
cgggctcgat
tttcgtaatc

actaaatatc

ggtccacgtc
ctcgacgttt
gggcctagtc
attggtcttt
atacgtcgac
gaccctacta
gccgecgecg
agaccgccgce
gtttctagac

gccgtcgtyyg

ttcecggttcec
tactggttct
cggcacctca
gacctgtcgc
gtcctteegt
gtcttectegg
cacgaccgga
ttcgeetegt
tgggcctteg
cctececegecc
gtcgacatgt
tctecggecc
atattgcttg
ctcgectecg

ctatggatgc

cggtcggage
tggtccacag
ccctctegtt
tgccgtcgaa
tgcagaaatc
actcggacag
cgatgtcgga
ctccgeeggt
tgatggtcgg
acttcaagtc
tgctcgactt
tgggactcta
acgtctttct

cccecgttecc

tgcgggacgt

gctcggggte
ggactggacg
gccggtcgga
gaaggacatg
gacgtcgcac
ggacccgttc
cgaccactgt
gtcgctgatg
gatgcggggt
gtcttcgegg
ggacccgtct
ccecgeegttc
gttctaccgg
ggtgctgecg
gtacgtccgg

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2052

of the 26292CAR(S228P+L235E) construct

tggtcggacg
gacgtcgtcg
cgctcgccga
ccggacctta
aaatttctat
tcgtcggact
ataaccccgg
ccgtegecgce
tcgggeecge
cgcaccatag

gacgtctcgc

acgacacgct
gcccgegect
tatggaaatg
cctaaccggc
ttcgctaaga
ggtcgcttct
tcecegtggty
cgccgeegtc
tttggtaatg
tcctttttgg

cgtaaggctc

Page 7

cgacggggtg
tgaccacgcg
gtcgataacc
gtaactaggc
ctggcaccta
atcgcgccac
ggactggcac
gctacacgtc
gtaattgacg
ccegttttgy

ggcgaaatcg

60
120
180
240
300
360
420
480
540
600
660



ccgtcgeegt
cgctacataa
gacctttaat
ctcccgectg
gcctgggggce
aagttaacca
gtcaagttgt
ttgccgtttc
tggtagtcgt
gtccttctct
tcgctgtage
ggagggcacg
tcggccaccg
gtgatgtggg
cacccgceccc
cacgcctcgt
ggaccggggt
gccaggcecgce
ccggtcttag
ctattcgcct
cttccggaca
tacttcccgce
cggtggttcc
<210>
<211>
<212>
<213>

<220>
<223>

DNA

7
2052

cgccgtggcet
taacggtcgt
ttctctcgtt
ggtcgcacaa
tccactggac
tgcacctgcec
cgtggatggc
ttatgttcac
tceggttecc
actggttctt
ggcacctcac
acctgtcgcet
tccttecgtt
tcttctcgga
acgaccggac
tcgectegtce
gggccttegt
ctceccgecca
tcgacatgtt
ctececggecct
tattgcttga
tcgectecge

tatggatgct

construct

<400> 7

aaaatgggac
cgtattgttt
catgccggga
ggacaagggyg
gcaccaccac
gcaccttcac
ccaccacaga
gttccacagg
ggtcggageg
ggtccacagg
cctctegttg
gccgtcgaag
gcagaaatcg
ctcggacagg
gatgtcggac
tccgecggtyg
gatggtcggg
cttcaagtcg
gctcgacttg
gggactctac
cgtctttctg

cccgttcecyg

gcgggacgtg

Artificial Sequence

sense hucleotide sequence

cgatcgcggc ggtggtacga cgacgaccac

gggcggaaag acgactaggg ggtctaagtc

ggcccgcttt ggcactttta atcgacgttt

tggtaatcgt
ataggcatat
gggacggggy
gggttcgggt
ctgcactcgg
gtgttgcggt
cacgactggc
ttgttecccgg
ctcggggtcec
gactggacgg
ccggtecggac
aaggacatgt
acgtcgcact
gacccgttct
gaccactgtc
tcgctgatgt
atgcgggatg
tcttcgeggce
gacccgtctt
ccgeccgtteg
ttctaccggce
gtgctgccgg
tacgtccggg

of the 32716CAR(5228P+L235E+N297Q)

cggaccttgg
ggaaaccgcc
gaacgggacg
tcctgtggga
tccttetagg
tctggttegg
acgacgtggt
acgggtcgtc
acatgtggga
accacttccc
tcttgttgat
cggccgactg
acgtgctecg
acaagaccca
accggaagta
acttgtactg
ggtccctgaa
tgcggggacyg
cccttecteat
gagccgectt
tccggatgtc

acatagtccc

acgggggttc

ccttctaaaa
gccgtggttt
ggggctcaag
ctactagtcg
gctccaggtc
gtctctcctt
cctgaccgac
gtagcttttc
cggagggagyg
gaagatgggg
gttctggtgg
gcacctgttc
ggacgtgttg
cgaccaccac
gtagaaaacc
ggggtctgec
acggcggatg
gatggtcgtc
gctgcaggac
cttgggggtc
gctctagecg

ggacaggtgg

C

tggtcggacg acgacacgct cgacggggtg
gaccacgtct cgccgggect tgactttttt

cgctcgccga tataaaaatg gttgataccg

Page

8

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2031

60
120
180



tacttgaccc
atatggccgce
tggtcgcgcet
ataaaaacgc
cactggcact
ctataacacg
taatcgacgy
gtcgtctttg
ccgtaaggcec
ggccaccttc
tggaaaccgc
ggaacgggac
ttcctgtggy
gtccttctag
ttctggttcg
cacgacgtgy
gacgggtcgt
cacatgtggg
gaccacttcc
ctcttgttga
tcggecgact
tacgtgctcc
tacaagaccc
caccggaagt
tacttgtact
gggtccctga
ctgcggggac
tccettctca
ggagccgcct
ctccggatgt

gacatagtcc

gacgggggtt

actttgtccg
tttcgtggat
cgtggcgeat
gcgcgtegec
cgtcgecgcec
actgggtctc
cgcgeteget
gcceggtegy
gcgcgaaatc
gcctactaca
gcccgtggtt
gggggctcaa
actactagtc
ggctccaggt
ggtctctecct
tcctgaccga
cgtagctttt
acggagggag
cgaagatggg
tgttctggtg
ggcacctgtt
gggacgtgtt
acgaccacca
agtagaaaac
gggggtctgc
aacggcggat
ggatggtcgt
tgctgcagga
tcttgggggt
cgctctagec
cggacaggtg

ccC

cggcccgttt
atcgcgecta
agacgtataa
gccgatacta
gccgecgteg
gggccgeteg
ttcgcaccta
cggctttgac
gccgtegecy
ccgctggata
tgaccttgac
gctcccgect
ggcctggggg
caagttaacc
tgtcaaggty
cttgccgttt
ctggtagtcg
ggtccttctc
gtcgctgtag
gggagggcac
ctcggecacc
ggtgatgtgg
ccacccgecce
ccacgcctegd
cggaccgggg

ggccaggccgd
cccggtctta

cctattecgec
ccttccggac

gtacttcccg

gcggtggttc

tcgaaattta
aaatttccgg
ttgctagact
ggctacctaa
ccgeegecge
gaccgccact
ttgataccgt
gactaaatag
tcggegtgge
ataacggtcg
tttctctegt
gggtcgcaca
ctccactgga
atgcacctgc
tcgtggatgg
cttatgttca
ttcecggttec
tactggttct
cggcacctca
gacctgtcgc
gtcctteegt
gtcttctecgg
cacgaccgga
ttcgcetegt
tgggcecttcg
cctecegecc
gtcgacatgt
tctecggecc
atattgcttg
ctcgectecg

ctatggatgc

Page

cctacccgac
cgaaacgcaa
ttttgcttct
taaccccggt
cgtcgeegec
cggacccggt
tgtggaaata
cgcgctegtt
taaaatggga
tctcgttgct
tcatgcegygg
aggacaaggg
cgcaccacca
cgcaccttca
cccaccacag
cgttccacag
cggtcggage
tggtccacag
ccctctegtt
tgccgtcgaa
tgcagaaatc
actcggacag
cgatgtcgga
ctccgecggt
tgatggtcgg
acttcaagtc
tgctcgactt
tgggactcta
acgtctttct

ccccgttcecc

tgcgggacgt

ctaattgtgy
atcggacctt
atggcgctgg
ccegtggtceg
gccgecgtceg
cgcgegetgg
cgtaaccata
ggacctttcg
ctggtaatty
tctaggcggc
agggacgggg
ggggttcggg
cctgcactcg
cgtgttgcgg
acacgactgg
gttgttcccy
gctcggggtc
ggactggacg
gccggtcgga
gaaggacatg
gacgtcgcac
ggacccgttc
cgaccactgt
gtcgctgatg
gatgcggggt
gtcttcgcegg
ggacccgtct
cccgecgttc
gttctaccgg
ggtgctgccg
gtacgtccgg

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2052



<210> 8
<211>
<212>
<213>

<220>
<223>

DNA

2031

construct

<400> 8
cgatcgcggce

gggcggaaag
ggccegegcet
tacttgaccc
atactatcgc
ttttcgtcgt
ataataacgc
tcgtegecgce
taatgggtct
gcgecgetegt
ttgtttgacg
ccgtegecgt
cgctacataa
gacctttaat
ctcecegecty
gcctgggggc
aagttaacca
gtcaagttyt
ttgccgtttc
tggtagtcgt
gtccttctct
tcgctgtage
ggagggcacg
tcggecaccy
gtgatgtggg
cacccgeccc

cacgcctegt

ggtggtacga
acgactaggg
cgcactttga
actttgtcgce
tttgggtaat
cgtggcgcat
gcgcgecgtt
cgccgecgtce
cgggctcgat
tttcgtaatc
actaaatatc
cgcecgtggcet
taacggtcgt
ttctctcgtt
ggtcgcacaa
tccactggac
tgcacctgcc
cgtggatggce
ttatgttcac
tceggttecc
actggttctt
ggcacctcac
acctgtcgcet
tccttecgtt
tcttctcgga
acgaccggac

tcgectegtc

Artificial Sequence

sense hucleotide sequence

cgacgaccac
ggtccacgtc
ctcgacgttt
gggcctagtc
attggtcttt
atacgtcgac
gaccctacta
gccgccgecg
agaccgccgce
gtttctagac
gccgtcgtag
aaaatgggac
cgtattgttt
catgccggga
ggacaagggg
gcaccaccac
gcaccttcac
ccaccacaga
gttccacagg
ggtcggageg
ggtccacagg
cctctegttyg
gccgtcgaag
gcagaaatcg
ctcggacagg
gatgtcggac
tccgccggtyg

of the 26292CAR(5228P+L235E+N297Q)

tggtcggacg
gacgtcgtcg
cgctcgecga
ccggacctta
aaatttctat
tcgtcggact
ataaccccgg
ccgtcgecgce
tcgggeecgc
cgcaccatag
gacgtctcgce
tggtaatcgt
ataggcatat
gggacggggg
gggttcgggt
ctgcactcgg
gtgttgcggt
cacgactggc
ttgttccegg
ctcggggtcec
gactggacgg
ccggtcggac
aaggacatgt
acgtcgcact
gacccgttct
gaccactgtc

tcgctgatgt

acgacacgct
gcccgegect
tatggaaatg
cctaaccggc
ttcgctaaga
ggtcgcttct
tccegtggtg
cgccgeegtc
tttggtaatg
tcctttttgg
cgtaaggctc
cggaccttgg
ggaaaccgcc
gaacgggacg
tcctgtggga
tccttctagg
tctggttegg
acgacgtggt
acgggtecgtc
acatgtggga
accacttccc
tcttgttgat
cggccgactg
acgtgctccg
acaagaccca
accggaagta

acttgtactg

Page 10

cgacggggtg
tgaccacgcg
gtcgataacc
gtaactaggc
ctggcaccta
atcgcgcecac
ggactggcac
gctacacgtc
gtaattgacg
cccgttttgg
ggcgaaatcg
ccttctaaaa
gccgtggttt
ggggctcaag
ctactagtcg
gctccaggtc
gtctctcctt
cctgaccgac
gtagcttttc
cggagggagg
gaagatgggg
gttctggtgy
gcacctgttc
ggacgtgttg
cgaccaccac

gtagaaaacc

ggggtctgcec

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620



ggaccggggt
gccaggcecgce
ccggtcttag
ctattcgcect
cttccggaca
tacttcccgce
cggtggttcc
<210> 9

<211> 679
<212> PRT
<213>

<220>
<223>

<400> 9
Met Leu Leu
1

Phe

Ala Leu

Leu

Lys

Ile
50

TYr

Lys Ser Phe

Thr Tyr Ser

Ser Ala Ser

Thr
115

Thr Ala

Tyr

Gly

Ser
145

y Gly

gggccttegt
ctccegeeca
tcgacatgtt
cteccggecct
tattgcttga
tcgectecgce

tatggatgct

Leu val Thr Ser Leu Leu

5

Leu Ile Pr

20

Pro Gly GI

Thr Asn

Ty

Me
70

Lys Trp

Ala Asp Ph

85

Thr Ala

100

Ty

Tyr Phe Cy

Gln Gly Th

Se
15

Gly Gly

gatggtcggg
cttcaagtcg

gctcgacttg
gggactctac
cgtctttctg

cccgtteecg

gcgggacgtg

Artificial Sequence

o Gln Ile

val
40

u Thr

r Gly Met

55

t Gly Trp

e Lys Gly

r Leu His

s Ala Arg

r Ser val

135

r Gly
0

Gly

atgcggggtg
tcttegegge
gacccgtctt
ccgcegttceg
ttctaccgge
gtgctgcegg
tacgtccggg

Leu Cys
10

Gln val

25

Leu

Lys Ser

Asn Trp val

Thr
75

Asn

Phe Ala

90

Arg

Ile
105

Ash Asp

Ser Gly Gly

Thr val Ser

Gly Gly Ser

155

ggtccctgaa
tgcggggacg
cccttcteat
gagccgectt
tccggatgtc

acatagtccc

acgggggttc

amino acid sequence of the 32716CAR(S228P+L235E)

Glu Leu Pro

Gln Ser Gly

30

Cys Ala

Lys Ala

60

Tyr Thr Gly

Phe Ser Leu

Asn
110

Leu Lys

Tyr Asp Pro

125

Ser
140

Gly Gly

Asp Ile val

Page 11

acggcggatg
gatggtcgtc
gctgcaggac
cttgggggtce

gctctagecg

ggacaggtgg

C

construct

His Pro
15

Pro Glu

Ser Gly

Pro Gly

Glu ser

80

Glu Thr

95

Glu Asp

Met Asp
Gly Gly

Thr
160

Leu

1680
1740
1800
1860
1920
1980
2031



Gln

Ser

His

Arg

Asp

Phe

Pro

Phe

Pro

305

val

Thr

val

Cys

Ser

385

Pro

Ser

Cys

Trp

Ala

210

Ser

val

Gly

Cys

Leu

290

Glu

Gln

Lys

Leu

Lys

Ser

Pro

Arg

Tyr

Ser

Arg

Ala

Ala

Pro

275

Phe

val

Phe

Pro

Thr

355

val

Ala

Gln

Ala

Ala

180

Gln

Asn

Thr

Thr

Gly

Pro

Pro

Thr

AsSh

Ser

Lys

Glu

Ser

165

Ser

Gln

Leu

Asp

Tyr

245

Thr

Cys

Pro

Cys

Trp

Glu

Leu

Asn

Gly

Glu
405

Leu

Glu

Lys

Glu

Phe

230

Tyr

Lys

Pro

Lys

val

310

Tyr

Glu

His

Lys

Gln

390

Met

Ala

Ser

Pro

Ser

215

Thr

Cys

Leu

Ala

Pro

295

val

val

Gln

Gln

Gly

Pro

Thr

val

val

Gly

Gly

Leu

Gln

Glu

Pro

280

Lys

val

Asp

Phe

Asp

Leu

Arg

Lys

Ser

Asp

185

Gln

Ile

Thr

Gln

Leu

265

Glu

Asp

Asp

Gly

Ash

345

Trp

Pro

Ash

Leu Gly Gln
170

Asn Tyr Gly

Pro Pro Lys

Pro Ala Arg

Ile Asn Pro
235

Ser Asn Glu
250

Lys Glu Ser

Phe Glu Gly

Thr Leu Met
300

val Ser Gln
315

val Glu val
330

ser Thr Tyr

Leu Ash Gly

Ser Ser Ile
380

Pro Gln val
395

GIn val Ser
410
Page 12

Arg

Asn

Leu

205

Phe

val

Asp

Lys

Gly

Ile

Glu

His

Arg

Tyr

Leu

Ala

Thr

190

Leu

Ser

Glu

Pro

Tyr

270

Pro

Ser

Asp

Asn

val

350

Glu

Lys

Thr

Thr

Thr

175

Phe

Ile

Gly

Ala

Pro

255

Gly

Ser

Arg

Pro

Ala

335

val

Tyr

Thr

Leu

Cys

Ile

Met

Tyr

Ser

Asp

240

Thr

Pro

val

Thr

Glu

320

Lys

Ser

Lys

Pro
400

Leu



val

Gly

Asp

His

Phe

Leu

Arg

Pro

545

Ala

Ala

Leu

Asp

Leu

625

Ile

Tyr

Lys

Gln

Asn

Trp

val

Gly

Thr

TYyr

Pro

Gly

Pro

610

Tyr

Gly

Gln

Gly

Pro

435

Ser

Glu

His

val

Thr

515

Gly

Arg

Arg

Ala

595

Glu

Asn

Met

Gly

Phe

420

Glu

Phe

Gly

Tyr

Leu

500

val

His

Lys

Ser

Tyr

580

Arg

Met

Glu

Lys

Leu
660

Tyr

Asn

Phe

Asn

Thr

485

val

Ala

Ser

His

Gly

Gln

Glu

Gly

Leu

Gly

Ser

Pro

Asn

Leu

val

470

Gln

val

Phe

AsSp

TYr

550

Gly

Gln

Glu

Gly

Gln

630

Glu

Thr

Ser

Tyr

Tyr

455

Phe

Lys

val

Ile

TYyr

Gln

Gly

Gly

Tyr

Lys

Arg

Ala

Ser

Ser

Gly

Ile

520

Met

Pro

Arg

Gln

600

Pro

Asp

Arg

Thr

Ile

Thr

Arg

Cys

Leu

Ash

TYr

val

Ash

585

val

Arg

Lys

Arg

Ala

Thr

Leu

Ser

Ser

490

val

Trp

Met

Ala

Lys

Gln

Leu

Arg

Met

Gly
650

val

Pro

Thr

val

475

Leu

Leu

val

Thr

Pro

555

Phe

Leu

Asp

Lys

Ala

635

Lys

Pro

val

460

Met

Ser

Ala

Arg

Pro

540

Pro

Ser

Tyr

Lys

Asn

620

Glu

Gly

Asp Thr Tyr

Page 13

Trp

val

445

Asp

His

Leu

Cys

Ser

525

Arg

Arg

Arg

ASh

Arg

Pro

Ala

His

Asp

Glu

430

Leu

Lys

Glu

Gly

Tyr

510

Lys

Arg

Asp

Ser

Glu

590

Arg

Gln

Tyr

Asp

Ala
670

Ser

Asp

Ser

Ala

Lys

Ser

Arg

Pro

Phe

Ala

575

Leu

Gly

Glu

Ser

Asn

Ser

Arg

Leu

480

Met

Leu

Ser

Gly

Ala

560

Asp

AsSh

Arg

Gly

Glu

640

Leu

His



Met Gln Ala Leu Pro Pro Arg
675

<210> 10

<211> 672

<212> PRT

<213> Artificial Sequence

<220>
<223> amino acid sequence of the 26292CAR(S228P+L235E) construct

<400> 10

Met Leu Leu Leu val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5 10 15

Ala Phe Leu Leu Ile Pro GIn val Gln Leu Gln GIn Pro Gly Ala Glu
20 25 30

Leu val Arg Pro Gly Ala Ser val Lys Leu Ser Cys Lys Ala Ser Gly
35 40 45

Tyr Thr Phe Thr Ser Tyr Trp Met Asn Trp val Lys Gln Arg Pro Asp
50 55 60

Gln Gly Leu Glu Trp Ile Gly Arg Ile Asp Pro Tyr Asp Ser Glu Thr
65 70 75 80

His Tyr Asn Glnh Lys Phe Lys Asp Lys Ala Ile Leu Thr val Asp Lys

Ser Ser Ser Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Glu Asp
100 105 110

Ser Ala val Tyr Tyr Cys Ala Arg Gly Asn Trp Asp Asp Tyr Trp Gly
115 120 125

Gln Gly Thr Thr Leu Thr val Ser Ser Gly Gly Gly Gly Ser Gly Gly
130 135 140

Gly Gly ser Gly Gly Gly Gly Ser Asp val GIn Ile Thr Gln Ser Pro
145 150 155 160

Ser Tyr Leu Ala Ala Ser Pro Gly Glu Thr Ile Thr ITe Asn Cys Arg
165 170 175

Ala Ser Lys Ser Ile Ser Lys Asp Leu Ala Trp Tyr Gln Glu Lys Pro
180 185 190

Page 14



Gly

Gly

Leu

225

Gln

Glu

Pro

Lys

val

305

AsSp

Phe

Asp

Leu

385

Lys

Asp

Lys

Lys

Ile

210

Thr

Gln

Ile

Glu

290

Asp

Gly

Ash

Trp

Pro

370

Glu

Asn

Ile

Thr

Thr

195

Pro

Ile

His

Lys

Phe

275

Thr

val

val

Ser

Leu

355

Ser

Pro

Gln

Ala

Thr
435

Asn

Ser

Ser

Asn

Glu

260

Glu

Leu

Ser

Glu

Thr

340

Ash

Ser

Gln

val

val

420

Pro

Lys

Arg

Ser

Lys

Ser

Gly

Met

Gln

val

325

TYyr

Gly

Ile

val

Ser

405

Glu

Pro

Leu

Phe

Leu

230

Tyr

Lys

Gly

Ile

Glu

310

His

Arg

Lys

Glu

TYyr

Leu

Trp

val

Leu

Ser

215

Glu

Pro

Tyr

Pro

Ser

295

Asp

Asn

val

Glu

LysS

Thr

Thr

Glu

Leu

Ile

200

Gly

Pro

Tyr

Gly

Ser

280

Arg

Pro

Ala

val

Leu

Cys

Ser

Asp

Tyr

Ser

Glu

Thr

Pro

265

val

Thr

Glu

Lys

Ser

345

Lys

Pro

Leu

Asn

425

Ser

Ser

Gly

Asp

Phe

250

Pro

Phe

Pro

val

Thr

330

val

Cys

Ser

Pro

val

410

Gly

Gly

Ser

Phe

235

Gly

Cys

Leu

Glu

Gln

315

Lys

Leu

Lys

Lys

Ser

395

Lys

Gln

Ser

Gly

Ala

Gly

Pro

Phe

val

300

Phe

Pro

Thr

val

Ala

380

Gln

Gly

Pro

Asp Gly Ser

Page 15

Thr

205

Thr

Met

Gly

Pro

Pro

285

Thr

Asn

Arg

val

Ser

365

Lys

Glu

Phe

Glu

Phe
445

Leu

Asp

Tyr

Thr

Cys

270

Pro

Cys

Trp

Glu

Leu

350

Ash

Gly

Glu

Tyr

Asn

430

Phe

Gln

Phe

Tyr

Lys

val

Tyr

Glu

335

His

Lys

Gln

Met

Pro

415

Asn

Leu

Ser

Thr

Cys

240

Leu

Ala

Pro

val

val

320

Gln

Gln

Gly

Pro

Thr

400

Ser

Tyr

Tyr



Ser Arg Leu Thr val Asp Lys Ser Arg Trp Gln Glu Gly Asn val Phe
450 455 460

Ser Cys Ser val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
465 470 475 480

Ser Leu Ser Leu Ser Leu Gly Lys Met Phe Trp val Leu val val val
485 490 495

Gly Gly val Leu Ala Cys Tyr Ser Leu Leu val Thr val Ala Phe Ile
500 505 510

ITe Phe Trp val Arg Ser Lys Arg Ser Arg Gly Gly His Ser Asp Tyr
515 520 525

Met Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln
530 535 540

Pro Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser Gly Gly Gly
545 550 555 560

Arg val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly
565 570 575

Gln Asn GIn Leu Tyr Ash Glu Leu Ash Leu Gly Arg Arg Glu Glu Tyr
580 585 590

Asp val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys
595 600 605

Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys
610 615 620

Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg
625 630 635 640

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala
645 650 655

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg

660 665 670
<210> 11
<211> 679
<212> PRT
<213> Artificial Sequence
<220>

<223> amino acid sequence of the 32716CAR(S228P+L235E+N297Q) construct
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<400>

11

Met Leu Leu
1

Ala

Leu

Tyr

Lys

Thr

Ser

Thr

TYr

Ser

145

Gln

Ser

His

Arg

Gly

Asp

Phe

Lys

Ile

50

Ser

Tyr

Ala

Ala

130

Gly

Ser

Cys

Trp

Ala

210

ser

val

Leu

Phe

Ser

Ser

Thr

115

Gly

Gly

Pro

Arg

Tyr

Ser

Arg

Ala

Leu

Leu

20

Pro

Thr

Lys

Ala

Thr

100

TYr

Gln

Gly

Ala

Ala

180

Gln

Asn

Thr

Thr

val

Ile

Gly

Asn

Trp

Asp

85

Ala

Phe

Gly

Gly

Ser

165

Ser

Gln

Leu

ASp

Tyr

Thr

Pro

Glu

Tyr

Met

70

Phe

Tyr

Cys

Thr

Ser

150

Leu

Glu

Lys

Glu

Phe

230

Tyr

Ser

Gln

Thr

Gly

55

Gly

Lys

Leu

Ala

Ser

135

Gly

Ala

Ser

Pro

Ser

215

Thr

Cys

Leu

Ile

val

40

Met

Trp

Gly

His

Arg

val

Gly

val

val

Gly

Gly

Leu

Gln

Leu

Gln

25

Lys

Asn

Ile

Arg

Ile

105

ser

Thr

Gly

Ser

Asp

185

Gln

Thr

Gln

Leu
10

Leu

Trp

Asn

Phe

20

Asn

Gly

val

Gly

Leu

170

Asn

Pro

Pro

Ile

Cys

val

Ser

val

Thr

75

Ala

Asp

Gly

Ser

Ser

155

Gly

Tyr

Pro

Ala

Asn
235

Glu

Gln

Cys

Tyr

Phe

Leu

TYr

Ser

140

Asp

Gln

Gly

Lys

Arg

Pro

Ser Asn Glu

250
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Leu

Ser

Lys

Gln

Thr

Ser

Lys

ASp

125

Gly

Ile

Arg

AsSh

Leu

205

Phe

val

Asp

Pro

Gly

30

Ala

Ala

Gly

Leu

Asn

110

Pro

Gly

val

Ala

Thr

190

Leu

Ser

Glu

Pro

His

15

Pro

Ser

Pro

Glu

Glu

95

Glu

Met

Gly

Leu

Thr

175

Phe

Ile

Gly

Ala

Pro
255

Pro

Glu

Gly

Gly

Ser

80

Thr

Asp

ASD

Gly

Thr

160

Ile

Met

Tyr

Ser



Phe

Pro

Phe

Pro

305

val

Thr

val

Cys

sSer

385

Pro

val

Gly

Asp

465

His

Phe

Gly

Cys

Leu

290

Glu

Gln

Lys

Leu

Lys

Ser

Lys

Gln

Gly

Gln

Asn

Trp

Ala

Pro

275

Phe

val

Phe

Pro

Thr

355

val

Ala

Gln

Gly

Pro

435

Ser

Glu

His

val

Gly

Pro

Pro

Thr

Asn

Ser

Lys

Glu

Phe

420

Glu

Phe

Gly

Tyr

Leu
500

Thr

Cys

Pro

Cys

Trp

Glu

Leu

Asn

Gly

Glu

405

Tyr

Asn

Phe

Asn

Thr

485

val

Lys

Pro

Lys

val

310

TYyr

Glu

His

Lys

Gln

390

Met

Pro

AsSh

Leu

val

470

Gln

val

Leu

Ala

Pro

295

val

val

Gln

Gln

Gly

Pro

Thr

Ser

Tyr

Tyr

Phe

Lys

val

Glu

Pro

280

Lys

val

Asp

Phe

Arg

Lys

Asp

Lys

Ser

Ser

Ser

Gly

Leu

265

Glu

Asp

Asp

Gly

Gln

345

Trp

Pro

Glu

Ash

Ile

425

Thr

Arg

Cys

Leu

Lys Glu

Phe Glu

Thr Leu

val Ser
315

val Glu
330

Ser Thr

Leu Asn

Ser Ser

Pro Gln
395

GIn val
410

Ala val

Thr Pro

Leu Thr

Ser val
475

Ser Leu
490

val Leu

Ser

Gly

Met

300

Gln

val

Tyr

Gly

Ile

380

val

Ser

Glu

Pro

val

460

Met

Ser

Ala
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Lys

Gly

Ile

Glu

His

Arg

TYr

Leu

Trp

val

445

Asp

His

Leu

Cys

Tyr

270

Pro

Ser

Asp

Asn

val

350

Glu

Lys

Thr

Thr

Glu

430

Leu

Lys

Glu

Gly

Tyr

Gly

Ser

Arg

Pro

Ala

335

val

Tyr

Thr

Leu

Asp

Ser

Ala

Lys

Ser

Pro

val

Thr

Glu

320

Lys

Ser

Lys

Ile

Pro

400

Leu

AsSh

Ser

Arg

Leu

480

Met

Leu



Leu val Thr val Ala Phe Ile Ile Phe Trp val Arg Ser Lys Arg Ser
515 520 525

Arg Gly Gly His Ser Asp Tyr Met Asn Met Thr Pro Arg Arg Pro Gly
530 535 540

Pro Thr Arg Lys His Tyr Gln Pro Tyr Ala Pro Pro Arg Asp Phe Ala
545 550 555 560

Ala Tyr Arg Ser Gly Gly Gly Arg val Lys Phe Ser Arg Ser Ala Asp
565 570 575

Ala Pro Ala Tyr Gln Gln Gly Gln Asn GIn Leu Tyr Asn Glu Leu Asn
580 585 590

Leu Gly Arg Arg Glu Glu Tyr Asp val Leu Asp Lys Arg Arg Gly Arg

Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly
610 615 620

Leu Tyr Asn Glu Leu GIn Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu
625 630 635 640

ITe Gly Met Lys Gly Glu Arg Arg Arg g]y Lys Gly His Asp Gly Leu

Tyr GIn Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His
660 665 670

Met Gln Ala Leu Pro Pro Arg
675

<210> 12

<211> 672

<212> PRT

<213> Artificial Sequence

<220>
<223> amino acid sequence of the 26292CAR(S228P+L235E+N297Q) construct

<400> 12
Met Leu Leu Leu val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro
1 5

Ala Phe Leu Leu Ile Pro Gln val Gln Leu Gln GIn Pro géy Ala Glu
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Leu

Tyr

Gln

65

His

Ser

Ser

Gln

Gly

Ser

Ala

Gly

Gly

Leu

225

Gln

Glu

Pro

val

Thr

50

Gly

Tyr

Ser

Ala

TYyr

Ser

Lys

Ile

210

Thr

Gln

Ile

Glu

Arg

35

Phe

Leu

Asn

Ser

val

115

Thr

Ser

Leu

Lys

Thr

195

Pro

His

Lys

Phe
275

Pro

Thr

Glu

Gln

Thr

100

Tyr

Thr

Gly

Ala

Ser

180

Ash

Ser

Ser

Asn

Glu

260

Glu

Gly

Ser

Trp

Tyr

Leu

Gly

Ala

165

Ile

Lys

Arg

Ser

Lys

Ser

Gly

Ala
Tyr
Ile
70
Phe
Tyr
Cys
Thr
Gly
1
Ser
Ser
Leu
Phe
Leu
230
Tyr

Lys

Gly

Ser

Trp

55

Gly

Lys

Met

Ala

val

135

Gly

Pro

LysS

Leu

Ser

215

Glu

Pro

Tyr

Pro

val

40

Met

Arg

Asp

Gln

Arg

Ser

Ser

Gly

Asp

Ile

200

Gly

Pro

Tyr

Gly

Ser
280

Lys

Asn

Ile

Lys

Leu

105

Gly

Ser

Asp

Glu

Leu

185

TYr

Ser

Glu

Thr

Pro

265

val

Leu

Trp

Asp

Ala

20

Ser

Asn

Gly

val

Thr

170

Ala

ser

Gly

Asp

Phe

250

Pro

Ser

val

Pro

75

Ile

Ser

Trp

Gly

Gln

155

Ile

Trp

Gly

Ser

Phe

235

Gly

Cys

Cys

Lys

Tyr

Leu

Leu

Asp

Gly

Ile

Thr

TYr

Ser

Gly

Ala

Gly

Pro

Phe Leu Phe
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Lys

Gln

Asp

Thr

Thr

Asp

Gly

Thr

Ile

Gln

Thr

205

Thr

Met

Gly

Pro

Pro
285

Ala

Arg

Ser

val

Ser

110

Tyr

Ser

Gln

Ash

Glu

190

Leu

Asp

Tyr

Thr

Cys

270

Pro

Ser

Pro

Glu

Asp

95

Glu

Trp

Gly

Ser

Cys

Lys

Gln

Phe

Tyr

Lys

Pro

Lys

Gly

Asp

Thr

80

Lys

Asp

Gly

Gly

Pro

160

Arg

Pro

Ser

Thr

Cys

240

Leu

Ala

Pro



Lys

val

305

Asp

Phe

Asp

Leu

385

Lys

Asp

Lys

Ser

Ser

465

Ser

Gly

Met

290

Asp

Gly

Gln

Trp

Pro

370

Glu

Asn

Ile

Thr

450

Cys

Leu

Gly

Phe

Asn
530

Thr

val

val

Ser

Leu

355

Ser

Pro

Gln

Ala

Thr

435

Leu

Ser

Ser

val

515

Met

Leu

Ser

Glu

Thr

340

Asn

Ser

Gln

val

val

420

Pro

Thr

val

Leu

Leu

500

val

Thr

Met

Gln

val

325

Tyr

Gly

Ile

val

Ser

405

Glu

Pro

val

Met

Ser

485

Ala

Arg

Pro

Ile

Glu

310

His

Arg

Lys

Glu

Tyr

Leu

Trp

val

Asp

His

470

Leu

Cys

Ser

Arg

Ser

295

Asp

Asn

val

Glu

Lys

Thr

Thr

Glu

Leu

Gly

Tyr

Lys

Arg
535

Arg

Pro

Ala

val

Tyr

Thr

Leu

Cys

Ser

Asp

Ser

Ala

Lys

Ser

Ar

52

Pro

Thr

Glu

Lys

Ser

345

Lys

Ile

Pro

Leu

Ash

425

Ser

Arg

Leu

Met

Leu

505

Ser

Gly

Pro

val

Thr

330

val

Cys

Ser

Pro

val

410

Gly

AsSp

Trp

His

Phe

490

Leu

Arg

Pro

Glu

Gln

315

Lys

Leu

Lys

Lys

Ser

395

Lys

Gln

Gly

Gln

AsSh

475

Trp

val

Gly

Thr

val
300
Phe
Pro
Thr
val
Ala
380
GlIn
Gly
Pro
ser
Glu
460
His
val

Thr

Gly

540
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Thr

Asn

Arg

val

Ser

365

Lys

Glu

Phe

Glu

Phe

445

Gly

Tyr

Leu

val

His

525

Lys

Cys

Trp

Glu

Leu

350

Asn

Gly

Glu

Tyr

Ash

430

Phe

Ash

Thr

val

Ala

510

Ser

His

val

Tyr

Glu

335

His

Lys

Gln

Met

Pro

415

Asn

Leu

val

Gln

val

495

Phe

Asp

Tyr

val

val

320

Gln

Gln

Gly

Pro

Thr

400

Ser

TYr

TYr

Phe

Lys

val

Ile

Tyr

Gln



Pro

545

Arg

Gln

Asp

Pro

Arg

Thr

Tyr

val

Asn

val

Arg

Lys

<210>
<211>
<212>
<213>

<400>

Ala

Lys

Gln

Leu

595

Arg

Met

Gly

Asp

13
229
PRT
Homo

13

Glu Ser Lys
1

Leu

Leu

Ser

Glu

65

Thr

Asn

Gly

Met

Gln

50

val

Tyr

Gly

Gly

Ile

35

Glu

His

Arg

Lys

Pro

Phe

Leu

580

Asp

Lys

Ala

Lys

Thr
660

Pro

Ser

565

Tyr

Lys

Asn

Glu

Gly

Tyr

sapiens

Tyr

Pro

20

Ser

Asp

Asn

val

Glu

Gly
5

Ser
Arg
Pro
Ala
val

85

Tyr

Arg

Asn

Arg

Pro

Ala

630

His

Asp

Pro

val

Thr

Glu

Lys

Asp

Ser

Glu

Arg

Gln

615

Tyr

Asp

Ala

Pro

Phe

Pro

val

55

Thr

val

Cys

Phe

Ala

Leu

Gly

Glu

Ser

Gly

Leu

Cys

Leu

Glu

40

Gln

Lys

Leu

Lys

Ala

Asp

Asn

585

Arg

Gly

Glu

Leu

His
665

Pro

Phe

25

val

Phe

Pro

Thr

val

Ala

Ala

570

Leu

Asp

Leu

Ile

Tyr

650

Met

Ser

10

Pro

Thr

Asn

Arg

val
90

Tyr

555

Pro

Gly

Pro

Tyr

Gly

Gln

Gln

Cys

Pro

Cys

Trp

Glu

75

Leu

Arg

Ala

Arg

Glu

Asn

620

Met

Gly

Ala

Pro

Lys

val

Tyr

60

Glu

His

Ser Asn Lys
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Ser

Tyr

Arg

Met

605

Glu

Lys

Leu

Leu

Ala

Pro

val

45

val

Gln

Gln

Gly

Gly

Gln

Glu

590

Gly

Leu

Gly

Ser

Pro
670

Pro

Lys

val

Asp

Phe

Asp

Leu

Gly

Gln

575

Glu

Gly

Gln

Glu

Thr

655

Pro

Glu

15

Asp

Asp

Gly

Asn

Trp

95

Pro

Gly

Gly

Tyr

Lys

Lys

Arg

Ala

Arg

Phe

Thr

val

val

Ser

80

Leu

Ser



Ser

Gln

val

145

val

Pro

Thr

val

Leu
225

Ile

val

130

Ser

Glu

Pro

val

Met

210

Ser

Glu

115

Tyr

Leu

Trp

val

Leu

100

Lys

Thr

Thr

Glu

Leu

180

Lys

Glu

Gly

Thr

Leu

Cys

Ser

165

Asp

Ser

Ala

Lys

Ile

Pro

Leu

150

Asn

Ser

Arg

Leu

Ser

Pro

135

val

Gly

Asp

Trp

His
215

Lys

Ser

Lys

Gln

Gly

Gln

200

Ash

105

Ala

Gln

Gly

Pro

Ser

185

Glu

His

Lys Gly Gln

Glu Glu Met
140

Phe Tyr Pro
155

Glu Asn Asn
170
Phe Phe Leu

Gly Asn val

Tyr Thr Gln
220
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Pro

125

Thr

Ser

Tyr

Tyr

Phe

205

Lys

110

Arg

Lys

Asp

Lys

Ser

190

Ser

Ser

Glu

Asn

Ile

Thr

175

Arg

Cys

Leu

Pro

Gln

Ala

160

Thr

Leu

Ser

Ser
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