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Abstract:

The present disclosure provides anti-CCR4 chimeric antigen receptors (CARs) and compositions and
methods for modified immune cells or precursors thereof (e.g., modified T cells) comprising
anti-CCR4 CARs. Also provided are methods of using the anti-CCR4 CAR-expresing cells to treat
cancer and T cell-depleting systems for use in combination with anti-CCR4 CAR T cell therapy.
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TITLE OF THE INVENTION
CCR4-Targeting Chimeric Antigen Receptor Cell Therapy

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Patent
Application No. 63/148,489, filed February 11, 2021, which is incorporated herein by reference

in its entirety.

BACKGROUND OF THE INVENTION

A challenge when targeting T cell lymphoma by chimeric antigen receptor (CAR) T cell
therapy is that target antigens are often shared between T cells and tumor cells, resulting in
fratricidal loss of normal T cells and CAR T cell product. CC chemokine receptor 4 (CCR4) is a
G protein-coupled seven transmembrane domain chemokine receptor that binds the chemokines
CCL17/TARC and CCL22/MDC1. CCR4 is highly expressed by many mature T-cell
malignancies such as a majority of adult T-cell leukemia/lymphoma (ATLL), cutaneous T-cell
lymphomas (CTCLs) and 30-40% of peripheral T cell lymphoma (PTCL) cases, and has a
unique expression profile on normal T cells. Specifically, CCR4 is dominantly expressed by
type-2 and type-17 helper T cell (Th2 and Th17), effector-type regulatory-T cell (Treg) subsets
and cutaneous lymphocyte antigen (CLA)+ skin-homing T cells, but rarely expressed by the
other helper T cell subsets and CD8+ T cells. All T cell malignancies which express CCR4 show
poor prognosis and curative treatment is rare. In addition, CCR4 on tumors is functional and its
expression is associated with a poorer disease outcome. As such, CCR4 is a potential target for
the treatment of mature T cell malignancies.

Feasibility of CCR4 targeting therapy has been suggested in the context of monoclonal
antibody (mAb) treatment. Mogamulizumab (KW-0761) is a defucosylated humanized anti-
CCR4 mAb designed to induce enhanced antibody-dependent-cellular-cytotoxicity (ADCC) .
Phase I/II trial of mogamulizumab for CTCL or ATLL showed acceptable safety profile and
some efficacy, and a phase III trial demonstrated that mogamulizumab significantly prolonged
progression-free survival of patients with CTCL compared with vorinostat, one of the standard
therapies for CTCL. Adverse events were comparable to vorinostat and most of them were
manageable although a case of severe cutaneous hypersensitivity reaction (Stevens-Johnson
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syndrome) has been reported. Based on these trials, mogamulizumab has been approved by
Pharmaceuticals and Medical Devices Agency (PMDA) for the treatment of refractory ATLL,
CTCL and PTCL in Japan and recently approved by FDA for CTCL in the US. However, the
majority of patients treated with mogamulizumab experience recurrence, thus cure is rarely
achieved. Additionally, a previous report suggested that functional CCR4-redirected chimeric
antigen receptor (CCR4-CAR) T cells can be established (Perera LP, ef a/. Am J Hematol.
2017;92(9):892-901). However precise mechanisms of the fratricidal event and its relevance to T
cell expansion, transduction, functions, target sensing, phenotype and anti-tumor efficacy remain
unclear. Thus, there is a need in the art for novel anti-CCR4 CAR-based therapies for T cell
malignancies that overcome these obstacles and challenges. The present invention addresses this

need.

SUMMARY OF THE INVENTION

In some aspects, the invention provides an anti-CC chemokine receptor 4 (CCR4)
chimeric antigen receptor (CAR) comprising an anti-CCR4 antigen binding domain, a
transmembrane domain, and an intracellular domain.

In some embodiments, the anti-CCR4 antigen binding domain comprises at least one
heavy chain variable region (HCDR) comprising the amino acid sequence selected from the
group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 6.

In some embodiments, the anti-CCR4 antigen binding domain comprises at least one
light chain variable region (LCDR) comprising the amino acid sequence selected from the group
consisting of SEQ ID NO: 8, SEQ ID NO: 10, and SEQ ID NO: 12.

In some embodiments, the anti-CCR4 antigen binding domain is selected from the group
consisting of a full length antibody or antigen-binding fragment thereof, a Fab, a single-chain
variable fragment (scFv), or a single-domain antibody.

In some embodiments, the anti-CCR4 antigen binding domain is an anti-CCR4 single-
chain variable fragment (scFv).

In some embodiments, the anti-CCR4 antigen binding domain is an anti-CCR4 single-
chain variable fragment (scFv) having a heavy chain and a light chain derived from

mogamulizumab.
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In some embodiments, the anti-CCR4 antigen binding domain comprises a heavy chain
variable region comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 112.

In some embodiments, the anti-CCR4 antigen binding domain comprises a light chain
variable region comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 114.

In some embodiments, the anti-CCR4 antigen binding domain comprises an amino acid
sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 16.

In some embodiments, the CAR further comprises a CD8 alpha hinge, optionally wherein
the CD8 alpha hinge comprises the amino acid sequence set forth in SEQ ID NO: 34.

In some embodiments, the transmembrane domain comprises a transmembrane domain
selected from the group consisting of an artificial hydrophobic sequence, and a transmembrane
domain of a type I transmembrane protein, an alpha, beta, or zeta chain of a T cell receptor,
CD28, CD3 epsilon, CD45, CD4, CDS, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CDS80,
CD86, 0X40 (CD134), 4-1BB (CD137), ICOS, and CD154, or a transmembrane domain derived
from a killer immunoglobulin-like receptor (KIR).

In some embodiments, the transmembrane domain comprises a CD8 alpha
transmembrane domain, optionally wherein the CD8 alpha transmembrane domain comprises the
amino acid sequence set forth in SEQ 1D NO: 36.

In some embodiments, the intracellular domain comprises a costimulatory domain and an
intracellular signaling domain.

In some embodiments, the intracellular domain comprises a costimulatory domain of a
protein selected from the group consisting of proteins in the TNFR superfamily, CD28, 4-1BB
(CD137), 0X40 (CD134), PD-1, CD7, LIGHT, CD83L, DAP10, DAP12, CD27, CD2, CD5,
ICAM-1, LFA-1, Lck, TNFR-I, TNFR-IL, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3
(CD276), or a variant thereof, or an intracellular domain derived from a killer immunoglobulin-
like receptor (KIR).

In some embodiments, the intracellular domain comprises a costimulatory domain of 4-

1BB optionally comprising the amino acid sequence set forth in SEQ ID NO: 38.
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In some embodiments, the intracellular domain comprises an intracellular signaling
domain of a protein selected from the group consisting of a human CD3 zeta chain (CD3{),
FcyRIIL, FesRI, a cytoplasmic tail of an Fc receptor, an immunoreceptor tyrosine-based
activation motif (ITAM) bearing cytoplasmic receptor, TCR zeta, FcR gamma, CD3 gamma,
CD3 delta, CD3 epsilon, CDS5, CD22, CD79a, CD79b, and CD66d, or a variant thereof.

In some embodiments, the intracellular signaling domain comprises an intracellular
signaling domain of CD3( or a variant thereof, optionally comprising the amino acid sequence
set forth in SEQ ID NO: 40.

In some embodiments, the CAR comprises an anti-CCR4 antigen binding domain
comprising an anti-CCR4 scFv, a CD8 alpha hinge, a CD8 alpha transmembrane domain, an
intracellular domain comprising a 4-1BB costimulatory domain and a CD3( intracellular
signaling domain.

In some embodiments, the CAR further comprises a CD8 leader sequence, optionally
comprising the amino acid sequence set forth in SEQ ID NO: 32.

In some embodiments, the CAR comprises an amino acid sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs: 30, 54, 62, 70,
82, 90, and 102.

In some embodiments, the CAR is encoded by a nucleotide sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs: 29, 53, 61, 69,
81, 89, and 101.

In some embodiments, the CAR is linked to a safety switch via a self-cleavable linker,
and wherein the safety switch binds a satety switch agent.

In some embodiments, the safety switch is selected from: (a) truncated EGFR (EGFRt),
wherein the safety switch agent is an anti-EFGR antibody, optionally cetuximab; (b) CD20,
wherein the safety switch agent is an anti-CD20 antibody, optionally rituximab; (c¢) inducible
caspase 9 (iCasp9), wherein the safety switch agent is AP1903; and (d) Herpes simplex virus-1
thymidine kinase (HSVTK), wherein the safety switch agent is ganciclovir (GCV).

In some embodiments, the CAR is linked to a dominant negative TGFb receptor type 11
(dnTGFDbRII) via a self-cleavable linker.

In some embodiments, the safety switch is linked to a dominant negative TGFb receptor
type II (dnTGFDbRII) via a self-cleavable linker.
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In some aspects, the invention provides a nucleic acid comprising a polynucleotide
sequence encoding an anti-CCR4 CAR, wherein the CAR comprises an anti-CCR4 antigen
binding domain, a transmembrane domain, and an intracellular domain.

In some embodiments, the anti-CCR4 antigen binding domain comprises at least one
heavy chain variable region (HCDR) comprising the amino acid sequence selected from the
group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 6.

In some embodiments, the anti-CCR4 antigen binding domain comprises at least one
light chain variable region (LCDR) comprising the amino acid sequence selected from the group
consisting of SEQ ID NO: 8, SEQ ID NO: 10, and SEQ ID NO: 12.

In some embodiments, the anti-CCR4 antigen binding domain is selected from the group
consisting of a full length antibody or antigen-binding fragment thereof, a Fab, a single-chain
variable fragment (scFv), or a single-domain antibody.

In some embodiments, the anti-CCR4 antigen binding domain is an anti-CCR4 single-
chain variable fragment (scFv).

In some embodiments, the anti-CCR4 antigen binding domain is an anti-CCR4 single-
chain variable fragment (scFv) having a heavy chain and a light chain derived from
mogamulizumab.

In some embodiments, the anti-CCR4 antigen binding domain comprises a heavy chain
variable region comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 112.

In some embodiments, the anti-CCR4 antigen binding domain comprises a light chain
variable region comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% i1dentical to SEQ ID NO: 114.

In some embodiments, the anti-CCR4 antigen binding domain comprises an amino acid
sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 16.

In some embodiments, the CAR further comprises a CD8 alpha hinge, optionally wherein
the CD8 alpha hinge comprises the amino acid sequence set forth in SEQ ID NO: 34.

In some embodiments, the transmembrane domain comprises a transmembrane domain
selected from the group consisting of an artificial hydrophobic sequence, and a transmembrane
demain of a type I transmembrane protein, an alpha, beta, or zeta chain of a T cell receptor,
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CD28, CD3 epsilon, CD45, CD4, CD5, CDS, CD9, CD16, CD22, CD33, CD37, CD64, CDS0,
CD86, 0X40 (CD134), 4-1BB (CD137), ICOS, and CD154, or a transmembrane domain derived
from a killer immunoglobulin-like receptor (KIR).

In some embodiments, the transmembrane domain comprises a CD8 alpha
transmembrane domain, optionally wherein the CD8 alpha transmembrane domain comprises the
amino acid sequence set forth in SEQ ID NO: 36.

In some embodiments, the intracellular domain comprises a costimulatory domain and an
intracellular signaling domain.

In some embodiments, the intracellular domain comprises a costimulatory domain of a
protein selected from the group consisting of proteins in the TNFR superfamily, CD28, 4-1BB
(CD137), 0X40 (CD134), PD-1, CD7, LIGHT, CDS3L, DAP10, DAP12, CD27, CD2, CD5,
ICAM-1, LFA-1, Lck, TNFR-I, TNFR-IL, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3
(CD276), or a variant thereof, or an intracellular domain derived from a killer immunoglobulin-
like receptor (KIR).

In some embodiments, the intracellular domain comprises a costimulatory domain of 4-
1BB optionally comprising the amino acid sequence set forth in SEQ ID NO: 38.

In some embodiments, the intracellular domain comprises an intracellular signaling
domain of a protein selected from the group consisting of a human CD3 zeta chain (CD3(),
FcyRIIL, FesRI, a cytoplasmic tail of an Fc receptor, an immunoreceptor tyrosine-based
activation motif (ITAM) bearing cytoplasmic receptor, TCR zeta, FcR gamma, CD3 gamma,
CD3 delta, CD3 epsilon, CD5, CD22, CD79a, CD79b, and CD66d, or a variant thereof.

In some embodiments, the intracellular signaling domain comprises an intracellular
signaling domain of CD3( or a variant thereof, optionally comprising the amino acid sequence
set forth in SEQ ID NO: 40.

In some embodiments, the CAR comprises an anti-CCR4 antigen binding domain
comprising an anti-CCR4 scFv, a CD8 alpha hinge, a CD8 alpha transmembrane domain, an
intracellular domain comprising a 4-1BB costimulatory domain and a CD3{ intracellular
signaling domain.

In some embodiments, the CAR further comprises a CD8 leader sequence, optionally

comprising the amino acid sequence set forth in SEQ ID NO: 32.
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In some embodiments, the CAR comprises an amino acid sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs: 30, 54, 62, 70,
82, 90, and 102.

In some embodiments, the CAR is encoded by a nucleotide sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs: 29, 53, 61, 69,
81, 89, and 101.

In some embodiments, the CAR is linked to a safety switch via a self-cleavable linker,
and wherein the safety switch binds a safety switch agent.

In some embodiments, the safety switch is selected from: (a) truncated EGFR (EGFRt),
wherein the safety switch agent is an anti-EFGR antibody, optionally cetuximab; (b) CD20,
wherein the safety switch agent is an anti-CD20 antibody, optionally rituximab; (c¢) inducible
caspase 9 (1Casp9), wherein the safety switch agent is AP1903; and (d) Herpes simplex virus-1
thymidine kinase (HSVTK), wherein the satety switch agent is ganciclovir (GCV).

In some embodiments, the CAR is linked to a dominant negative TGFb receptor type 11
(dnTGFDbRII) via a self-cleavable linker.

In some embodiments, the safety switch is linked to a dominant negative TGFb receptor
type II (dnTGFDbRII) via a self-cleavable linker.

In some aspects, the invention provides a vector comprising the nucleic acid described
herein.

In some embodiments, the vector is a viral vector selected from the group consisting of a
retroviral vector, a lentiviral vector, an adenoviral vector, and an adeno-associated viral vector.

In some embodiments, the viral vector is a lentiviral vector.

In some aspects, the invention provides a modified immune cell or precursor cell thereof,
comprising the CAR described herein, the nucleic acid described herein, and/or the vector
described herein.

In some embodiments, the modified immune cell or precursor cell thereof further
comprises one or more of the following;

(a) a CCR4 null knockout allele;

(b) suppressed CCR4 gene expression; and

© a fusion protein comprising an anti-CCR4 scFv and a KDEL motif and/or a

nucleic acid encoding the fusion protein.
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In some embodiments, the CCR4 null knockout allele or suppressed CCR4 gene
expression is obtained via a genetic engineering technique comprising a nuclease selected from
the group consisting of a clustered regularly interspaced short palindromic repeats (CRISPR)
associated nuclease, a transcription activator-like effector nuclease (TALEN), and a zinc-finger
nuclease.

In some embodiments, the modified immune cell or precursor cell thereof further
comprises an inhibitory RNA molecule which suppresses CCR4 gene expression.

In some embodiments, the inhibitory RNA molecule is selected from the group consisting
of: an RNA interference (RNAi) RNA, a short hairpin RNA (shRNA), a small interfering RNA
(siRNA), a trans-acting siRNA (tasiRNA), a micro RNA (miRNA), an antisense RNA (asRNA),
a long noncoding RNA (IncRNA), a CRISPR RNA (crRNA), a trans-activating crRNA
(tractRNA), a guide RNA (gRNA), a single guide RNA (sgRNA), a double-stranded RNA
(dsRNA), a ribozyme, and any combination thereof.

In some embodiments, the modified cell is an autologous cell.

In some embodiments, the modified immune cell is derived from peripheral blood
mononuclear cells (PBMCs).

In some embodiments, the PBMCs comprise tumor cells.

In some embodiments, the modified immune cell or precursor cell thereof is a cell
isolated from a human subject.

In some embodiments, the modified immune cell is a modified T cell.

In some aspects, the invention provides a method for generating a modified immune cell
or precursor cell thereof, comprising introducing into the immune or precursor cell thereof the
nucleic acid described herein or the vector described herein.

In some embodiments, the vector is introduced via viral transduction.

In some aspects, the invention provides a method of treating cancer in a subject in need
thereof, comprising administering to the subject the modified immune or precursor cell of any
one of embodiments 54-63, or a modified immune or precursor cell thereof generated by the
method of embodiment 64 or embodiment 65.

In some embodiments, the modified cell depletes CCR4-positive T cells and not CCR4-
negative T cells in the subject, thereby treating the cancer.

In some embodiments, the subject has previously been administered mogamulizumab.

8
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In some embodiments, the cancer is refractory to mogamulizumab.

In some aspects, the invention provides a method of treating cancer in a subject in need
thereof, comprising administering to the subject a modified T cell comprising an anti-CCR4
CAR, wherein the CAR comprises an anti-CCR4 antigen binding domain, a transmembrane
domain, and an intracellular domain.

In some embodiments, the anti-CCR4 antigen binding domain comprises at least one
heavy chain variable region (HCDR) comprising the amino acid sequence selected from the
group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 6.

In some embodiments, the anti-CCR4 antigen binding domain comprises at least one
light chain variable region (LCDR) comprising the amino acid sequence selected from the group
consisting of SEQ ID NO: 8, SEQ ID NO: 10, and SEQ ID NO: 12.

In some embodiments, the anti-CCR4 antigen binding domain is selected from the group
consisting of a full length antibody or antigen-binding fragment thereot, a Fab, a single-chain
variable fragment (scFv), or a single-domain antibody.

In some embodiments, the anti-CCR4 antigen binding domain is an anti-CCR4 single-
chain variable fragment (scFv).

In some embodiments, the anti-CCR4 antigen binding domain is an anti-CCR4 single-
chain variable fragment (scFv) having a heavy chain and a light chain derived from
mogamulizumab.

In some embodiments, the anti-CCR4 antigen binding domain comprises a heavy chain
variable region comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 112.

In some embodiments, the anti-CCR4 antigen binding domain comprises a light chain
variable region comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to SEQ ID NO: 114.

In some embodiments, the anti-CCR4 antigen binding domain comprises an amino acid
sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 16.

In some embodiments, the CAR further comprises a CD8 alpha hinge, optionally

wherein the CD8 alpha hinge comprises the amino acid sequence set forth in SEQ ID NO: 34.
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In some embodiments, the transmembrane domain comprises a transmembrane domain
selected from the group consisting of an artificial hydrophobic sequence, and a transmembrane
demain of a type I transmembrane protein, an alpha, beta, or zeta chain of a T cell receptor,
CD28, CD3 epsilon, CD45, CD4, CDS, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CDS80,
CD86, 0X40 (CD134), 4-1BB (CD137), ICOS, and CD154, or a transmembrane domain derived
from a killer immunoglobulin-like receptor (KIR).

In some embodiments, the transmembrane domain comprises a CD8 alpha
transmembrane domain, optionally wherein the CD8 alpha transmembrane domain comprises the
amino acid sequence set forth in SEQ ID NO: 36.

In some embodiments, the intracellular domain comprises a costimulatory domain and an
intracellular signaling domain.

In some embodiments, the intracellular domain comprises a costimulatory domain of a
protein selected from the group consisting of proteins in the TNFR superfamily, CD28, 4-1BB
(CD137), 0X40 (CD134), PD-1, CD7, LIGHT, CDS3L, DAP10, DAP12, CD27, CD2, CD5,
ICAM-1, LFA-1, Lck, TNFR-I, TNFR-IIL, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3
(CD276), or a variant thereof, or an intracellular domain derived from a killer immunoglobulin-
like receptor (KIR).

In some embodiments, the intracellular domain comprises a costimulatory domain of 4-
1BB optionally comprising the amino acid sequence set forth in SEQ ID NQO: 38.

In some embodiments, the intracellular domain comprises an intracellular signaling
domain of a protein selected from the group consisting of a human CD3 zeta chain (CD3(),
FcyRIIL, FesRl, a cytoplasmic tail of an Fc receptor, an immunoreceptor tyrosine-based
activation motif (ITAM) bearing cytoplasmic receptor, TCR zeta, FcR gamma, CD3 gamma,
CD3 delta, CD3 epsilon, CD5, CD22, CD79a, CD79b, and CD66d, or a variant thereof.

In some embodiments, the intracellular signaling domain comprises an intracellular
signaling domain of CD3( or a variant thereof, optionally comprising the amino acid sequence
set forth in SEQ ID NO: 40.

In some embodiments, the CAR comprises an anti-CCR4 antigen binding domain
comprising an anti-CCR4 scFv, a CD® alpha hinge, a CD8 alpha transmembrane domain, an
intracellular domain comprising a 4-1BB costimulatory domain and a CD3( intracellular
signaling domain.

10
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In some embodiments, the CAR further comprises a CD8 leader sequence, optionally
comprising the amino acid sequence set forth in SEQ ID NO: 32.

In some embodiments, the CAR comprises an amino acid sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs: 30, 54, 62, 70,
82, 90, and 102.

In some embodiments, the CAR is encoded by a nucleotide sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs: 29, 53, 61, 69,
81, 89, and 101.

In some embodiments, the CAR is linked to a safety switch via a self-cleavable linker,
and wherein the safety switch binds a safety switch agent.

In some embodiments, the safety switch is selected from: (a) truncated EGFR (EGFRt),
wherein the safety switch agent is an anti-EFGR antibody, optionally cetuximab; (b) CD20,
wherein the safety switch agent is an anti-CD20 antibody, optionally rituximab; (c) inducible
caspase 9 (iCasp9), wherein the safety switch agent is AP1903; and (d) Herpes simplex virus-1
thymidine kinase (HSVTK), wherein the safety switch agent is ganciclovir (GCV).

In some embodiments, the CAR is linked to a dominant negative TGFDb receptor type 11
(dnTGFDbRII) via a self-cleavable linker.

In some embodiments, the safety switch is linked to a dominant negative TGFb receptor
type II (dnTGFDbRII) via a self-cleavable linker.

In some embodiments, the method further comprises administering the safety switch
agent to the subject.

In some embodiments, the modified T cell depletes CCR4-positive T cells and not CCR4-
negative T cells in the subject, thereby treating the cancer.

In some embodiments, the modified T cell is derived from PBMCs.

In some embodiments, the PBMCs comprise tumor cells.

In some embodiments, the modified T cell is a human T cell.

In some embodiments, the modified T cell is autologous.

In some embodiments, the subject is human.

In some embodiments, the subject has previously been administered mogamulizumab.

In some embodiments, the cancer is refractory to mogamulizumab.

11
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the present invention will be more
fully understood from the following detailed description of illustrative embodiments taken in
conjunction with the accompanying drawings.

FIG. 1 illustrates the finding that subcutaneous T cell lymphoma cells express high levels
of CCR4. CCR4 expression on skin biopsy samples from four patients with CTCL were
evaluated with immunohistochemistry (IHC). Each scale bar represents 100um.

FIG. 2 illustrates the finding that normal tissues rarely express CCR4. CCR4 expression
on normal tissue microarray (TMA) for 27 organs (triplicate) were analyzed. L.ower table
represents the map of TMA.

FIG. 3 depicts a schematic representation of CCR4-CAR construct. CD8 leader, CD8
leader sequence; scFv, single chain variable fragment; TM, transmembrane domain.

F1G. 4 illustrates the finding that CCR4-CAR T cells can expand while depleting CCR4
expressing T cells. Expansion of T cells transduced with CCR4-CAR for 21 days (left panel) and
total doublings at day 10 (right panel). Left panel shows the representative T cell expansion
curves. T cells were counted and diluted to 0.7 x 10° cells/ml by adding fresh media every to
every other day. T cells were harvested when the T cell sizes went down to 350um? for the
subsequent experiments, when a part of cells were spared to continue counting. Right panel
shows pooled data of total T cell expansion at day 10 post anti-CD3/28 stimulation. Dots and
bars represent means and standard error of means (SEM) (n=5). Data are representative (left
panel) or pooled (right panel) from 5 experiments from 5 donors. ns, not significant; *, p<0.05;
*E p<0.01; *** p<0.001; **** p<0.0001 (v.s. CDI9CART group) by one-way ANOVA with
Tukey’s post-hoc test.

FIG. 5 depicts final yield of CAR T cell product. T cells were stimulated with anti-
CD3/CD28 beads then transduced either with CCR4-CAR, control CD19-CAR or untraduced. T
cells were harvested and frozen when the cell sizes went down to 350 um® for subsequent
experiments (typically between day 10 and 14 post beads stimulation). Overall doublings of T
cells at the day of harvesting are shown. Bars represent mean and SEM. Data are pooled of 5
experiments from 5 donors. ns, not significant; *, p<0.05; *** p<0.001 (v.s. 19CART group) by

one-way ANOVA with Tukey’s post-hoc test.
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FIG. 6 depicts T cell size during CAR T cell expansion. T cell size were analyzed every
to every other day by a cell counter (Coulter counter) (right panel). Size at day 10 from pooled
data are shown in right panel. Data are representative or pooled of 5 experiments from 5 donors.

FIG. 7 illustrates the finding that CCR4-CAR T cells can expand while depleting CCR4
expressing T cells. Time course analysis of T cell viability. Cell viability was analyzed by amine
reactive dye staining (LIVE-DEAD staining) and FCM. Dots and bars represent means and SEM
(n=5). Statistical analysis was applied to data at day 10. Data are pooled from 5 experiments
from S donors. ns, not significant; *, p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001 (v.s.
CD19CART group) by one-way ANOVA with Tukey’s post-hoc test.

FIG. 8 depicts T cell memory phenotype by CD45R0O and CCR7 expression at day 10.
Numbers denote percentage of cells in each quadrant.

FIG. 9 illustrates the finding that CCR4-CAR T cells can expand while depleting CCR4
expressing T cells. Time course analysis of CAR expression of T cells showing CAR positive
cell selection in some types of CAR T cells. Dots and bars represent means and SEM (n=35).
Statistical analysis was applied to data at day 10. Data are pooled from 5 experiments from 5
donors. ns, not significant; *, p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001 (v.s.
CD19CART group) by one-way ANOVA with Tukey’s post-hoc test.

FIG. 10 depicts expression of CARs on the surface of T cells. CAR expression was
analyzed at day 10 post stimulation by FCM. Gates represents CAR positive population and
numbers denote CAR positive percentages.

FIG. 11 depicts anti-CCR4 mAbs used for CCR4-CAR constructiocn do not share the
epitope of CCR4 with the detection antibody. CCR4 on HH cells was blocked either with
purified CCR4 mAb clones KW-0761 or h1567, and then stained either with clones KW-0761
(Ax647 conjugated), h1567 (PE conjugated) or DS8SEE (PE conjugated). CCR4 was analyzed by
FCM. CCR4 was still detectable even after CCR4 blocking with clones KW-0761 and h1567
although KW-0761 slightly decreased detection efficiency by the detection mAb (D8SEE).

FIG. 12 illustrates the finding that CCR4-CAR T cells can expand while depleting CCR4
expressing T cells. Representative flow plots showing expression of CAR and CCR4 on T cells
at day 6 post stimulation. Numbers denote percentage of cells in each quadrant. Data are

representative from 5 experiments from 5 donors. ns, not significant; *, p<0.05; **, p<0.01; ***,

13

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

p<0.001; **** p<0.0001 (v.s. CD19CART group) by cne-way ANOVA with Tukey’s post-hoc
test.

FIG. 13 illustrates the finding that CCR4-CAR T cells can expand while depleting CCR4
expressing T cells. Representative kinetics of CCR4 expression (left panels) and pooled data of
CCR4 expression at day 10 (right panel). Bars represent mean and SEM (n—5). Data are
representative (left panel) or pooled (right panel) from 5 experiments from 5 donors. ns, not
significant; *, p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001 (v.s. CD19CART group) by
one-way ANOVA with Tukey’s post-hoc test.

FIG. 14 depicts change of CD4/8 ratio during CAR T cell expansion. CD4/8 ratio in
CAR positive population (upper panel) and CAR negative population (lower panel) at each time
point was analyzed by FCM. Data are pooled of 5 experiments from 5 donors. ns, not significant;
* p<0.05; ** p<0.01 (v.s. 19CART group at day 10) by one-way ANOVA with Tukey’s post-
hoc test.

FIG. 15 depicts HH cells transduced with two different CCR4-CARs; CCR4-

CAR(KW L2H) and CCR4-CAR(h1567 1.2H) (related to FIG. 16). CCR4-CAR expression on
HH cells were analyzed by FCM.

FIG. 16 illustrates the finding that CCR4-CAR T cells can expand while depleting CCR4
expressing T cells. Epitope specific blocking of CCR4 by CCR4-CAR on HH cells. CCR4
expression detected either with anti-CCR4mAb clone h1567 (left panel) or anti-CCR4 mAb
clone KW-0761 (right panel) on HH cells transduced with indicated CCR4 CAR is shown. Data
are representative of 2 experiments. ns, not significant; *, p<0.05; ** p<0.01; ***, p<0.001;
rHkk p<0.0001 (v.s. CD19CART group) by one-way ANOV A with Tukey’s post-hoc test.

FIG. 17 illustrates the finding that fratricide changes Th subset proportion with decreased
Th2, Th17 and Treg cytokine production while spared Th1 cytokine production. Ratio of Th1
subset and Th2 subset of CAR T cell products. Th1 subset was defined as CD4(+), CXCR3(+),
CCRA4(-), CCRO6(-) and CCR10(-). Th2 subset was defined as CD4(+), CXCR3(-), CCR4(+),
CCRO6(-) and CCR10(-) by FCM. Phenotypes were analyzed by gating CAR positive population
with exception of UTD group. Data are pooled from 3 experiments from 3 donors. Bars represent
means and SEM (n=3). ns, not significant; ***, p<0.001; **** p<0.0001 (v.s. CD19-CAR T
group) by one-way ANOVA with Tukey’s post-hoc test.
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FIG. 18 illustrates the finding that fratricide changes Th subset proportion with decreased
Th2, Th17 and Treg cytokine production while spared Th1 cytokine production. Heat map of Th-
related cytokine production by CCR4-CAR T cells relative to CD19-CAR T cells. CAR T cells
were stimulated with PMA/Iono. Cytokine levels of supernatant at 24 hours post stimulation
were analyzed by LUMINEX assay. Cytokine levels from CD19-CAR T cells were set to one.
Data are representative of 2 experiments from 2 donors.

F1G. 19 illustrates the finding that fratricide changes Th subset proportion with decreased
Th2, Th17 and Treg cytokine production while spared Th1 cytokine production. Depletion of
CCR4 positive subsets by adding CCR4-CAR T cells to CD19-CAR T cells. T cells were
stimulated and transduced with either CCR4 CAR or CD19 CAR separately. 10% number of
CCR4-CAR T cells were added to CD19-CAR T cells at day5 after stimulation. CCR4
expression in CD19-CAR positive cells were analyzed at day10. Numbers denote percentage of
cells in each quadrant. Data are representative of 2 experiments from 2 donors.

FIG. 20 illustrates the finding that fratricide changes Th subset proportion with decreased
Th2, Th17 and Treg cytokine production while spared Th1 cytokine production. Heat map of Th-
related cytokine production by CD19-CAR T cells pre-treated with CCR4-CAR T cells relative
to untreated CD19-CAR T cells. CAR T cells were stimulated with the indicated stimulator.
Cytokine levels of supernatant at 24 hours post stimulation were analyzed by LUMINEX assay.
Cytokine levels from untreated CD19-CAR T cells were set to one.

FIG. 21 depicts expression of CCR4 on tumor cell lines by FCM. Numbers in each
column denote MF1 of CCR4-PE. Nalm6, HH, MJ, and HuT78 are cell lines derived from
patients with B-ALL, leukemic CTCL, Sezary syndrome, and HTL V-1 positive MF respectively.

FIG. 22 depicts lytic activity of CAR T cells against tumor cell lines. CAR T cells and
tumor cells expressing luciferase were incubated at the indicated E: T ratio. Specific lysis at 16
hours of co-culture was determined based on luminescence. Bars represent means and SD
(triplicate). Data are representative of 3 experiments from 3 denors.

FIG. 23 depicts degranulation and cytokine production by CCR4-CAR T cells. CAR T
cells were stimulated either with media, PMA-Iono or the indicated cells at 1:4 R:S ratio in the
existence of monensin and CD107a detecting antibody. Cells were stained for intracellular
cytokines after 6 hours co-culture using FoxP3 staining buffer set and analyzed by FCM. Bars
represent means and SD (duplicate). Data are representative of 3 experiments from 3 donors.
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FIG. 24 illustrates the finding that CCR4-CAR(KW _L2H) cures HH cell xenograft mice
and induce superior T cell engraftment. Experiment schematic. NSG mice were intravenously
inoculated with 1x10° HH cells expressing luciferase (HH-CGB-GFP). Engrafted tumors were
intravenously treated with either 0.5 x 10° CCR4-CAR positive T cells or un-transduced T cells 7
days post tumor cell inoculation. Data are representative of 2 experiments from 2 donors.

F1G. 25 illustrates the finding that CCR4-CAR(KW _L2H) cures HH cell xenograft mice
and induce superior T cell engraftment. Overall kinetics of tumor burden by BLI. The dash line
represents the background level of photons determined by imaging no tumor mice. Dots and bars
represent means and SEM (n=4 for UTD group and n=5 for the other groups). Data are
representative of 2 experiments from 2 donors.

FIG. 26 illustrates the finding that CCR4-CAR(KW _L2H) cures HH cell xenograft mice
and induce superior T cell engraftment. Survival curve by Kaplan-Meier method. *, p<0.05; **,
p<0.01 (v.s. KW_1.2H group) by Log-rank test. Data are representative of 2 experiments from 2
donors.

FIG. 27 illustrates the finding that CCR4-CAR(KW L2H) cures HH cell xenograft mice
and induce superior T cell engraftment. T cell count of peripheral blood at day 12 and 19 by
FCM. *, p<0.05; **, p<0.01; *** p<0.001; **** p<0.0001 (v.s. KW_L2H group) by one-way
ANOVA with Tukey’s post-hoc test. Data are representative of 2 experiments from 2 donors.

FIG. 28 depicts BW change during CCR4-CAR T cell treatment. Dots and bars represent
means and SEM (n=4 for UTD group and n=5 for the other groups). Some mice showed rapid
BW gain within 30 days after treatment, which reflected hepatosplenomegaly caused by tumor
invasion. Slow BW gain of the KW _L2H group was related with normal growth of mice as all
the mice from the KW _L2H group kept CR during treatment.

FIG. 29 depicts CD19 expression on HH cells transduced with truncated CD19. HH cells
were transduced with truncated CD19 and sorted repeatedly to purify CD19 positive population.
Dot plots are showing 100% purity of CD19 expression in FCM. Gates represent CD19 positive
population and numbers denote percentage of positive cells (left panel) or MFI of PE (right
panel).

FIG. 30 illustrates the finding that CCR4-CAR(KW L2H) induces antitumor efficacy
comparable to that of CD19-CAR in NSG mice engrafted with HH expressing CD19 (HH-CBG-
GFP-t19). Experiment schematic. NSG mice were intravenously inoculated with 1x10® HH cells
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expressing luciferase and truncated CD19 (HH-CGB-GFP-t19). Engrafted tumors were
intravenously treated with either 2 x 10° CCR4-CAR positive T cells or UTD T cells 7 days post
tumor cell inoculation.

FIG. 31 illustrates the finding that CCR4-CAR(KW_L.2H) induces antitumor efficacy
comparable to that of CD19-CAR in NSG mice engrafted with HH expressing CD19 (HH-CBG-
GFP-t19). Overall kinetics of tumor burden by BLI. Dash line represents the background level of
photons determined by imaging no tumor mice. Dots and bars represent means and SEM (n=5
for UTD group and n=7 for the other groups). Data are representative of 2 experiments from 2
donors.

FIG. 32 illustrates the finding that CCR4-CAR(KW_1.2H) induces antitumor efficacy
comparable to that of CD19-CAR in NSG mice engrafted with HH expressing CD19 (HH-CBG-
GFP-t19). T cell counts of peripheral blood at day 7 and 14. Peripheral blood was analyzed for T
cell counts at day7 and day14 by FCM using counting beads. Bars represent means and SEM
(n=5 for UTD group and n=7 for the other groups). Data are representative of 2 experiments
from 2 donors.

FIG. 33 depicts T cell counts of peripheral blood at days 7, 14 and 28 (related with FIG.
32). Peripheral blood was analyzed for total T cell, CD4 and CD8 T cell counts by FCM. Bars
represent means and SEM. Dots and bars represent mean and SEMs. Data are representative of 2
experiments from 2 donors.

FIG. 34 illustrates the finding that CCR4-CAR(KW_L2H) induces antitumor efficacy
comparable to that of CD19-CAR in NSG mice engrafted with HH expressing CD19 (HH-CBG-
GFP-t19). Cytokine levels of serum at day 6. Serum was collected from mouse whole blood at
day 6 using the same experimental schedule as figure A, B and C. Cytokines were analyzed by
high sensitivity LUMINEX assay. Bars represent means and SEM (n=4 for UTD group and 5 for
the other groups.). ns, not significant; *, p<0.05; ** p<0.01; **** p<0.0001 by one-way
ANOVA with Tukey’s post-hoc test.

FIG. 35 depicts phenotypes of primary CTCL cells. Primary CTCL cells were obtained
from a patient with Sezary syndrome. Phenotypes of tumor cells were analyzed by FCM. Normal
T cell population (CD8 positive or CD4, CD7 and CD26 positive) were very rare.

FIG. 36 illustrates the finding that CCR4-CAR T cells can lyse and respond to patient
derived primary CTCL cells. Cytokine production by CCR4-CAR T cells upon the stimulation of
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primary CTCL cells. Cytokine production of CAR T cells at 6 hours post stimulation was
analyzed by intracellular staining and FCM. Gates represent positive population of indicated
cytokines in CAR positive cells. Data are representative of 2 experiments from 2 donors.

FIG. 37 illustrates the finding that CCR4-CAR T cells can lyse and respond to patient
derived primary CTCL cells. Lytic activity of CCR4-CAR T cells against primary CTCL cells.
Killing activity of CAR T cells against each cell at 4 hours of co-culture was analyzed by >'Cr
release assay. Dots and bars represent mean and SD (triplicate). Data are representative of 2
experiments from 2 donors.

FI1G. 38 illustrates the CCR4CAR_KW _L2H tEGFR vector map.

FIG. 39 illustrates the CCR4CAR KW _ 1.2H CD20 vector map.

FIG. 40 illustrates the CCR4CAR_KW I1.2H iCasp9 vector map.

FIG. 41 illustrates the CCR4CAR_KW L2H HSVTK vector map.

FIG. 42 is a plot illustrating GCV-induced depletion of CAR T cells in seven-day culture
using the HSVTK depletion system.

FIG. 43 illustrates the dnTGFbR-T2A-CCR4CAR-P2A-HSVTK vector map.

FIG. 44 illustrates the CCR4CAR-P2A-dnTGFbR-T2A-HSVTK vector map.

FIG. 45 illustrates the CCRACAR-P2A-HSVTK-T2A-dnTGFbR vector map.

FIG. 46 is a plot illustrating cytotoxicity of CCR4CAR-HSVTK-dnTGFbRIIL.

FIG. 47 provides data illustrating the finding that shRNAs targeting CCR4 (shCCR4s)
efficiently knock down CCR4 in CCR4-expressing T cell lines HH and ATN-1. HH
cells (left panels) and ATN-1 cells (right panels) were transduced with sh-CCR4 or
sh-Cre (negative control) using lentivirus. CCR4 expression was analyzed at day 2
post sh-RNA by FCM.

FIGs. 48A-48D illustrate the finding that CCR4 knock down CCR4CART cells can be
efficiently produced by careful selection of sh-CCR4 target sequences. FIG. 48A provides the
schedule for shCCR4 and CCR4-CAR double transduction. FIG. 48B provides data showing
decreased CCR4 expression on T cells at day 3 post anti-CD3/28 stimulation (day2 post sh-RNA
introduction). FIG. 48C shows CART cells expansion during CCR4 knock down CCR4-CAR T
cell preparation. Sh-CCR4#3 that provides the lowest knock down efficiency induced greater T
cell expansion. FIG. 48D shows CCR4-CAR expression on days 5 and 10 post T cell
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stimulation. Sh-CCR4#3 that has the lowest CCR4 knock down efficiency induced greater T cell
expansion and CAR transduction efficiency.

FIGs. 49A-49B illustrate the finding that CCR4-CART cells can cure mogamulizumab-
resistant tumors. FIG. 49A is a schematic representation of the mogamulizumab-resistant HH
tumor xenograft mouse model. FIG. 49B provides data illustrating the finding that CCR4-CAR T
cells can cure mogamulizumab refractory HH tumors.

FIGs. S0A-50B illustrate the finding that CCR4-CAR T cells can be established
efficiently and safely from patient derived PBMCs. FIG. 50A shows CCR4-CAR and CD19-
CAR expression on T cells at days 7, 14 and 24 post T cell stimulation. FIG. S0B shows a
significant decrease of contaminated ATLL cells in CCR4-CAR T cell product but not in CD19-
CAR T cell product.

DETAILED DESCRIPTION

The present invention is based on the discovery that CCR4-CAR T cells comprising an
anti-CCR4 CAR derived from mogamulizumab are highly effective for killing tumor cells,
including mogamulizumab refractory tumor cells. Efficacy was shown to be associated with
fratricidal depletion of Th2, Treg and Th17 subsets (all CCR4 positive) while sparing the Th1
subset (CCR4 negative).

The present invention provides compositions and methods for modified immune cells or
precursors thereof (e.g., modified T cells) comprising chimeric antigen receptors (CARs) capable
of binding CCR4 (anti-CCR4 CARs). Also provided are methods of using the anti-CCR4 CAR-
expresing cells to treat cancer, and T cell-depleting systems for use in combination with anti-
CCR4 CAR cell therapy. In one aspect, the invention provides a method of treating cancer
comprising administering modified cells comprising an anti-CCR4 CAR to a subject having
cancer, wherein the modified cells deplete CCR4-positive T cells and not CCR4-negative T cells
in the subject, thereby treating the cancer.

Optimization of a CAR construct, in particular the scFv, may enhance CAR potency.
Therefore, in one embodiment, the present disclosure identifies highly effective CCR4-CAR T
cells for the treatment of T cell malignancies, and determines the impact ot potential CCR4-CAR

mediated fratricide of normal T cells and CAR T cell product. In other embodiments, the present
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disclosure provides T cell-depleting systems for use as a safety switch in combination with anti-
CCR4 CAR cell therapy to shutdown CAR T cells when off-tumor toxicity is observed.

It is to be understood that the methods described in this disclosure are not limited to
particular methods and experimental conditions disclosed herein as such methods and conditions
may vary. Itis also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting.

Furthermore, the experiments described herein, unless otherwise indicated, use
conventional molecular and cellular biological and immunological techniques within the skill of
the art. Such techniques are well known to the skilled worker, and are explained fully in the
literature. See, e.g., Ausubel, et al | ed., Current Protocols in Molecular Biology, John Wiley &
Sons, Inc., NY, N.Y. (1987-2008), including all supplements, Molecular Cloning: A Laboratory
Manual (Fourth Edition) by MR Green and J. Sambrook and Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, Cold Spring Harbor Laboratory, Cold Spring Harbor (2013, 2nd

edition).

A. Definitions

Unless otherwise defined, scientific and technical terms used herein have the meanings
that are commonly understood by those of ordinary skill in the art. In the event of any latent
ambiguity, definitions provided herein take precedent over any dictionary or extrinsic definition.
Unless otherwise required by context, singular terms shall include pluralities and plural terms
shall include the singular. The use of “or” means “and/or” unless stated otherwise. The use of
the term “including,” as well as other forms, such as “includes™ and “included,” is not limiting.

Generally, nomenclature used in connection with cell and tissue culture, molecular
biology, immunology, microbiology, genetics and protein and nucleic acid chemistry and
hybridization described herein is well-known and commeonly used in the art. The methods and
techniques provided herein are generally performed according to conventional methods well
known in the art and as described in various general and more specific references that are cited
and discussed throughout the present specification unless otherwise indicated. Enzymatic
reactions and purification techniques are performed according to manufacturer’s specifications,
as commonly accomplished in the art or as described herein. The nomenclatures used in
connection with, and the laboratory procedures and techniques of, analytical chemistry, synthetic

20

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

organic chemistry, and medicinal and pharmaceutical chemistry described herein are those well-
known and commonly used in the art. Standard techniques are used for chemical syntheses,
chemical analyses, pharmaceutical preparation, formulation, and delivery, and treatment of
patients.

That the disclosure may be more readily understood, select terms are defined below.

The articles “a” and “an” are used herein to refer to one or to more than one (i.¢., to at
least one) of the grammatical object of the article. By way of example, “an element” means one
element or more than one element.

“About” as used herein when referring to a measurable value such as an amount, a
temporal duration, and the like, is meant to encompass variations of £20% or £10%, more
preferably +5%, even more preferably +1%, and still more preferably +£0.1% from the specified
value, as such variations are appropriate to perform the disclosed methods.

“Activation,” as used herein, refers to the state of a T cell that has been sufficiently
stimulated to induce detectable cellular proliferation. Activation can also be associated with
induced cytokine production, and detectable effector functions. The term “activated T cells”
refers to, among other things, T cells that are undergoing cell division.

As used herein, to “alleviate” a disease means reducing the severity of one or more
symptoms of the disease.

The term “antigen” as used herein is defined as a molecule that provokes an immune
response. This immune response may involve either antibody production, or the activation of
specific immunologically-competent cells, or both. The skilled artisan will understand that any
macromolecule, including virtually all proteins or peptides, can serve as an antigen.

Furthermore, antigens can be derived from recombinant or genomic DNA. A skilled
artisan will understand that any DNA, which comprises a nucleotide sequences or a partial
nucleotide sequence encoding a protein that elicits an immune response therefore encodes an
“antigen” as that term is used herein. Furthermore, one skilled in the art will understand that an
antigen need not be encoded solely by a full length nucleotide sequence of a gene. Itis readily
apparent that the present invention includes, but is not limited to, the use of partial nucleotide
sequences of more than one gene and that these nucleotide sequences are arranged in various
combinations to elicit the desired immune response. Moreover, a skilled artisan will understand
that an antigen need not be encoded by a “gene” at all. It is readily apparent that an antigen can
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be generated synthesized or can be derived from a biological sample. Such a biological sample
can include, but is not limited to a tissue sample, a tumor sample, a cell or a biological fluid.

As used herein, the term “autologous” is meant to refer to any material derived from the
same individual to which it is later to be re-introduced into the individual.

A “co-stimulatory molecule” refers to the cognate binding partner on a T cell that
specifically binds with a co-stimulatory ligand, thereby mediating a co-stimulatory response by
the T cell, such as, but not limited to, proliferation. Co-stimulatory molecules include, but are not
limited to an MHC class I molecule, BTLA and a Toll ligand receptor.

A “co-stimulatory signal”, as used herein, refers to a signal, which in combination with a
primary signal, such as TCR/CD3 ligation, leads to T cell proliferation and/or upregulation or
downregulation of key molecules.

A “disease” is a state of health of an animal wherein the animal cannot maintain
homeostasis, and wherein if the disease is not ameliorated then the animal’s health continues to
deteriorate. In contrast, a “disorder” in an animal is a state of health in which the animal is able
to maintain homeostasis, but in which the animal’s state of health is less favorable than it would
be in the absence of the disorder. Left untreated, a disorder does not necessarily cause a further
decrease in the animal’s state of health.

The term “downregulation” as used herein refers to the decrease or elimination of gene
expression of one or more genes.

“Effective amount” or “therapeutically effective amount” are used interchangeably
herein, and refer to an amount of a compound, formulation, material, or composition, as
described herein effective to achieve a particular biological result or provides a therapeutic or
prophylactic benefit. Such results may include, but are not limited to an amount that when
administered to a mammal, causes a detectable level of immune suppression or tolerance
compared to the immune response detected in the absence of the composition of the invention.
The immune response can be readily assessed by a plethora of art-recognized methods. The
skilled artisan would understand that the amount of the composition administered herein varies
and can be readily determined based on a number of factors such as the disease or condition
being treated, the age and health and physical condition of the mammal being treated, the

severity of the disease, the particular compound being administered, and the like.
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“Encoding” refers to the inherent property of specific sequences of nucleotides in a
polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis of
other polymers and macromolecules in biological processes having either a defined sequence of
nucleotides (i.e., rRNA, tRNA and mRNA) or a defined sequence of amino acids and the
biological properties resulting therefrom. Thus, a gene encodes a protein if transcription and
translation of mRINA corresponding to that gene produces the protein in a cell or other biological
system. Both the coding strand, the nucleotide sequence of which is identical to the mRNA
sequence and is usually provided in sequence listings, and the non-coding strand, used as the
template for transcription of a gene or cDNA, can be referred to as encoding the protein or other
product of that gene or cDNA.

As used herein “endogenous” refers to any material from or produced inside an organism,
cell, tissue or system.

The term “epitope” as used herein is defined as a small chemical molecule on an antigen
that can elicit an immune response, inducing B and/or T cell responses. An antigen can have one
or more epitopes. Most antigens have many epitopes; i.e., they are multivalent. In general, an
epitope is roughly about 10 amino acids and/or sugars in size. Preferably, the epitope is about 4-
18 amino acids, more preferably about 5-16 amino acids, and even more most preferably 6-14
amino acids, more preferably about 7-12, and most preferably about 8-10 amino acids. One
skilled in the art understands that generally the overall three-dimensional structure, rather than
the specific linear sequence of the molecule, is the main criterion of antigenic specificity and
therefore distinguishes one epitope from another. Based on the present disclosure, a peptide used
in the present invention can be an epitope.

As used herein, the term “exogenous” refers to any material introduced from or produced
outside an organism, cell, tissue or system.

The term “expand” as used herein refers to increasing in number, as in an increase in the
number of T cells. In one embodiment, the T cells that are expanded ex vivo increase in number
relative to the number originally present in the culture. In another embodiment, the T cells that
are expanded ex vivo increase in number relative to other cell types in the culture. The term “ex
vivo,” as used herein, refers to cells that have been removed from a living organism, (e.g., a

human) and propagated outside the organism (e.g., in a culture dish, test tube, or bioreactor).
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The term “expression” as used herein is defined as the transcription and/or translation of
a particular nucleotide sequence driven by its promoter.

“Expression vector” refers to a vector comprising a recombinant polynucleotide
comprising expression control sequences operatively linked to a nuclectide sequence to be
expressed. An expression vector comprises sufficient cis-acting elements for expression; other
elements for expression can be supplied by the host cell or in an in vifro expression system.
Expression vectors include all those known in the art, such as cosmids, plasmids (e.g., naked or
contained in liposomes) and viruses (e.g., Sendai viruses, lentiviruses, retroviruses, adenoviruses,
and adeno-associated viruses) that incorporate the recombinant polynucleotide.

“Identity” as used herein refers to the subunit sequence identity between two polymeric
molecules particularly between two amino acid molecules, such as, between two polypeptide
molecules. When two amino acid sequences have the same residues at the same positions; e.g.,
if a position in each of two polypeptide molecules is occupied by an arginine, then they are
identical at that position. The identity or extent to which two amino acid sequences have the
same residues at the same positions in an alignment is often expressed as a percentage. The
identity between two amino acid sequences is a direct function of the number of matching or
identical positions; e.g., if half (e.g., five positions in a polymer ten amino acids in length) of the
positions in two sequences are identical, the two sequences are 50% identical; if 90% of the
positions (e.g., 9 of 10), are matched or identical, the two amino acids sequences are 90%
identical.

The term “immune response” as used herein is defined as a cellular response to an
antigen that occurs when lymphocytes identify antigenic molecules as foreign and induce the
formation of antibodies and/or activate lymphocytes to remove the antigen.

The term “immunosuppressive” is used herein to refer to reducing overall immune
response.

“Isolated” means altered or removed from the natural state. For example, a nucleic acid
or a peptide naturally present in a living animal is not “isolated,” but the same nucleic acid or
peptide partially or completely separated from the coexisting materials of its natural state is
“isolated.” An isolated nucleic acid or protein can exist in substantially purified form, or can

exist in a non-native environment such as, for example, a host cell.
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A “lentivirus” as used herein refers to a genus of the Retroviridae family. Lentiviruses are
unique among the retroviruses in being able to infect non-dividing cells; they can deliver a
significant amount of genetic informaticn into the DNA of the host cell, so they are one of the
most efficient methods of a gene delivery vector. HIV, SIV, and FIV are all examples of
lentiviruses. Vectors derived from lentiviruses offer the means to achieve significant levels of
gene transfer in vivo.

By the term “modified” as used herein, is meant a changed state or structure of a
molecule or cell of the invention. Molecules may be modified in many ways, including
chemically, structurally, and functionally. Cells may be modified through the introduction of
nucleic acids.

By the term “modulating,” as used herein, is meant mediating a detectable increase or
decrease in the level of a response in a subject compared with the level of a response in the
subject in the absence of a treatment or compound, and/or compared with the level of a response
in an otherwise identical but untreated subject. The term encompasses perturbing and/or
affecting a native signal or response thereby mediating a beneficial therapeutic response in a
subject, preferably, a human.

In the context of the present invention, the following abbreviations for the commonly
occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to cytosine, “G” refers
to guanosine, “T” refers to thymidine, and “U” refers to uridine.

The term “oligonucleotide” typically refers to short polynucleotides. It will be
understood that when a nucleotide sequence is represented by a DNA sequence (i.e., A, T, C, G),
this also includes an RNA sequence (i.e., A, U, C, G) in which “U” replaces “T.”

Unless otherwise specified, a “nucleotide sequence encoding an aminoe acid sequence”
includes all nucleotide sequences that are degenerate versions of each other and that encode the
same amino acid sequence. The phrase nucleotide sequence that encodes a protein or an RNA
may also include introns to the extent that the nucleotide sequence encoding the protein may in
some version contain an intron(s).

“Parenteral” administration of an immunogenic composition includes, e.g., subcutaneous
(s.c.), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection, or infusion techniques.

The term “polynucleotide” as used herein is defined as a chain of nucleoctides.
Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic acids and polynucleotides

25

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

as used herein are interchangeable. One skilled in the art has the general knowledge that nucleic
acids are polynucleotides, which can be hydrolyzed into the monomeric “nucleotides.” The
monomeric nucleotides can be hydrolyzed into nucleosides. As used herein polynucleotides
include, but are not limited to, all nucleic acid sequences which are obtained by any means
available in the art, including, without limitation, recombinant means, i.¢., the cloning of nucleic
acid sequences from a recombinant library or a cell genome, using ordinary cloning technology
and PCR, and the like, and by synthetic means.

77

As used herein, the terms “peptide,” “polypeptide,” and “protein” are used
interchangeably, and refer to a compound comprised of amino acid residues covalently linked by
peptide bonds. A protein or peptide must contain at least two amino acids, and no limitation is
placed on the maximum number of amino acids that can comprise a protein’s or peptide’s
sequence. Polypeptides include any peptide or protein comprising two or more amino acids
joined to each other by peptide bonds. As used herein, the term refers to both short chains,
which also commonly are referred to in the art as peptides, oligopeptides and oligomers, for
example, and to longer chains, which generally are referred to in the art as proteins, of which
there are many types. “Polypeptides” include, for example, biologically active fragments,
substantially homologous polypeptides, oligopeptides, homodimers, heterodimers, variants of
polypeptides, modified polypeptides, derivatives, analogs, fusion proteins, among others. The
polypeptides include natural peptides, recombinant peptides, synthetic peptides, or a combination
thereof.

By the term “specitically binds,” as used herein with respect to an antibody, 1s meant an
antibody which recognizes a specific antigen, but does not substantially recognize or bind other
molecules in a sample. For example, an antibody that specifically binds to an antigen from one
species may also bind to that antigen from one or more species. But, such cross-species reactivity
does not itself alter the classification of an antibody as specific. In another example, an antibody
that specifically binds to an antigen may also bind to different allelic forms of the antigen.
However, such cross reactivity does not itself alter the classification of an antibody as specific.
In some instances, the terms “specific binding” or “specifically binding,” can be used in
reference to the interaction of an antibody, a protein, or a peptide with a second chemical
species, to mean that the interaction is dependent upon the presence of a particular structure (e.g.,
an antigenic determinant or epitope) on the chemical species; for example, an antibody
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recognizes and binds to a specific protein structure rather than to proteins generally. If an
antibody is specific for epitope “A”, the presence of a molecule containing epitope A (or free,
unlabeled A), in a reaction containing labeled “A” and the antibody, will reduce the amount of
labeled A bound to the antibody.

By the term “stimulation,” is meant a primary response induced by binding of a
stimulatory molecule (e.g., a TCR/CD3 complex) with its cognate ligand thereby mediating a
signal transduction event, such as, but not limited to, signal transduction via the TCR/CD3
complex. Stimulation can mediate altered expression of certain molecules, such as
downregulation of TGF-beta, and/or reorganization of cytoskeletal structures, and the like.

A “stimulatory molecule,” as the term is used herein, means a melecule on a T cell that
specifically binds with a cognate stimulatory ligand present on an antigen presenting cell.

A “stimulatory ligand,” as used herein, means a ligand that when present on an antigen
presenting cell (e.g., an aAPC, a dendritic cell, a B-cell, and the like) can specifically bind with a
cognate binding partner (referred to herein as a “stimulatory molecule”) on a T cell, thereby
mediating a primary response by the T cell, including, but not limited to, activation, initiation of
an immune response, proliferation, and the like. Stimulatory ligands are well-known in the art
and encompass, inter alia, an MHC Class I molecule loaded with a peptide, an anti-CD3
antibody, a superagonist anti-CD28 antibody, and a superagonist anti-CD2 antibody.

The term “subject’” is intended to include living organisms in which an immune response
can be elicited (e.g., mammals). A “subject” or “patient,” as used herein, may be a human or
non-human mammal. Non-human mammals include, for example, livestock and pets, such as
ovine, bovine, porcine, canine, feline and murine mammals, as well as simian and non-human
primate mammals. Preferably, the subject is human.

A “target site” or “target sequence” refers to a nucleic acid sequence that defines a
portion of a nucleic acid to which a binding molecule may specifically bind under conditions
sufficient for binding to occur. In some embodiments, a target sequence refers to a genomic
nucleic acid sequence that defines a portion of a nucleic acid to which a binding molecule may
specifically bind under conditions sufficient for binding to occur.

As used herein, the term “T cell receptor” or “TCR” refers to a complex of membrane
proteins that participate in the activation of T cells in response to the presentation of antigen.
The TCR is responsible for recognizing antigens bound to major histocompatibility complex
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molecules. TCR is composed of a heterodimer of an alpha (o) and beta (B) chain, although in
some cells the TCR consists of gamma and delta (7/6) chains. TCRs may exist in alpha/beta and
gamma/delta torms, which are structurally similar but have distinct anatomical locations and
functions. Each chain is composed of two extracellular domains, a variable and constant
domain. In some embodiments, the TCR may be modified on any cell comprising a TCR,
including, for example, a helper T cell, a cytotoxic T cell, a memory T cell, regulatory T cell,
natural killer T cell, and gamma delta T cell.

The term “therapeutic” as used herein means a treatment and/or prophylaxis. A
therapeutic effect is obtained by suppression, remission, or eradication of a disease state.

The term “transfected” or “transformed” or “transduced” as used herein refers to a
process by which exogenous nucleic acid is transferred or introduced into the host cell. A
“transfected” or “transformed” or “transduced” cell is one which has been transfected,
transformed or transduced with exogenous nucleic acid. The cell includes the primary subject
cell and its progeny.

To “treat” a disease as the term is used herein, means to reduce the frequency or severity
of at least one sign or symptom of a discase or disorder experienced by a subject.

A “vector” is a composition of matter which comprises an isolated nucleic acid and
which can be used to deliver the isolated nucleic acid to the interior of a cell. Numerous vectors
are known in the art including, but not limited to, linear polynucleotides, polynucleotides
associated with ionic or amphiphilic compounds, plasmids, and viruses. Thus, the term “vector”
includes an autonomously replicating plasmid or a virus. The term should also be construed to
include non-plasmid and non-viral compounds which facilitate transfer of nucleic acid into cells,
such as, for example, polylysine compounds, liposomes, and the like. Examples of viral vectors
include, but are not limited to, Sendai viral vectors, adenoviral vectors, adeno-associated virus
vectors, retroviral vectors, lentiviral vectors, and the like.

Ranges: throughout this disclosure, various aspects of the invention can be presented in a
range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should be considered to have specifically
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disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for example, 1, 2,2.7, 3,4, 5, 5.3, and

6. This applies regardless of the breadth of the range.

B. Chimcric Antigen Receptors

The present invention provides compositions and methods comprising chimeric antigen
receptors (CARs) capable of binding CCR4. CARs of the present invention comprise an anti-
CCR4 antigen binding domain, a transmembrane domain, and an intracellular domain. In certain
embodiments, the anti-CCR4 antigen binding domain is an anti-CCR4 scFv. In some
embodiments, the CAR comprises an anti-CCR4 scFv, a transmembrane domain, a 4-1BB
costimulatory domain, and a CD3{ signaling domain. In some embodiments, the CAR further
comprises a leader sequence and a hinge domain. In preferred embodiments, the anti-CCR4 scFv
has a heavy chain and a light chain derived from mogamulizumab.

Also provided are compositions and methods for modified immune cells or precursors
thereof, e.g., modified T cells, comprising the CAR. Thus, in some embodiments, the immune
cell has been genetically modified to express the CAR. Nucleic acids encoding the CARs,
vectors comprising the nucleic acids, and modified cells (e.g. modified T cells) comprising the
CARs, vectors, or nucleic acids, are also provided. In certain embodiments, the nucleic acid
encodes a CAR comprising an anti-CCR4 antigen bining domain, a transmembrane domain, and
an intracellular domain and further encodes a safety switch to induce CAR T cell depletion in a
subject upon administration of a safety switch agent. The CAR may be linked to the safety
switch via a 2A self-cleaving sequence as described herein, such as a P2ZA or T2A sequence. In
one embodiment, the safety switch is truncated EGFR (EGFRt) and the safety switch agent is an
anti-EGFR antibody such as cetuximab. In one embodiment, the safety switch is CD20 and the
safety switch agent is an anti-CD20 antibody, such as rituximab. In one embodiment, the safety
switch is inducible caspase 9 (iCasp9) and the safety switch agent is a dimerizing drug such as
AP1903. In one embodiment, the safety switch is Herpes simplex virus-1 thymidine kinase
(HSVTK) and the safety switch agent is ganciclovir (GCV).

In certain embodiments, the CAR-linked safety switch turther comprises a dominant-
negative TGFb receptor type II (dnTGFbRII). In some embodiments, the CAR of the CAR-
linked safety switch is linked to the dnTGFbRII, for example via a 2A self-cleaving sequence as
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described herein, such as a P2A or T2A sequence. In some embodiments, the safety switch of the
CAR-linked safety switch is linked to the dnTGFbRII, for example via a 2A self-cleaving
sequence as described herein, such as a P2A or T2A sequence. In some embodiments, the CAR
and the safety switch of the CAR-linked safety switch are each linked to the dnTGFbRII, for
example via a 2A self-cleaving sequence as described herein, such as a P2A or T2A sequence. In
some embodiments, the CAR-linked safety switch comprises an anit-CCR4 CAR, an HSVTK
safety switch, and a dnTGFbRII, wherein the anti-CCR4 CAR, the HSVTK, and the dnTGFbRII
may be present in any order from N-terminus to C-terminus of the CAR-linked safety switch.

The antigen binding domain of the CAR is operably linked to another domain of the
CAR, such as a hinge, a transmembrane domain or an intracellular domain, each described
elsewhere herein, for expression in the cell. In one embodiment, a first nucleic acid sequence
encoding the antigen binding domain is operably linked to a second nucleic acid encoding a
hinge and/or transmembrane domain, and further operably linked to a third a nucleic acid
sequence encoding an intracellular domain.

The antigen binding domains described herein can be combined with any of the
transmembrane domains described herein, any of the intracellular domains or cytoplasmic
domains described herein, or any of the other domains described herein that may be included in a
CAR of the present invention. The CAR of the present invention may also include a leader
sequence as described herein. The CAR of the present invention may also include a hinge
domain as described herein. The CAR of the present invention may also include one or more
spacer domains or linkers as described herein which may serve to link one domain of the CAR to

the next domain.

Antigen Binding Domain

The antigen binding domain of a CAR is an extracellular region of the CAR for binding
to a specific target antigen including proteins, carbohydrates, and glycolipids. The CAR of the
invention comprises an antigen binding domain that is capable of binding CCR4.

The antigen binding domain can include any domain that binds to the antigen and may
include, but is not limited to, a monoclonal antibody (mAb), a polyclonal antibody, a synthetic
antibody, a human antibody, a humanized antibody, a non-human antibody, a single-domain
antibody, a full length antibody or any antigen-binding fragment thereof, a Fab, and a single-
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chain variable fragment (scFv). In some embodiments, the antigen binding domain comprises an
aglycosylated antibody or a fragment thereof or scFv thereof. In certain embodiments, the
antigen binding domain comprises an afucosylated humanized anti-CCR4 mAb. In certain
embodiments, the antigen binding domain is an scFv having a heavy chain and a light chain
derived from mogamulizumab.

As used herein, the term “single-chain variable fragment” or “scFv” is a fusion protein of
the variable regions of the heavy (VH) and light (VL) chains of an immunoglobulin (e.g., mouse
or human) covalently linked to form a VH:: VL heterodimer. The variable heavy (VH) and light
(VL) chains are either joined directly or joined by a peptide linker, which connects the N-
terminus of the VH with the C-terminus of the VL, or the C-terminus of the VH with the N-
terminus of the VL. In some embodiments, the antigen binding domain (e.g., CCR4 binding
domain) comprises an scFv having the configuration from N-terminus to C-terminus, VH —
linker — VL. In some embodiments, the antigen binding domain comprises an scFv having the
configuration from N-terminus to C-terminus, VL — linker — VH. Those of skill in the art would
be able to select the appropriate configuration for use in the present invention.

The linker is usually rich in glycine for flexibility, as well as serine or threonine for
solubility. The linker can link the heavy chain variable region and the light chain variable region
of the extracellular antigen-binding domain. Non-limiting examples of linkers are disclosed in
Shen et al., Anal. Chem. 80(6):1910-1917 (2008) and WO 2014/087010, the contents of which
are hereby incorporated by reference in their entireties. Various linker sequences are known in
the art, including, without limitation, glycine serine (GS) linkers such as (GS)n, (SG)n, (GSGGS)n
(SEQ ID NO:115), (GGGS)n (SEQ 1D NO:116), and (GGGGS)n (SEQ ID NO:117), where n
represents an integer of at least 1. Exemplary linker sequences can comprise amino acid
sequences including, without limitation, GGSG (SEQ ID NO:118), GGSGG (SEQ ID NO:119),
GSGSG (SEQ ID NO:120), GSGGG (SEQ ID NO:121), GGGSG (SEQ ID NO:122), GSSSG
(SEQ ID NO:123), GGGGS (SEQ ID NO:124), GGGGSGGGGSGGGGSGGGGS (SEQ ID
NO:125) and the like. Those of skill in the art would be able to select the appropriate linker
sequence for use in the present invention. In one embodiment, an antigen binding domain of the
present invention comprises a heavy chain variable region (VH) and a light chain variable region
(VL), wherein the VH and VL is separated by the linker sequence having the amino acid
sequence GGGGSGGGGSGGGGSGGGGS (SEQ ID NO:125), which may be encoded by the
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nucleic acid sequence
GGAGGAGGTGGATCAGGTGGAGGTGGAAGCGGGGGAGGAGGTTCCGGCGGCGGAGGATCA (SEQ
ID NO:126).

Despite removal of the constant regions and the introduction of a linker, scFv proteins
retain the specificity of the original immunoglobulin. Single chain Fv polypeptide antibodies can
be expressed from a nucleic acid comprising VH- and VL-encoding sequences as described by
Huston, et al. (Proc. Nat. Acad. Sci. USA, 85:5879-5883, 1988). See, also, U.S. Patent Nos.
5,091,513, 5,132,405 and 4,956,778, and U.S. Patent Publication Nos. 20050196754 and
20050196754, Antagonistic scFvs having inhibitory activity have been described (see, e.g.,
Zhao et al , Hybridoma (I.archmt) 2008 27(6):455-51; Peter et al., J] Cachexia Sarcopenia Muscle
2012 August 12; Shieh et al., J Imunol 2009 183(4):2277-85; Giomarelli et al., Thromb Haemost
2007 97(6):955-63; Fife eta., J Clin Invst 2006 116(8):2252-61; Brocks et al.,
Immunotechnology 1997 3(3):173-84; Moosmayer et al., Ther Immunol 1995 2(10:31-40).
Agonistic scFvs having stimulatory activity have been described (see, e.g., Peter et al., J Bioi
Chem 2003 25278(38):36740-7; Xie et al., Nat Biotech 1997 15(8):768-71; Ledbetter et al., Crit
Rev Immunol 1997 17(5-6):427-55; Ho et al., BioChim Biophys Acta 2003 1638(3):257-66).

As used herein, “Fab” refers to a fragment of an antibody structure that binds to an
antigen but is monovalent and does not have a Fc portion, for example, an antibody digested by
the enzyme papain yields two Fab fragments and an Fc fragment (e.g., a heavy (H) chain
constant region; Fc region that does not bind to an antigen).

As used herein, “F(ab")2” refers to an antibody fragment generated by pepsin digestion of
whole IgG antibodies, wherein this fragment has two antigen binding (ab’) (bivalent) regions,
wherein each (ab’) region comprises two separate amino acid chains, a part of a H chain and a
light (L) chain linked by an S—S bond for binding an antigen and where the remaining H chain
portions are linked together. A “F(ab")2” fragment can be split into two individual Fab’
fragments.

In some embodiments, the antigen binding domain may be derived from the same species
in which the CAR will ultimately be used. For example, for use in humans, the antigen binding
domain of the CAR may comprise a human antibody or a fragment thereof. In some
embodiments, the antigen binding domain may be derived from a different species in which the
CAR will ultimately be used. For example, for use in humans, the antigen binding domain of the
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CAR may comprise a murine antibody or a fragment thereof, or a humanized murine antibody or
a fragment thereof.

In certain embodiments, the antigen binding domain comprises a heavy chain variable
region that comprises three heavy chain complementarity determining regions (HCDRs) and a
light chain variable region that comprises three light chain complementarity determining regions
(LCDRs). In certain embodiments, HCDR 1 comprises the amino acid sequence of SEQ ID NO:
2, and/or HCDR2 comprises the amino acid sequence of SEQ ID NO: 4, and/or HCDR3
comprises the amino acid sequence of SEQ ID NO: 6, and/or LCDR1 comprises the amino acid
sequence of SEQ ID NO: 8, and/or LCDR2 comprises the amino acid sequence of SEQ ID NO:
10, and/or LCDR3 comprises the amino acid sequence of SEQ ID NO: 12.

In certain embodiments, the heavy chain variable region (VH) of the antigen binding
domain comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NO: 112, and/or the light chain variable region (VL) comprises an
amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
SEQ ID NO: 114.

In certain embodiments, the antigen binding domain is a single-chain variable fragment
(scFv) comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NO: 16.

In certain embodiments, the antigen binding domain comprises a linker. In certain
embodiments, the linker comprises SEQ ID NO: 125.

Tolerable variations of the antigen binding domain sequences will be known to those of
skill in the art. For example, in some embodiments the antigen binding domain comprises an
amino acid sequence that has at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to any one of the amino acid sequences set forth in any one of SEQ

ID NOs: 2, 4, 6, 8, 10, 12, 16, 112, 114, and 125.

Transmembrane Domain
CARs of the present invention may comprise a transmembrane domain that connects the
antigen binding domain of the CAR to the intracellular domain of the CAR. The transmembrane
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domain of the CAR is a region that is capable of spanning the plasma membrane of a cell (e.g.,
an immune cell or precursor thereof). The transmembrane domain is for insertion into a cell
membrane, e.g., a eukaryotic cell membrane. In some embodiments, the transmembrane domain
is interposed between the antigen binding domain and the intracellular domain of a CAR.

In some embodiments, the transmembrane domain is naturally associated with one or
more of the domains in the CAR. In some embodiments, the transmembrane domain can be
selected or modified by one or more amino acid substitutions to avoid binding of such domains
to the transmembrane domains of the same or different surface membrane proteins, to minimize
interactions with other members of the receptor complex.

The transmembrane domain may be derived either from a natural or a synthetic source.
Where the source is natural, the domain may be derived from any membrane-bound or
transmembrane protein, e.g., a Type I transmembrane protein. Where the source is synthetic, the
transmembrane domain may be any artificial sequence that facilitates insertion of the CAR into a
cell membrane, e.g., an artificial hydrophobic sequence. Examples of the transmembrane
domain of particular use in this invention include, without limitation, transmembrane domains
derived from (i.e. comprise at least the transmembrane region(s) of) the alpha, beta or zeta chain
of the T cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS, CD7, CD8, CD9, CD16, CD22,
CD33, CD37, CD64, CD80, CD86, CD134 (0X-40), CD137 (4-1BB), CD154 (CD40L), ICOS,
CD278, Toll-like receptor 1 (TLR1), TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLR8, TLR9 or
a transmembrane domain derived from a killer immunoglobulin-like receptor (KIR).

In certain embodiments, the transmembrane domain comprises a transmembrane domain
of CD8. In certain embodiments, the transmembrane domain of CD8 is a transmembrane domain
of CD8a. In certain embodiments, the transmembrane domain comprises the amino acid
sequence set forth in SEQ ID NO: 36.

In some embodiments, the transmembrane domain may be synthetic, in which case it will
comprise predominantly hydrophobic residues such as leucine and valine. Preferably a triplet of
phenylalanine, tryptophan and valine will be found at each end of a synthetic transmembrane
domain.

The transmembrane domains described herein can be combined with any of the antigen
binding domains described herein, any of the intracellular domains described herein, or any of
the other domains described herein that may be included in the CAR.
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In some embodiments, the transmembrane domain further comprises a hinge region. The
CAR of the present invention may also include a hinge region. The hinge region of the CAR is a
hydrophilic region which is located between the antigen binding domain and the transmembrane
domain. In some embodiments, this domain facilitates proper protein folding for the CAR. The
hinge region is an optional component for the CAR. The hinge region may include a domain
selected from F¢ fragments of antibodies, hinge regions of antibodies, CH2 regions of antibodies,
CH3 regions of antibodies, artificial hinge sequences or combinations thereof. Examples of
hinge regions include, without limitation, a CD8a hinge, artificial hinges made of polypeptides
which may be as small as, three glycines (Gly), as well as CH1 and CH3 domains of IgGs (such
as human IgG4).

In some embodiments, the CAR of the present disclosure includes a hinge region that
connects the antigen binding domain with the transmembrane domain, which, in turn, connects to
the intracellular domain. The hinge region is preferably capable of supporting the antigen
binding domain to recognize and bind to the target antigen on the target cells (see, e.g., Hudecek
et al., Cancer Immunol. Res. (2015) 3(2): 125-135). In some embodiments, the hinge region is a
flexible domain, thus allowing the antigen binding domain to have a structure to optimally
recognize the specific structure and density of the target antigens on a cell such as tumor cell
(Hudecek et al., supra). The flexibility of the hinge region permits the hinge region to adopt
many different conformations.

In some embodiments, the hinge region is an immunoglobulin heavy chain hinge region.
In some embodiments, the hinge region is a hinge region polypeptide derived from a receptor
(e.g., a CD8-derived hinge region). In certain embodiments, the hinge region is a CD8a hinge. In
certain embodiments, the hinge region comprises the amino acid sequence set forth in SEQ ID
NO: 34.

The hinge region can have a length of from about 4 amino acids to about 50 amino acids,
e.g., from about 4 aa to about 10 aa, from about 10 aa to about 15 aa, from about 15 aa to about
20 aa, from about 20 aa to about 25 aa, from about 25 aa to about 30 aa, from about 30 aa to
about 40 aa, or from about 40 aa to about 50 aa. In some embodiments, the hinge region can have
a length of greater than 5 aa, greater than 10 aa, greater than 15 aa, greater than 20 aa, greater
than 25 aa, greater than 30 aa, greater than 35 aa, greater than 40 aa, greater than 45 aa, greater
than 50 aa, greater than 55 aa, or more.
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Suitable hinge regions can be readily selected and can be of any of a number of suitable
lengths, such as from 1 amino acid (e.g., Gly) to 20 amino acids, from 2 amino acids to 15 amino
acids, from 3 amino acids to 12 amino acids, including 4 amino acids to 10 amino acids, S amino
acids to 9 amino acids, 6 amino acids to 8 amino acids, or 7 amino acids to 8 amino acids, and
canbe 1, 2,3, 4, 5, 6, or 7 amino acids. Suitable hinge regions can have a length of greater than
20 amino acids (e.g., 30, 40, 50, 60 or more amino acids).

For example, hinge regions include glycine polymers (G)n, glycine-serine polymers
(including, for example, (GS)n, (GSGGS)a (SEQ ID NO:115) and (GGGS) (SEQ ID NO:116),
where n is an integer of at least one), glycine-alanine polymers, alanine-serine polymers, and
other flexible linkers known in the art. Glycine and glycine-serine polymers can be used; both
Gly and Ser are relatively unstructured, and therefore can serve as a neutral tether between
components. Glycine polymers can be used; glycine accesses significantly more phi-psi space
than even alanine, and is much less restricted than residues with longer side chains (see, e.g.,
Scheraga, Rev. Computational. Chem. (1992) 2: 73-142). Exemplary hinge regions can comprise
amino acid sequences including, but not limited to, (GGGGS)n (SEQ ID NO:117), GGSG (SEQ
ID NO:118), GGSGG (SEQ ID NO:119), GSGSG (SEQ ID NO:120), GSGGG (SEQ ID
NO:121), GGGSG (SEQ ID NO:122), GSSSG (SEQ ID NO:123), GGGGS (SEQ ID NO:124)
and the like.

In some embodiments, the hinge region is an immunoglobulin heavy chain hinge region.
Immunoglobulin hinge region amino acid sequences are known in the art; see, e.g., Tan et al ,
Proc. Natl. Acad. Sci. USA (1990) 87(1):162-166; and Huck et al., Nucleic Acids Res. (1986)
14(4): 1779-1789. As non-limiting examples, an immunoglobulin hinge region can include one
of the following amino acid sequences: DKTHT (SEQ ID NO:132); CPPC (SEQ ID NO:133);
CPEPKSCDTPPPCPR (SEQ ID NO:134) (see, e.g., Glaser et al., ./ Biol. Chem. (2005)
280:41494-41503); ELKTPLGDTTHT (SEQ ID NO:135); KSCDKTHTCP (SEQ ID NO:136);
KCCVDCP (SEQ ID NO:137); KYGPPCP (SEQ 1D NO:138); EPKSCDKTHTCPPCP (SEQ 1D
NO:139) (human IgG1 hinge); ERKCCVECPPCP (SEQ ID NO:140) (human IgG2 hinge);
ELKTPLGDTTHTCPRCP (SEQ ID NO:141) (human IgG3 hinge); SPNMVPHAHHAQ (SEQ
ID NO:142) (human IgG4 hinge); and the like.

The hinge region can comprise an amino acid sequence of a human IgG1, IgG2, IgG3, or
IgG4, hinge region. In one embodiment, the hinge region can include one or more amino acid

36

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

substitutions and/or insertions and/or deletions compared to a wild-type (naturally-occurring)
hinge region. For example, His229 of human IgG1 hinge can be substituted with Tyr, so that the
hinge region comprises the sequence EPKSCDKTYTCPPCP (SEQ ID NO: 143); see, ¢.g., Yan
et al., J. Biol. Chem. (2012) 287: 5891-5897. In one embodiment, the hinge region can comprise

an amino acid sequence derived from human CDS8, or a variant thereof.

Intracellular Signaling Domain

The CAR of the present invention also includes an intracellular signaling domain. The
terms “intracellular signaling domain” and “intracellular domain” are used interchangeably
herein. The intracellular signaling domain of the CAR 1is responsible for activation of at least
one of the effector functions of the cell in which the CAR is expressed (e.g., immune cell). The
intracellular signaling domain transduces the effector function signal and directs the cell (e.g.,
immune cell) to perform its specialized function, e.g., harming and/or destroying a target cell.

Examples of an intracellular domain for use in the invention include, but are not limited
to, the cytoplasmic portion of a surface receptor, co-stimulatory molecule, and any molecule that
acts in concert to initiate signal transduction in the T cell, as well as any derivative or variant of
these elements and any synthetic sequence that has the same functional capability.

Examples of the intracellular signaling domain include, without limitation, the { chain of
the T cell receptor complex or any of its homologs, e.g., 1 chain, FesRIy and B chains, MB 1
(Iga) chain, B29 (Ig) chain, etc., human CD3 zeta chain, CD3 polypeptides (A, & and ¢), syk
family tyrosine kinases (Syk, ZAP 70, etc.), src family tyrosine kinases (Lck, Fyn, Lyn, etc.), and
other molecules involved in T cell transduction, such as CD2, CD5 and CD28. In one
embodiment, the intracellular signaling domain may be human CD3 zeta chain, FcyRIII, FcsRI,
cytoplasmic tails of Fc receptors, an immunoreceptor tyrosine-based activation motif (ITAM)
bearing cytoplasmic receptors, and combinations thereof.

In one embodiment, the intracellular signaling domain of the CAR includes any portion
of one or more co-stimulatory molecules, such as at least one signaling domain from CD2, CD3,
CD8, CD27, CD28, ICOS, 4-1BB, PD-1, any derivative or variant thereof, any synthetic
sequence thereof that has the same functional capability, and any combination thereof.

Other examples of the intracellular domain include a fragment or domain from one or
more molecules or recepters including, but not limited to, TCR, CD3 zeta, CD3 gamma, CD3
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delta, CD3 epsilon, CD86, common FcR gamma, FcR beta (Fc Epsilon RIb), CD79a, CD790b,
Fcgamma RlIla, DAP10, DAP12, T cell receptor (TCR), CD8, CD27, CD28, 4-1BB (CD137),
0X9, 0X40, CD30, CD40, PD-1, ICOS, a KIR family protein, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that specifically binds with
CDS$3, CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD127,
CD160, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLAI,
CD49a, ITGA4, 1A4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103,
ITGAL, CDI11a, LFA-1, ITGAM, CDIlib, ITGAX, CDl11¢, ITGBI, CD29, ITGB2, CD18, LFA-
1, ITGB7, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84,
CD96 (Tactile), CEACAM 1, CRT AM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100
(SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM (SLAMF1, CD150, IPO-3), BLAME
(SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKp44, NKp30,
NKp46, NKG2D, Toll-like receptor 1 (TLR1), TLR2, TLR3, TLR4, TLRS5, TLR6, TLR7, TLRS,
TLRO9, other co-stimulatory molecules described herein, any derivative, variant, or fragment
thereof, any synthetic sequence of a co-stimulatory molecule that has the same functional
capability, and any combination thereof.

Additional examples of intracellular domains include, without limitation, intracellular
signaling domains of several types of various other immune signaling receptors, including, but
not limited to, first, second, and third generation T cell signaling proteins including CD3, B7
family costimulatory, and Tumor Necrosis Factor Receptor (TNFR) superfamily receptors (see,
e.g., Park and Brentjens, J. Clin. Oncol. (2015) 33(6): 651-653). Additionally, intracellular
signaling domains may include signaling domains used by NK and NKT cells (see, e.g.,
Hermanson and Kaufman, Front. Immunol. (2015) 6: 195) such as signaling domains of NKp30
(B7-Ho6) (see, e.g., Zhang et al., J. Immunol. (2012) 189(5): 2290-2299), and DAP 12 (see, e.g,
Topfer et al., J. Immunol. (2015) 194(7): 3201-3212), NKG2D, NKp44, NKp46, DAP10, and
CD3z.

Intracellular signaling domains suitable for use in the CAR of the present invention
include any desired signaling domain that provides a distinct and detectable signal (e.g.,
increased production of one or more cytokines by the cell; change in transcription of a target
gene; change in activity of a protein; change in cell behavior, e.g., cell death; cellular
proliferation; cellular differentiation; cell survival, modulation of cellular signaling responses;
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etc.) in response to activation of the CAR (i.e., activated by antigen and dimerizing agent). In
some embodiments, the intracellular signaling domain includes at least one (e.g., one, two, three,
four, five, six, etc.) ITAM motifs as described below. In some embodiments, the intracellular
signaling domain includes DAP10/CD28 type signaling chains. In some embodiments, the
intracellular signaling domain is not covalently attached to the membrane bound CAR, but is
instead diffused in the cytoplasm.

Intracellular signaling domains suitable for use in the CAR of the present invention
include immunoreceptor tyrosine-based activation motif (ITAM)-containing intracellular
signaling polypeptides. In some embodiments, an ITAM motif is repeated twice in an
intracellular signaling domain, where the first and second instances of the ITAM motif are
separated from one another by 6 to 8 amino acids. In one embodiment, the intracellular signaling
domain of the CAR comprises 3 ITAM motifs.

In some embodiments, intracellular signaling domains includes the signaling domains of
human immunoglobulin receptors that contain immunoreceptor tyrosine based activation motifs
(ITAMs) such as, but not limited to, FcgammaRI, FcgammaRIIA, FcgammaRIIC,
FcgammaRIIIA, FcRLS (see, e.g., Gillis et al., Front. Immunol. (2014) 5:254).

A suitable intracellular signaling domain can be an ITAM motif-containing portion that is
derived from a polypeptide that contains an ITAM motif. For example, a suitable intracellular
signaling domain can be an ITAM motif-containing domain from any ITAM motif-containing
protein. Thus, a suitable intracellular signaling domain need not contain the entire sequence of
the entire protein from which it is derived. Examples of suitable ITAM motif-containing
polypeptides include, but are not limited to: DAP12, FCER1G (Fc epsilon receptor 1 gamma
chain), CD3D (CD3 delta), CD3E (CD3 epsilon), CD3G (CD3 gamma), CD3Z (CD3 zeta), and
CD79A (antigen receptor complex-associated protein alpha chain).

In one embodiment, the intracellular signaling domain is derived from DAP12 (also
known as TYROBP; TYRO protein tyrosine kinase binding protein, KARAP; PLOSL; DNAX-
activation protein 12; KAR-associated protein, TYRO protein tyrosine kinase-binding protein;
killer activating receptor associated protein; killer-activating receptor-associated protein; etc.).
In one embodiment, the intracellular signaling domain is derived from FCER1G (also known as
FCRG; Fc epsilon receptor I gamma chain; Fc receptor gamma-chain; fc-epsilon RI-gamma,;
fcRgamma; fceRl gamma; high affinity immunoglobulin epsilon receptor subunit gamma,;
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immunoglobulin E receptor, high affinity, gamma chain; etc.). In one embodiment, the
intracellular signaling domain is derived from T-cell surface glycoprotein CD3 delta chain (also
known as CD3D; CD3-DELTA; T3D, CD3 antigen, delta subunit; CD3 delta; CD3d antigen,
delta polypeptide (TiT3 complex); OKT3, delta chain; T-cell receptor T3 delta chain; T-cell
surface glycoprotein CD3 delta chain; etc.). In one embodiment, the intracellular signaling
demain is derived trom T-cell surface glycoprotein CD3 epsilon chain (also known as CD3e, T-
cell surface antigen T3/Leu-4 epsilon chain, T-cell surface glycoprotein CD3 epsilon chain,
AI504783, CD3, CD3epsilon, T3e, etc.). In one embodiment, the intracellular signaling domain
is derived from T-cell surface glycoprotein CD3 gamma chain (also known as CD3G, T-cell
receptor T3 gamma chain, CD3-GAMMA, T3G, gamma polypeptide (TiT3 complex), etc.). In
one embodiment, the intracellular signaling domain is derived from T-cell surface glycoprotein
CD3 zeta chain (also known as CD3Z, T-cell receptor T3 zeta chain, CD247, CD3-ZETA,
CD3H, CD3Q, T3Z, TCRZ, etc.). In one embodiment, the intracellular signaling domain is
derived from CD79A (also known as B-cell antigen receptor complex-associated protein alpha
chain; CD79a antigen (immunoglobulin-associated alpha); MB-1 membrane glycoprotein; ig-
alpha; membrane-bound immunoglobulin-associated protein; surface IgM-associated protein;
etc.). In one embodiment, an intracellular signaling domain suitable for use in an FN3 CAR of
the present disclosure includes a DAP10/CD28 type signaling chain. In one embodiment, an
intracellular signaling domain suitable for use in an FN3 CAR of the present disclosure includes
a ZAP70 polypeptide. In some embodiments, the intracellular signaling domain includes a
cytoplasmic signaling domain of TCR zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta,
CD3 epsilon, CD5, CD22, CD79%a, CD79b, or CD66d. In one embodiment, the intracellular
signaling domain in the CAR includes a cytoplasmic signaling domain of human CD3 zeta.
While usually the entire intracellular signaling domain can be employed, in many cases it
is not necessary to use the entire chain. To the extent that a truncated portion of the intracellular
signaling domain is used, such truncated portion may be used in place of the intact chain as long
as it transduces the effector function signal. The intracellular signaling domain includes any
truncated portion of the intracellular signaling domain sufficient to transduce the effector

function signal.
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The intracellular domains described herein can be combined with any of the antigen
binding domains described herein, any of the transmembrane domains described herein, or any
of the other domains described herein that may be included in the CAR.

In certain embodiments, the intracellular domain comprises a costimulatory domain of 4-
I1BB. In certain embodiments, the costimulatory domain of 4-1BB comprises the amino acid
sequence set forth in SEQ ID NO: 38. In certain embodiments, the intracellular domain
comprises an intracellular domain of CD3( or a variant thereof. In certain embodiments, the
intracellular domain of CD3{ comprises the amino acid sequence set forth in SEQ ID NO: 40. In
certain embodiments, the intracellular domain comprises 4-1BB and CD3C. In certain
embodiments, the intracellular domain comprises the amino acid sequences set forth in SEQ ID
NO: 38 and SEQ ID NO: 40.

Tolerable variations of the individual CAR domain sequences (leader, antigen binding
domain, hinge, transmembrane, and intracellular domains) will be known to those of skill in the
art. For example, in certain embodiments the CAR domain comprises an amino acid sequence
that has at least 80%, at least 81%o, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%o, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
sequence identity to any of the amino acid sequences set forth in SEQ ID NOs: 16, 32, 34, 36,
38, and 40.

In one aspect, the invention provides a chimeric antigen receptor (CAR) comprising an
anti-CCR4 antigen binding domain, a transmembrane domain, and an intracellular domain. In
certain embodiments, the CAR comprises the amino acid sequence set forth in any one of SEQ
ID NOs: 30, 54, 62, 70, 82, 90, and 102. In some embodiments, the CAR is linked to a safety
switch via a self-cleavable linker and the CAR-linked safety switch comprises any one of the
amino acid sequences set forth in SEQ ID NOs: 42, 52, 60, 68, 76, 88, and 100.

Tolerable variations of the CAR sequences and the CAR-linked safety switch sequences
will be known to those of skill in the art. For example, in certain embodiments the CAR
comprises an amino acid sequence that has at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to the amino acid sequence set forth in any one of
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SEQ ID NOs: 30, 54, 62, 70, 82, 90, and 102. In certain embodiments the CAR-linked safety
switch comprises an amino acid sequence that has at least 80%, at least 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at

least 97%, at least 98%, or at least 99% sequence identity to any one of the amino acid sequences

set forth in SEQ ID NOs: 42, 52, 60, 68, 76, 88, and 100.

Table 1: Nucleotide and amino acid sequences

A. CCR4 CARs (without depletion system)

SEQ ID NO: 1 | CCR4(KW_L2H) HCDR1 — nucleotide

aactacggca tgagc 15
SEQID NO: 2 | CCR4(KW_L2H) HCDR1 — amino acid

NYGMS 5
SEQ ID NO: 3 | CCR4(KW_L2H) HCDR2 — nucleotide

acaalcagca gcgccagecac clacagceclac Laccccecgala gcecglgaaggg C 51
SEQ ID NO: 4 | CCR4(KW_L2H) HCDR2 — amino acid

TISSASTYSY YPDSVKG 17
SEQ ID NO: 5 | CCR4(KW L2H) HCDR3 — nucleotide

cacagcgacg gcaacttcge ctttggctat 30
SEQ ID NO: 6 | CCR4(KW_L2H) HCDR3 — amino acid

HSDONEAECY 10
SEQ ID NO: 7 | CCR4(KW _L2H) LCDR1 — nucleotide

agatccagcecce ggaacatcegt gcacatcaac ggcgacacct acctggaa 48
SEQ ID NO: 8 | CCR4(KW L2H) LCDR1 — amino acid

RSSRNIVHIN GDTYLE 16
SEQ ID NO: 9 | CCR4(KW L2H) LCDR2 — nucleotide

aaggtgtcca accggttcag ¢ 21
SEQ ID NO: 10 | CCR4(KW_L2H) LCDR2 — amino acid

KVSNRES 7
SEQ ID NO: 11 | CCR4(KW_L2H) LCDR3 — nucleotide

ttccaaggct ctctgctgece ctggaca 27
SEQ ID NO: 12 | CCR4(KW_1L2H) LCDR3 — amino acid

FQGSLLPWT 9
SEQ ID NO: 111 | CCR4(KW L2H) VH chain — nucleotide

gaagttcagc tggttgagtc tggcggcgac ctggttcagcoc ctggcagatc tctgagactg 60
agctgtgccecg ccageggett catcttcage aactacggca tgagctgggt ccgacaggec 120
cctggaaaag gactggaatg ggtcgccaca atcagcagcg ccagcaccta cagctactac 180
ccecgatageg tgaagggcecag attcaccate agccgggaca acgccaagaa cagcchtgtac 240
ctgcagatga actccctgceg cgtggaagat acagccctgt actattgcgg cagacacagce 300
gacggcaacl Lcgcecceclllgg clallgggge cagggaaccc Lgglcaccgl LLclagl 357
SEQ ID NO: 112 | CCR4(KW_L2H) VH chain — amino acid

EVOLVESGGD LVQPGRSLRL SCAASGEFIFS NYGMSWVRQA PGKGLEWVAT ISSASTYSYY 60
PDSVKGRETI SRDNAKNSLY LOMNSLRVED TALYYCGRHS DGNFAFGYWG QGTLVTVSS 119
SEQ ID NO: 113 | CCR4(KW_L2H) VL chain — nucleotide

gacgtgctga tgacacagag ccctctgage ctgcctgtga cacctggcecga acctgccagce 60
atcagctgca gatccagccg gaacatcgtg cacatcaacg gcgacaccta cctggaatgg 120
tatctgcaga agcccggecca gtctcctcag ctgctgatct acaaggtgtce caaccggttc 180
agcggcegtge ccgatagatt ttcectggcage ggcectctggceca ccgacttcac cctgaagatce 240
tccagagtgg aagccgagga cgtgggcecgtg tactactget tceccaaggcectce tctgcectgceccce 300
tggacatttyg gccagggcac caaggtggaa atcaag 336
SEQ ID NO: 114 | CCR4(KW_L2H) VL chain — amino acid

DVIMTQSPLS LPVIPGEPAS ISCRSSRNIV HINGDTYLEW YLQKPGQSPQ LLIYKVSNRE 60
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SGVPDRFESGS GSGTDETLKI SRVEAEDVGYV YYCFQGSLLP WIFGQGTKVE IK 112
SEQ ID NO: 13 | CCR4(KW H2L) scFv — nucleotide
gaagtgcagc tggttgagtc tggcggagat ctggtgcagce ctggcagaag cctgagactg &0
tcttgtgeccg ccagcecggett catcttcage aactacggca tgagctgggt ccgacaggcc 120
cctggaaaag gccttgaatg ggtcgccaca atcagcagcg ccagcaccta cagctactac 180
cccgatageg tgaagggeag attcaccatc agccgggaca acgccaagaa cagcocctgtac 240
ctgcagatga actccctgceg cgtggaagat acagccctgt actactgcgg cagacacagce 300
gacggcaall Lcgccelllgg clallgggge cagggcacce Lggllaccgl Llclagcgga 360
ggaggtggat caggtggagg tggaagcggg ggaggaggtt ccggcecggegg aggatcagat 420
gttctgatga cacagagccce tctgagcectg cctgtgacac ctggcgaacce tgccagcecatce 480
agctgcagat ccagccggaa catcgtgcac atcaacggcg acacctacct ggaatggtat 540
ctgcagaagc ccggceccagtc tcocctcagetg ctgatctaca aggtgtccaa ccggttcage 600
ggcgtgccecg atagattttcec tggcagcgge tcectggcaccg acttcaccct gaagatctcce 660
agagtggaag ccgaggacgt gggcgtctac tactgcttcc aaggctctet gctgceccctgg 720
acatttggac agggcaccaa ggtggaaatc aag 753
SEQ ID NO: 14 | CCR4(KW _ H2L) scFv — amino acid
EVQLVESGGD LVQPGRSLRL SCAASGEIFES NYGMSWVRQA PGKGLEWVAT ISSASTYSYY 60
PDSVKGREFTI SRDNAKNSLY LOMNSLRVED TALYYCGRHS DGNFAFGYWG QGTLVIVSSG 120
GGGSGGGGSG GGGSGGGGSD VLIMTQSPLSL PVIPGEPASTI SCRSSRNIVH INGDTYLEWY 180
LOKPGOSPQL LIYKVSNRES GVEDRESGSG SGTDFTLKIS RVEAEDVGVY YCEQCGSLLPW 240
LEGQGLIKVEL K 251
SEQ ID NO: 15 | CCR4(KW_L2H) scFv — nucleotide
gacgtgctga tgacacagag ccctctgagc ctgcctgtga cacctggcga acctgccagce 60
atcagctgca gatccagecg gaacatcgtyg cacatcaacyg gcgacaccta cctggaatgg 120
tatctgcaga agcccggcca gtctectcag ctgctgatct acaaggtgtce caaccggttce 180
agcggcgtgce ccgatagatt ttctggcagce ggctctggca ccgacttcac cctgaagatc 240
tccagagtgg aagccgagga cgtgggcecgtg tactactgcect tccaaggctce tcectgcectgceccce 300
tggacatttg gccagggcac caaggtggaa atcaagggag gaggtggatc aggtggaggt 360
ggaagcgggg gaggaggttc cggcggcgga ggatcagaag ttcagctggt tgagtctgge 420
ggcgacctgg ttcagcecctgg cagatctctg agactgagcet gtgcoccgeccaqg cggcttcatce 480
ttcagcaact acggcatgag ctgggtccga caggcccctg gaaaaggact ggaatgggtce 540
gccacaatca gcagcgccag cacctacagce tactaccccg atagcgtgaa gggcagattc 600
accatcageoc gggacaacgce caagaacagoe ctgtacctge agatgaactoe cotgogogtg 660
gaagatacag ccctgtacta ttgcggcaga cacagcgacg gcaacttcge ctttggcectat 720
Lggggccagy gaaccclggl caccglllcl agl 753
SEQ ID NO: 16 | CCR4(KW L2H) scFv — amino acid
DVLMTQSPLS LPVIPGEPAS ISCRSSRNIV HINGDTYLEW YLQKPGQSPQ LLIYKVSNRE 60
SGVPDRESGS GSGTDETLKI SRVEAEDVGYV YYCFQGSLLP WIFGQGTKVE IKGGGGSGGG 120
GSGGGGSGGG GSEVQLVESG GDLVQPGRSL RLSCAASGEI FSNYGMSWVR QAPGKGLEWV 180
ATISSASTYS YYPDSVKGRE TISRDNAKNS LYLOMNSLRV ELDTALYYCGR HSDGNFAFGY 240
WGQGTLVIVS S 251
SEQ ID NO: 17 | CCR4(1-49 H2L) scFv — nuclcotide
caggtgcagce tggtgcagag cggagccgag gtgaagaagcoe ctggagettco cgtcaaggtg 60
tcectgcaagg ccagceggeta caccttcecgec agcagcectgga tgcactggat gcecggcaggcea 120
cclggacagg gcclcgaalg galcggceclgg alcaaccccyg gcaacglgaa caccaaglac 180
aacgagaagt tcaagggcag ggccaccctg accgtggaca ccagcaccaa caccgectac 240
atggaactga gcagcctgceg gagcgaggac accgccgtgt actactgcege cagaagcacg 300
tggtatcggce cgaatgacta ctggggccag ggcaccctgg tgaccgtgag cagcggagga 360
ggtggatcag gtggaggtgg aagcggggga ggaggttccg gcggcggagg atcagacatce 420
gtgatgaccc agagccccga cagcctggcecce gtgagcctgg gcgagcgggce caccatcaac 480
tgcaagagca gccagagcat cctgtacage agcaaccaga agaactaccect ggcocctggtat 540
cagcagaagc ccggccagag ccccaagcectg ctgatctact gggccagcac ccgggagagce 600
ggcgtgcccecg accggtttag cggcagcggce tccggcaccg acttcacccect gaccatcagce 660
agcctgcagg ccgaggacgt ggccgtgtac tactgccacc agtacaaaag cagctacacc 720
ttcggecagy gcacaaagct ggaaatcaag 750
SEQ ID NO: 18 | CCR4(1-49 H2L) scFv — amino acid
QVQOLVOSGAE VKKPGASVKV SCKASGYTEFA SSWMHWMRQA PGOGLEWIGW INPGNVNTKY 60
NEKEKGRAT'L 'I'VDISINITAY MELSSLRSED TAVYYCARSL WYRPNDYWGQ GLLVIVSSGG 120
CCSCCCCSCC CGSCGGCSDI VMTQSPDSLA VSLOCERATIN CKSSQSILYS SNQKNYLAWY 180
QQKPGQSPKL LIYWASTRES GVFDRESGSG SGTDFTLTIS SLOAEDVAVY YCHQYKSSYT 240
FGQGTKLEIK 250
SEQ ID NO: 19 | CCR4(1-49 L2H) scFv — nucleotide
gacatcgtga tgacccagag ccccgacagc ctggccgtga gcecctgggcga gcgggccacc 60
atcaactgca agagcagcca gagcatcctg tacagcagca accagaagaa ctacctggcce 120
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tggtatcagc agaagcccgg ccagagcccce aagctgctga tctactgggce cagcacccgg 180
gagagcggcg tgcccgaccg gtttagcgge agcecggctccg gcaccgactt caccctgacce 240
atcagcagcc tgcaggccga ggacgtggcece gtgtactact gccaccagta caaaagcagce 300
tacaccttcg gccagggcac aaagctggaa atcaagggag gaggtggatc aggtggaggt 360
ggaagcgggg gaggaggttc cggcggcgga ggatcacagg tgcagctggt gcagagcgga 420
gccgaggbtga agaagcctgg agcttcececgte aaggtgtccect gecaaggccag cggctacacce 480
ttcgccageca gcectggatgca ctggatgcgg caggcacctg gacagggceccect cgaatggatc 540
ggctggatca accccocggeaa cgtgaacaccoe aagtacaacg agaagttcaa gggcagggcoc 600
accctgaccg tggacaccag caccaacacc gcctacatgg aactgagcag cctgcggagce 660
gdyydedecey ceglylacelda clygcycecdayd dycdceylyyl aleygyceygdd Lyaclaclygy 720
ggccagggca ccctggtgac cgtgagcagce 750
SEQ ID NO: 20 | CCR4(1-49 L2H) scFv — amino acid
DIVMTQSPDS LAVSLGERAT INCKSSQSIL YSSNQKNYLA WYQOKPGOSP KLLIYWASTR 60
ESGVPDRESG SGSGTDEFTLT ISSLOAEDVA VYYCHQYKSS YTFGQGTKLE IKGGGGSGGG 120
GSGGGGSGGEG GSQVQLVQSG AEVKKPGASYV KVSCZKASGYT FASSWMHWMR QAPGQGLEWI 180
CGWINPGNVNT KYNEKFKGRA TLTVDTSTNT AYMELSSLRS ELDTAVYYCAR STWYRPNDYW 240
CQCTLVTVSS 250
SEQ ID NO: 21 | CCR4(2-3 H2L) scFv — nucleotide
caggtgcagce tggtgcagag cggagccgag gtgaagaagce ctggagcttc cgtcaaggtg 60
tcectgecaagg ccagcecggcta caccttcecgcece agcecgcecgtgga tgcactggat gcggcaggca 120
cctggacagg gectcecgaatg gatcggetgg atcaaccccg gcaacgtgaa caccaagtac 180
aacgagaagt tcaagggcag ggccaccctg accgtggaca ccagcaccaa caccgcctac 240
alggaaclga gcagcclgcg gagcgaggac accgccglgl aclaclgcgc cagaagcacg 300
tattaccgge cgectggacta ctggggcoccag ggcaccctgg tgaccgtgag cagcggagga 360
ggtggatcag gtggaggtgg aagcggggga ggaggttccg gcggcggagg atcagacatc 420
gtgatgaccc agagccccecga cagcecctggcece gtgagcecctgg gcecgagcecgggce caccatcaac 480
tgcaagagca gccagagcat cctgtacagc agcaaccaga agaactacct ggcctggtat 540
cagcagaagc ccyggccagag ccccaagclg clgalclacl gggccagcac ccgggagagc 600
ggcgtgcececg accggtttag cggcagcecgge tccecggcaccg acttcaccoct gaccatcagce 660
agcctgcagg ccgaggacgt ggccgtgtac tactgccacc agtacatgag cagctacacc 720
ttcggeccagg gcacaaagct ggaaatcaag 750
SEQ ID NO: 22 | CCR4(2-3 H2L) scFv — amino acid
QVOLVOSGAE VKKPGASVKY SCKASGY'I'EA SAWMHWMROA PGOGLEWIGW LINPGNVNIKY 60
NEKFKCRATL TVDTSTNTAY MELSSLRSED TAVYYCARST YYRPLDYWCQ CTLVIVSSCC 120
CGCSCCCGCSCC CCSGCCCCSDI VMTQSPDSLA VSLOERATIN CKSSQSILYS SNQKNYLAWY 180
QOKPGOSPKL LIYWASTRES GVPDRESGSG SGTDETLTIS SLOAEDVAVY YCHQYMSSYT 240
FGQOGTKLEIK 250
SEQ ID NO: 23 | CCR4(2-3 L2H) scFv — nucleotide
gacatcgtga tgacccagag ccccgacagce ctggccgtga gcectgggcecga gcgggcecacce 60
atcaactgca agagcagcca gagcatcctg tacagcagca accagaagaa ctacctggcce 120
tggtatcagc agaagcccgg ccagagcccce aagctgctga tctactgggce cagcacccgg 180
gagagcggeg tgcocccgaccg gtttagegge ageggetccecg gcaccgactt cacccoctgacce 240
atcagcagcce tgcaggccga ggacgtggcecec gtgtactact gceccaccagta catgagcagce 300
tacaccttcg gccagggcecac aaagctggaa atcaagggag gaggtggatc aggtggaggt 360
ggaagcgggg gaggaggttc cggcggcecgga ggatcacagg tgcagcetggt gcagagcocgga 420
gccgaggtga agaagcctgg agcttceccgte aaggtgtcct gcaaggccag cggctacacc 480
LLcgceccageyg cglggalgca clggalgcgg caggcacclg gacagggcecl cgaalggalc 540
ggctggatca accccggcaa cgtgaacacc aagtacaacg agaagttcaa gggcagggcec 600
accctgaccg tggacaccag caccaacacce gcctacatgg aactgagcag cctgcggagce 660
gaggacaccg ccgtgtacta ctgcgccaga agcacgtatt accggccgct ggactactgg 720
ggccagggea ccctggtgac cgtgagcage 750
SEQ ID NO: 24 | CCR4(2-3 L2H) scFv — amino acid
DIVMTQSPDS LAVSLCGERAT INCKSSQSIL YSSNQKNYLA WYQQKPGQSP KLLIYWASTR 60
ESGVPDRFSG SGSGTDFTLT ISSLQAEDVA VYYCHQYMSS YTFGQGTKLE IKGGGGSGGG 120
G3SGGGGSGGG GSQVQLVQSG AEVKKPCGASYV KV3CKASCGYT FASAWMHWMR QAPGQGLEWI 180
GWINPGNVNT KYNEKFKGRA TLTVDTSTNT AYMELSSLRS EDTAVYYCAR STYYRPLDYW 240
GRGLLVIVSS 250
SEQ ID NO: 25 | CCR4(h1567 H2L) scFv — nucleotide
caggtgcagc tggtgcagag cggagccgag gtgaagaagce ctggagcttce cgtcaaggtg 60
tcctgecaagg ccageggeta caccttcecgeo agcectactaca tgcactggat goeggcaggca 120
cctggacagg gcecctcecgaatg gatcggetgg atcaaccccecg gcaacgtgaa caccaagtac 180
aacgagaagt tcaagggcag ggccaccctg accgtggaca ccagcaccaa caccgcctac 240
atggaactga gcagcctgcg gagcgaggac accgccgtbtgt actactgcgce cagaagcacc 300
tactaccggce ccctggacta ctggggccag ggcaccctgg tgaccgtgag cagcggagga 360
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ggtggatcag gtggaggtgg aagcggggga ggaggttccg gcggcggagg atcagacatc 420
gtgatgaccc agagccccga cagcctggcee gtgagcectgg gcgagcecgggce caccatcaac 480
tgcaagagca gccagagcat cctgtacage agcaaccaga agaactacct ggcctggtat 540
cagcagaagc ccggccagag ccccaagctg ctgatctact gggccagcac ccgggagagc 600
ggcgtgcceg accggtttag cggcagcecggce tccggcaccg acttcaccet gaccatcage 660
agcctgcagg ccgaggacgt ggccgtgtac tactgceccace agtacctgag cagctacacc 720
ttcggeccagyg gcacaaagct ggaaatcaag 750
SEQ ID NO: 26 | CCR4(h1567_H2L) scFv —amino acid
QVOLVOSCGAE VKKPGASVKV SCKASGYTEFA SYYMHWMRQA PGOCLEWIGW INPGNVNTKY 60
NEKFKGRATL TVDTSTNTAY MELSSLRSED TAVYYCARST YYRPLDYWGQ GTLVITVSSGG 120
GGSGGGGSGG GGSGGGGSDI VMTQSPDSLA VSLGERATIN CKSSQSILYS SNQKNYLAWY 180
QOKPGOSPKL LIYWASTRES GVPDRESGSG SGTDFTLTIS SLOAEDVAVY YCHQYLSSYT 240
FGOGTKLEIK 250
SEQ ID NO: 27 | CCR4(h1567 L2H) scFv — nucleotide
gacatcgtga tgacccagag ccccgacagce ctggccgtga gcectgggcga gecgggcecacce 60
atcaactgca agagcagcca gagcatcctg tacagcagca accagaagaa ctacctggcecce 120
tggtatcagc agaagcccgg ccagagcccce aagctgctga tctactgggce cagcacccgg 180
gagagcggced tgcccgacceg gtttagecgge agcecggcectccecg gcecaccgactt caccctgacce 240
atcagcagcce tgcaggccga ggacgtggcece gtgtactact gccaccagta cctgagcagce 300
tacaccttcg gccagggcac aaagctggaa atcaagggag gaggtggatc aggtggaggt 360
ggaagcgggg gaggaggttc cggcggcecgga ggatcacagg tgcecagetggt gecagagcocgga 420
gccgaggtga agaagcctgg agcttceccecgte aaggtgtcct gcaaggccag cggctacacce 480
LLcgccagel aclacalgca clggalgcgg caggcacclg gacagggccl cgaalggalc 540
ggctggatca accccggeaa cgtgaacacce aagtacaacg agaagttcaa gggcagggcc 600
accctgaccg tggacaccag caccaacacc gcctacatgg aactgagcag cctgcggagce 660
gaggacaccg ccgtgtacta ctgcgccaga agcacctact accggceccccect ggactactgg 720
ggccagggca ccctggtgac cgtgagcage 750
SEQ ID NO: 28 | CCR4(h1567 L2H) scFv — amino acid
DIVMTQSPDS LAVSLGERAT INCKSSQSIL YSSNQKNYLA WYQQOKPGQSP KLLIYWASTR 60
ESGVPDRESG SGSGTDFTLT ISSLOAEDVA VYYCHQYLSS YTFGQGTKLE IKGGGGSGGG 120
GSGGGGSGGG GSQVQOLVQOSG AEVKKPGASY KVSCKASGYT EASYYMHWMR QAPGOQGLEWI 180
GWINPGNVNT KYNEKFKGRA TLTVDTSTNT AYMELSSLRS EDTAVYYCAR STYYRPLDYW 240
GQGLILVIVSS 250
SEQ ID NO: 29 | CCR4(KW L2H) CAR — nucleotide
atggccctge ctgtgacage cctgcectgetg cctcectggete tgctgetgea tgccgcetaga 60
ccecggatcecceg acgtgctgat gacacagagce cctctgagcece tgcecctgtgac acctggcgaa 120
cctgecageca tcagetgecag atccagecgg aacatcgtge acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tctcctcage tgctgatcta caaggtgtcce 240
aaccggttca gcggcecgtgcece cgatagattt tctggcagcg gctcectggcac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgcectt ccaaggctct 360
ctgctgccct ggacatttgg ccagggcacc aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcggggg aggaggttcoe ggecggecggag gatcagaagt tcageoctggtt 480
gagtctggcg gcgacctggt tcagcctgge agatctcectga gactgagetg tgccgecage 540
ggcttcatct tcagcaacta cggcatgagc tgggtccgac aggcecccecctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccagcoe acctacagcet actaccccga tagcocgtgaag 660
ggcagattca ccatcagccg ggacaacgcc aagaacagcce tgtacctgca gatgaactcce 720
clLgcgcglgg aagalacagc cclglaclal Lgcggcagac acagcgacgg caacllcgcec 780
tttggctatt ggggccaggg aaccctggtce accgtttcta gttccggaac cacgacgcca 840
gcgccocgegac caccaacacce ggcgcecccacce atcgegtcecge agcecccecctgte cctgcgecca 900
gaggcgtgcc ggccagcggce ggggggcgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggcgece cttggeceggg acttgtgggg tecttetecet gtcecactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc ccccgcegtac 1200
aagcagggcce agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcctgtacaa tgaactgcag aaagataaga tggcggaggce ctacagtgag 1380
attgggatga aaggcgagcg ccggaggggc aaggggcacyg atggccttta ccagggtctc 1440
agtacagcca ccaaggacac ctacgacgcoco cttcacatgcoe aggcocctgoco ccoctocgcotaa 1500
SEQ ID NO: 30 | CCR4(KW_L2H) CAR — amino acid
MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLEVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDET LKISRVEAED VGVYYCEQGS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRFTISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSCGTTTP APRPPTPAPT IASCPLSLRP 300
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EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPE 360
MRPVQTTQEE DGCSCREFPEE EEGGCELRVK EFSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN POEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPR 499
SEQ ID NO: 31 | CD8 Icader — nuclcotide
atggccctge ctgtgacagce cctgctgcectg cctcectggetce tgetgetgeca tgoccocgcectaga 60
ccc 63
SEQ ID NO: 32 | CD8 Ieader — amino acid
MALPVTALLL PLALLLHAAR P 21
SEQ ID NO: 33 | CD8 hinge — nucleotide
accacgacgc cagcgccgceg accaccaaca ccggcegccca ccatcgecgte gcagcecccectg 60
tcccectgecgee cagaggcgtg ccggccagcg gcggggggcyg cagtgcacac gagggggctg 120
gacttcgeccect gtgat 135
SEQ ID NO: 34 | CD8 hinge — amino acid
TTTPAPRPPT PAPTIASQPL SLRPEACRPA AGGAVHTRGL DFACD 45
SEQ ID NO: 35 | CD8 transmembrane — nucleotide
atctacatct gggcgccett ggccgggact tgtggggtcce ttetcecectgte actggttatce 60
accctttact gc 72
SEQID NO: 36 | CD8 transmembrane — amino acid
IYIWAPLAGT CGVLLLSLVI TLYC 24
SEQ 1D NO: 37 | 4-1BB intracellular domain — nucleotide
aaacggggca gaaagaaact cctgtatata ttcaaacaac catttatgag accagtacaa 60
actactcaag aggaagatgg ctgtagctgc cgatttccag aagaagaaga aggaggatgt 120
gaactg 126
SEQ ID NO: 38 | 4-1BB intracellular domain — amino acid
KRGRKKLLY1L FKQPEMRPVQ I"I'QEEDGCSC REPEEEEGGC EL 42
SEQ ID NO: 39 | CD3 zeta — nucleotide
agagtgaagt tcagcaggag cgcagacgcc cccgcgtaca agcagggcca gaaccagctc 60
tataacgagc tcaatctagg acgaagagag gagtacgatg ttttggacaa gagacgtggce 120
cgggaccctg agatgggggg aaagccgaga aggaagaacce ctcaggaagg cctgtacaat 180
gaactgcaga aagataagat ggcggaggcc tacagtgaga ttgggatgaa aggcgagcgc 240
cggaggggca aggggcacga tggcctttac cagggtctca gtacagccac caaggacacce 300
tacgacgcce ttcacatgca ggccctgcce cctcecgcetaa 339
SEQ ID NO: 40 | CD3 zeta — amino acid
RVKESRSADA PAYKQGONQL YNELNLGRRE EYDVLDKRRG ROPEMGGKPR REKNPQEGLYN 60
ELOKDKMABREA YSEIGMKGER RRGKGHDGLY QGLSTALUKDL YUDALHMOALP PR 112
B. CCR4(KW_1.2H)-truncated EGFR (tEGFR) depletion system
SEQ ID NO: 41 | CCR4(KW_L2H)-tEGFR — nucleotide
atggccctge ctgtgacagce cctgctgcectg cctectggecte tgcectgcectgca tgcoccgctaga 60
cccggalceceg acglgcelgal gacacagagce cclceclgagcecce Lgcecceclglgac acclggcgaa 120
cctgeccagceca tcagcectgcag atccagccgg aacatcgtge acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggceccag tctcectcage tgctgatcecta caaggtgtcece 240
aaccggttca gcggcecgtgcec cgatagattt tctggcagcecg gcectctggcac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcegtgt actactgett ccaaggetct 360
ctgctgccct ggacatttgg ccagggcacc aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcggggg aggaggttcc ggcggcggag gatcagaagt tcagctggtt 480
gagtctggcg gcgacctggt tcagcctgge agatctctga gactgagcetg tgccgceccage 540
ggcttcatct tcagcaacta cggcatgagce tgggtccgac aggcoccocctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccagce acctacagcet actaccccga tagcecgtgaag 660
ggcagattca ccatcagccg ggacaacgcc aagaacagcc tgtacctgeca gatgaactcce 720
ctgcgecgtgg aagatacagc cctgtactat tgcggcagac acagcgacgg caacttcgcc 780
tttggctatt ggggccaggg aaccctggtc accgtttcta gttccggaac cacgacgcca 840
gcgccgcgac caccaacacc ggcgcccacce alcgceglcecge agceccceclgle cclgcecgecca 900
gaggcglgcce ggccagcggc ggggggcgca glgcacacga gggggcelgga cllcgeclgl 960
gatatctaca tctgggcgece cttggceccggg acttgtgggg tecttetecet gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgce ccccgegtac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcctgtacaa tgaactgcag aaagataaga tggcggaggce ctacagtgag 1380
attgggatga aaggcgagcg cocggaggggce aaggggcacg atggceccttta ccagggtctc 1440
agtacagcca ccaaggacac ctacgacgcce cttcacatgce aggceccctgec ccecctecgecat 1500
46
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atgggaagcg gagctactaa cttcagcctg ctgaagcagg ctggagacgt ggaggagaac 1560
cctggaccta tgcttctcecct ggtgacaagc cttctgctct gtgagttacc acacccagca 1620
ttcctectga tcccacgcaa agtgtgtaac ggaataggta ttggtgaatt taaagactca 1680
ctctccataa atgctacgaa tattaaacac ttcaaaaact gcacctccat cagtggcgat 1740
ctccacatcece tgccggtgge atttaggggt gactccttca cacatactcece teccteoctggac 1800
ccacaggaac tggatattet gaaaaccgta aaggaaatca cagggttttt geotgattcag 1860
gcttggectyg aaaacaggac ggacctccat geoctttgaga acctagaaat catacgcecgge 1920
aggaccaagce aacatggtca gttttcotett gecagtcegtca gcoctgaacat aacatceccttg 1980
ggattacgct ccctcaagga gataagtgat ggagatgtga taatttcagg aaacaaaaat 2040
Llylycldaly cdddldCddl dddaclyyddd dddcelyllly gyacclecyy Ledyddddcee 2100
aaaattataa gcaacagagg tgaaaacagc tgcaaggcca caggccaggt ctgccatgcec 2160
ttgtgctcce ccgagggctg ctggggcccecg gagcccaggg actgegtcecte ttgceccggaat 2220
glLcagccgag gcagggaalg cglggacaag Lgcaaccllc Lggaggglga gccaagggag 2280
tttgtggaga actctgagtg catacagtgc cacccagagt gcctgcctceca ggccatgaac 2340
atcacctgeca caggacgggg accagacaac tgtatccagt gtgcccacta cattgacgge 2400
ccccactgceg tcaagacctg cccggcagga gtcatgggag aaaacaacac cctggtcetgg 2460
aagtacgcag acgccggcca tgtgtgccac ctgtgccatc caaactgcac ctacggatge 2520
actgggccag gtcttgaagg ctgtccaacg aatgggcecta agatcccgte catcgcecact 2580
gggatggtgg gggcocccteoct cttgeotgetg gtggtggoce tggggatcogg cctcottecatg 2640
tag 2643
SEQ ID NO: 42 | CCR4(KW_L2H)-tEGFR — amino acid
MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLPVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLOKPGQ SPOLLLIYKVS NRESGVPDRE SGSGSGLUDEL LKLISRVEAED VGVYYCEQGS 120
LLPWTFCQCT KVEIKCCGCGCS GCCGCSCCCCS CCCSSEVQLV ESCCDLVQPGC RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSGTTTP APRPPTPAPT IASCPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPE 360
MRPVQTTQEE DGCSCREFPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPRH MGSGATNESL LKQAGDVEEN PGPMLLLVTS LLLCELPHPA 540
FLLIPRKVCN GIGIGEFKDS LSINATNIKH FKNCTSISGD LHILPVAFRG DSETHTPPLD 600
POELDILKTV KEITGFLLIQ AWFENRTDLH AFENLEIIRG RTKQHGQFSL AVVSLNITSL 660
GLRSLKEISD GDVIISGNKN LCYANTINWK KLEGTSGQKT KIISNRGENS CKATGQOVCHA 720
LCSPEGCWGP BEPRDCVSCRN VSKGRECVDK CNLLEGEPRE FVENSECLQC HPECLPQAMN 780
ITCTGRGPDN CIQCAHYIDG PHCVKTCPAG VMGENNTLVW KYADAGHVCH LCHPNCTYGC 840
TGPGLEGCPT NGPKIPSIAT GMVGALLLLL VVALGIGLEM 8§80
SEQ ID NO: 43 | CCR4(KW_L2H) CAR — nucleotide
atggccctge ctgtgacagce cctgectgetg cctetggete tgectgetgea tgcoccgetaga &0
cccggatccg acgtgctgat gacacagagce cctctgagecc tgcctgtgac acctggcgaa 120
cctgccagca tcagcectgcag atccagccgg aacatcgtgce acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tctcctcage tgctgatcta caaggtgtcce 240
aaccggttca gcggcgtgceccec cgatagattt tctggcagcg gctcectggcac cgacttcacc 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgcectt ccaaggctct 360
ctgctgecect ggacatttgg ccagggcacce aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtyg gaagcggggg aggaggttcce ggcggcggag gatcagaagt tcagctggtt 480
gagtctggeg gcecgacctggt tcagectgge agatctctga gactgagetg tgcoccgecage 540
ggcttcatct tcagcaacta cggcatgage tgggtccecgac aggcecccctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccagce acctacagct actaccccga tagcgtgaag 660
ggcagattca ccatcagecg ggacaacgcc aagaacagcecce tgtacctgea gatgaactcc 720
ctgegegtgg aagatacagc cctgtactat tgcggecagac acagcgacgg caacttcgcce 780
tttggctatt ggggccaggg aaccctggtce accgtttcta gttceccggaac cacgacgcca 840
gcgccecgcegac caccaacacc ggcgcccacce atcgegtcege agcecccecctgte cctgegcecca 900
gaggcgtgcce ggccagcggc ggggggcgca gtgcacacga gggggctgga cttcecgcecctgt 2960
gatatctaca tctgggcgcce cttggccggyg acttgtgggg tceccttcectecct gtcactggtt 1020
alcaccclllL aclgcaaacg gggcagaaag aaaclcclgl alalallcaa acaaccalll 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc ccccgcegtac 1200
aagcagggcce agaaccagcet ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcecctgtacaa tgaactgcag aaagataaga tggcecggaggce ctacagtgag 1380
attgggatga aaggcgagcg ccggaggggce aaggggcacqg atggceccttta ccagggtctce 1440
agtacagcca ccaaggacac ctacgacgcc cttcacatgc aggccctgecce ccecctcecgeccat 1500
atg 1503
SEQ ID NO: 44 | CCR4(KW L2H) CAR — amino acid
MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLPVTPGE PASISCRSSR NIVHINGDTY 60
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LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGESGTDET LKISRVEAED VGVYYCEQGS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNEFA FGYWGQGTLV TVSSSGTTTP AFPRPPITPAPT IASCPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPF 360
MRPVQTTQEE DGCSCRFPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
SUTATKDUYDA LHMOALPPRH M 501
SEQ ID NO: 45 | P2A — nucleotide
ggaagcggag ctactaactt cagcctgctg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
SEQ ID NO: 46 | P2A — amino acid
CSCATNFSLL KQACDVEENP CP 22
SEQ ID NO: 47 | GMSCFR leader — nucleotide
atgcttctcc tggtgacaag ccttctgctce tgtgagttac cacacccagc attcctcctg 60
atccca 66
SEQID NO: 48 | GMSCFR leader — amino acid
MLLLVTSLLL CELPHPAFLL IP 22
SEQ ID NO: 49 | tEGFR — nucleotide
cgcaaagtgt gtaacggaat aggtattggt gaatttaaag actcactctc cataaatgct 60
acgaatatta aacacttcaa aaactgcacc tccatcagtg gcgatctcecca catcctgecg 120
gtggcattta ggggtgactc cttcacacat actcctcctc tggacccaca ggaactggat 180
attctgaaaa ccgtaaagga aatcacaggg tttttgctga ttcaggcttg gcecctgaaaac 240
aggacggacc tccatgcctt tgagaaccta gaaatcatac gcggcaggac caagcaacat 300
ggtcagtttt ctcttgcagt cgtcagcctg aacataacat ccttgggatt acgctccctc 360
aaggagataa gtgatggaga tgtgataatt tcaggaaaca aaaatttgtg ctatgcaaat 420
acaataaact ggaaaaaact gtttgggacc tccggtcaga aaaccaaaat tataagcaac 480
agaggtgaaa acagctgcaa ggccacagygc caggtctgcce atgcoccttgtyg ctocccceccgayg 540
ggclgcelggg geoccggageco cagggaclge glcoclcollgcooe ggaalglcag ccgaggcecagg 600
gaatgcgtgg acaagtgcaa ccttctggag ggtgagccaa gggagtttgt ggagaactct 660
gaglgcalac aglLgccaccc agaglgcclg cclcaggcca Lgaacalcac clgcacagga 720
cggggaccag acaactgtat ccagtgtgce cactacattg acggccccca ctgcgtcaag 780
acctgcececgg caggagtcat gggagaaaac aacaccctgg tctggaagta cgcagacgec 840
ggccalglgl gccacclglg ccalccaaac Lgcacclacg galgcaclgg gccagglcellL 900
gaaggctgtc caacgaatgg gcctaagate ccgtccatcg ccactgggat ggtgggggcce 960
ctcctettge tgctggtggt ggccctgggg atcggcectcet tcatgtag 1008
SEQ ID NO: 50 | tEGFR — amino acid
RKVCNGIGIG EFKDSLSINA TNIKHFKNCT SISGDLHILP VAFRGDSFTH TPPLDFPQELD 60
ILKTVKEITG FLLIQAWPEN RTDLHAFENL EIIRGRTKQH GCEFSLAVVSL NITSLGLRSL 120
KEISDGDVII SGNKNLCYAN TINWKKLEGT SGQKTKIISN RGENSCKATG QVCHALCSPE 180
GCWGPEPRDC VSCRNVSRGR ECVDKCNLLE GEPREFVENS ECIQCHPECL PQAMNITCTG 240
RGPDNCIQCA HYIDGPHCVK TCEAGVMGEN NTLVWKYADZA GHVCHLCHPN CTYGCTGPGL 300
EGCPTNGPKI PSIATGMVGA LLLLLVVALG IGLFM 335
C. CCR4(KW_L2H)-CD20 depletion system
SEQ ID NO: 51 | CCR4(KW_L2H)-CD20 — nucleotide
atggccctge ctgtgacage cctgcectgetg cctcectggete tgcectgetgea tgccgetaga 60
cceggatcececg acgtgcectgat gacacagagce cctcectgagcecec tgcecctgtgac acctggcgaa 120
cctgccagceca tcagctgcag atccagccgg aacatcgtge acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tctcecctcage tgctgatcta caaggtgtcce 240
aaccggttca gcggcgtgcc cgatagattt tctggcagcg gctctggcac cgacttcacc 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgcectt ccaaggcectct 360
ctgctgcececect ggacatttgg ccagggcace aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtyg gaagcggggg aggaggttccec ggcggcggag gatcagaagt tcagctggtt 480
gagtctggcecg gcgacctggt tcagcecctggce agatctctga gactgagcectg tgccgccage 540
ggcttcatct tcagcaacta cggcatgagc tgggtccgac aggcccctgg aaaaggactg 600
gaatgggtcyg ccacaatcay cagcgccagc acctacagct actaccccga tagcocgtgaayg 660
ggcagattca ccatcagecg ggacaacgcocce aagaacagcc tgtacctgcea gatgaactcco 720
ctgcgegtgg aagatacagce cctgtactat tgcggcagac acagcgacgg caacttcgcece 780
tttggctatt ggggccaggg aaccctggte accgtttcta gttccggaac cacgacgcca 840
gcgccogcocgac caccaacacce ggcgceccacce atcgcegtcoege ageccecctgta cctgcogecca 900
gaggcgtgce ggccagcecggce ggggggcgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggcgcec cttggeccggg acttgtgggg tceccttctecct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tccagaagaa 1140
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gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc ccccgcgtac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcctgtacaa tgaactgcag aaagataaga tggcggaggc ctacagtgag 1380
attgggatga aaggcgagcg ccggaggggce aaggggcacg atggceccttta ccagggtcectce 1440
agtacagcca ccaaggacac ctacgacgce cttcacatge aggccctgec ccctegceccat 1500
atgggaagcg gagctactaa cttcagcctyg ctgaagcagg ctggagacgt ggaggagaac 1560
cotggaccta tgacaacacce cagaaattca gtaaatggga ctttceoccgge agagcocaatg 1620
aaaggcccta ttgctatgca atctggtcca aaaccactct tcaggaggat gtcttcactg 1680
glyyygycceeed cycddlecell cllealydyy ygddleldayd clllyygyye Lylecayall 1740
atgaatgggc tcttccacat tgceccctgggg ggtcttectga tgatcccage agggatctat 1800
gcacccatct gtgtgactgt gtggtatcct ctctggggag gcattatgta tattatttcc 1860
ggalcaclcce Lggcagcaac ggagaaaaac Lccaggaagl glllgglcaa aggaaaaalg 1920
ataatgaact cattgagcct ctttgctgece atttctggaa tgattctttc aatcatggac 1980
atacttaata ttaaaatttc ccatttttta aaaatggaga gtctgaattt tattagagct 2040
cacacaccat atattaacat atacaactgt gaaccagcta atccctctga gaaaaactcce 2100
ccatctacce aatactgtta cagcatacaa tctctgttct tgggcatttt gtcagtgatg 2160
ctgatctttg ccttecttecca ggaacttgta atagctggca tcecgttgagaa tgaatggaaa 2220
agaacgtgcet ccagacccaa atctaacata gttcotcoctgt cagcagaaga aaaaaaagaa 2280
cagactattg aaataaaaga agaagtggtt gggctaactg aaacatcttc ccaaccaaag 2340
aatgaagaag acattgaaat tattccaatc caagaagagg aagaagaaga aacagagacyg 2400
aactttccag aacctcccca agatcaggaa tcoctcaccaa tagaaaatga cagcotctoct 2460
taa 2463
SEQ ID NO: 52 | CCR4(KW_L2H)-CD20 — amino acid
MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLEVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLOKPGQ SPQLLIYKVS NRESGVPDRE SGSGSCGTDET LKISRVEAED VGVYYCEQGS 120
LLPWTEFGQGT KVEIKGGGGS GGGGSGGGGS GGGGESEVQLV ESGGDLVQPG RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSGTTTP APRPPTPAPT IASCPLSLRP 300
EACRPAAGCGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPE 360
MRPVQTTQEE DGCSCRFTEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPRH MGSGATNESL LKOQAGDVEEN PGPMTTPRNS VNGTEFPAEPM 540
KGPLAMQSGP KPLEREMSSL VGEFTQSEEMR BESKTLGAVQL MNGLEHIALG GLLMIPAGLY 600
APICVTVWYP LWGGIMYIIS GSLLAATEKN SRKCLVKGKM IMNSLSLEAA ISGMILSIMD 660
ILNIKISHFL KMESLNEFIRA HTEYINIYNC EPANFSEKNS PSTQYCYSIQ SLFELGILSVM 720
LIFAFFQELY LAGLVENEWK RICSRPKSNL VLLSAEEKKE QUIELIKEEVV GLI'EI'SSQPK 780
NEEDIEITPI QEEEEEETET NFEEPPODQE SSPIENDSSP 820
SEQ ID NO: 53 | CCR4(KW L2H) CAR — nucleotide
atggccctge ctgtgacagce cctgctgctg cctcectggetce tgcectgcectgca tgccgctaga 60
ccecggatcececg acgtgctgat gacacagagce cctctgagcecce tgcctgtgac acctggcgaa 120
cctgccagca tcagctgcag atccagccgg aacatcgtgce acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa goccggceccag tctcocctcage tgctgatcecta caaggtgtcec 240
aaccggttca gcggecgtgcecce cgatagattt tcectggcagceg gcectcectggcecac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgctt ccaaggctct 360
ctgectgccecct ggacatttgg ccagggcacce aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtyg gaagcggggg aggaggttcce ggcggcggag gatcagaagt tcagctggtt 480
gagtctggcg gcgacctggt tcagcctggce agatctctga gactgagcectg tgccgccage 540
ggcttcatcet tcagecaacta cggcatgage tgggtccgac aggecccecctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccage acctacagct actaccccga tagcecgtgaag 660
ggcagattca ccatcagceccg ggacaacgcc aagaacagcce tgtacctgceca gatgaactcce 720
ctgcgegtgg aagatacagce cctgtactat tgcggcagac acagcgacgg caacttcgcecce 780
tttggctatt ggggccaggg aaccctggtc accgtttcta gttccggaac cacgacgcca €40
gcgccgcgac caccaacacce ggcgcccacce atcgcgtcecgce agcecccecctgte cctgcgccca 900
gaggcglgcc ggccagcggc ggggggcgca glgcacacga gggggcelgga cllcgeclgl 960
gatatctaca tctgggcgcce cttggccggg acttgtgggg tceccttcectcecct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gectgccgatt tccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc cccoccgcgtac 1200
aagcagggcc agaaccagcet ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcctgtacaa tgaactgcag aaagataaga tggcggaggce ctacagtgag 1380
attgggatga aaggcgagcg cocggaggggce aaggggcacyg atggecttta ccagggtcetce 1440
agtacagcca ccaaggacac ctacgacgce cttcacatgce aggccctgec ccctoegecat 1500
alg 1503
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SEQ ID NO: 54 | CCR4(KW_L2H) CAR — amino acid
MALPVTALLL PLALLLHAAR PGSDVIMTQS PLSLPVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDEFT LKISRVEAED VGVYYCEQGS 120
LLPWITFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCANMS 180
GEFIFSNYGMS WVRQADPGKGL EWVATISSAS TYSYYPDSVK GREFTISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNEFA FGYWGQGTLV TVSSSGTTTP AFRPPTPAPT IASCPLSLRE 300
EACRPAAGCGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPF 360
MREVQTTQEE DGCSCREFPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN POEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPRH M 501
SEQ ID NO: 55 | P2A — nucleotide
ggaagcggag ctactaactt cagcctgctyg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
SEQ ID NO: 56 | P2A — amino acid
GSGATNFSLL KQAGDVEEND GP 22
SEQ ID NO: 57 | CD20 — nucleotide
atgacaacac ccagaaattc agtaaatggg actttcccgg cagagceccaat gaaaggccct &0
attgctatgc aatctggtcc aaaaccactc ttcaggagga tgtcttcact ggtgggcccce 120
acgcaatcct tcttcatgag ggaatctaag actttggggg ctgtccagat tatgaatggg 180
ctcttccaca ttgceccctggg gggtcttctg atgatcccag cagggatcta tgcacccatc 240
tgtgtgactg tgtggtatcc tctctgggga ggcattatgt atattatttce cggatcactce 300
ctggcagcaa cggagaaaaa ctccaggaayg tgtttggtca aaggaaaaat gataatgaac 360
tcattgagce tcetttgetge catttctgga atgattcettt caatcatgga catacttaat 420
attaaaattt cccatttttt aaaaatggag agtctgaatt ttattagagc tcacacacca 480
Lalallaaca lLalacaaclg lLgaaccagcl aalccclclg agaaaaaclc cccalclacc 540
caatactgtt acagcataca atctctgttec ttgggcattt tgtcagtgat gctgatcttt 600
gccttcttce aggaacttgt aatagctggce atcgttgaga atgaatggaa aagaacgtgc 660
tccagaccca aatctaacat agttctcctg tcagcagaag aaaaaaaaga acagactatt 720
gaaataaaag aagaagtggt tgggctaact gaaacatctt cccaaccaaa gaatgaagaa 780
gacattgaaa ttattccaat ccaagaagag gaagaagaag aaacagagac gaactttcca 840
gaacctccce aagatcagga atcctcacca atagaaaatg acagctctec ttaa 894
SEQ ID NO: 58 | CD20 — amino acid
MTTPRNSVNG TFPAEPMKGP IAMQSGPKPL FRRMSSLVGP TCSFEMRESK TLGAVQIMNG 60
LFHIALGGLL MIPAGIYAPI CVIVWYPLWG GIMYIISGSL LAATEKNSRK CLVKGKMIMN 120
SLSLEAALSG MLILSIMDILN 1KLSHELKME SLNELIRAHI'P YINLYNCEPA NPSEKNSPS!I 180
QYCYSIQSLE LCILSVMLIF AFFQELVIAC IVENEWKRTC SRPKSNIVLL SAEEKKEQTI 240
EIKEEVVGLT ETSSQPKNEE DIEIIPIQEE EEEETETNFP EPPQDQOESSP IENDSSP 297
D. CCR4(KW_L2H)-FKBP-iCasp9 dcplction system
SEQ ID NO: 59 | CCR4(KW_L2H)-FKBP-iCasp9 — nucleotide
atggccctge ctgtgacage cctgcectgetg cctcectggete tgcectgetgea tgccgetaga 60
cccecggatceg acgtgctgat gacacagagce cctctgagcecce tgcecctgtgac acctggcgaa 120
cctgccagca tcagctgcag atccagccgg aacatcgtgce acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tcectcecctcage tgctgatcta caaggtgtcce 240
aaccggttca gcggegtgcc cgatagattt tctggcagcecg gctctggcac cgacttcacc 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgcectt ccaaggctct 360
ctgctgcccect ggacatttgg ccagggcacc aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtyg gaagcggggg aggaggttcc ggcggcggag gatcagaagt tcagctggtt 480
gagtctggceg gegacctggt tcagcctggcoe agatctctga gactgagcectg tgoccocgccagco 540
ggcttcatct tcagcaacta cggcatgagce tgggtccgac aggcccecctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccagce acctacagcect actaccccga tagcgtgaag 660
ggcagattca ccatcagccg ggacaacgcece aagaacagcec tgtacctgceca gatgaactcc 720
ctgcgegtgg aagatacage cctgtactat tgcecggcagac acagcgacgg caacttcegece 780
tttggctatt ggggccaggg aaccctggtce accgtttcta gttccggaac cacgacgcca 840
gcgccocgcocgac caccaacacc ggcgcecccacce atcgegtege agcecccecctgte cctgegecca 900
gaggcgtgcc ggccagcggce ggggggcecgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggcgece cttggecggyg acttgtgggg tecttetecct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcocctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tceccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc ccccgcgtac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag goctgtacaa tgaactgcag aaagataaga tggcocggaggce ctacagtgag 1380
attgggatga aaggcgagcg ccggaggggce aaggggcacg atggccttta ccagggtctce 1440
agtacagcca ccaaggacac ctacgacgcc cttcacatgc aggccctgce ccctcecgecat 1500
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atgggaagcg gagctactaa cttcagcctg ctgaagcagg ctggagacgt ggaggagaac 1560
cctggacctg gagtgcaggt ggagactatce tccccaggag acgggcgcac cttccccaag 1620
cgceggecaga cctgegtggt gcactacacce gggatgettg aagatggaaa gaaagttgat 1680
tcctceccggg acagaaacaa gcocctttaag tttatgctag gcaagcagga ggtgatccga 1740
ggctgggaag aaggggttge ccagatgagt gtgggtcaga gagccaaact gactatatct 1800
ccagattatg cctatggtge cactgggecac ccaggecatca tecccaccaca tgocactcete 1860
gtcttegatyg tggagcttcet aaaactggaa tctggcggtg gectcocggatt tggtgatgte 1920
ggtgctcettg agagtttgag gggaaatgca gatttggett acatcctgag catggagocce 1980
tgtggccact gcctcattat caacaatgtg aacttctgece gtgagtccgg gcteccgeacc 2040
cycdelyycel cedacaleya clylydydady Llycyyeyle gellelecle yelycealllLe 2100
atggtggagg tgaagggcga cctgactgcecce aagaaaatgg tgctggcecttt gctggagcetg 2160
gcgcecggcagg accacggtge tctggactge tgegtggtgg tcattctcecte tcacggetgt 2220
caggccagcce acclgcagll cccaggggcel glclacggca cagalggalyg ccclglglcg 2280
gtcgagaaga ttgtgaacat cttcaatggg accagctgcecc ccagecctggg agggaagccc 2340
aagctctttt tecatccagge ctgtggtggg gagcagaaag accatgggtt tgaggtggcece 2400
tccacttceccoce ctgaagacga gtcoccctgge agtaacccocg agccagatgce caccccegtte 2460
caggaaggtt tgaggacctt cgaccagctg gacgccatat ctagtttgcce cacacccagt 2520
gacatctttg tgtcctactc tactttceccca ggttttgttt cctggaggga ccccaagagt 2580
ggctcctggt acgttgagac coctggacgac atctttgage agtgggotca ctotgaagac 2640
ctgcagtcecce tecctgettag ggtcegetaat getgtttegg tgaaagggat ttataaacag 2700
atgcctggtt gectttaattt cctceccggaaa aaacttttcect ttaaaacatc ataa 2754
SEQ ID NO: 60 | CCR4(KW_L2H)-FKBP-iCasp9 — amino acid
MALPVIALLL PLALLLHAAR PGSDVLMIQS PLSLPVI'PGE PASLISCRSSR NLIVHINGDLY 60
LEWYLQKPCQ SPQLLIYKVS NRESCVPDRE SCSCSCTDET LKISRVEAED VGVYYCEQCS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSGTTTP AFPRPPTPAPT IASCPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPFE 360
MRPVQTTQEE DGCSCREPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPTRH MGSGATNESL LKQAGDVEEN PGPGVOVETI SPGDGRTFEDPK 540
RGQTCVVHYT GMLEDGKKVD SSRDRNKPFK FMLGKQEVIR GWEEGVAQMS VGQRAKLTIS 600
PDYAYGATGH PGIIPPHATL VFDVELLKLE SGGGSGFGDV GALESLRGNA DLAYILSMEP 660
CGHCLLINNY NFCRESGLR1 RIUGSNLIDCEK LRRRESSLHE MVEVKGDLTA KKMVLALLEL 720
NARQDHGALDC CVVVILSHGC QASHLQFPGA VYGTDGCPVS VEKIVNIFNG TSCPSLGGKP 780
KLEFIQACGG EQKDHGEFEVA STSPEDESPG SNPEPDATPE QEGLRTEFDQL DAISSLPTPES 840
DLEVSYSIEP GEVSWRDPKS GSWYVELLDD LEFEQWAHSED LCSLLLRVAN AVSVKGLYKQ 900
MPCCEFNFLRK KLEFKTS 917
SEQ ID NO: 61 | CCR4(KW L2H) CAR — nucleotide
atggccctge ctgtgacagce cctgctgctg cctcectggetce tgcectgcectgca tgccgctaga 60
ccecggatcececg acgtgctgat gacacagagce cctctgagcecce tgcctgtgac acctggcgaa 120
cctgccagca tcagctgcag atccagccgg aacatcgtgce acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tctccoctcagcoc tgctgatcta caaggtgtcoc 240
aaccggttca gcggecgtgcecce cgatagattt tcectggcagceg gcectcectggcecac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgctt ccaaggctct 360
ctgectgccecct ggacatttgg ccagggcacce aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtyg gaagcggggg aggaggttcce ggcggcggag gatcagaagt tcagctggtt 480
gagtctggcg gcgacctggt tcagcctggce agatctctga gactgagcectg tgccgccage 540
ggcttcatcet tcagecaacta cggcatgage tgggtccgac aggecccecctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccage acctacagct actaccccga tagcecgtgaag 660
ggcagattca ccatcagceccg ggacaacgcc aagaacagcce tgtacctgceca gatgaactcce 720
ctgcgegtgg aagatacagce cctgtactat tgcggcagac acagcgacgg caacttcgcecce 780
tttggctatt ggggccaggg aaccctggtc accgtttcta gttccggaac cacgacgcca €40
gcgccgcgac caccaacacce ggcgcccacce atcgcgtcecgce agcecccecctgte cctgcgccca 900
gaggcglgcc ggccagcggc ggggggcgca glgcacacga gggggcelgga cllcgeclgl 960
gatatctaca tctgggcgcce cttggccggg acttgtgggg tceccttcectcecct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gectgccgatt tceccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc cccoccgcgtac 1200
aagcagggcc agaaccagcet ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcctgtacaa tgaactgcag aaagataaga tggcggaggce ctacagtgag 1380
attgggatga aaggcgagcg cocggaggggce aaggggcacyg atggecttta ccagggtcetce 1440
agtacagcca ccaaggacac ctacgacgce cttcacatgce aggccctgec ccctoegecat 1500
alg 1503
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SEQ ID NO: 62 | CCR4(KW_L2H) CAR — amino acid
MALPVTALLL PLALLLHAAR PGSDVIMTQS PLSLPVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDET LKISRVEAED VGVYYCEFQGS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAMS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNEFA FGYWGQGTLV TVSSSGTTTP AFPRPFTPAFPT IASCPLSLRPE 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPF 360
MREVQTTQEE DGCSCREFFEE EEGGCELRVK EFSRSADAFAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYD/A LHMQALPPRH M 501
SEQ ID NO: 63 | P2A — nucleotide
ggaagcggag ctactaactt cagcctgctyg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
SEQ ID NO: 64 | P2A — amino acid
GSGATNFSLL KQAGDVEEND GDP 22
SEQ ID NO: 65 | FKBP-iCasp9 — nucleotide
ggagtgcagg tggagactat ctccccagga gacgggcgca ccttceccecccaa gecgcecggcecag &0
acctgcgtgg tgcactacac cgggatgctt gaagatggaa agaaagttga ttcctecccgg 120
gacagaaaca agccctttaa gtttatgcta ggcaagcagg aggtgatccg aggctgggaa 180
gaaggggttg cccagatgag tgtgggtcag agagccaaac tgactatatce tceccagattat 240
gcctatggtg ccactgggca cccaggcatce atcccaccac atgccactcet cgtcecttcgat 300
gtggagcttc taaaactgga atctggcggt ggctccggat ttggtgatgt cggtgctcectt 360
gagagtttga ggggaaatgc agatttggcet tacatcctga gcatggagcec ctgtggceccac 420
tgcctcatta tcaacaatgt gaacttctge cgtgagtccg ggctccgecac ccgcactgge 480
Lccaacalcg aclglgagaa gllgcggcecgl cgcllceclceccel cgclgcecalll calgglggag 540
gtgaagggcg acctgactgce caagaaaatg gtgctggcett tgctggagcet ggcgcecggceag 600
gaccacggtg ctctggactg ctgcgtggtg gtcattctct ctcacggctg tcaggccagce 660
cacctgcagt tcccaggggce tgtctacggce acagatggat gceccecctgtgtce ggtcgagaag 720
attgtgaaca tcttcaatgg gaccagctge cccagcecctgg gagggaagcce caagctcttt 780
ttcatccagg cctgtggtgg ggagcagaaa gaccatgggt ttgaggtggce ctccacttcc 840
cctgaagacg agtcccctgg cagtaacccce gagccagatg ccaccccecgtt ccaggaaggt 900
ttgaggacct tcgaccagct ggacgccata tctagtttge ccacacccag tgacatcttt 960
gtgtcctact ctactttcce aggttttgtt tectggaggg accccaagag tggctectgg 1020
LacglLlLgaga ccclggacga calclllgag caglgggclc aclclgaaga cclgcaglcc 1080
ctcctgetta gggtcgetaa tgctgtttcecg gtgaaaggga tttataaaca gatgcctggt 1140
tgctttaatt tcctccggaa aaaacttttc tttaaaacat cataa 1185
SEQ ID NO: 66 | FKBP-iCasp9 — amino acid
GVQVETISPG DGRTFPKRGQ TCVVHYTGML EDGKKVDSSR DRNKPFKEFML GKQEVIRGWE 60
EGVAQMSVGQ RAKLTISPDY AYGATGHPGI IPPHATLVED VELLKLESGG GSGEFGDVGAL 120
ESLRGNADLA YILSMEPCGH CLIINNVNEC RESGLRTRTG SNIDCEKLRR RESSLHEMVE 180
VKGDLTAKKM VLALLELARQ DHGALDCCVV VILSHGCQAS HLQFPGAVYG TDGCPVSVEK 240
IVNIFNGTSC PSLGGKPKLE FIQACGGEQK DHGFEVASTS PEDESPGSNP EPDATPEQEG 300
LRTFDQLDAI SSLPTPSDIF VSYSTFPGEV SWRDFKSGSW YVETLDDIFE QWAHSEDLQS 360
LLLRVANAVS VKGIYKQMPG CENFLRKKLE FKTS 394
E. CCR4(KW_L2H)-Herpes Simplex Virus-1 Thymidine Kinase
(HSVTK) depletion system
SEQ ID NO: 67 | CCR4(KW L2H)-HSVTK — nucleotide
atggccctge ctgtgacage cctgcectgetg cctcectggete tgctgetgea tgccgcetaga 60
ccecggatcecceg acgtgctgat gacacagagce cctctgagcece tgcecctgtgac acctggcgaa 120
cctgecageca tcagetgecag atccagecgg aacatcgtge acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tctcctcage tgctgatcta caaggtgtcce 240
aaccggttca gcggcgtgcece cgatagattt tctggcagcg gctcectggcac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgctt ccaaggctct 360
ctgctgccct ggacatttgg ccagggcacc aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcggggg aggaggttcc ggcggcggag gatcagaagt tcagctggtt 480
gagtctggcg gcgacctggt tcagcctgge agatctctga gactgagetg tgccgeccage 5410
ggcttcatct tcagcaacta cggcatgagc tgggtccgac aggcccctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccagc acctacagct actaccccga tagcocgtgaag 660
ggcagattca ccatcagccg ggacaacgcc aagaacagcce tgtacctgca gatgaactcce 720
ctgcgcegtgg aagatacagc cctgtactat tgcggcagac acagcgacgg caacttcgcec 780
tttggctatt ggggccaggg aaccctggte accgtttceta gttceccggaac cacgacgcca 840
gcgccocgegac caccaacacce ggcgceccacce atcgegtcecge agcecccecctgte cctgcgecca 900
gaggcgtgcecc ggccagcggce ggggggcgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggecgcece cttggeccggg acttgtgggg tecttctcecct gtcactggtt 1020
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atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgce ccccgcegtac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcecctgtacaa tgaactgcag aaagataaga tggcecggagge ctacagtgag 1380
attgggatga aaggcgagcg ccggaggggc aaggggcacyg atggccttta ccagggtctc 1440
agtacagcca ccaaggacac ctacgacgceco cttcacatgce aggcoccctgeco ceoctogogga 1500
agcggagcta ctaacttcag cctgctgaag caggctggag acgtggagga gaaccctgga 1560
ccelalyygycell cylaccecely cealedacde yeylelyceyl Leygdaceayye Lycygeyllel 1620
cgcggceccata gcaaccgacg tacggcecgttg cgccecctcecgec ggcagcaaga agccacggaa 1680
gtccgecctgg agcagaaaat gcccacgcta ctgcgggttt atatagacgg tcctcacggg 1740
alggggaaaa ccaccaccac gcaaclgclg glggccclgg gllcecgcgega cgalalceglce 1800
tacgtacccg agccgatgac ttactggcag gtgctggggg cttccgagac aatcgcgaac 1860
atctacacca cacaacaccg cctcgaccag ggcgagatat cggceccgggga cgcggcecggtg 1920
gtaatgacaa gcgcccagat aacaatggge atgcoccttatg ccecgtgaccga cgcoccgttcetg 1980
gctectecatg tecggggggga ggctgggagt tcacatgeccce cgeccccecgge cctcacccte 2040
atcttcgacce gccatcccat cgccgecceccte ctgtgctace cggccgcgceg ataccttatg 2100
ggcagcatga ccoccccagge cgtgeotggeg ttegtggeoce tcatcoccogeco gaccottgoceo 2160
ggcacaaaca tcgtgttggg ggcccttceg gaggacagac acatcgaccg cctggccaaa 2220
cgcoccagcegoe coggcocgagoeg gottgacctyg gectatgetgg cegegatteg cecgegtttac 2280
gggctgettg ccaatacggt goggtatctg cagggceggeg ggtegbtggtg ggaggattgg 2340
ggacagcttt cggggacggc cgtgccgccocce cagggtgccg agccccagag caacgcgggco 2400
ccacgacccece atatcgggga cacgttattt accctgtttc gggcocccccecga gttgcectggeco 2460
cccaacggceg acctgtataa cgtgtttgece tgggceccttgg acgtcecttgge caaacgectce 2520
cgtcccatge acgtctttat cctggattac gaccaatcgce cecgccecggetg ccgggacgcc 2580
ctgctgcaac ttacctccgg gatggtccag acccacgtca ccaccccagg ctccataccg 2640
acgatctgeg acctggecgeg cacgtttgece cgggagatgg gggaggctaa ctaa 2694
SEQ ID NO: 68 | CCR4(KW L2H)-HSVTK — amino acid
MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLEVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDEFT LKISRVEAED VGVYYCFEFQGS 120
LLPWTEFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAAS 180
GEIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDIALYY CGRHSDGNEA FGYWGQGLLY TVSSSGLITLTE APRPPI'PAPT 1ASCPLSLRE 300
EACRPANGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPEFE 360
MRPVQTTQEE DGCSCREFPEE EEGGCELRVK EFSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN POEGLYNELQO KDKMABAYSE 1GMKGERRRG KGHUGLYQGL 480
STATKDTYDA LHMQALPPRC SCATNEFSLLK QACDVEENPC PMASYPCHQH ASAFDQAARS 540
RGHSNRRTAL RPRRQQEATE VRLEQKMPTL LRVYIDGPHG MGKTTTTQLL VALGSRDDIV 600
YVPEPMTYWQ VLGASETIAN IYTTQHRLDQ GEISAGDAAV VMTSAQITMG MPYAVTDAVL 660
APHVGGEAGS SHAPPPALTL IFDRHPIAAL LCYPAARYLM GSMTPQAVLA EVALIPPTLD 720
GTNIVLGALP EDRHIDRLAK RQRPGERLDL AMLAATRRVY GLLANTVRYL QGGGSWWEDW 780
GQLSGTAVPP QGAEPQSNAG PRFHIGDTLEF TLEFRAPELLA PNGDLYNVEA WALDVLAKRL 840
RPMHVFILDY DQSPAGCRDA LLOLTSGMVQ THVTTPGSIDP TICDLARTEA REMGEAN 897
SEQ ID NO: 69 | CCR4(KW_L2H) CAR - nucleotide
atggccctge ctgtgacagce cctgcectgcetg cctectggete tgetgetgea tgcoccgcectaga 60
cceggatceceg acgtgcectgat gacacagagce cctcectgagcecec tgcectgtgac acctggcecgaa 120
cctgccagca tcagcectgcag atccagccgyg aacatcgtgce acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcocccggcecag tctcecctcage tgetgatcecta caaggtgtcec 240
aaccggttca gcggcecgtgcec cgatagattt tctggecageg gcectcectggcac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgcectt ccaaggctct 360
ctgctgccet ggacatttgg ccagggcacce aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcggggg aggaggttcc ggcggcggag gatcagaagt tcagctggtt 480
gagtctggcg gcgacctggt tcagcctggce agatctctga gactgagctg tgccgccagce 540
ggcllcalcl Lcagcaacla cggcalgagce Lggglccgac aggcccecceclgg aaaaggaclg 600
gaatgggtcg ccacaatcag cagcgccagc acctacagct actaccccga tagcgtgaag 660
ggcagattca ccatcagccg ggacaacgcce aagaacagcce tgtacctgca gatgaactcce 720
ctgecgegtgg aagatacage cctgtactat tgcecggcagac acagcgacgg caacttcegec 780
tttggctatt ggggccaggg aaccctggtce accgtttcta gttccggaac cacgacgcca 840
gcgccocgcocgac caccaacacce ggcgcecccace atcgcegtcege agecccecctgte cctgcegecca 900
gaggcgtgcecc ggccagcggce ggggggcecgca gtgcacacga gggggctgga cttecgectgt 960
gatatctaca tcectgggoegece cttggecggyg acttgtgggg tecttetecct gteocactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggcectgta getgecgatt tccagaagaa 1140
gaagaaggag galglgaacl gagaglgaag LlLcagcagga gcgcagacgc ccccgceglac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
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gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag gcctgtacaa tgaactgcag aaagataaga tggcggaggce ctacagtgag 1380
attgggatga aaggcgagcg ccggagggge aaggggcacqg atggceccttta ccagggtctce 1440
agtacagcca ccaaggacac ctacgacgcc cttcacatgc aggccctgcc ccctcecgccat 1500
atg 1503
SEQ ID NO: 70 | CCR4(KW _L2H) CAR — amino acid
MALPVTALLL PLALLLHANAR PGSDVILMTQS PLSLEVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDET LKISRVEAED VGVYYCEQGS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GREFTISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSGTTTP APRPPITPAPT IASCPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPF 360
MRPVOQTTQEE DGCSCREPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQOEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPRH M 501
SEQ ID NO: 71 | P2A — nucleotide
ggaagcggag ctactaactt cagcctgctg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
SEQ ID NO: 72 | P2A — amino acid
CSCATNFSLL KQACDVEENP CP 22
SEQ ID NO: 73 | HSVTK — nucleotide
atggcttcgt acccctgcecca tcaacacgceg tctgcecgttcecg accaggctge gegttcectcege 60
ggccatagca accgacgtac ggcgttgcecge cctecgcececgge agcaagaagce cacggaagte 120
cgcctggagc agaaaatgcc cacgctactg cgggtttata tagacggtcc tcacgggatg 180
gggaaaacca ccaccacgca actgctggtg gccctgggtt cgcgcgacga tatcgtctac 240
gtacccgagce cgatgactta ctggcaggtg ctgggggctt ccgagacaat cgcgaacatc 300
tacaccacac aacaccgcct cgaccagggce gagatatcgg ccggggacgce ggcggtggta 360
atgacaagcg caccagataac aatgggeatg cottatgocg tgaccgacgoe acgttotggoet 420
cctecatgteg ggggggaggce tgggagttca catgccccge ccocccecggeccet caccctcecatc 480
ttcgaccgece atcccatege cgccctceccectg tgctaccecgg ccgegegata ccecttatggge 540
agcatgacce cccaggeegt gotggegttoe gtggcecctceca tceoccogeocgac cttgcoccoccocgge 600
acaaacatcg tgttgggggc ccttccggag gacagacaca tcgaccgcct ggccaaacgc 660
cdycyccececey ygeygdaygeyygel Lydcecclyycl dlyclyyccy cyallegeey cylllacyygy 720
ctgcttgcecca atacggtgceg gtatctgcag ggcggcegggt cgtggtggga ggattgggga 780
cagctttcecgg ggacggcegt gccgcecccag ggtgccgagce cccagagcaa cgcgggcecca 8§40
cgaccccata tcggggacac gttatttacce ctgtttcggg cccccgagtt gctggecccce 900
aacggcgacc tgtataacgt gtttgcctgg gceccttggacg tecttggccaa acgcectceccegt 960
cccatgcacg tctttatcct ggattacgac caatcgcccg cecggcectgecg ggacgcecctg 1020
ctgcaactta cctccgggat ggtccagacc cacgtcacca ccccaggcectce cataccgacg 1080
atctgcgacce tggcecgegcac gtttgceccecgg gagatggggg aggctaacta a 1131
SEQ ID NO: 74 | HSVTK — amino acid
MASYPCHQHA SAFDQAARSR GHSNRRTALR PRRQOQEATEV RLEQKMPTLL RVYIDGPHGM 60
GKI'M"I'QLLY ALGSRDDIVY VEPEPMI'YWQOV LGASEIIANL YIU'I'QHRLDOG ELISAGDAAVYV 120
MTSAQITMCM PYAVTDAVLA PHVCCEACSS HAPPPALTLI FDRHPIAALL CYPAARYLMGC 180
SMTPOAVLAF VALIPPTLPG TNIVLGALPE DRHIDRLAKR QRPGERLDLA MLAATRRVYG 240
LLANTVRYLQ GGGSWWEDWG QLSGTAVPPQ GAEPQSNAGP RPHIGDTLFT LFRAPELLAP 300
NGDLYNVEAW ALDVLAKRLR PMHVEILDYD QSPAGCRDAL LCLTSGMVQT HVTTPGSIDPT 360
ICDLARTFAR EMGEAN 376
F. dnTGFRII-CCR4(KW_L2H)-HSVTK (top) depletion system
SEQ ID NO: 75 | dnTGFRII-CCR4(KW_L2H)-HSVTK — nucleotide
atgggtcggg ggctgctcag gggcctgtgg ccgcectgecaca tcecgtectgtg gacgegtatce 60
gccagcacga tcccaccgca cgttcagaag tcggatgtgg aaatggaggc ccagaaagat 120
gaaatcatct gccccagcectg taataggact gcccatccac tgagacatat taataacgac 180
atgatagtca ctgacaacaa cggtgcagtc aagtttccac aactgtgtaa attttgtgat 240
gtgagatttt ccacctgtga caaccagaaa tcctgcatga gcaactgcag catcacctcc 300
atctgtgaga agacacagga agtatgtgtg gotgtatgga gaaagaatga cgagaacata 360
acactagaga cagtttgcca tgaccccaag ctcccctacce atgactttat tctggaagat 420
gctgcttcte caaagtgcat tatgaaggaa aaaaaaaagc ctggtgagac tttcttcatg 480
tgttcctgta gcectctgatga gtgcaatgac aacatcatct tctcagaaga atataacacc 540
agcaatcctg acttgttgct agtcatattt caagtgacag gcatcagcct cctgccacca 600
clgggagllg ccalalclgl calcalcalc LLclLaclgcl accgcgllaa ccggcagcag 660
aagctgggca gcggcgaggg cagaggcagce ctgctgacct gecggcgacgt ggaggagaac 720
ccecggaccta tggceccctgece tgtgacagcece ctgcectgctge ctcectggcectet getgctgeat 780
gccgcectagac ccggatccga cgtgctgatg acacagagcce ctctgagcect gectgtgaca 840
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cctggcgaac ctgccagcat cagctgcaga tccagccgga acatcgtgca catcaacggce 500
gacacctacc tggaatggta tctgcagaag cccggccagtb ctcecctcaget gcectgatctac 960
aaggtgtcca accggttcag cggcgtgecce gatagatttt ctggcagegg ctcectggeacce 1020
gacttcaccce tgaagatctc cagagtggaa gccgaggacg tgggcgtgta ctactgcette 1080
caaggctctce tgctgcecccectg gacatttgge cagggcacca aggtggaaat caagggagga 1140
ggtggatcag gtggaggtgg aagcggggga ggaggttcecg geggceggagg atcagaagtt 1200
cagctggttyg agtctggegyg cgacctggtt cagcocctggca gatctcoctgag actgagetgt 1260
gocgecageg gettcatett cagcaactac ggecatgaget gggtcocgaca ggoccctgga 1320
aaaggactgg aatgggtcgc cacaatcagc agcgccagca cctacagcta ctaccceccgat 1380
dycylyddyy ycdydllede calcecdygyccecyy ygdoeddeycoed dyddoedgcecel yglaccelycay 1440
atgaactccce tgcgecgtgga agatacagcecc ctgtactatt gcecggcagaca cagcgacggce 1500
aacttcgcct ttggctattg gggccaggga accctggtca ccecgtttctag ttccecggaacc 1560
acgacgccayg cgccgcgacc accaacaccg gcgcccacca Lcgecglegceca gcecceclglcee 1620
ctgcgcccag aggegtgocg goccageggeg gggggcegecag tgcacacgag ggggctggac 1680
ttcgectgtg atatctacat ctgggegcece ttggccggga cttgtggggt cettetectg 1740
tcactggtta tcacccttta ctgcaaacgg ggcagaaaga aactcctgta tatattcaaa 1800
caaccattta tgagaccagt acaaactact caagaggaag atggctgtag ctgccgattt 1860
ccagaagaag aagaaggagg atgtgaactg agagtgaagt tcagcaggag cgcagacgcc 1920
cccocgegtaca agcagggeca gaaccagcte tataacgage tcaatctagg acgaagagag 1980
gagtacgatg ttttggacaa gagacgtggc cgggaccctg agatgggggg aaagccgaga 2040
aggaagaacc cbtcaggaagg cctgtacaat gaactgcaga aagataagat ggcggaggcc 2100
tacagtgaga ttgggatgaa aggcgagcgc cggaggggca aggggcacga tggcecctttac 2160
cagggtctca gtacagccac caaggacacc tacgacgccc ttcacatgca ggccctgccce 2220
cctcgeggaa gceggagctac taacttcagce ctgctgaagce aggctggaga cgtggaggag 2280
aaccctggac ctatggettce gtacccctge catcaacacg cgtctgegtt cgaccaggcet 2340
gcgegttcecte gecggccatag caaccgacgt acggcgttge geccctegeeg gcagcaagaa 2400
gccacggaag tccgcctgga gcagaaaatg cccacgctac tgcgggttta tatagacggt 2460
cctcacggga tggggaaaac caccaccacg caactgetgg tggecctggg ttcegegegac 2520
gatatcgtct acgtacccga gccgatgact tactggcagg tgctggggge ttcoccgagaca 2580
atcgcgaaca tctacaccac acaacaccgce ctcgaccagg gcgagatatc ggccggggac 2640
gcggeggtgg taatgacaag cgcccagata acaatgggca tgcecttatge cgtgaccgac 2700
gcegttetgg ctectcatgt cgggggggag gectgggagtt cacatgccce gecccccggece 2760
ctecaccctcea tettcgaccg ccatcccate gecgcococtcooe tgtgetaccoo ggocgegaga 2820
taccttatgg gcagcatgac cccccaggee gtgectggegt tegtggecccet catceccegecg 2880
accttgcccg gcacaaacat cgtgttgggg gcccttcoccgg aggacagaca catcgaccgce 2940
ctggccaaac gcocagcgcocoo cggcocgagcocgyg cttgacctgg ctatgetgge cgocgattcocge 3000
cgcgtttacg ggctgcttge caatacggtg cggtatctgce agggcggegg gtcgtggtgg 3060
gaggattggg gacagctttc ggggacggcc gtgccgcecccce agggtgccga gceccocccagagco 3120
aacgcgggcoc cacgacceca tatcggggac acgttattta ccoctgtttoeg ggoccccgag 3180
ttgctggece ccaacggega cctgtataac gtgtttgect gggeccttgga cgtettggece 3240
aaacgcctce gtcccatgceca cgtcectttatce ctggattacg accaatcgcc cgccggetge 3300
cgggacgccece tgctgcaact tacctceccggg atggtccaga cccacgtcac caccccagge 3360
tccataccga cgatctgcga cctggecgege acgtttgcece gggagatggg ggaggctaac 3420
taa 3423
SEQ ID NO: 76 | dnTGFRIT-CCR4(KW_L2H)-HSVTK — amino acid
MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SDVEMEAQKD EIICPSCNRT AHPLRHINND 60
MIVTDHNNGAYV KFPQLCKECD VRESTCDNQK SCMSNCSITS ICEKPQEVCY AVWRKNDENI 120
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NITFSEEYNT 180
SNPDLLLVIFEF QVTGISLLPP LGVAISVIII FYCYRVNRQQ KLGSGEGRGS LLTCGDVEEN 240
PGPMALPVTA LLLPLALLLH AARPGSDVLM TQSPLSLPVIT PGEPASISCR SSRNIVHING 300
DITYLEWYLQK PGQSPQLLIY KVSNRESGVP DREFSGSGSGT DFTLKISRVE AEDVGVYYCE 360
QGSLLPWTEG QGTKVEIKGG GGSGGGGSGG GGSGGGGSEV QLVESGGDLV QPGRSLRLSC 420
AASGFIFSNY GMSWVRQAPG KGLEWVATIS SASTYSYYPD SVKGRETISR DNAKNSLYLQ 480
MNSLRVEDTA LYYCGRHSDG NEFAFGYWGQG TLVTVSSSGT TTPAPRPPTP APTIASQPLS 540
LRPEACRPAA GGAVHTRGLD FACDIYIWAP LAGTCGVLLL SLVITLYCKR GRKKLLYIFK 600
QPFMRPVQTT QEEDGCSCRE PEEEEGGCEL RVKEFSRSADA PAYKQGONQL YNELNLGRRE 660
EYDVLDKRRC RDPEMCCKPR RKNPQECLYN ELQKDKMAEA YSEICMKCER RRCKCHDCLY 720
QGLSTATKDT YDALHMQALP PRGSGATNES LLKOAGDVEE NPGPMASYPC HQHASAFDQA 780
ARSRGHSNRR TALRPRRQCE ATEVRLEQKM PTLLRVYIDG PHGMGKTTTT QLLVALGSRD 840
DIVYVPEPMT YWQVLGASET IANIYTTQHR LDQGEISAGD AAVVMISAQI TMGMPYAVTD 900
AVLAPHVGGE AGSSHAPPPA LTLIFDRHPI AALLCYPAAR YLMGSMTPQA VLAFVALIPP 960
TLPGTNIVLG ALPEDRHIDR LAKRQRPGER LDLAMLAATR RVYGLLANTV RYLOCGGGSWW 1020
EDWGQLSGTA VPPQGNAEPQS NAGPRPHIGD TLFTLFRAPE LIAPNGDLYN VEAWALDVLA 1080
KRLRPMHVFI LDYDQSPAGC RDALLQLTSG MVQTHVITPG SIPTICDLAR TEFAREMGEAN 1140
SEQ ID NO: 77 | dnTGNbRII — nucleotide
atgggtcggg ggctgctcag gggcctgtgg ccgctgcaca tcegtcecctgtg gacgcecgtatc &0
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gccagcacga tcccaccgca cgttcagaag tcggatgtgg aaatggaggc ccagaaagat 120
gaaatcatct gccccagcectg taataggact gcccatccac tgagacatat taataacgac 180
atgatagtca ctgacaacaa cggtgcagtc aagtttccac aactgtgtaa attttgtgat 240
gtgagatttt ccacctgtga caaccagaaa tcctgcatga gcaactgcag catcacctcc 300
atctgtgaga agccacagga agtctgtgtg gctgtatgga gaaagaatga cgagaacata 360
acactagaga cagtttgcca tgaccccaag ctcccctace atgactttat tctggaagat 420
gctgcttcte caaagtgcat tatgaaggaa aaaaaaaagc ctggtgagac tttcttcatg 480
tgttcctgta geotcetgatga gtgcaatgac aacatcatct tceotcagaaga atataacacc 540
agcaatcctg acttgttgct agtcatattt caagtgacag gcatcagcct cctgccacca 600
clyyyaylly ccdalalelygl calcecdalcecale LLclaclycl daccygycyllad ceygygcaycay 660
aagctg 666
SEQ ID NO: 78 | dnTGNDRII — amino acid
MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SDVEMEAQKD EITICPSCNRT AHPLRHINND 60
MIVTDNNGAV KFPQLCKFCD VRESTCDNQK SCMSNCSITS ICEKPQEVCY AVWRKNDENI 120
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NITIFSEEYNT 180
SNPDLLLVIFEF QVTGISLLPP LGVAISVIII FYCYRVNRQQ KL 222
SEQ ID NO: 79 | T2A — nucleotide
ggcagcggcaeg agggcagagg cagcctgetg acctgeggeg acgtggagga gaaccccgga 60
cct 63
SEQ ID NO: 80 | T2A — amino acid
GSGEGRGSLL TCGDVEENPG P 21
SEQ ID NO: 81 | CCR4(KW_L2H) CAR — nucleotide
atggcccectge ctgtgacage cctgcectgetg cctcectggete tgcectgetgea tgccgetaga 60
cccggatccg acgtgctgat gacacagagc cctctgagcce tgcecctgtgac acctggcgaa 120
cctgccagceca tcagctgcag atccagccgg aacatcgtge acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tctcecctcage tgctgatcta caaggtgtcce 240
aaccggttca gcggcgtgcecce cgatagattt tctggcagcg gctcectggcac cgacttcacc 300
ctgaagatcol ccagagtgga agoacgaggac gtgggogtgt actactgott ccaaggotot 360
ctgctgcoccct ggacatttgg ccagggcace aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtyg gaagcggggg aggaggttcc ggcggcggag gatcagaagt tcagctggtt 480
gagtctggeg gogacctggt tcagecctgge agatctcetga gactgagetg tgococgeocage 540
ggcttcatct tcagcaacta cggcatgagc tgggtccgac aggcccctgg aaaaggactg 600
gddlyyylcey cedcecddledy cagceyccecdye decldedycl daclacceecyd Lagceyglyday 660
ggcagattca ccatcagccg ggacaacgcce aagaacagcc tgtacctgceca gatgaactcce 720
ctgcgegtgg aagatacagce cctgtactat tgcggcagac acagcgacgg caacttcegece 780
tttggctatt ggggccaggg aaccctggtce accgtttcta gttccggaac cacgacgcca 840
gcgceccocgegac caccaacacce ggcgceccacce atcgegtcecge agceccecctgte cctgcecgecca 900
gaggcgtgcc ggccagcggc ggggggcgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggcgece cttggeccggg acttgtgggg tecttectecct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tccagaagaa 1140
gaagaaggaqg gatgtgaact gagagtgaag ttcagcagga gcgcagacgce cccoccgegtac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cctcaggaag geoctgtacaa tgaactgcag aaagataaga tggcggaggce ctacagtgag 1380
attgggatga aaggcgagcg ccggaggggce aaggggcacg atggccttta ccagggtctce 1440
aglacagcca ccaaggacac clacgacgcce cllcacalgc aggccclgece ccclege 1497
SEQ ID NO: 82 | CCR4(KW_L2H) CAR — amino acid
MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLEVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDET LKISRVEAED VGVYYCEQGS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQOPG RSLRLSCAAS 180
GEFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRFTISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNEA FGYWGQGTLV TV3SSCGTTTP APRPPTPAPT IASCPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPF 360
MRPVQTTQEE DGCSCREFPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPR 499
SEQ ID NO: 83 | P2A — nucleotide
ggaagcggag ctactaactt cagcctgctg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
SEQ ID NO: 84 | P2A — amino acid
GSGAINEFSLL KQAGDVEENP GP 22
SEQ ID NO: 85 | HSVTK — nucleotide
atggcttcgt acccctgecca tcaacacgcg tctgcecgttcecg accaggctge gecgttctcege 60
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ggccatagca accgacgtac ggcgttgcgce cctcgccgge agcaagaagc cacggaagtc 120
cgcctggage agaaaatgcc cacgctactg cgggtttata tagacggtcc tcacgggatg 180
gggaaaacca ccaccacgca actgctggtg gccctgggtt cgcgcgacga tatcgtctac 240
gtacccgagc cgatgactta ctggcaggtg ctgggggctt ccgagacaat cgcgaacatc 300
tacaccacac aacaccgect cgaccagggce gagatatcgg ccggggacgce ggcggtggta 360
atgacaagcg cccagataac aatgggcatg ccttatgcecg tgaccgacge cgttcectgget 420
cctcatgtcg ggggggaggc tgggagttca catgccccocgce cccoccocggocccect caccctcecatce 480
ttcgaccgece atcccateoge cgceccectectg tgctacccogg ccocgogegata ccottatggge 540
agcatgaccc cccaggccgt gctggcecgttc gtggccctca tcecccgceccgac cttgcceccgge 600
dcdddcdlecy Lygllyygygyge cellecyydy ydoedydoedoed Leygaccegecel ygoeocdddeyce 660
cagcgcccecg gcgagcecggcet tgacctgget atgctggeccg cgattcgecg cgtttacggg 720
ctgcttgcca atacggtgcg gtatctgcag ggcggcegggt cgtggtggga ggattgggga 780
cagclllcgg ggacggccegl gccgceccecccag gglgccgagce cccagdagcaa cgcgggcecca 840
cgaccccata tcggggacac gttatttacce ctgttteggg cccccgagtt getggecccce 900
aacggcgacc tgtataacgt gtttgcctgg gccttggacg tecttggccaa acgcecctceccegt 960
cccatgecacg tcetttatccect ggattacgac caatcgecoccg ccoggctgeoceg ggacgcecoctg 1020
ctgcaactta cctccgggat ggtccagace cacgtcacca ccccaggctce cataccgacg 1080
atctgcgace tggcgcgcac gtttgcccecgg gagatggggg aggctaacta a 1131
SEQ ID NO: 86 | HSVTK — amino acid

MASYPCHQHA SAFDOAARSR GHSNRRTALR PRRQOOQEATEV RLEQKMPTLL RVYIDGPHGM 60
GKI'M"I'QLLY ALGSRDDLIVY VPEPMIYWQV LGASELTLIANL YI'I'QHRLDQG ELSAGDAAVV 120
MTSAQITMGM PYAVTDAVLA PHVGGEAGSS HAPPFALTLI FDRHPIAALL CYPAARYLMG 180
SMI'PQAVLAE VALLIPPLILPG I'NLVLGALPE DRHIDRLAKR QRPGERLDLA MLAAIRRVYG 240
LLANTVRYLQ CCCSWWEDWC QLSCTAVPPQ CAEPQSNACP RPHIGCDTLFT LFRAPELLAP 300
NGDLYNVFAW ALDVLAKRLR PMHVFILDYD QSPAGCRDAL LCLTSGMVQT HVITTPGSIPT 360
ICDLARTFAR EMGEAN 376
G. CCR4XKW_L2H)-dnTGFbRII-HSVTK (mid) depletion system

SEQ ID NO: 87 | CCR4(KW_L2H)-dnTGFbRII-HSVTK — nucleotide

atggccctgc ctgtgacagc cctgctgctg cctctggctce tgctgctgca tgccgctaga 60
ccecggatcecceg acgtgctgat gacacagagce cctctgagcece tgcecctgtgac acctggcgaa 120
cctgceccageca tcagctgcag atccagceccgg aacatcegtge acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggccag tctcctcagcec tgctgatcta caaggtgtcc 240
aaccggttca gcggcecgtgcece cgatagattt tctggcagcecg gcectcectggcac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggegtgt actactgett ccaaggetcet 360
ctgctgccct ggacatttgg ccagggcacc aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcggggg aggaggttcce ggcggcggag gatcagaagt tcagectggtt 480
gagtctggcg gcgacctggt tcagcctggc agatctctga gactgagctg tgccgceccage 540
gycllcalcel Lecdaycddeld cygcdlyage Lyyylecyde dayygyceccecelyy ddddygygdely 600
gaatgggtcg ccacaatcag cagcgcocage acctacagcet actaccccga tagcocgtgaag 660
ggcagattca ccatcagccg ggacaacgcc aagaacagcce tgtacctgca gatgaactcce 720
clgcgecglgg aagalacagc cclglaclal Lgcggcagac acagcgacgg caacllcgcece 780
tttggctatt ggggccaggg aaccctggte accgtttcta gttceccggaac cacgacgcca 840
gcgccgcgac caccaacacc ggcgcccacce atcgcgtcge agcccctgtce cctgcecgccca 500
gaggcgtgcce ggccagcggce ggggggcgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggecgece cttggecggg acttgtgggg tecttectecct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggcoctgta gotgcocgatt tcocagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc ccccgegtac 1200
aagcagggcce agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cclcaggaag gcclglacaa lgaaclgcag aaagalaaga Lggcggaggce clacaglgag 1380
allygggalga aaggcgagcyg Cccggagggygc aaggggcacy alggcecllla ccaggglceclc 1440
agtacagcca ccaaggacac ctacgacgcecc cttcacatgce aggccctgec ccecctegegga 1500
agcggagcta ctaacttcag cctgctgaag caggctggag acgtggagga gaaccctgga 1560
cclalgggle gggggcelgel caggggcclg Lggccecgcelge acalcecglceccl glggacgcegl 1620
atcgccageca cgatcccacce gcacgttcag aagtcecggatg tggaaatgga ggcocccagaaa 1680
gatgaaatca tctgccccag ctgtaatagg actgcccatc cactgagaca tattaataac 1740
gacatgatag tcactgacaa caacggtgca gtcaagtttc cacaactgtg taaattttgt 1800
gatgtgagat tttccacctg tgacaaccag aaatcctgca tgagcaactg cagcatcacce 1860
tccatctgtg agaagccaca ggaagtctgt gtggcectgtat ggagaaagaa tgacgagaac 1920
ataacactag agacagtttg ccatgacccce aagctcecccecct accatgactt tattctggaa 1280
gatgectgett ctccaaagtg cattatgaag gaaaaaaaaa agcctggtga gactttcettce 20410
atgtgttcct gtagectctga tgagtgcaat gacaacatca tcttctcaga agaatataac 2100
accagcaatc ctgacttgtt goctagtcata tttcaagtga caggcatcag cctcoctgoca 2160
ccactgggag ttgccatatc tgtcatcatc atcttctact gectaccgegt taaccggcag 2220
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cagaagctgg gcagcggcga gggcagaggc agcctgctga cctgcggcga cgtggaggag 2280
aaccccggac ctatggecttc gtacccctgce catcaacacg cgtctgecgtt cgaccaggct 2340
gcgcegttcecte geggeccatag caaccgacgt acggcecgttge geccecctcegececg gcagcaagaa 2400
gccacggaag tccgectgga gcagaaaatyg cccacgctac tgcgggttta tatagacggt 2460
cctcacggga tggggaaaac caccaccacg caactgctgg tggccctggg ttcecgecgcecgac 2520
gatatcgtcet acgtacccga gocgatgact tactggecagg tgetggggge ttoccgagaca 2580
atcgcgaaca tctacaccac acaacaccgc ctcgaccagg gcgagatatc ggccggggac 2640
goggaeggtgg taatgacaag cgcoccagata acaatgggca tgcecttatge cgtgaccgac 2700
geecgttetgg ctecctcatgt cgggggggag gectgggagtt cacatgccce gcocccecccggceco 2760
cledeccled Lellegdecey cealecedle yecyeecelee Lylyclacee yyeeyceyeyd 2820
taccttatgg gcagcatgac cccccaggcee gtgetggegt tcecgtggceccct catcccgecg 2880
accttgcccg gcacaaacat cgtgttgggg gcccttceccgg aggacagaca catcgaccgce 2940
clggccaaac gccagcgccecce cggcgagcgg cllgacclgg clalgceclgge cgcgallcecge 3000
cgcecgtttacg ggctgcttge caatacggtg cggtatctge agggeggegg gtcocgtggtgg 3060
gaggattggg gacagctttc ggggacggcce gtgccgecccce agggtgccga gccccagagce 3120
aacgcgggcoce cacgacccoca tatcggggac acgttattta ccectgttteg ggcocccocccgag 3180
ttgctggcce ccaacggcecga cctgtataac gtgtttgect gggeccttgga cgtettggec 3240
aaacgcctce gtcccatgeca cgtcectttate ctggattacg accaatcgcec cgccggcetge 3300
cgggacgceccce tgeotgecaact tacctcececggg atggtccaga cccacgtcac caccccaggcoe 3360
tccataccga cgatctgega cctggegege acgtttgece gggagatggg ggaggctaac 3420
taa 3423
SEQ ID NO: 88 | CCR4(KW_L2H)-dnTGFbRII-HSVTK — amino acid
MALPVIALLL PLALLLHAAR PGSDVLMIQS PLSLPVI'PGE PASLISCRSSR NLIVHINGDLY 60
LEWYLQKPCQ SPQLLIYKVS NRESCVPDRE SCSCSCTDET LKISRVEAED VGVYYCEQCS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSGTTTP AFPRPPTPAPT IASCPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPFE 360
MRPVQTTQEE DGCSCREPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN PQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPTRG SGATNESLLK QAGDVEENTPG PMGRGLLRGL WPLHIVLWTR 540
IASTIPPHVQ KSDVEMEAQK DEIICPSCNR TAHPLRHINN DMIVTDNNGA VKEPQLCKEC 600
DVRESTCDNQ KSCMSNCSIT SICEKPQEVC VAVWRKNDEN ITLETVCHDP KLPYHDEFILE 660
DAASPKCIMK BEKKKPGETEE MCSCSSDECN DNLLESEEYN TSNPDLLLYVILI EFQVIGLSLLE 720
PLGVAISVII IFYCYRVNRQ QKLGSGEGRG SLLTCGDVEE NPGPMASYPC HQHASAFDQA 780
ARSRGHSNRR TALRPRRQQOE ATEVRLEQKM PTLLRVYIDG PHGMGKTTTT QLLVALGSRD 840
DIVYVPEPMI' YWOVLGASEL LANLYI'I'QHR LDOQGELISAGD AAVVMI'SAQL 'T'MGMPYAVID 900
AVLAPHVGCGCE ACSSHAPPPA LTLIFDRHPI AALLCYPAAR YLMCSMTPQA VLAFVALIPP 960
TLPGTNIVLG ALPEDRHIDR LAKRQRPGER LDLAMLAATR RVYGLLANTV RYLCGGGSWW 1020
EDWGQLSGTA VPPQGAEPQS NAGPRPHIGD TLFTLFRAPE LLAPNGDLYN VEAWALDVLA 1080
KRLRPMHVFETI LDYDQSPAGC RDALLQLTSG MVQTHVTTPG SIPTICDLAR TEFAREMGEAN 1140
SEQ 1D NO: 89 | CCR4(KW_L2H) CAR — nucleotide
atggccctge ctgtgacagce cctgctgctg cctctggectcoc tgctgctgca tgccgctaga 60
cceggatceceg acgtgcectgat gacacagagce cctcectgagcecec tgcectgtgac acctggcgaa 120
cctgccageca tcagctgcag atccagccgg aacatcgtgce acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggceccag tctcecctcage tgetgatcta caaggtgtcce 240
aaccggttca gcggecgtgcecce cgatagattt tctggcageg gcectcectggecac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgcectt ccaaggcectct 360
ctgctgecect ggacatttgg ccagggcacce aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcagggg aggaggttce ggcggeggag gatcagaagt tcagcectggtt 480
gagtctggcg gcecgacctggt tcagcecctgge agatctctga gactgagcectg tgccgceccage 540
ggcttcatct tcagcaacta cggcatgage tgggtccgac aggcccecctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccagc acctacagct actaccccga tagcgtgaag 660
ggcagattca ccatcagccg ggacaacgcc aagaacagcc tgtacctgca gatgaactcc 720
clgcgecglgg aagalacagc cclglaclal Lgcggcagac acagcgacgg caacllcgece 780
tttggctatt ggggccaggg aaccctggtc accgtttcta gttccggaac cacgacgcca 840
gcgccgcgac caccaacacc ggcgcccacce atcgcecgtcecge agcecccecctgte cctgcecgcecca 900
gaggcgtgcece ggccagcecgge ggggggcgca gtgcacacga gggggcectgga cttcegectgt 960
gatatctaca tctgggcgcece cttggeccggg acttgtgggg teocttctecct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggctgta gctgccgatt tccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgce ccccgcegtac 1200
aagcagggcce agaaccagcet ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cclcaggaag gcclglacaa Lgaaclgcag aaagalaaga Lggcggaggc clacaglgag 1380
attgggatga aaggcgagcg ccggaggggce aaggggcacg atggceccttta ccagggtcetce 1440
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agtacagcca ccaaggacac ctacgacgcc cttcacatgce aggccctgcecce ccctege 1497
SEQ ID NO: 90 | CCR4(KW_L2H) CAR —amino acid
MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLPVTPGE PASISCRSSR NIVHINGDTY &0
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGESGTDET LKISRVEAED VGVYYCEQGS 120
LLEWTFGQGT KVEIKGGGGS GGGG3GGGG3 GGGGIEVQLV ESGGDLVQFPG RI3ILRL3CAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNEA FGYWGQGTLV TVSSSGTTTP NPRPPTPAPT INSQPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPFE 360
MRPVQTTQEE DGCSCRFPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDP EMGGKPRRKN POEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPR 499
SEQ ID NO: 91 | P2A — nucleotide
ggaagcggag ctactaactt cagcctgcectg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
SEQ ID NO: 92 | P2A — amino acid
GSGATNFSLL KQAGDVEENP GP 22
SEQ ID NO: 93 | dnTGFbRII — nucleotide
atgggtcggg ggctgctcag gggcctgtgg ccgctgcaca tcgtcctgtg gacgcgtatc &0
gccagcacga Lcccaccgceca cgllcagaag Lcggalglygg aaalggaggc ccagaaagal 120
gaaatcatct gccccagetg taataggact gcecccatccac tgagacatat taataacgac 180
atgatagtca ctgacaacaa cggtgcagtc aagtttccac aactgtgtaa attttgtgat 240
gtgagatttt ccacctgtga caaccagaaa tcctgcatga gcaactgcag catcacctcce 300
atctgtgaga agccacagga agtctgtgtg gctgtatgga gaaagaatga cgagaacata 360
acactagaga cagtttgcca tgaccccaag ctcccctacc atgactttat tctggaagat 420
gctgcttctce caaagtgcat tatgaaggaa aaaaaaaagc ctggtgagac tttcttcatg 480
tgttcctgta gctctgatga gtgcaatgac aacatcatct tctcagaaga atataacacc 540
agcaatcctg acttgttgct agtcatattt caagtgacag gcatcagcct cctgccacca 600
ctgggagttg ccatatotgt catcatcato ttotactget accgeogttaa cocggoagoag 660
aagctg 666
SEQ ID NO: 94 | dnTGFDbRII — amino acid
MGRGLLRGLW PLHIVLWTRI ASTIPPHVOK SDVEMEAQKD EIICPSCNRT AHPLRHINND 60
MIVTDNNGAV KFPQLCKFCD VRESTCDNQK SCMSNCSITS ICEKPQEVCY AVWRKNDENI 120
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPCETFFM CSCSSDECND NIIFSEEYNT 180
SNPDLLLVIF QVTGISLLPP LGVAISVIII FYCYRVNRQQ KL 222
SEQ ID NO: 95 | T2A — nucleotide
ggcagcggcg agggcagagg cagcctgctg acctgecggeg acgtggagga gaaccccgga 60
cct 63
SEQ ID NO: 96 | T2A — amino acid
GSGEGRGSLL TCGDVEENPG P 21
SEQ ID NO: 97 | HSVTK — nucleotide
atggcttcgt acccctgcca tcaacacgcg tctgcgttcg accaggctgce gcecgttctcege &0
ggccalagca accgacglac ggcgllgcgc cclcgccgygc agcaagaagc cacggaaglc 120
cgcctggage agaaaatgcecc cacgctactg cgggtttata tagacggtcc tcacgggatg 180
gggaaaacca ccaccacgca actgctggtg gccctgggtt cgcgcgacga tatcgtctac 240
gtacccgagce cgatgactta ctggcaggtg ctgggggctt ccgagacaat cgcgaacatc 300
tacaccacac aacaccgcect cgaccagggce gagatatcgg ccecggggacge ggcecggtggta 360
atgacaagcg cccagataac aatgggcatg ccttatgccg tgaccgacgc cgttctggct 420
cctcatgteg ggggggaggce tgggagttca catgccccge ccccggccct caccctcatce 480
ttcgaccgec atcccatcege cgccctcectg tgctacccgg ccecgecgcegata ccttatggge 540
agcatgaccc cccaggceccecgt gcoctggecgttcec gtggccctca tcocceccocgceccgac cttgcccgge 600
acaaacatcg tgttggggge cottococggag gacagacaca thogacogoet ggocaaacgao 660
cagcgccccg gcgagcecggcet tgacctgget atgcectggecceg cgattecgeccg cgtttacggg 720
clgcllgcca alacgglgcg glalclgcag ggcggcgggl cglgglggga ggallgggga 780
cagctttcecgg ggacggcecogt gocgcoccccag ggtgcoccgage ccocagagcaa cgogggococa 840
cgaccccata tcggggacac gttatttacc ctgtttcggg ccoccceccgagtt gctggcoccccco 900
aacggcgacce Lglalaacgl gllLlLgcclgg gccllggacyg Lcecllggceccaa acgcecclceccegl 960
cccatgecacg tcectttatect ggattacgac caatcgececcg ccocggctgececg ggacgcecoctg 1020
ctgcaactta cctcecgggat ggtccagacce cacgtcacca ccccaggcetce cataccgacg 1080
atctgcgacc tggcgcgcac gtttgcecccgg gagatggggg aggctaacta a 1131
SEQ ID NO: 98 | HSVTK — amino acid
MASYPCHQHA SAFDQAARSR GHSNRRTALR PRROQEATEV RLEQKMPTLL RVYIDGPHGM 60
GKTTTTQLLYV ALGSRDDIVY VPEPMTYWQV LGASETIANI YTTQHRLDQG EISAGDAAVV 120
MTSAQITMGM PYAVTDAVLA PHVGGEAGSS HAPPPALTLI FODRHPIAALL CYPAARYLMG 180
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SMTPQAVLAEF VALIPPTLPG TNIVLGALPE DRHIDRLAKR QRPGERLDLA MLAATIRRVYG 240
LLANTVRYLO GGGSWWEDWG QLSGTAVPPQ GAEPQSNAGP RPHIGDTLFT LFRAPELLAP 300
NGDLYNVEFAW ALDVLAKRLR PMHVFILDYD QSPAGCRDAL LCLTSGMVQT HVITTPGSIPT 360
ICDLARTFAR EMGEAN 376
H. CCR4(KW_L2H)-HSVTK-dnTGFbRII (last) dcplction systcm
SEQ ID NO: 99 | CCR4(KW_L2H)-HSVTK-dnTGFbRII — nucleotide
atggccctge ctgtgacagce cctgctgcectg cctcectggete tgcectgcectgceca tgccgctaga 60
cceggatceceg acgtgcectgat gacacagagce cctcectgagcecec tgcectgtgac acctggcgaa 120
cctgccagca tcagcectgecag atccagccgyg aacatcgtgce acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcocccggcecag tctcecctcage tgetgatcecta caaggtgtcec 240
aaccggttca gecggegtgec cgatagattt tcectggecageg gcectcectggcecac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcgtgt actactgcectt ccaaggctct 360
ctgctgeocecct ggacatttgg ccagggcaccoe aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcggggg aggaggttcc ggcggcggag gatcagaagt tcagctggtt 480
gaglclggcg gcgacclggl Lcagcclggc agalclclga gaclgagclg Lgccgccagc 540
ggcllcalcl Lcagcaacla cggcalgagce Lggglccgac aggcccecclgg aaaaggaclg 600
gaatgggtcg ccacaatcag cagcgccagce acctacagct actaccccga tagcgtgaag 660
ggcagattca ccatcagccg ggacaacgcce aagaacagcce tgtacctgca gatgaactcce 720
ctgecgegtgg aagatacage cctgtactat tgcecggcagac acagcgacgg caacttcegec 780
tttggctatt ggggccaggg aaccctggtc accgtttcta gttccggaac cacgacgcca 840
gcgccecgcecgac caccaacacc ggcgcccacce atcgcecgtcege agcecccctgte cctgcecgecca 900
gaggcgtgcecc ggccagcecggce ggggggcecgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggcgee cttggccggyg acttgtgggg teoctteotect gtcocactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcoctgt atatattcaa acaaccattt 1080
atgagaccag tacaaactac tcaagaggaa gatggcectgta getgecgatt tccagaagaa 1140
gaagaaggag galglgaacl gagaglgaag LlLcagcagga gcgcagacgc ccccgceglac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1320
cclcagygaag gcclglacaa Lgaaclgcag aaagalaaga Lggcggaggce clacaglgag 1380
attgggatga aaggcgagcg ccggaggggce aaggggcacg atggccttta ccagggtctce 1440
agtacagcca ccaaggacac ctacgacgcc cttcacatgc aggccctgcecce ccecctcecgcgga 1500
agcggagcta ctaacttcag cctgctgaag caggctggag acgtggagga gaaccctgga 1560
cctatggett cgtacccetg ccatcaacac gegtctgegt tegaccagge tgcgegttcet 1620
cgcggccata gcaaccgacg tacggcgttg cgccctcecgcce ggcagcaaga agccacggaa 1680
gtccgectgg agcagaaaat goccacgcta ctgogggttt atatagacgg tcctcacggg 1740
atggggaaaa ccaccaccac gcaactgctg gtggeccctgg gttcecgegega cgatatcegtce 1800
tacgtacccyg agccgatgac ttactggcag gtgctggggg cttcoccgagac aatcgcgaac 1860
atctacacca cacaacaccqg cotcgaccaqg ggogagatat cggocgggga cgoggoeggtg 1920
gtaatgacaa gcgecccagat aacaatggge atgcettatg cegtgaccga cgcegttcetg 1980
gctectecatyg teggggggga ggctgggagt tcacatgccce cgccoccceccgge cctcacccte 2040
atcttcecgacce gcoccatcccat cgceccgeococte ctgtgctacce cggcocgecgeg ataccttatg 2100
ggcagcatga ccccecccagge cgbtgcectggeg ttegtggoece tcatcccgeoe gaccttgecce 2160
ggcacaaaca tcgtgttggg ggcccttccecg gaggacagac acatcgaccg cctggccaaa 2220
cgeccagegec ccggcgageg gottgacctg gcectatgetgg ccecgegatteg ccgegtttac 2280
gggctgcttg ccaatacggt gcggtatctg cagggcggceg ggtcecgtggtg ggaggattgg 2340
ggacagcttt cggggacggc cgtgccgcce cagggtbtgccg agccccagag caacgcggge 2400
ccacgacccee atatcgggga cacgttattt accctgttte gggcecccccga gttgcetggece 2460
cccaacggceg acctgtataa cgtgtttgec tgggecttgg acgtcttgge caaacgectce 2520
cgtcocccatge acgtectttat ccoctggattac gaccaatcgce ccocgcocggcetg ccgggacgoc 2580
ctgctgcaac ttacctccgg gatggtccag acccacgtca ccaccccagg ctccataccg 2640
acgatctgeg acctggoegeg cacgtttgoco cgggagatgg gggaggctaa cggcocagocggo 2700
gagggcagag gcagcectget gacctgegge gacgtggagg agaacccoccogg acctatgggt 2760
cgggggcectge tcaggggcect gtggcecegetg cacategtee tgtggacgeg tategecage 2820
acgalcccac cgcacgllca gaaglcggal glggaaalgg aggcccagaa agalgaaalc 2880
atctgecccocca gotgtaatag gactgoccoccat ccactgagac atattaataa cgacatgata 2940
gtcactgaca acaacggtgc agtcaagttt ccacaactgt gtaaattttg tgatgtgaga 3000
LLLLccaccl glLgacaacca gaaalcclgce algagcaacl gcagcalcac clccalclLgl 3060
gagaagccac aggaagtctg tgtggctgta tggagaaaga atgacgagaa cataacacta 3120
gagacagttt gccatgaccc caagctcccce taccatgact ttattctgga agatgctgct 3180
tctccaaagt gcattatgaa ggaaaaaaaa aagcctggtg agactttctt catgtgttcc 3240
tgtagctetg atgagtgcaa tgacaacate atcttctcag aagaatataa caccagcaat 3300
cctgacttgt tgctagtcat atttcaagtg acaggcatca gcctectgcece accactggga 3360
gttgccatat ctgtcatcat catcttctac tgctaccgceg ttaaccggcea gcagaagctg 3420
taa 3423
SEQ ID NO: 100 | CCR4(KW L2H)-HSVTK-dnTGFbRII — amino acid
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MALPVTALLL PLALLLHAAR PGSDVLMTQS PLSLPVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDET LKISRVEAED VGVYYCFEQGS 120
LLPWTFGQGT KVEIKGGGGS GGGGSGGGGS GGGGSEVQLV ESGGDLVQPG RSLRLSCAAS 180
GEFIEFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GRETISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSGTTTP APRPPTPAPT IASCPLSLRP 300
EACRPAAGGA VHTRGLDFAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPF 360
MRPVQTTQEE DGCSCREFPEE EEGGCELRVK FSRSADAPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRCRDP EMCCKPRRKN PORCLYNELYO KDKMAEAYSE LGCMKCERRRC KCHDCLYQOL 480
STATKDTYDA LHMQALPPRC SCATNESLLK QACDVEENPC PMASYPCHQH ASAFDQAARS 540
RGHSNRRTAL RPRRQQEATE VRLEQKMPTL LRVYIDGPHG MGKTTTITQLL VALGSRDDIV 600
YVPEPMTYWQ VLGASETIAN IYTTQHRLDQ GEISAGDAAV VMTSAQITMG MPYAVTDAVL 660
APHVGGEAGS SHAPPPALLL LEDRHPLIAAL LCYPAARYLM GSMIPQAVLA EVALLPPILD 720
GTNIVLGALP EDRHIDRLAK RORPGERLDL AMLAATRRVY GLLANTVRYL QGGGSWWEDW 780
GQLSGTAVPP QGAEPQSNAG PRPHIGDTLE TLFRAPELLA PNGDLYNVFA WALDVLAKRL 840
RPMHVFILDY DQSPAGCRDA LLQLTSGMVQ THVTTPGSIDP TICDLARTEFA REMGEANGSG 500
EGRGSLLTCG DVEENPGPMG RGLLRGLWPL HIVLWTRIAS TIPPHVQKSD VEMEAQKDEI 960
ICPSCNRTAH PLRHINNDMI VTDNNGAVKE PQLCKFCDVR FSTCDNQKSC MSNCSITSIC 1020
EKPQEVCVAYV WRKNDENITL ETVCHDPKLP YHDFILEDAA SPKCIMKEKK KPGETFEMCS 1080
CSSDECNDNI IFSEEYNTSN PDLLLVIFQV TGISLLPPLG VAISVIIIFY CYRVNRQOQOKL 1140
SEQ ID NO: 101 | CCR4(KW_L2H) CAR — nucleotide
atggccctge ctgtgacagce cctgctgcectg cctcectggcecte tgctgcectgceca tgccgctaga 60
ccecggatceg acgtgctgat gacacagagce cctctgagcecce tgcecctgtgac acctggcgaa 120
cctgeocagea tcagcetgcag atccagceccgg aacatcgtge acatcaacgg cgacacctac 180
ctggaatggt atctgcagaa gcccggceccag tctcectcage tgctgatcecta caaggtgtcece 240
aaccggttca gcggcecgtgcece cgatagattt tctggcagcg gctcectggcac cgacttcacce 300
ctgaagatct ccagagtgga agccgaggac gtgggcecgtgt actactgcectt ccaaggcectct 360
ctgctgccct ggacatttgg ccagggcacc aaggtggaaa tcaagggagg aggtggatca 420
ggtggaggtg gaagcggggg aggaggttcce ggcggcecggag gatcagaagt tcecagectggtt 480
gagtctggceg gcgacctggt tcagecctgge agatctcectga gactgagetg tgccgecage 540
ggcttcatct tcagcaacta cggcatgagc tgggtccgac aggcccctgg aaaaggactg 600
gaatgggtcg ccacaatcag cagcgccagc acctacagct actaccccga tagcgtgaag 660
ggcagattca ccatcagccg ggacaacgcc aagaacagcc tgtacctgca gatgaactcce 720
ctgcgcegtgg aagatacagc cctgtactat tgcggcagac acagcgacgg caacttcgcec 780
tttggctatt ggggccaggg aaccctggte accgtttcta gttccggaac cacgacgaca 840
gcgccocgegac caccaacacce ggcgceccacce atcgegtcecge agcecccecctgte cctgcgecca 900
gaggcgtgccec ggccagcggce ggggggcgca gtgcacacga gggggctgga cttcecgectgt 960
gatatctaca tctgggegee cttggecggg acttgtgggg teoctteotcocct gtcactggtt 1020
atcacccttt actgcaaacg gggcagaaag aaactcctgt atatattcaa acaaccattt 1080
algagaccag lacaaaclac Lcaagaggaa galggclgla gclgccgall Lceccagaagaa 1140
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgc ccccgcegtac 1200
aagcagggcc agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1260
gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagcecgag aaggaagaac 1320
cctcaggaag gcctgtacaa tgaactgcag aaagataaga tggcggaggce ctacagtgag 1380
attgggatga aaggcgagcg ccggaggggc aaggggcacg atggccttta ccagggtctc 1440
agtacagcca ccaaggacac ctacgacgce cttcacatgce aggcoccctgeo ccoccoctoge 1497
SEQ ID NO: 102 | CCR4(KW L2H) CAR —amino acid
MALPVTALLL PLALLLHAAR PGSDVIMTQS PLSLEVTPGE PASISCRSSR NIVHINGDTY 60
LEWYLQKPGQ SPQLLIYKVS NRESGVPDRE SGSGSGTDET LKISRVEAED VGVYYCEQGS 120
LLPWIFGOGL KVELKGGGGES GGGGSGGEGGES GGGESEVQLY ESGGDLVQOPG RSLRLSCAAS 180
GFIFSNYGMS WVRQAPGKGL EWVATISSAS TYSYYPDSVK GREFTISRDNA KNSLYLOMNS 240
LRVEDTALYY CGRHSDGNFA FGYWGQGTLV TVSSSGTTTP APRPPTPAPT IASCPLSLRP 300
EACRPANAGGA VHTRGLDEAC DIYIWAPLAG TCGVLLLSLV ITLYCKRGRK KLLYIFKQPFE 360
MRDPVQTTQEE DGCSCREPEE EEGGCELRVK FSRSADADPAY KCGONQLYNE LNLGRREEYD 420
VLDKRRGRDF EMGGKPRRKN POQEGLYNELQ KDKMAEAYSE IGMKGERRRG KGHDGLYQGL 480
STATKDTYDA LHMQALPPR 499
SEQ ID NO: 103 | P2A — nucleotide
ggaagcggag ctactaactt cagcctgctg aagcaggctg gagacgtgga ggagaaccct 60
ggacct 66
SEQ ID NO: 104 | P2A — amino acid
CSCATNFSLL KQACDVEENP CP 22
SEQ ID NO: 105 | HSVTK - nucleotide
atggcttcgt acccecctgeca tcaacacgceg tctgcegttcecg accaggcectge gegttcectege 60
ggccatagca accgacgtac ggcgttgecge cctecgecgge agcaagaagce cacggaagtce 120
cgcctggage agaaaatgcc cacgctactg cgggtttata tagacggtcce tcacgggatg 180
gggaaaacca ccaccacgca actgctggtg gccctgggtt cgcecgcecgacga tatcgtcectac 240

6l

CA 03207861 2023-8-9



WO 2022/173950

PCT/US2022/015981

gtacccgagc cgatgactta ctggcaggtg ctgggggctt ccgagacaat cgcgaacatc 300
tacaccacac aacaccgcct cgaccagggce gagatatcgg ccggggacgce ggcggtggta 360
atgacaagcg cccagataac aatgggcatg ccttatgccg tgaccgacgce cgttctgget 420
cctcatgtcg ggggggaggc tgggagttca catgccccgc ccccggceccct caccctcatce 480
ttcgaccgee atcccatege cgceccctcecctg tgctaccecgg ccgcecgcecgata ccttatggge 540
agcatgaccc cccaggcegt gotggegtte gtggccctceca tcccecgecgac cttgecccecgge 600
acaaacatcg tgttgggggc ccttccggag gacagacaca tcgaccgcoccect ggccaaacgco 660
cagcgcoccocg gogagegget tgacctgget atgetggecg cgattegeceg cgtttacggg 720
ctgcttgcca atacggtgcg gtatctgcag ggcggcgggt cgtggtggga ggattgggga 780
cdyclllcyy yygydacygceeygl gececygccecedy yylyceydyce coeedydygidd cgeygyygoeocd 840
cgaccccata tcggggacac gttatttacce ctgtttcecggg cceccccgagtt gcectggecccce 900
aacggcgacc tgtataacgt gtttgcctgg gceccttggacg tcttggccaa acgcctceccegt 960
cccalgcacyg Lelllaleel ggallacgac caalcgcccyg ccggclgecyg ggacgccclg 1020
ctgcaactta cctececgggat ggtccagacce cacgtcacca ccccaggetce cataccgacg 1080
atctgcgace tggecgcgecac gtttgeccegg gagatggggg aggctaac 1128
SEQ ID NO: 106 | HSVTK — amino acid

MASYPCHQHA SAFDOAARSR CHSNRRTALR PRRQQOEATEV RLEQKMPTLL RVYIDCPHCM 60
GKTTTTQLLY ALGSRDDIVY VPEPMTYWQV LGASETIANI YTTQHRLDQG EISAGDAAVV 120
MTSAQITMGM PYAVTDAVLA PHVGGEAGSS HAPPFALTLI FDRHPIAALL CYPAARYLMG 180
SMTPOAVLAF VALIPPTLPG TNIVLGALPE DRHIDRLAKR QRPGERLDLA MLAATRRVYG 240
LLANTVRYLQ GGGSWWEDWG QLSGIAVPPQ GAEPQSNAGP RPHLIGDULEL LERAPELLAP 300
NGDLYNVEAW ALDVLAKRLR PMHVFILDYD QOSPAGCRDAL LCLTSGMVQT HVITTPGSIPT 360
LCDLARTEFAR EMGEAN 376
SEQ ID NO: 107 | T2A — nucleotide

ggcagcggceg agggcagagg cagcctgectg acctgcecggceg acgtggagga gaaccccgga &0
cct 63
SEQ ID NO: 108 | T2A — amino acid

GSGEGRGSLL TCGDVEENPG P 21
SEQ ID NO: 109 | dnTGFbRII — nucleotide

atgggtcggg ggctgctcag gggcctgtgg ccgctgcaca tcecgtcecctgtg gacgcgtatc 60
gcocagcacga tcoccaccgeca cgttcagaag tcocggatgtgg aaatggagge ccagaaagat 120
gaaatcatct gccccagctg taataggact gcccatccac tgagacatat taataacgac 180
dlydlaylca clydcddedd cyglycdayle ddaylllccede daclylyglada allllglygal 240
gtgagatttt ccacctgtga caaccagaaa tcctgcatga gcaactgcag catcacctcc 300
atctgtgaga agccacagga agtctgtgtg gctgtatgga gaaagaatga cgagaacata 360
acactagaga cagtttgcca tgaccccaag ctcccctacce atgactttat tctggaagat 420
gctgecttcecte caaagtgecat tatgaaggaa aaaaaaaagc ctggtgagac tttcttcatg 480
tgttcctgta gctctgatga gtgcaatgac aacatcatct tctcagaaga atataacacc 540
agcaatcctg acttgttgct agtcatattt caagtgacag gcatcagcct cctgccacca 600
ctgggagttg ccatatctgt catcatcate ttctactgct accgcgttaa ccggcagcag 660
aagctgtaa 669
SEQ ID NO: 110 | dnTGFbRII — amino acid

MGRGLLRGLW PLHIVLWI'RL ASTIPPHVQOK SDVEMBEAQKD E11CPSCNR1 AHPLRHINND 60
MIVTDNNCAV KFPQLCKFCD VRESTCDNQK SCMSNCSITS ICEKPQEVCYV AVWRKNDENI 120
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NIIFSEEYNT 180
SNPDLLLVIFEF QVTGISLLPP LGVAISVIII FYCYRVNRQQ KL 222

C. Nucleic Acids and Expression Vectors

The present disclosure provides a nucleic acid encoding a CAR. The nucleic acid of the

present disclosure may comprises a polynucleotide sequence encoding any one of the CARs

disclosed herein.

In certain aspects, the invention includes a nucleic acid comprising a polynucleotide

sequence encoding a chimeric antigen receptor (CAR) comprising an anti-CCR4 antigen binding

domain, a transmembrane domain, and an intracellular domain, wherein the antigen-binding

domain comprises: a heavy chain variable region that comprises three heavy chain
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complementarity determining regions (HCDRs), wherein HCDR1 comprises the amino acid
sequence set forth in SEQ ID NO: 2, HCDR2 comprises the amino acid sequence set forth in
SEQ ID NO: 4, and HCDR3 comprises the amino acid sequence set forth in SEQ ID NO: 6; and
a light chain variable region that comprises three light chain complementarity determining
regions (LCDRs), wherein LCDR1 comprises the amino acid sequence set forth in SEQ ID NO:
8, LCDR2 comprises the amino acid sequence set forth in SEQ 1D NO: 10, and LCDR3
comprises the amino acid sequence set forth in SEQ ID NO: 12.

In certain embodiments, the antigen binding domain comprises a heavy chain variable
region encoded by a polynucleotide sequence at least 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 111 and/or a light chain variable
region encoded by a polynucleotide sequence at least 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%0, 99%, or 100% identical to SEQ ID NO: 113.

In certain embodiments, the antigen binding domain is a single-chain variable fragment
(scFv) encoded by a polynucleotide sequence at least 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%., or 100% identical to SEQ ID NO: 15.

In certain embodiments, a nucleic acid of the present disclosure comprises a first
polynucleotide sequence and a second polynucleotide sequence. The first and second
pelynucleotide sequence may be separated by a linker. A linker for use in the present disclosure
allows for multiple proteins to be encoded by the same nucleic acid sequence (e.g., a
multicistronic or bicistronic sequence), which are translated as a polyprotein that is dissociated
into separate protein components. In certain embodiments, the nucleic acid comprises from 57 to
3’ the first polynucleotide sequence, the linker, and the second polynucleotide sequence. In
certain embodiments, the nucleic acid comprises from 5’ to 3’ the second polynucleotide
sequence, the linker, and the first polynucleotide sequence.

In some embodiments, the linker comprises a nucleic acid sequence that encodes for an
internal ribosome entry site (IRES). As used herein, “an internal ribosome entry site” or “IRES”
refers to an element that promotes direct internal ribosome entry to the initiation codon, such as
ATG, of a protein coding region, thereby leading to cap-independent translation of the gene.
Various internal ribosome entry sites are known to those of skill in the art, including, without
limitation, IRES obtainable from viral or cellular mRNA sources, e.g., immunogloublin heavy-
chain binding protein (BiP); vascular endothelial growth factor (VEGF); fibroblast growth factor
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2; insulin-like growth factor; translational initiation factor eIF4G; yeast transcription factors
TFIID and HAP4; and IRES obtainable from, e.g., cardiovirus, rhinovirus, aphthovirus, HCV,
Friend murine leukemia virus (FrMLYV), and Moloney murine leukemia virus (MoMLYV). Those
of skill in the art would be able to select the appropriate IRES for use in the present invention.

In some embodiments, the linker comprises a nucleic acid sequence that encodes for a
self-cleaving peptide. As used herein, a “self-cleaving peptide” or “2A peptide” refers to an
oligopeptide that allow multiple proteins to be encoded as polyproteins, which dissociate into
component proteins upon translation. Use of the term “self-cleaving” is not intended to imply a
proteolytic cleavage reaction. Various self-cleaving or 2A peptides are known to those of skill in
the art, including, without limitation, those found in members of the Picornaviridae virus family,
e.g., foot-and-mouth disease virus (FMDYV), equine rhinitis A virus (ERAVO0, Thosea asigna
virus (TaV), and porcine tescho virus-1 (PTV-1); and carioviruses such as Theilovirus and
encephalomyocarditis viruses. 2A peptides derived from FMDV, ERAV, PTV-1, and TaV are
referred to herein as “F2A,” “E2A,” “P2A,” and “T2A,” respectively. Those of skill in the art
would be able to select the appropriate self-cleaving peptide for use in the present invention.

In some embodiments, a linker further comprises a nucleic acid sequence that encodes a
furin cleavage site. Furin is a ubiquitously expressed protease that resides in the trans-golgi and
processes protein precursors before their secretion. Furin cleaves at the COOH- terminus of its
consensus recognition sequence. Various furin consensus recognition sequences (or “furin
cleavage sites”) are known to those of skill in the art, including, without limitation, Arg-X1-Lys-
Arg (SEQ ID NO:127) or Arg-X1-Arg-Arg (SEQ ID NO:128), X2-Arg-X1-X3-Arg (SEQ ID
NO:129) and Arg-X1-X1-Arg (SEQ ID NO:130), such as an Arg-Gln-Lys-Arg (SEQ ID
NO:131), where X1 is any naturally occurring amino acid, X2 is Lys or Arg, and X3 is Lys or
Arg. Those of skill in the art would be able to select the appropriate Furin cleavage site for use in
the present invention.

In some embodiments, the linker comprises a nucleic acid sequence encoding a
combination of a Furin cleavage site and a 2A peptide. Examples include, without limitation, a
linker comprising a nucleic acid sequence encoding a Furin cleavage site and F2A, a linker
comprising a nucleic acid sequence encoding a Furin cleavage site and E2A, a linker comprising
a nucleic acid sequence encoding a Furin cleavage site and P2 A, a linker comprising a nucleic
acid sequence encoding a Furin cleavage site and T2A. Those of skill in the art would be able to
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select the appropriate combination for use in the present invention. In such embodiments, the
linker may further comprise a spacer sequence between the Furin cleavage site and the 2A
peptide. In some embodiments, the linker comprises a Furin cleavage site 5° to a 2A peptide. In
some embodiments, the linker comprises a 2A peptide 5° to a Furin cleavage site. Various spacer
sequences are known in the art, including, without limitation, glycine serine (GS) spacers (also
known as GS linkers) such as (GS)n, (SG)n, (GSGGS)n (SEQ 1D NO:115) and (GGGS)n (SEQ
ID NO:116), where n represents an integer of at least 1. Exemplary spacer sequences can
comprise amino acid sequences including, without limitation, GGSG (SEQ ID NO:118),
GGSGG (SEQ D NO:119), GSGSG (SEQ TD NO:120), GSGGG (SEQ ID NO:121), GGGSG
(SEQ ID NO:122), GSSSG (SEQ ID NO:123), and the like. Those of skill in the art would be
able to select the appropriate spacer sequence for use in the present invention.

In some embodiments, a nucleic acid of the present disclosure may be operably linked to
a transcriptional control element, e¢.g., a promoter, and enhancer, etc. Suitable promoter and
enhancer elements are known to those of skill in the art.

In certain embodiments, the nucleic acid encoding an exogenous CAR is in operable
linkage with a promoter. In certain embodiments, the promoter is a phosphoglycerate kinase-1
(PGK) promoter.

For expression in a bacterial cell, suitable promoters include, but are not limited to, lacl,
lacZ, T3, T7, gpt, lambda P and trc. For expression in a eukaryotic cell, suitable promoters
include, but are not limited to, light and/or heavy chain immunoglobulin gene promoter and
enhancer elements; cytomegalovirus immediate early promoter; herpes simplex virus thymidine
kinase promoter; early and late SV40 promoters; promoter present in long terminal repeats from
a retrovirus; mouse metallothionein-I promoter; and various art-known tissue specific promoters.
Suitable reversible promoters, including reversible inducible promoters are known in the art.
Such reversible promoters may be isolated and derived from many organisms, e.g., eukaryotes
and prokaryotes. Modification of reversible promoters derived from a first organism for use in a
second organism, e.g., a first prokaryote and a second a eukaryote, a first eukaryote and a second
a prokaryote, etc., is well known in the art. Such reversible promoters, and systems based on
such reversible promoters but also comprising additional control proteins, include, but are not
limited to, alcohol regulated promoters (e.g., alcohol dehydrogenase I (alcA) gene promoter,
promoters responsive to alcohol transactivator proteins (A1cR), etc.), tetracycline regulated
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promoters, (e.g., promoter systems including TetActivators, TetON, TetOFF, etc.), steroid
regulated promoters (e.g., rat glucocorticoid receptor promoter systems, human estrogen receptor
promoter systems, retinoid promoter systems, thyroid promoter systems, ecdysone promoter
systems, mifepristone promoter systems, etc.), metal regulated promoters (e.g., metallothionein
promoter systems, etc.), pathogenesis-related regulated promoters (e.g., salicylic acid regulated
promoters, ethylene regulated promoters, benzothiadiazole regulated promoters, etc.),
temperature regulated promoters (e.g., heat shock inducible promoters (e.g., HSP-70, HSP-90,
soybean heat shock promoter, etc.), light regulated promoters, synthetic inducible promoters, and
the like.

In some embodiments, the promoter is a CD8 cell-specific promoter, a CD4 cell-specitic
promoter, a neutrophil-specific promoter, or an NK-specific promoter. For example, a CD4 gene
promoter can be used; see, e.g., Salmon et al. Proc. Natl. Acad. Sci. USA (1993) 90:7739; and
Marodon et al. (2003) Blood 101:3416. As another example, a CD8 gene promoter can be used.
NK cell-specific expression can be achieved by use of an Ncrl (p46) promoter; see, e.g.,
Eckelhart et al. Blood (2011) 117:1565.

For expression in a yeast cell, a suitable promoter is a constitutive promoter such as an
ADH]1 promoter, a PGK1 promoter, an ENO promoter, a PYK1 promoter and the like; or a
regulatable promoter such as a GAL1 promoter, a GAL10 promoter, an ADH2 promoter, a
PHOS promoter, a CUP1 promoter, a GALT promoter, a MET25 promoter, a MET3 promoter, a
CYCI1 promoter, a HIS3 promoter, an ADHI1 promoter, a PGK promoter, a GAPDH promoter,
an ADC1 promoter, a TRP1 promoter, a URA3 promoter, a LEU2 promoter, an ENO promoter,
a TP1 promoter, and AOX1 (e.g., for use in Pichia). Selection of the appropriate vector and
promoter is well within the level of ordinary skill in the art. Suitable promoters for use in
prokaryotic host cells include, but are not limited to, a bacteriophage T7 RNA polymerase
promoter; a trp promoter, a lac operon promoter; a hybrid promoter, e.g., a lac/tac hybrid
promoter, a tac/trc hybrid promoter, a trp/lac promoter, a T7/lac promoter; a trc promoter; a tac
promoter, and the like; an araBAD promoter; in vivo regulated promoters, such as an ssaG
promoter or a related promoter (see, e.g., U.S. Patent Publication No. 20040131637), a pagC
promoter (Pulkkinen and Miller, J. Bacteriol. (1991) 173(1): 86-93; Alpuche-Aranda et al., Proc.
Natl. Acad. Sci. USA (1992) 89(21): 10079-83), a nirB promoter (Harborne et a/. Mol. Micro.
(1992) 6:2805-2813), and the like (see, e.g., Dunstan et al., Infect. Immun. (1999) 67:5133-5141;
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McKelvie et al., Vaccine (2004) 22:3243-3255; and Chatfield er a/., Biotechnol. (1992) 10:888-
892); a sigma70 promoter, e.g., a consensus sigma70 promoter (see, e.g., GenBank Accession
Nos. AX798980, AX798961, and AX798183); a stationary phase promoter, e.g., a dps promoter,
an spv promoter, and the like; a promoter derived from the pathogenicity island SPI-2 (see, e.g,
WO96/17951); an actA promoter (see, e.g., Shetron-Rama et al., Infect. Immun. (2002) 70:1087-
1096); an rpsM promoter (see, e.g., Valdivia and Falkow Mol. Microbiol. (1996). 22:367); a tet
promoter (sce, e.g., Hillen, W. and Wissmann, A. (1989) In Saenger, W. and Heinemann, U.
(eds), Topics in Molecular and Structural Biology, Protein--Nucleic Acid Interaction. Macmillan,
London, UK, Vol. 10, pp. 143-162); an SP6 promoter (see, e.g., Melton ef al., Nucl. Acids Res.
(1984) 12:7035); and the like. Suitable strong promoters for use in prokaryotes such as
Escherichia coli include, but are not limited to Trc, Tac, T5, T7, and PLambda. Non-limiting
examples of operators for use in bacterial host cells include a lactose promoter operator (Lacl
repressor protein changes conformation when contacted with lactose, thereby preventing the Lad
repressor protein from binding to the operator), a tryptophan promoter operator (when
complexed with tryptophan, TrpR repressor protein has a conformation that binds the operator;
in the absence of tryptophan, the TrpR repressor protein has a conformation that does not bind to
the operator), and a tac promoter operator (see, e.g., deBoer et al., Proc. Natl. Acad. Sci. U.S.A.
(1983) 80:21-25).

Other examples of suitable promoters include the immediate early cytomegalovirus
(CMYV) promoter sequence. This promoter sequence is a strong constitutive promoter sequence
capable of driving high levels of expression of any polynucleotide sequence operatively linked
thereto. Other constitutive promoter sequences may also be used, including, but not limited to a
simian virus 40 (SV40) early promoter, a mouse mammary tumor virus ((MMTV) or human
immunodeficiency virus (HIV) long terminal repeat (L' TR) promoter, a MoMulL.V promoter, an
avian leukemia virus promoter, an Epstein-Barr virus immediate early promoter, a Rous sarcoma
virus promoter, the EF-1 alpha promoter, as well as human gene promoters such as, but not
limited to, an actin promoter, a myosin promoter, a hemoglobin promoter, and a creatine kinase
promoter. Further, the invention should not be limited to the use of constitutive promoters.
Inducible promoters are also contemplated as part of the invention. The use of an inducible
promoter provides a molecular switch capable of turning on expression of the polynucleotide
sequence which it is operatively linked when such expression is desired, or turning off the
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expression when expression is not desired. Examples of inducible promoters include, but are not
limited to a metallothionine promoter, a glucocorticoid promoter, a progestercne promoter, and a
tetracycline promoter.

In some embodiments, the locus or construct or transgene containing the suitable
promoter is irreversibly switched through the induction of an inducible system. Suitable systems
for induction of an irreversible switch are well known in the art, e.g., induction of an irreversible
switch may make use of a Cre-lox-mediated recombination (see, e.g., Fuhrmann-Benzakein, et
al., Proc. Natl. Acad. Sci. USA (2000) 28:e99, the disclosure of which is incorporated herein by
reference). Any suitable combination of recombinase, endonuclease, ligase, recombination sites,
etc. known to the art may be used in generating an irreversibly switchable promoter. Methods,
mechanisms, and requirements for performing site-specific recombination, described elsewhere
herein, find use in generating irreversibly switched promoters and are well known in the art, see,
e.g., Grindley ef al. Annual Review of Biochemistry (2006) 567-605; and Tropp, Molecular
Biology (2012) (Jones & Bartlett Publishers, Sudbury, Mass.), the disclosures of which are
incorporated herein by reference.

In some embodiments, a nucleic acid of the present disclosure further comprises a nucleic
acid sequence encoding a CAR inducible expression cassette. In one embodiment, the CAR
inducible expression cassette is for the production of a transgenic polypeptide product that is
released upon CAR signaling. See, e.g., Chmielewski and Abken, Expert Opin. Biol. Ther.
(2015) 15(8): 1145-1154; and Abken, Immunotherapy (2015) 7(5): 535-544. In some
embodiments, a nucleic acid of the present disclosure further comprises a nucleic acid sequence
encoding a cytokine operably linked to a T-cell activation responsive promoter. In some
embodiments, the cytokine operably linked to a T-cell activation responsive promoter is present
on a separate nucleic acid sequence. In one embodiment, the cytokine is IL-12.

A nucleic acid of the present disclosure may be present within an expression vector
and/or a cloning vector. An expression vector can include a selectable marker, an origin of
replication, and other features that provide for replication and/or maintenance of the vector.
Suitable expression vectors include, e.g., plasmids, viral vectors, and the like. Large numbers of
suitable vectors and promoters are known to those of skill in the art; many are commercially
available for generating a subject recombinant construct. The following vectors are provided by
way of example, and should not be construed in anyway as limiting Bacterial: pBs, phagescript,
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PsiX174, pBluescript SK, pBs KS, pNH8a, pNH16a, pNH18a, pNH46a (Stratagene, La Jolla,
Calif., USA); pTrc99A, pKK223-3, pKK233-3, pDR540, and pRITS (Pharmacia, Uppsala,
Sweden). Eukaryotic: pWLneo, pSV2cat, pOG44, PXR1, pSG (Stratagene) pSVK3, pBPV,
pMSG and pSVL (Pharmacia).

Expression vectors generally have convenient restriction sites located near the promoter
sequence to provide for the insertion of nucleic acid sequences encoding heterologous proteins.
A selectable marker operative in the expression host may be present. Suitable expression vectors
include, but are not limited to, viral vectors (e.g. viral vectors based on vaccinia virus;
poliovirus; adenovirus (see, e.g ., Li et al ., Invest. Opthalmol. Vis. Sci. (1994) 35: 2543-2549;
Borras et al., Gene Ther. (1999) 6: 515-524; Li and Davidson, Proc. Natl. Acad. Sci. USA (1995)
92: 7700-7704; Sakamoto et al., H. Gene Ther. (1999) 5: 1088-1097; WO 94/12649, WO
93/03769; WO 93/19191; WO 94/28938; WO 95/11984 and WO 95/00655); adeno-associated
virus (see, e.g., Ali et al., Hum. Gene Ther. (1998) 9: 81-86, Flannery et al., Proc. Natl. Acad.
Sci. USA (1997) 94: 6916-6921; Bennett et al., Invest. Opthalmol. Vis. Sci. (1997) 38: 2857-
2863; Jomary et al., Gene Ther. (1997) 4:683 690, Rolling et al., Hum. Gene Ther. (1999) 10:
641-648; Ali et al., Hum. Mol. Genet. (1996) 5: 591-594; Srivastava in WO 93/09239, Samulski
etal.,,J. Vir. (1989) 63: 3822-3828; Mendelson et al., Virol. (1988) 166: 154-165; and Flotte et
al., Proc. Natl. Acad. Sci. USA (1993) 90: 10613-10617); SV40; herpes simplex virus; human
immunodeficiency virus (see, e.g., Miyoshi et al., Proc. Natl. Acad. Sci. USA (1997) 94: 10319-
23; Takahashi et al., J. Virol. (1999) 73: 7812-7816); a retroviral vector (e.g., Murine Leukemia
Virus, spleen necrosis virus, and vectors derived from retroviruses such as Rous Sarcoma Virus,
Harvey Sarcoma Virus, avian leukosis virus, human immunodeficiency virus, myeloproliferative
sarcoma virus, and mammary tumor virus); and the like.

Additional expression vectors suitable for use are, e.g., without limitation, a lentivirus
vector, a gamma retrovirus vector, a foamy virus vector, an adeno-associated virus vector, an
adenovirus vector, a pox virus vector, a herpes virus vector, an engineered hybrid virus vector, a
transposon mediated vector, and the like. Viral vector technology is well known in the art and is
described, for example, in Sambrook et al., 2012, Molecular Cloning: A Laboratory Manual,
volumes 1-4, Cold Spring Harbor Press, NY), and in other virology and molecular biology
manuals. Viruses, which are useful as vectors include, but are not limited to, retroviruses,
adenoviruses, adeno- associated viruses, herpes viruses, and lentiviruses.
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In general, a suitable vector contains an origin of replication functional in at least one
organism, a promoter sequence, convenient restriction endonuclease sites, and one or more
selectable markers, (e.g., WO 01/96584; WO 01/29058; and U.S. Pat. No. 6,326,193).

In some embodiments, an expression vector (e.g., a lentiviral vector) may be used to
introduce the CAR into an immune cell or precursor thereof (e.g., a T cell). Accordingly, an
expression vector (e.g., a lentiviral vector) of the present invention may comprise a nucleic acid
encoding for a CAR. In some embodiments, the expression vector (e.g., lentiviral vector) will
comprise additional elements that will aid in the functional expression of the CAR encoded
therein. In some embodiments, an expression vector comprising a nucleic acid encoding for a
CAR further comprises a mammalian promoter. In one embodiment, the vector further
comprises an elongation-factor-1-alpha promoter (EF-1a promoter). Use of an EF-10 promoter
may increase the efficiency in expression of downstream transgenes (e.g., a CAR encoding
nucleic acid sequence). Physiologic promoters (e.g., an EF-1a promoter) may be less likely to
induce integration mediated genotoxicity, and may abrogate the ability of the retroviral vector to
transform stem cells. Other physiological promoters suitable for use in a vector (e.g., lentiviral
vector) are known to those of skill in the art and may be incorporated into a vector of the present
invention. In some embodiments, the vector (e.g., lentiviral vector) further comprises a non-
requisite cis acting sequence that may improve titers and gene expression. One non-limiting
example of a non-requisite c¢is acting sequence is the central polypurine tract and central
termination sequence (cPPT/CTS) which is important for efficient reverse transcription and
nuclear import. Other non-requisite cis acting sequences are known to those of skill in the art and
may be incorporated into a vector (e.g., lentiviral vector) of the present invention. In some
embodiments, the vector further comprises a posttranscriptional regulatory element.
Posttranscriptional regulatory elements may improve RNA translation, improve transgene
expression and stabilize RNA transcripts. One example of a posttranscriptional regulatory
element is the woodchuck hepatitis virus posttranscriptional regulatory element (WPRE).
Accordingly, in some embodiments a vector for the present invention further comprises a WPRE
sequence. Various posttranscriptional regulator elements are known to those of skill in the art
and may be incorporated into a vector (e.g., lentiviral vector) of the present invention. A vector
of the present invention may further comprise additional elements such as a rev response element
(RRE) for RNA transport, packaging sequences, and 5’ and 3 long terminal repeats (LTRs).
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The term “long terminal repeat” or “LTR” refers to domains of base pairs located at the ends of
retroviral DNAs which comprise U3, R and US regions. LTRs generally provide functions
required for the expression of retroviral genes (e.g., promotion, initiation and polyadenylation of
gene transcripts) and to viral replication. In one embodiment, a vector (e g, lentiviral vector) of
the present invention includes a 3° U3 deleted LTR. Accordingly, a vector (e.g., lentiviral vector)
of the present invention may comprise any combination of the elements described herein to
enhance the efficiency of functional expression of transgenes. For example, a vector (e.g.,
lentiviral vector) of the present invention may comprise a WPRE sequence, cPPT sequence, RRE
sequence, 5’LLTR, 3’ U3 deleted LTR’ in addition to a nucleic acid encoding for a CAR.

Vectors of the present invention may be self-inactivating vectors. As used herein, the
term “self-inactivating vector” refers to vectors in which the 3° LTR enhancer promoter region
(U3 region) has been modified (e.g., by deletion or substitution). A self-inactivating vector may
prevent viral transcription beyond the first round of viral replication. Consequently, a self-
inactivating vector may be capable of infecting and then integrating into a host genome (e.g., a
mammalian genome) only once, and cannot be passed further. Accordingly, self-inactivating
vectors may greatly reduce the risk of creating a replication-competent virus.

In some embodiments, a nucleic acid of the present invention may be RNA, e.g., in vitro
synthesized RNA. Methods for in vitro synthesis of RNA are known to those of skill in the art;
any known method can be used to synthesize RNA comprising a sequence encoding a CAR of
the present disclosure. Methods for introducing RNA into a host cell are known in the art. See,
e.g., Zhao et al. Cancer Res. (2010) 15: 9053. Introducing RNA comprising a nucleotide
sequence encoding a CAR of the present disclosure into a host cell can be carried out in vitro, ex
vivo or in vivo. For example, a host cell (e.g., an NK cell, a cytotoxic T lymphocyte, etc.) can be
electroporated in vifro or ex vivo with RNA comprising a nuclectide sequence encoding a CAR
of the present disclosure.

In order to assess the expression of a polypeptide or portions thereof, the expression
vector to be introduced into a cell may also contain either a selectable marker gene or a reporter
gene, or both, to facilitate identification and selection of expressing cells from the population of
cells sought to be transtected or infected through viral vectors. In some embodiments, the
selectable marker may be carried on a separate piece of DNA and used in a co-transfection
procedure. Both selectable markers and reporter genes may be flanked with appropriate
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regulatory sequences to enable expression in the host cells. Useful selectable markers include,
without limitation, antibiotic-resistance genes.

Reporter genes are used for identifying potentially transfected cells and for evaluating the
functionality of regulatory sequences. In general, a reporter gene is a gene that is not present in
or expressed by the recipient organism or tissue and that encodes a polypeptide whose expression
is manifested by some easily detectable property, e.g., enzymatic activity. Expression of the
reporter gene 1s assessed at a suitable time after the DNA has been introduced into the recipient
cells. Suitable reporter genes may include, without limitation, genes encoding luciferase, beta-
galactosidase, chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green
fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS Letters 479: 79-82).

In some embodiments, a nucleic acid of the present disclosure is provided for the
production of a CAR as described herein, e.g., in a mammalian cell. In some embodiments, a
nucleic acid of the present disclosure provides for amplification of the CAR-encoding nucleic

acid.

D. Modified Immune Cells

The present invention provides modified immune cells or precursors thereof (e.g.,a T
cell) comprising a CAR as described herein. Also provided are modified immune cells or
precursor cell thereof comprising a nucleic acid encoding a CAR. Accordingly, such modified
cells possess the specificity directed by the CAR that is expressed therein. For example, a
modified cell of the present disclosure comprising a CAR possesses specificity for CCR4 on a
target cell (e.g., a cancer cell). In one aspect, the invention provides a method of treating cancer
comprising administering modified cells comprising an anti-CCR4 CAR to a subject having
cancer, wherein the modified cells deplete CCR4-positive T cells and not CCR4-negative T cells
in the subject, thereby treating the cancer.

Also provided are modified immune cells or precursor cell thereof comprising a nucleic
acid encoding a CAR and further encoding a safety switch, wherein the safety switch induces
CAR T cell depletion in a subject upon administration of a safety switch agent. The CAR may be
linked to the safety switch via a 2ZA self-cleaving sequence as described herein, such as a PZA or
T2A sequence. Accordingly, the safety switch depletion system comprises an ant-CCR4 CAR
linked to a safety switch via a self-cleavable linker (i.e., a CAR-linked safety switch) and further
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comprising a safety switch agent. In one embodiment, the safety switch is truncated EGFR
(EGFRt) and the safety switch agent is an anti-EGFR antibody such as cetuximab. In one
embodiment, the safety switch is CD20 and the safety switch agent is an anti-CD20 antibody,
such as rituximab. In one embodiment, the safety switch is inducible caspase 9 and the safety
switch agent is a dimerizing drug such as AP1903. In one embodiment, the safety switch is
Herpes simplex virus-1 thymidine kinase (HSVTK) and the safety switch agent is ganciclovir
(GCV).

In certain embodiments, the CAR-linked safety switch further comprises a dominant-
negative TGFb receptor type Il (dnTGFbRII). In some embodiments, the CAR of the CAR-
linked safety switch is linked to the dnTGFbRII, for example via a 2A self-cleaving sequence as
described herein, such as a P2A or T2A sequence. In some embodiments, the safety switch of the
CAR-linked safety switch is linked to the dnTGFbRII, for example via a 2A self-cleaving
sequence as described herein, such as a P2ZA or T2A sequence. In some embodiments, the CAR
and the safety switch of the CAR-linked safety switch are each linked to the dnTGFbRII, for
example via a 2A self-cleaving sequence such as a P2A or T2A sequence. In some embodiments,
the CAR-linked safety switch comprises an anit-CCR4 CAR, an HSVTK safety switch, and a
dnTGFbRII, wherein the anti-CCR4 CAR, the HSVTK, and the dnTGFbRII may be present in
any order from N-terminus to C-terminus of the CAR-linked safety switch.

In some embodiments, the CAR-linked safety switch comprises any one of the amino
acid sequences set forth in SEQ ID NOs: 42, 52, 60, 68, 76, 88, and 100. Tolerable variations of
the CAR sequences and the CAR-linked safety switch sequences will be known to those of skill
in the art. For example, in certain embodiments the CAR comprises an amino acid sequence that
has at least 80%, at least 81%o, at least 82%, at least 83%c, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%0, or at least 99%
sequence identity to the amino acid sequence set forth in any one of SEQ 1D NOs: 30, 54, 62, 70,
82, 90, and 102. In certain embodiments the CAR-linked safety switch comprises an amino acid
sequence that has at least 80%, at least 81%, at least 82%, at least 83%o, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%o, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
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99% sequence identity to any one of the amino acid sequences set forth in SEQ ID NOs: 42, 52,
60, 68, 76, 88, and 100.

In one aspect, the invention includes a modified immune cell or precursor cell thereof,
comprising a CAR comprising an anti-CCR4 antigen binding domain, a transmembrane domain,
and an intracellular domain. In another aspect, the invention includes a modified immune cell or
precursor cell thereof, comprising a nucleic acid encoding a CAR comprising an anti-CCR4
antigen binding domain, a transmembrane domain, and an intracellular domain. In some
embodiments, the nucleic acid further encodes a safety switch, wherein the satety switch induces
CAR T cell depletion in a subject upon administration of a safety switch agent.

In certain embodiments, the modified cell is a modified immune cell. In certain
embodiments, the modified cell is an autologous cell. In certain embodiments, the modified cell
is an autologous cell obtained from a human subject. In certain embodiments, the modified cell is
a T cell.

In certain embodiments, the modified immune cell or precursor cell thereof is further
modified to reduce or eliminate CCR4 expression relative to a CCR4 expression level in an
unmodified immune cell. Knock down (k/d) or knock out (k/0) of CCR4 in the cells can be
achieved prior to, simultaneously with, or after CCR4-CAR transduction. In some embodiments,
CCR4 k/d or k/o can be achieved by any method known in the art for gene k/d or k/o, such as
modification of cells with RNAi (shRNA or siRINA), genetic engineering (for example, via
CRISPR/Cas9), or with protein-based systems (e.g. anti-CCR4 scFv with one or more C-terminal
KDEL motifs). In some embodiments, the modified immune cell or precursor cell thereof further
comprises one or more of the following: (a) a CCR4 null knockout allele; (b) suppressed CCR4
gene expression; and (c¢) a fusion protein comprising an anti-CCR4 scFv and a KDEL motif
and/or a nucleic acid encoding the fusion protein. In certain embodiments, the CCR4 null
knockout allele or suppressed CCR4 gene expression is obtained via a genetic engineering
technique comprising a nuclease selected from the group consisting of a clustered regularly
interspaced short palindromic repeats (CRISPR) associated nuclease, a transcription activator-
like effector nuclease (TALEN), and a zinc-finger nuclease. In some embodiments, the modified
immune cell or precursor cell thereof further comprises an inhibitory RNA molecule which
suppresses CCR4 gene expression. Examples of inhibitory RNA molecules include, but are not
limited to, an RNA interference (RNAi) RNA, a short hairpin RNA (shRNA), a small interfering
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RNA (siRNA), a trans-acting siRNA (tasiRNA), a micro RNA (miRNA), an antisense RNA
(asRNA), along noncoding RNA (IncRNA), a CRISPR RNA (crRNA), a trans-activating
crRNA (tractRNA), a guide RNA (gRNA), a single guide RNA (sgRNA), a double-stranded
RNA (dsRNA), a ribozyme, and any combination thereof

In some embodiments, the modified immune cell or precursor cell thereof is further
modified with a CCR4-targeting RNA (e.g., shRNA) or with a nucleic acid encoding the shRNA.
In some embodiments, the cell is further modified with a CCR4-targeting RNA (e.g., a guide
RNA) and a Cas nuclease or with a nucleic acid encoding the CCR4-targeting RNA and the Cas
nuclease. In some embodiments, the cell is further modified with an anti-CCR4 scFv-KDEL
motif fusion protein or with a nucleic acid encoding an anti-CCR4 scFv-KDEL motif fusion
protein.

In some embodiments, the modified immune cell further comprises a CCR4-targeting
shRINA (sh-CCR4). Exemplary sh-CCR4 sequences are shown in Table 4, as well a control
shRNA (i.e., a Cre recombinase-targeting sShRNA sequence (sh-Cre). In some embodiments, the
CCR4 is human CCR4 having mRNA sequence of NCBI Accession No. NM 005508.4. In some
embodiments, the Cre gene sequence is the Cre gene sequence of NCBI Accession No.

NC 005856.1. In some embodiments, the modified immune cell further comprises a CCR4-
targeting shRNA comprising any one of SEQ ID NOs: 144-147 or a nucleic acid encoding a
CCR4-targeting sShRINA comprising any one of SEQ ID NOs: 144-147. In some embodiments,
the modified immune cell further comprises a nucleic acid encoding a CCR4-targeting sShRNA,

wherein the nucleic acid comprises any one of SEQ ID NOs; 149-152.

Table 4: sShRNA sequences

SEQ ID NO. shRNA Targeted Region

144 sh-CCR4#1 1519-1541

GAAUGAAGUUGUAGGUAAUAUcugugaagccacagaugge AUAUUACCUACAACUUCAUUC

uuuuuu

145 sh-CCR4#2 1482-1504

GCAUGAGUCAGUCUGAUGAGA cugugaagccacagaugggUCUCAUCAGACUGACUCAUGC

uuuuuu
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146

sh-CCR4#3

1609-1631

uuuuuu

GCUGAUGGAGUAAAUCGCUACcugugaagccacagaugggGUAGCGAUUUACUCCAUCAGC

147

sh-CCR4#4

1526-1548

uuuuuu

GUUGUAGGUAAUAUUGCAAGGcugugaagcecacagaugggCCUUGCAAUAUUACCUACAAC

148

sh-Cre

811-833

uuuuuu

GAUUUACGGCGCUAAGGAUGAcugugaagccacagaugggeUCAUCCUUAGCGCCGUAAAUC

SEQ ID NO.

DNA encoding shRNA

Targeted Region

149

sh-CCR4#1

1519-1541

GAATGAAGTTGTAGGTAATATctgtgaagccacagatggg ATATTACCTACAACTTCATTCttttt

150

sh-CCR4#2

1482-1504

GCATGAGTCAGTCTGATGAGACctgtgaagccacagatgggeTCTCATCAGACTGACTCATGCttttt

151

sh-CCR4#3

1609-1631

GCTGATGGAGTAAATCGCTACctgtgaagecacagatgggGTAGCGATTTACTCCATCAGCttttt

152

sh-CCR4#4

1526-1548

GTTGTAGGTAATATTGCAAGGctgtgaagccacagatgggCCTTGCAATATTACCTACAACttttt

153

sh-Cre

811-833

GATTTACGGCGCTAAGGATGACctgtgaagccacagatgge TCATCCTTAGCGCCGTAAATCCttttt

In certain embodiments, the modified immune cells are derived from peripheral blood

mononuclear cells (PBMCs) of the patient. Accordingly, in some embodiments, the PBMCs

comprise tumor cells. In some embodiments, the subject has previously been administered

mogamulizumab. In some embodiments, the cancer is refractory to mogamulizumab.

E. Methods of Treatment

The modified cells (e.g., T cells) described herein may be included in a composition for

immunotherapy. The composition may include a pharmaceutical composition and further
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include a pharmaceutically acceptable carrier. A therapeutically effective amount of the
pharmaceutical composition comprising the modified T cells may be administered.

In one aspect, the invention includes a method for adoptive cell transfer therapy
comprising administering to a subject in need thereof a modified T cell of the present invention.
In another aspect, the invention includes a method of treating a disease or condition in a subject
comprising administering to a subject in need thereof a population of modified T cells. In one
aspect, the invention provides a method of treating cancer comprising administering modified
cells comprising an anti-CCR4 CAR to a subject having cancer, wherein the modified cells
deplete CCR4-positive T cells and not CCR4-negative T cells in the subject, thereby treating the
cancer.

Methods for administration of immune cells for adoptive cell therapy are known and may
be used in connection with the provided methods and compositions. For example, adoptive T cell
therapy methods are described, ¢.g., in US Patent Application Publication No. 2003/0170238 to
Gruenberg et al; US Patent No. 4,690,915 to Rosenberg; Rosenberg (2011) Nat Rev Clin Oncol.
8(10):577-85). See, e.g., Themeli et al. (2013) Nat Biotechnol. 31(10): 928-933; Tsukahara et al.
(2013) Biochem Biophys Res Commun 438(1): 84-9; Davila et al. (2013) PLoS ONE 8(4):
e€61338. In some embodiments, the cell therapy, e.g., adoptive T cell therapy is carried out by
autologous transfer, in which the cells are isolated and/or otherwise prepared from the subject
who is to receive the cell therapy, or from a sample derived from such a subject. Thus, in some
aspects, the cells are derived from a subject, e.g., patient, in need of a treatment and the cells,
following isolation and processing are administered to the same subject.

In some embodiments, the cell therapy, e.g., adoptive T cell therapy, is carried out by
allogeneic transfer, in which the cells are isolated and/or otherwise prepared from a subject other
than a subject who is to receive or who ultimately receives the cell therapy, e.g., a first subject.
In such embodiments, the cells then are administered to a different subject, e.¢., a second subject,
of the same species. In some embodiments, the first and second subjects are genetically identical.
In some embodiments, the first and second subjects are genetically similar. In some
embodiments, the second subject expresses the same HLA class or supertype as the first subject.

In some embodiments, the subject has been treated with a therapeutic agent targeting the
disease or condition, e.g. the tumor, prior to administration of the cells or composition containing
the cells. In some aspects, the subject is refractory or non-responsive to the other therapeutic
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agent. In some embodiments, the subject has persistent or relapsed disease, e.g., following
treatment with another therapeutic intervention, including chemotherapy, radiation, and/or
hematopoietic stem cell transplantation (HSCT), e.g., allogenic HSCT. In some embodiments,
the subject has previously been administered mogamulizumab. In some embodiments, the cancer
is refractory to mogamulizumab. In some embodiments, the administration effectively treats the
subject despite the subject having become resistant to another therapy (e.g., mogamulizumab).

In some embodiments, the subject is responsive to the other therapeutic agent, and
treatment with the therapeutic agent reduces disease burden. In some aspects, the subject is
initially responsive to the therapeutic agent, but exhibits a relapse of the disease or condition
over time. In some embodiments, the subject has not relapsed. In some such embodiments, the
subject is determined to be at risk for relapse, such as at a high risk of relapse, and thus the cells
are administered prophylactically, e.g., to reduce the likelihood of or prevent relapse. In some
aspects, the subject has not received prior treatment with another therapeutic agent.

In some embodiments, the subject has persistent or relapsed disease, e.g., following
treatment with another therapeutic intervention, including chemotherapy, radiation, and/or
hematopoietic stem cell transplantation (HSCT), e.g., allogenic HSCT. In some embodiments,
the administration effectively treats the subject despite the subject having become resistant to
another therapy.

The modified immune cells of the present invention can be administered to an animal,
preferably a mammal, even more preferably a human, to treat a cancer. In addition, the cells of
the present invention can be used for the treatment of any condition related to a cancer,
especially a cell-mediated immune response against a tumor cell(s), where it is desirable to treat
or alleviate the disease. The types of cancers to be treated with the modified cells or
pharmaceutical compositions of the invention include certain leukemia or lymphoid
malignancies, benign and malignant tumors, and malignancies e.g., sarcomas, carcinomas, and
melanomas. Exemplary cancers include but are not limited to mature T-cell malignancies such
as adult T-cell leukemia/lymphoma (ATLL), cutaneous T-cell lymphomas (CTCLs), peripheral
T-cell lymphoma (PTCL) and the like, as well as colorectal cancer, breast cancer, ovarian cancer,
renal cancer, non-small cell lung cancer, melanoma, lymphoma, and hepatocellular cancers. The
cancers may be non-solid tumors (such as hematological tumors) or solid tumors. Adult
tumors/cancers and pediatric tumors/cancers are also included. In cne embodiment, the cancer is
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a solid tumor or a hematological tumor. In certain embodiments, the cancer is a leukemia and/or
a lymphoma. In certain embomdiments, the cancer cells express CCR4.

The cells of the invention to be administered may be autologous, with respect to the
subject undergoing therapy.

The administration of the cells of the invention may be carried out in any convenient
manner known to those of skill in the art. The cells of the present invention may be administered
to a subject by aerosol inhalaticon, injection, ingestion, transfusion, implantation or
transplantation. The compositions described herein may be administered to a patient
transarterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In other instances, the cells
of the invention are injected directly into a site of inflammation in the subject, a local disease site
in the subject, alymph node, an organ, a tumor, and the like.

In some embodiments, the cells are administered at a desired dosage, which in some
aspects includes a desired dose or number of cells or cell type(s) and/or a desired ratio of cell
types. Thus, the dosage of cells in some embodiments is based on a total number of cells (or
number per kg body weight) and a desired ratio of the individual populations or sub-types, such
as the CD4+ to CD8+ ratio. In some embodiments, the dosage of cells is based on a desired total
number (or number per kg of body weight) of cells in the individual populations or of individual
cell types. In some embodiments, the dosage is based on a combination of such features, such as
a desired number of total cells, desired ratio, and desired total number of cells in the individual
populations.

In some embodiments, the populations or sub-types of cells, such as CD8" and CD4™ T
cells, are administered at or within a tolerated difference of a desired dose of total cells, such as a
desired dose of T cells. In some aspects, the desired dose is a desired number of cells or a desired
number of cells per unit of body weight of the subject to whom the cells are administered, e.g.,
cells/kg. In some aspects, the desired dose is at or above a minimum number of cells or
minimum number of cells per unit of body weight. In some aspects, among the total cells,
administered at the desired dose, the individual populations or sub-types are present at or near a
desired output ratio (such as CD4" to CD8™ ratio), e.g., within a certain tolerated difference or

error of such a ratio.
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In some embodiments, the cells are administered at or within a tolerated difference of a
desired dose of one or more of the individual populations or sub-types of cells, such as a desired
dose of CD4+ cells and/or a desired dose of CD8+ cells. In some aspects, the desired dose is a
desired number of cells of the sub-type or population, or a desired number of such cells per unit
of body weight of the subject to whom the cells are administered, e.g., cells/kg. In some aspects,
the desired dose is at or above a minimum number of cells of the population or subtype, or
minimum number of cells of the population or sub-type per unit of body weight. Thus, in some
embodiments, the dosage is based on a desired fixed dose of total cells and a desired ratio, and/or
based on a desired fixed dose of one or more, e.g., each, of the individual sub-types or sub-
populations. Thus, in some embodiments, the dosage is based on a desired fixed or minimum
dose of T cells and a desired ratio of CD4" to CD8" cells, and/or is based on a desired fixed or
minimum dose of CD4™ and/or CD8" cells.

In certain embodiments, the cells, or individual populations of sub-types of cells, are
administered to the subject at a range of about one million to about 100 billion cells, such as,
e.g., 1 million to about 50 billicn cells (e.g., about 5 million cells, about 25 million cells, about
500 million cells, about 1 billion cells, about S billion cells, about 20 billion cells, about 30
billion cells, about 40 billion cells, or a range defined by any two of the foregoing values), such
as about 10 million to about 100 billion cells (e.g., about 20 million cells, about 30 million cells,
about 40 million cells, about 60 million cells, about 70 million cells, about 80 million cells, about
90 million cells, about 10 billion cells, about 25 billion cells, about 50 billion cells, about 75
billion cells, about 90 billion cells, or a range defined by any two of the foregoing values), and in
some cases about 100 million cells to about 50 billion cells (e.g., about 120 million cells, about
250 million cells, about 350 million cells, about 450 million cells, about 650 million cells, about
800 million cells, about 900 million cells, about 3 billion cells, about 30 billion cells, about 45
billion cells) or any value in between these ranges.

In some embodiments, the dose of total cells and/or dose of individual sub-populations of
cells is within a range of between at or about 1x10° cells/kg to about 1x10'! cells/kg 10* and at or
about 10'" cells/kilograms (kg) body weight, such as between 10° and 10° cells / kg body weight,
for example, at or about 1 x 10° cells/kg, 1.5 x 10° cells/kg, 2 x 10° cells/kg, or 1 x 10° cells/kg
body weight. For example, in some embodiments, the cells are administered at, or within a
certain range of error of, between at or about 10" and at or about 10° T cells/kilograms (kg) body
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weight, such as between 10° and 10° T cells / kg body weight, for example, at or about 1 x 10°> T
cells/kg, 1.5 x 10° T cells/kg, 2 x 10° T cells/kg, or 1 x 10° T cells/kg body weight. In other
exemplary embodiments, a suitable dosage range of modified cells for use in a method of the
present disclosure includes, without limitation, from about 1x10° cells/kg to about 1x10°
cells/kg, from about 1x10° cells/kg to about 1x107 cells/kg, from about 1x107 cells/kg about
1x10® cells/kg, from about 1x10® cells/kg about 1x10° cells/kg, from about 1x10° cells/kg about
1x101° cells/kg, from about 1x10° cells/kg about 1x10! cells/kg. In an exemplary embodiment,
a suitable dosage for use in a method of the present disclosure is about 1x10® cells/’kg. In an
exemplary embodiment, a suitable dosage for use in a method of the present disclosure is about
1x107 cells/kg. In other embodiments, a suitable dosage is from about 1x107 total cells to about
5x107 total cells. In some embodiments, a suitable dosage is from about 1x10* total cells to
about 5x10® total cells. In some embodiments, a suitable dosage is from about 1.4x10" total cells
to about 1.1x10? total cells. In an exemplary embodiment, a suitable dosage for use in a method
of the present disclosure is about 7x10” total cells.

In some embodiments, the cells are administered at or within a certain range of error of
between at or about 10* and at or about 10° CD4" and/or CD8" cells/kilograms (kg) body weight,
such as between 10° and 10° CD4" and/or CD8cells / kg body weight, for example, at or about 1
x 10° CD4" and/or CDS8" cells/kg, 1.5 x 10° CD4" and/or CD8" cells/kg, 2 x 10° CD4™ and/or
CD8" cells/kg, or 1 x 10° CD4™ and/or CD8" cells/kg body weight. In some embodiments, the
cells are administered at or within a certain range of error of, greater than, and/or at least about 1
x 10% about 2.5 x 10°, about 5 x 10°, about 7.5 x 10°, or about 9 x 10° CD4" cells, and/or at least
about 1 x 10°% about 2.5 x 10°, about 5 x 10°, about 7.5 x 10°, or about 9 x 10° CD8+ cells, and/or
at least about 1 x 10°, about 2.5 x 10°, about 5 x 10°, about 7.5 x 10°, or about 9 x 10° T cells. In
some embodiments, the cells are administered at or within a certain range of error of between
about 10® and 10'? or between about 10'° and 10" T cells, between about 10* and 10'? or
between about 10'° and 10! CD4" cells, and/or between about 10® and 10'? or between about
10 and 10! CDS8" cells.

In some embodiments, the cells are administered at or within a tolerated range of a
desired output ratio of multiple cell populations or sub-types, such as CD4+ and CD8+ cells or
sub-types. In some aspects, the desired ratio can be a specific ratio or can be a range of ratios, for
example, in some embodiments, the desired ratio (e.g., ratio of CD4" to CD8" cells) is between at
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or about 5: 1 and at or about 5: 1 (or greater than about 1:5 and less than about 5: 1), or between
at or about 1:3 and at or about 3: 1 (or greater than about 1:3 and less than about 3: 1), such as
between at or about 2: 1 and at or about 1:5 (or greater than about 1 :5 and less than about 2: 1,
suchasatorabout 5:1,45:1,4:1,35:1,3:1,25:1,2:1,19:1,18:1,17:1,16:1,15:1,
141,131, 1.2: 1, 1.1: 1, 1: 1, 1: 1.1, 1: 1.2, 1: 1.3, 1:1.4, 1. 1.5, 1: 1.6, 1: 1.7, 1: 1.8, 1: 1.9:
1:2,1:2.5, 1:3, 1:3.5, 1:4, 1:4.5, or 1:5. In some aspects, the tolerated difference is within about
1%, about 2%, about 3%, about 4% about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50% of the desired ratio, including any
value in between these ranges.

In some embodiments, a dose of modified cells is administered to a subject in need
thereof, in a single dose or multiple doses. In some embodiments, a dose of modified cells is
administered in multiple doses, e.g., once a week or every 7 days, once every 2 weeks or every
14 days, once every 3 weeks or every 21 days, once every 4 weeks or every 28 days. In an
exemplary embodiment, a single dose of modified cells is administered to a subject in need
thereof. In an exemplary embodiment, a single dose of modified cells is administered to a
subject in need thereof by rapid intravenous infusion.

For the prevention or treatment of disease, the appropriate dosage may depend on the
type of disease to be treated, the type of cells or recombinant receptors, the severity and course
of the disease, whether the cells are administered for preventive or therapeutic purposes,
previous therapy, the subject's clinical history and response to the cells, and the discretion of the
attending physician. The compositions and cells are in some embodiments suitably administered
to the subject at one time or over a series of treatments.

In some embodiments, the cells are administered as part of a combination treatment, such
as simultaneously with or sequentially with, in any order, another therapeutic intervention, such
as an antibody or engineered cell or receptor or agent, such as a cytotoxic or therapeutic agent.
The cells in some embodiments are co-administered with one or more additional therapeutic
agents or in connection with another therapeutic intervention, either simultaneously or
sequentially in any order. In some contexts, the cells are co-administered with another therapy
sufficiently close in time such that the cell populations enhance the effect of one or more
additional therapeutic agents, or vice versa. In some embodiments, the cells are administered
prior to the one or more additional therapeutic agents. In some embodiments, the cells are
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administered after the one or more additional therapeutic agents. In some embodiments, the one
or more additional agents includes a cytokine, such as IL.-2, for example, to enhance persistence.
In some embodiments, the methods comprise administration of a chemotherapeutic agent.

In certain embodiments, the modified cells of the invention (e.g., a modified cell
comprising a CAR) may be administered to a subject in combination with an immune checkpoint
antibody (e.g., an anti-PD1, anti-CTLA-4, or anti-PDL1 antibody). For example, the modified
cell may be administered in combination with an antibody or antibody fragment targeting, for
example, PD-1 (programmed death 1 protein). Examples of anti-PD-1 antibodies include, but are
not limited to, pembrolizumab (KEYTRUDA®, formerly lambrolizumab, also known as MK-
3475), and nivolumab (BMS-936558, MDX-1106, ONO-4538, OPDIVA®) or an antigen-
binding fragment thereof. In certain embodiments, the modified cell may be administered in
combination with an anti-PD-L1 antibody or antigen-binding fragment thereof. Examples of
anti-PD-L1 antibodies include, but are not limited to, BMS-936559, MPDL3280A
(TECENTRIQ®, Atezolizumab), and MEDI4736 (Durvalumab, Imfinzi). In certain
embodiments, the modified cell may be administered in combination with an anti-CTLA-4
antibody or antigen-binding fragment thereof. An example of an anti- CTLA-4 antibody
includes, but is not limited to, Ipilimumab (trade name Yervoy). Other types of immune
checkpoint modulators may also be used including, but not limited to, small molecules, siRNA,
miRNA, and CRISPR systems. Immune checkpoint modulators may be administered before,
after, or concurrently with the modified cell comprising the CAR. In certain embodiments,
combination treatment comprising an immune checkpoint modulator may increase the
therapeutic efticacy of a therapy comprising a modified cell of the present invention.

Following administration of the cells, the biological activity of the engineered cell
populations in some embodiments is measured, e.g., by any of a number of known methods.
Parameters to assess include specific binding of an engineered or natural T cell or other immune
cell to antigen, in vivo, e.g., by imaging, or ex vivo, e.g., by ELISA or flow cytometry. In certain
embodiments, the ability of the engineered cells to destroy target cells can be measured using
any suitable method known in the art, such as cytotoxicity assays described in, for example,
Kochenderter et al., J. Immunotherapy, 32(7): 689-702 (2009), and Herman et al. J.
Immunological Methods, 285(1): 25-40 (2004). In certain embodiments, the biological activity
of the cells is measured by assaying expression and/or secretion of one or more cytokines, such
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as CD 107a, IFNy, IL-2, and TNF. In some aspects the biological activity is measured by
assessing clinical outcome, such as reduction in tumor burden or load.

In certain embodiments, the subject is provided a secondary treatment. Secondary
treatments include but are not limited to chemotherapy, radiation, surgery, and medications.

In some embodiments, the subject can be administered a conditioning therapy prior to
CAR T cell therapy. In some embodiments, the conditioning therapy comprises administering an
effective amount of cyclophosphamide to the subject. In some embodiments, the conditioning
therapy comprises administering an effective amount of fludarabine to the subject. In preferred
embodiments, the conditioning therapy comprises administering an effective amount of a
combination of cyclophosphamide and fludarabine to the subject. Administration of a
conditioning therapy prior to CAR T cell therapy may increase the efficacy of the CAR T cell
therapy. Methods of conditioning patients for T cell therapy are described in U.S. Patent No.
9,855,298, which is incorporated herein by reference in its entirety.

In some embodiments, a specific dosage regimen of the present disclosure includes a
lymphodepletion step prior to the administration of the modified T cells. In an exemplary
embodiment, the lymphodepletion step includes administration of cyclophosphamide and/or
fludarabine.

In some embodiments, the lymphodepletion step includes administration of
cyclophosphamide at a dose of between about 200 mg/m?/day and about 2000 mg/m?*/day (e.g.,
200 mg/m?/day, 300 mg/m?/day, or 500 mg/m?/day). In an exemplary embodiment, the dose of
cyclophosphamide is about 300 mg/m?/day. In some embodiments, the lymphodepletion step
includes administration of fludarabine at a dose of between about 20 mg/m?/day and about 900
mg/m?/day (e.g., 20 mg/m?/day, 25 mg/m?/day, 30 mg/m?/day, or 60 mg/m?/day). In an
exemplary embodiment, the dose of fludarabine is about 30 mg/m?/day.

In some embodiment, the lymphodepletion step includes administration of
cyclophosphamide at a dose of between about 200 mg/m?/day and about 2000 mg/m?/day (e.g.,
200 mg/m?/day, 300 mg/m?/day, or 500 mg/m?/day), and fludarabine at a dose of between about
20 mg/m?*/day and about 900 mg/m?/day (e.g., 20 mg/m?/day, 25 mg/m?/day, 30 mg/m?/day, or
60 mg/m?*/day). In an exemplary embodiment, the lymphodepletion step includes administration
of cyclophosphamide at a dose of about 300 mg/m?/day, and fludarabine at a dose of about 30
mg/m?/day.
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In an exemplary embodiment, the dosing of cyclophosphamide is 300 mg/m?/day over
three days, and the dosing of fludarabine is 30 mg/m?/day over three days.

Dosing of lymphodepletion chemotherapy may be scheduled on Days -6 to -4 (with a -1
day window, i.e., dosing on Days -7 to -5) relative to T cell (e.g., CAR-T, TCR-T, a modified T
cell, etc.) infusion on Day 0.

In an exemplary embodiment, for a subject having cancer, the subject receives
lymphodepleting chemotherapy including 300 mg/m? of cyclophosphamide by intravenous
infusion 3 days prior to administration of the modified T cells. In an exemplary embodiment, for
a subject having cancer, the subject receives lymphodepleting chemotherapy including 300
mg/m? of cyclophosphamide by intravenous infusion for 3 days prior to administration of the
modified T cells.

In an exemplary embodiment, for a subject having cancer, the subject receives
lymphodepleting chemotherapy including fludarabine at a dose of between about 20 mg/m?/day
and about 900 mg/m?*/day (e.g., 20 mg/m?/day, 25 mg/m?/day, 30 mg/m?*/day, or 60 mg/m?/day).
In an exemplary embodiment, for a subject having cancer, the subject receives lymphodepleting
chemotherapy including fludarabine at a dose of 30 mg/m? for 3 days.

In an exemplary embodiment, for a subject having cancer, the subject receives
lymphodepleting chemotherapy including cyclophosphamide at a dose of between about 200
mg/m?/day and about 2000 mg/m*/day (e.g., 200 mg/m*/day, 300 mg/m*day, or 500
mg/m?/day), and fludarabine at a dose of between about 20 mg/m?/day and about 900 mg/m?/day
(e.g., 20 mg/m?/day, 25 mg/m?/day, 30 mg/m?/day, or 60 mg/m?/day). In an exemplary
embodiment, for a subject having cancer, the subject receives lymphodepleting chemotherapy
including cyclophosphamide at a dose of about 300 mg/m?/day, and fludarabine at a dose of 30
mg/m? for 3 days.

Cells of the invention can be administered in dosages and routes and at times to be
determined in appropriate pre-clinical and clinical experimentation and trials. Cell compositions
may be administered multiple times at dosages within these ranges. Administration of the cells
of the invention may be combined with other methods useful to treat the desired disease or
condition as determined by those of skill in the art.

It is known in the art that one of the adverse effects following infusion of CAR T cells is
the onset of immune activation, known as cytokine release syndrome (CRS). CRS is immune
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activation resulting in elevated inflammatory cytokines. CRS is a known on-target toxicity,
development of which likely correlates with efficacy. Clinical and laboratory measures range
from mild CRS (constitutional symptoms and/or grade-2 organ toxicity) to severe CRS (sCRS;
grade >3 organ toxicity, aggressive clinical intervention, and/or potentially life threatening).
Clinical features include: high fever, malaise, fatigue, myalgia, nausea, anorexia,
tachycardia’/hypotension, capillary leak, cardiac dysfunction, renal impairment, hepatic failure,
and disseminated intravascular coagulation. Dramatic elevations of cytokines including
interferon-gamma, granulocyte macrophage colony-stimulating factor, IL.-10, and IL-6 have been
shown following CAR T-cell infusion. One CRS signature is elevation of cytokines including
IL-6 (severe elevation), IFN-gamma, TNF-alpha (moderate), and IL-2 (mild). Elevations in
clinically available markers of inflammation including ferritin and C-reactive protein (CRP) have
also been observed to correlate with the CRS syndrome. The presence of CRS generally
correlates with expansion and progressive immune activation of adoptively transferred cells. It
has been demonstrated that the degree of CRS severity is dictated by disease burden at the time
of infusion as patients with high tumor burden experience a more sCRS.

Accordingly, the invention provides for, following the diagnosis of CRS, appropriate
CRS management strategies to mitigate the physiological symptoms of uncontrolled
inflammation without dampening the antitumor efficacy of the engineered cells (e.g., CAR T
cells). CRS management strategies are known in the art. For example, systemic corticosteroids
may be administered to rapidly reverse symptoms of SCRS (e.g., grade 3 CRS) without
compromising initial antitumor response.

In some embodiments, an anti-1L-6R antibody may be administered. An example of an
anti-IL-6R antibody is the Food and Drug Administration-approved monoclonal antibody
tocilizumab, also known as atlizumab (marketed as Actemra, or RoActemra). Tocilizumab is a
humanized monoclonal antibody against the interleukin-6 receptor (IL-6R). Administration of
tocilizumab has demonstrated near-immediate reversal of CRS.

CRS is generally managed based on the severity of the observed syndrome and
interventions are tailored as such. CRS management decisions may be based upon clinical signs
and symptoms and response to interventions, not solely on laboratory values alone.

Mild to moderate cases generally are treated with symptom management with fluid
therapy, non-steroidal anti-inflammatory drug (NSAID) and antihistamines as needed for
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adequate symptom relief. More severe cases include patients with any degree of hemodynamic
instability; with any hemodynamic instability, the administration of tocilizumab is
recommended. The first-line management of CRS may be tocilizumab, in some embodiments, at
the labeled dose of 8 mg/kg IV over 60 minutes (not to exceed 800 mg/dose); tocilizumab can be
repeated Q8 hours. If suboptimal response to the first dose of tocilizumab, additional doses of
tocilizumab may be considered. Tocilizumab can be administered alone or in combination with
corticosteroid therapy. Patients with continued or progressive CRS symptoms, inadequate
clinical improvement in 12-18 hours or poor response to tocilizumab, may be treated with high-
dese corticosteroid therapy, generally hydrocortisone 100 mg I'V or methylprednisolone 1-2
mg/kg. In patients with more severe hemodynamic instability or more severe respiratory
symptoms, patients may be administered high-dose corticosteroid therapy early in the course of
the CRS. CRS management guidance may be based on published standards (Lee et al. (2019)
Biol Blood Marrow Transplant, doi.org/10.1016/j.bbmt.2018.12.758; Neelapu et al. (2018) Nat
Rev Clin Oncology, 15:47; Teachey et al. (2016) Cancer Discov, 6(6):664-679).

Features consistent with Macrophage Activation Syndrome (MAS) or Hemophagocytic
lymphohistiocytosis (HLH) have been observed in patients treated with CAR-T therapy (Henter,
2007), coincident with clinical manifestations of the CRS. MAS appears to be a reaction to
immune activation that occurs from the CRS, and should therefore be considered a manifestation
of CRS. MAS is similar to HLH (also a reaction to immune stimulation). The clinical syndrome
of MAS is characterized by high grade non-remitting fever, cytopenias affecting at least two of
three lineages, and hepatosplenomegaly. It is associated with high serum ferritin, soluble
interleukin-2 receptor, and triglycerides, and a decrease of circulating natural killer (NK)
activity.

In one aspect, the invention includes a method of treating cancer in a subject in need
thereof, comprising administering to the subject any one of the modified immune or precursor
cells disclosed herein. Yet another aspect of the invention includes a method of treating cancer in
a subject in need thereof, comprising administering to the subject a modified immune or

precursor cell generated by any one of the methods disclosed herein.

F. Sources of Immune Cells
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In certain embodiments, a source of immune cells (e.g. T cells) is obtained from a subject
for ex vivo manipulation. Sources of target cells for ex vivo manipulation may also include, e.g.,
autologous or heterologous donor blood, cord blood, or bone marrow. For example the source of
immune cells may be from the subject to be treated with the modified immune cells of the
invention, e.g., the subject's blood, the subject's cord blood, or the subject's bone marrow. Non-
limiting examples of subjects include humans, dogs, cats, mice, rats, and transgenic species
thercof. Preferably, the subject is a human.

Immune cells can be obtained from a number of sources, including blood, peripheral
blood mononuclear cells, bone marrow, lymph node tissue, spleen tissue, umbilical cord, lymph,
or lymphoid organs. Immune cells are cells of the immune system, such as cells of the innate or
adaptive immunity, e.g., myeloid or lymphoid cells, including lymphocytes, typically T cells
and/or NK cells. Other exemplary cells include stem cells, such as multipotent and pluripotent
stem cells, including induced pluripotent stem cells (iPSCs). In some aspects, the cells are human
cells. With reference to the subject to be treated, the cells may be allogeneic and/or autologous.
The cells typically are primary cells, such as those isolated directly from a subject and/or isolated
from a subject and frozen.

In certain embodiments, the immune cell is a T cell, e.g., a CD8+ T cell (e.g., a CD8+
naive T cell, central memory T cell, or effector memory T cell), a CD4+ T cell, a natural killer T
cell (NKT cells), a regulatory T cell (Treg), a stem cell memory T cell, a lymphoid progenitor
cell a hematopoietic stem cell, a natural killer cell (NK cell) or a dendritic cell. In some
embodiments, the cells are monocytes or granulocytes, e.g., myeloid cells, macrophages,
neutrophils, dendritic cells, mast cells, eosinephils, and/or basophils. In an embodiment, the
target cell 1s an induced pluripotent stem (iPS) cell or a cell derived from an iPS cell, e.g., an iPS
cell generated from a subject, manipulated to alter (e.g., induce a mutaticn in) or manipulate the
expression of one or more target genes, and differentiated into, e.g., a T cell, e.g., a CD8+ T cell
(e.g., a CD8+ naive T cell, central memory T cell, or effector memory T cell), a CD4+ T cell, a
stem cell memory T cell, a lymphoid progenitor cell or a hematopoietic stem cell.

In some embodiments, the cells include one or more subsets of T cells or other cell types,
such as whole T cell populations, CD4+ cells, CD8+ cells, and subpopulations thereof, such as
those defined by function, activation state, maturity, potential for differentiation, expansion,
recirculation, localization, and/or persistence capacities, antigen- specificity, type of antigen
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receptor, presence in a particular organ or compartment, marker or cytokine secretion profile,
and/or degree of differentiation. Among the sub-types and subpopulations of T cells and/or of
CD4+ and/or of CD8+ T cells are naive T (TIN) cells, effector T cells (TEFF), memory T cells
and sub-types thereof, such as stem cell memory T (TSCM), central memaory T (TCM), effector
memory T (TEM), or terminally differentiated effector memory T cells, tumor-infiltrating
lymphocytes (TIL), immature T cells, mature T cells, helper T cells, cytcotoxic T cells, mucosa-
associated invariant T (MAIT) cells, naturally occurring and adaptive regulatory T (Treg) cells,
helper T cells, such as TH1 cells, TH2 cells, TH3 cells, TH17 cells, TH9 cells, TH22 cells,
follicular helper T cells, alpha/beta T cells, and delta/gamma T cells. In certain embodiments,
any number of T cell lines available in the art, may be used.

In some embodiments, the methods include isolating immune cells from the subject,
preparing, processing, culturing, and/or engineering them. In some embodiments, preparation of
the engineered cells includes one or more culture and/or preparation steps. The cells for
engineering as described may be isolated from a sample, such as a biological sample, e.g., one
obtained from or derived from a subject. In some embodiments, the subject from which the cell
is isolated is one having the disease or condition or in need of a cell therapy or to which cell
therapy will be administered. The subject in some embodiments is a human in need of a
particular therapeutic intervention, such as the adoptive cell therapy for which cells are being
isolated, processed, and/or engineered. Accordingly, the cells in some embodiments are primary
cells, e.g., primary human cells. The samples include tissue, fluid, and other samples taken
directly from the subject, as well as samples resulting from one or more processing steps, such as
separation, centrifugation, genetic engineering (e.g. transduction with viral vector), washing,
and/or incubation. The biological sample can be a sample obtained directly from a biological
source or a sample that is processed. Biological samples include, but are not limited to, body
fluids, such as blood, plasma, serum, cerebrospinal fluid, synovial fluid, urine and sweat, tissue
and organ samples, including processed samples derived therefrom.

In some aspects, the sample from which the cells are derived or isolated is blood or a
blood-derived sample, or is or is derived from an apheresis or leukapheresis product. Exemplary
samples include whole blood, peripheral blood mononuclear cells (PBMCs), leukocytes, bone
marrow, thymus, tissue biopsy, tumor, leukemia, lymphoma, lymph node, gut associated
lymphoid tissue, mucosa associated lymphoid tissue, spleen, other lymphoid tissues, liver, lung,
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stomach, intestine, colon, kidney, pancreas, breast, bone, prostate, cervix, testes, ovaries, tonsil,
or other organ, and/or cells derived therefrom. Samples include, in the context of cell therapy,
e.g., adoptive cell therapy, samples from autclogous and allogeneic sources. In certain
embodiments, the modified immune cells are derived from peripheral blood mononuclear cells
(PBMCs) of the patient. Accordingly, in some embodiments, the PBMCs comprise tumor cells.

In some embodiments, the cells are derived from cell lines, e.g., T cell lines. The cells in
some embodiments are obtained from a xenogeneic source, for example, from mouse, rat, non-
human primate, and pig. In some embodiments, isolation of the cells includes one or more
preparation and/or non-affinity based cell separation steps. In some examples, cells are washed,
centrifuged, and/or incubated in the presence of one or more reagents, for example, to remove
unwanted components, enrich for desired components, lyse or remove cells sensitive to particular
reagents. In some examples, cells are separated based on one or more property, such as density,
adherent properties, size, sensitivity and/or resistance to particular components.

In some examples, cells from the circulating blood of a subject are obtained, e.g., by
apheresis or leukapheresis. The samples, in some aspects, contain lymphocytes, including T
cells, monocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells, and/or
platelets, and in some aspects contains cells other than red blood cells and platelets. In some
embodiments, the blood cells collected from the subject are washed, e.g., to remove the plasma
fraction and to place the cells in an appropriate buffer or media for subsequent processing steps.
In some embodiments, the cells are washed with phosphate buffered saline (PBS). In some
aspects, a washing step is accomplished by tangential flow filtration (TFF) according to the
manufacturer's instructions. In some embodiments, the cells are resuspended in a variety of
biocompatible buffers after washing. In certain embodiments, components of a blood cell sample
are removed and the cells directly resuspended in culture media. In some embodiments, the
methods include density-based cell separation methods, such as the preparation of white blood
cells from peripheral blood by lysing the red blood cells and centrifugation through a Percoll or
Ficoll gradient.

In one embodiment, immune are obtained cells from the circulating blood of an
individual are obtained by apheresis or leukapheresis. The apheresis product typically contains
lymphocytes, including T cells, monocytes, granulocytes, B cells, other nucleated white blood
cells, red blood cells, and platelets. The cells collected by apheresis may be washed to remove
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the plasma fraction and to place the cells in an appropriate buffer or media, such as phosphate
buffered saline (PBS) or wash solution lacks calcium and may lack magnesium or may lack
many if not all divalent cations, for subsequent processing steps. After washing, the cells may be
resuspended in a variety of biocompatible buffers, such as, for example, Ca-free, Mg-free PBS.
Alternatively, the undesirable components of the apheresis sample may be removed and the cells
directly resuspended in culture media.

In some embodiments, the isolation methods include the separation of different cell types
based on the expression or presence in the cell of one or more specific molecules, such as surface
markers, e.g., surface proteins, intracellular markers, or nucleic acid. In some embodiments, any
known method for separation based on such markers may be used. In some embodiments, the
separation is affinity- or immunoaffinity-based separation. For example, the isolation in some
aspects includes separation of cells and cell populations based on the cells' expression or
expression level of one or more markers, typically cell surface markers, for example, by
incubation with an antibody or binding partner that specifically binds to such markers, followed
generally by washing steps and separation of cells having bound the antibody or binding partner,
from those cells having not bound to the antibody or binding partner.

Such separation steps can be based on positive selection, in which the cells having bound
the reagents are retained for further use, and/or negative selection, in which the cells having not
bound to the antibody or binding partner are retained. In some examples, both fractions are
retained for further use. In some aspects, negative selection can be particularly useful where no
antibody is available that specifically identifies a cell type in a heterogeneous population, such
that separation is best carried out based on markers expressed by cells other than the desired
population. The separation need not result in 100% enrichment or removal of a particular cell
population or cells expressing a particular marker. For example, positive selection of or
enrichment for cells of a particular type, such as those expressing a marker, refers to increasing
the number or percentage of such cells, but need not result in a complete absence of cells not
expressing the marker. Likewise, negative selection, removal, or depletion of cells of a particular
type, such as those expressing a marker, refers to decreasing the number or percentage of such
cells, but need not result in a complete removal of all such cells.

In some examples, multiple rounds of separation steps are carried out, where the
positively or negatively selected fraction from one step is subjected to another separation step,

91

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

such as a subsequent positive or negative selection. In some examples, a single separation step
can deplete cells expressing multiple markers simultaneously, such as by incubating cells with a
plurality of antibodies or binding partners, each specific for a marker targeted for negative
selection. Likewise, multiple cell types can simultaneously be positively selected by incubating
cells with a plurality of antibodies or binding partners expressed on the various cell types.

In some embodiments, one or more of the T cell populations is enriched for or depleted
of cells that are positive for (marker+) or express high levels (marker™&") of one or more
particular markers, such as surface markers, or that are negative for (marker -) or express
relatively low levels (marker'®) of one or more markers. For example, in some aspects, specific
subpopulations of T cells, such as cells positive or expressing high levels of one or more surface
markers, e.g., CD28+, CD62L+, CCR7+, CD27+, CD127+, CD4+, CD8+, CD45RA+, and/or
CD45RO+ T cells, are isolated by positive or negative selection techniques. In some cases, such
markers are those that are absent or expressed at relatively low levels on certain populations of T
cells (such as non-memory cells) but are present or expressed at relatively higher levels on
certain other populations of T cells (such as memory cells). In one embodiment, the cells (such
as the CD8+ cells or the T cells, e.g., CD3+ cells) are enriched for (i.e., positively selected for)
cells that are positive or expressing high surface levels of CD45RO, CCR7, CD28, CD27, CD44,
CD 127, and/or CD62L and/or depleted of (e.g., negatively selected for) cells that are positive
for or express high surface levels of CD45RA. In some embodiments, cells are enriched for or
depleted of cells positive or expressing high surface levels of CD 122, CD95, CD25, CD27,
and/or IL7-Ra (CD 127). In some examples, CD8+ T cells are enriched for cells positive for
CD45RO (or negative for CD45RA) and for CD62L. For example, CD3+, CD28+ T cells can be
positively selected using CD3/CD28 conjugated magnetic beads (e.g., DYNABEADS® M-450
CD3/CD28 T Cell Expander).

In some embodiments, T cells are separated from a PBMC sample by negative selection
of markers expressed on non-T cells, such as B cells, monocytes, or other white blood cells, such
as CD14. In some aspects, a CD4+ or CD8+ selection step is used to separate CD4+ helper and
CD8+ cytotoxic T cells. Such CD4+ and CD8+ populations can be further sorted into sub-
populations by positive or negative selection for markers expressed or expressed to a relatively
higher degree on one or more naive, memory, and/or effector T cell subpopulations. In some
embodiments, CD8+ cells are further enriched for or depleted of naive, central memory, effector
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memory, and/or central memory stem cells, such as by positive or negative selection based on
surface antigens associated with the respective subpopulation. In some embodiments, enrichment
for central memory T (TCM) cells is carried out to increase efficacy, such as to improve long-
term survival, expansion, and/or engraftment following administration, which in some aspects is
particularly robust in such sub-populations. In some embodiments, combining TCM-enriched
CD8+ T cells and CD4+ T cells further enhances efficacy.

In some embodiments, memory T cells are present in both CD62L+ and CD62L- subsets
of CD8+ peripheral blood lymphocytes. PBMC can be enriched for or depleted of CD62L-CD8+
and/or CD62L+CD8+ fractions, such as using anti-CD8 and anti-CD62L antibodies. In some
embodiments, a CD4+ T cell population and a CD8+ T cell sub-population, e.g., a sub-
population enriched for central memory (TCM) cells. In some embodiments, the enrichment for
central memory T (TCM) cells is based on positive or high surface expression of CD45RO,
CD62L, CCR7, CD28, CD3, and/or CD 127; in some aspects, it is based on negative selection
for cells expressing or highly expressing CD45RA and/or granzyme B. In some aspects, isolation
of a CD8+ population enriched for TCM cells is carried out by depletion of cells expressing
CD4, CD 14, CD45RA, and positive selection or enrichment for cells expressing CD62L. In one
aspect, enrichment for central memory T (TCM) cells is carried out starting with a negative
fraction of cells selected based on CD4 expression, which is subjected to a negative selection
based on expression of CD 14 and CD45RA, and a positive selection based on CD62L. Such
selections in some aspects are carried out simultaneously and in other aspects are carried out
sequentially, in either order. In some aspects, the same CD4 expression-based selection step used
in preparing the CD8+ cell population or subpopulation, also is used to generate the CD4+ cell
population or sub-population, such that both the positive and negative fractions from the CD4-
based separation are retained and used in subsequent steps of the methods, optionally following
one or more further positive or negative selection steps.

CDA4+ T helper cells are sorted into naive, central memory, and effector cells by
identifying cell populations that have cell surface antigens. CD4+ lymphocytes can be obtained
by standard methods. In some embodiments, naive CD4+ T lymphocytes are CD45RO-,
CD45RA+, CD62L+, CD4+ T cells. In some embodiments, central memory CD4+ cells are
CD62L+ and CD45RO+. In some embodiments, effector CD4+ cells are CD62L- and CD45RO.
In one example, to enrich for CD4+ cells by negative selection, a monoclonal antibody cocktail
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typically includes antibodies to CD14, CD20, CDI Ib, CD16, HLA-DR, and CD8. In some
embodiments, the antibody or binding partner is bound to a solid support or matrix, such as a
magnetic bead or paramagnetic bead, to allow for separation of cells for positive and/or negative
selection.

In some embodiments, the cells are incubated and/cr cultured prior to or in connection
with genetic engineering. The incubation steps can include culture, cultivation, stimulation,
activation, and/or propagation. In some embodiments, the compositions or cells are incubated in
the presence of stimulating conditions or a stimulatory agent. Such conditions include those
designed to induce proliferation, expansion, activation, and/or survival of cells in the population,
to mimic antigen exposure, and/or to prime the cells for genetic engineering, such as for the
introduction of a recombinant antigen receptor. The conditions can include one or more of
particular media, temperature, oxygen content, carbon dioxide content, time, agents, e.g.,
nutrients, amino acids, antibiotics, ions, and/or stimulatory factors, such as cytokines,
chemokines, antigens, binding partners, fusion proteins, recombinant soluble receptors, and any
other agents designed to activate the cells. In some embodiments, the stimulating conditions or
agents include one or more agent, e.g., ligand, which is capable of activating an intracellular
signaling domain of a TCR complex. In some aspects, the agent turns on or initiates TCR/CD3
intracellular signaling cascade in a T cell. Such agents can include antibodies, such as those
specific for a TCR component and/or costimulatory receptor, e.g., anti-CD3, anti-CD28, for
example, bound to solid support such as a bead, and/or one or more cytokines. Optionally, the
expansion method may further comprise the step of adding anti-CD3 and/or anti CD28 antibody
to the culture medium (e.g., at a concentration of at least about 0.5 ng/ml). In some
embodiments, the stimulating agents include IL-2 and/or IL-15, for example, an IL-2
concentration of at least about 10 units/mL.

In another embodiment, T cells are isolated from peripheral blood by lysing the red blood
cells and depleting the monocytes, for example, by centrifugation through a PERCOLL™
gradient. Alternatively, T cells can be isolated from an umbilical cord. In any event, a specific
subpopulation of T cells can be further isolated by positive or negative selection techniques.

The cord blood mononuclear cells so isolated can be depleted of cells expressing certain
antigens, including, but not limited to, CD34, CD8, CD14, CD19, and CD56. Depletion of these
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cells can be accomplished using an isolated antibody, a biological sample comprising an
antibody, such as ascites, an antibody bound to a physical support, and a cell bound antibody.

Enrichment of a T cell population by negative selection can be accomplished using a
combination of antibodies directed to surface markers unique to the negatively selected cells. A
preferred method is cell sorting and/or selection via negative magnetic immunoadherence or flow
cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present
on the cells negatively selected. For example, to enrich for CD4" cells by negative selection, a
monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CD11b, CD16,
HLA-DR, and CDS8.

For isolation of a desired population of cells by positive or negative selection, the
concentration of cells and surface (e.g., particles such as beads) can be varied. In certain
embodiments, it may be desirable to significantly decrease the volume in which beads and cells
are mixed together (i.e., increase the concentration of cells), to ensure maximum contact of cells
and beads. For example, in one embodiment, a concentration of 2 billion cells/ml is used. In one
embodiment, a concentration of 1 billion cells/ml is used. In a further embodiment, greater than
100 million cells/ml is used. In a further embodiment, a concentration of cells of 10, 15, 20, 25,
30, 35, 40, 45, or 50 million cells/ml is used. n yet another embodiment, a concentration of cells
from 75, 80, 85, 90, 95, or 100 million cells/ml is used. In further embodiments, concentrations
of 125 or 150 million cells/ml can be used. Using high concentrations can result in increased cell
yield, cell activation, and cell expansion.

T cells can also be frozen after the washing step, which does not require the monocyte-
removal step. While not wishing to be bound by theory, the freeze and subsequent thaw step
provides a more uniform product by removing granulocytes and to some extent monocytes in the
cell population. After the washing step that removes plasma and platelets, the cells may be
suspended in a freezing solution. While many freezing solutions and parameters are known in the
art and will be useful in this context, in a non-limiting example, one method involves using PBS
containing 20% DMSO and 8% human serum albumin, or other suitable cell freezing media.
The cells are then frozen to -80°C at a rate of 1°C per minute and stored in the vapor phase of a
liquid nitrogen storage tank. Other methods of controlled freezing may be used as well as

uncontrolled freezing immediately at -20°C or in liquid nitrogen.
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In one embodiment, the population of T cells is comprised within cells such as peripheral
blood mononuclear cells, cord blood cells, a purified population of T cells, and a T cell line. In
another embodiment, peripheral blood mononuclear cells comprise the population of T cells. In
yet another embodiment, purified T cells comprise the population of T cells.

In certain embodiments, T regulatory cells (Tregs) can be isolated from a sample. The
sample can include, but is not limited to, umbilical cord blood or peripheral blood. In certain
embodiments, the Tregs are isolated by flow-cytometry sorting. The sample can be enriched for
Tregs prior to isolation by any means known in the art. The isolated Tregs can be cryopreserved,
and/or expanded prior to use. Methods for isolating Tregs are described in U.S. Patent Numbers:
7,754,482, 8,722 400, and 9,555,105, and U.S. Patent Application No. 13/639,927, contents of

which are incorporated herein in their entirety.

G. Expansion of Immune Cells

Whether prior to or after modification of cells to express a CAR, the cells can be
activated and expanded in number using methods as described, for example, in U.S. Patent Nos.
0,352,694, 6,534,055, 6,905,680, 6,692,964, 5,858,358, 6,887,466, 6,905,681 ; 7,144,575,
7,067,318; 7,172,869, 7,232.566; 7,175,843, 5,883,223; 6,905,874, 6,797,514, 6,867,041; and
U.S. Publication No. 20060121005. For example, the T cells of the invention may be expanded
by contact with a surface having attached thereto an agent that stimulates a CD3/TCR complex
associated signal and a ligand that stimulates a co-stimulatory molecule on the surface of the T
cells. In particular, T cell populations may be stimulated by contact with an anti-CD3 antibody,
or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a surface, or by
contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a calcium
ionophore. For co-stimulation of an accessory molecule on the surface of the T cells, a ligand
that binds the accessory molecule is used. For example, T cells can be contacted with an anti-
CD3 antibody and an anti-CD28 antibody, under conditicns appropriate for stimulating
proliferation of the T cells. Examples of an anti-CD28 antibody include 9.3, B-T3, XR-CD28
(Diaclone, Besancon, France) and these can be used in the invention, as can other methods and
reagents known in the art (see, e.g., ten Berge et al., Transplant Proc. (1998) 30(8): 3975-3977;
Haanen et al., J. Exp. Med. (1999) 190(9): 1319-1328; and Garland et al., J. Immunol. Methods
(1999) 227(1-2): 53-63).
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Expanding T cells by the methods disclosed herein can be multiplied by about 10 fold, 20
fold, 30 fold, 40 fold, 50 fold, 60 fold, 70 fold, 80 fold, 90 fold, 100 fold, 200 fold, 300 fold, 400
fold, 500 fold, 600 fold, 700 fold, 800 fold, 900 fold, 1000 fold, 2000 fold, 3000 fold, 4000 fold,
5000 fold, 6000 fold, 7000 fold, 8000 fold, 9000 fold, 10,000 fold, 100,000 fold, 1,000,000 fold,
10,000,000 fold, or greater, and any and all whole or partial integers therebetween. In one
embodiment, the T cells expand in the range of about 20 fold to about 50 fold.

Following culturing, the T cells can be incubated in cell medium in a culture apparatus
for a period of time or until the cells reach confluency or high cell density for optimal passage
before passing the cells to another culture apparatus. The culturing apparatus can be of any
culture apparatus commonly used for culturing cells in vitro. Preferably, the level of confluence
is 70% or greater before passing the cells to another culture apparatus. More preferably, the level
of confluence is 90% or greater. A period of time can be any time suitable for the culture of cells
invitro. The T cell medium may be replaced during the culture of the T cells at any time.
Preferably, the T cell medium is replaced about every 2 to 3 days. The T cells are then harvested
from the culture apparatus whereupon the T cells can be used immediately or cryopreserved to
be stored for use at a later time. In one embodiment, the invention includes cryopreserving the
expanded T cells. The cryopreserved T cells are thawed prior to introducing nucleic acids into
the T cell.

In another embodiment, the method comprises isolating T cells and expanding the T
cells. In another embodiment, the invention further comprises cryopreserving the T cells prior to
expansion. In yet another embodiment, the cryopreserved T cells are thawed for electroporation
with the RNA encoding the chimeric membrane protein.

Another procedure for ex vivo expansion cells is described in U.S. Pat. No. 5,199,942
(incorporated herein by reference). Expansion, such as described in U.S. Pat. No. 5,199,942 can
be an alternative or in addition to other methods of expansion described herein. Briefly, ex vivo
culture and expansion of T cells comprises the addition to the cellular growth factors, such as
those described in U.S. Pat. No. 5,199,942, or other factors, such as flIt3-L, IL-1, IL-3 and c-kit
ligand. In one embodiment, expanding the T cells comprises culturing the T cells with a factor
selected from the group consisting of f1t3-L, 1L-1, IL-3 and c-kit ligand.

The culturing step as described herein (contact with agents as described herein or after
electroporation) can be very short, for example less than 24 hours such as 1,2, 3,4, 5,6, 7, 8, 9,
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10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23 hours. The culturing step as described
further herein (contact with agents as described herein) can be longer, for example 1, 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, or more days.

Various terms are used to describe cells in culture. Cell culture refers generally to cells
taken from a living organism and grown under controlled condition. A primary cell culture is a
culture of cells, tissues or organs taken directly from an organism and before the first subculture.
Cells are expanded in culture when they are placed in a growth medium under conditions that
facilitate cell growth and/or division, resulting in a larger population of the cells. When cells are
expanded in culture, the rate of cell proliferation is typically measured by the amount of time
required for the cells to double in number, otherwise known as the doubling time.

Each round of subculturing is referred to as a passage. When cells are subcultured, they
are referred to as having been passaged. A specific population of cells, or a cell line, is
sometimes referred to or characterized by the number of times it has been passaged. For
example, a cultured cell population that has been passaged ten times may be referred to as a P10
culture. The primary culture, i.e., the first culture following the isolation of cells from tissue, is
designated PO. Following the first subculture, the cells are described as a secondary culture (P1
or passage 1). After the second subculture, the cells become a tertiary culture (P2 or passage 2),
and so on. It will be understood by those of skill in the art that there may be many population
doublings during the period of passaging; therefore the number of population doublings of a
culture is greater than the passage number. The expansion of cells (i.e., the number of population
doublings) during the period between passaging depends on many factors, including but is not
limited to the seeding density, substrate, medium, and time between passaging.

In one embodiment, the cells may be cultured for several hours (about 3 hours) to about
14 days or any hourly integer value in between. Conditions appropriate for T cell culture include
an appropriate media (e.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo 15,
(Lonza)) that may contain factors necessary for proliferation and viability, including serum (e.g.,
fetal bovine or human serum), interleukin-2 (IL-2), insulin, IFN-gamma, IL-4, IL-7, GM-CSF,
IL-10, IL-12, IL-15, TGF-beta, and TNF-a or any other additives for the growth of cells known
to the skilled artisan. Other additives for the growth of cells include, but are not limited to,
surfactant, plasmanate, and reducing agents such as N-acetyl-cysteine and 2-mercaptoethanol.
Media can include RPMI 1640, AIM-V, DMEM, MEM, a-MEM, F-12, X-Vivo 15, and X-Vivo
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20, Optimizer, with added amino acids, sodium pyruvate, and vitamins, either serum-free or
supplemented with an appropriate amount of serum (or plasma) or a defined set of hormones,
and/or an amount of cytokine(s) sufficient for the growth and expansion of T cells. Antibiotics,
e.g., penicillin and streptomycin, are included only in experimental cultures, not in cultures of
cells that are to be infused into a subject. The target cells are maintained under conditions
necessary to support growth, for example, an appropriate temperature (e.g., 37°C) and
atmosphere (e.g., air plus 5% CO2).

The medium used to culture the T cells may include an agent that can co-stimulate the T
cells. For example, an agent that can stimulate CD3 is an antibody to CD3, and an agent that can
stimulate CD28 is an antibody to CD28. A cell isolated by the methods disclosed herein can be
expanded approximately 10 fold, 20 fold, 30 fold, 40 fold, 50 fold, 60 fold, 70 fold, 80 fold, 90
fold, 100 fold, 200 fold, 300 fold, 400 fold, 500 fold, 600 fold, 700 fold, 800 fold, 900 fold, 1000
fold, 2000 fold, 3000 fold, 4000 fold, 5000 fold, 6000 told, 7000 fold, 8000 fold, 9000 fold,
10,000 fold, 100,000 fold, 1,000,000 fold, 10,000,000 fold, or greater. In one embodiment, the T
cells expand in the range of about 20 fold to about 50 fold, or more. In one embodiment, human
T regulatory cells are expanded via anti-CD3 antibody coated KT64.86 artificial antigen
presenting cells (aAPCs). Methods for expanding and activating T cells can be found in U.S.
Patent Numbers: 7,754,482, 8,722,400, and 9,555, 105, contents of which are incorporated
herein in their entirety.

In one embodiment, the method of expanding the T cells can further comprise isolating
the expanded T cells for further applications. In another embodiment, the method of expanding
can further comprise a subsequent electroporation of the expanded T cells followed by culturing.
The subsequent electroporation may include introducing a nucleic acid encoding an agent, such
as a transducing the expanded T cells, transfecting the expanded T cells, or electroporating the
expanded T cells with a nucleic acid, into the expanded population of T cells, wherein the agent
further stimulates the T cell. The agent may stimulate the T cells, such as by stimulating further

expansion, effector function, or another T cell function.

H. Pharmaceutical compositions and Formulations

Also provided are populations of immune cells of the invention, compositions containing
such cells and/or enriched for such cells, such as in which cells expressing CAR make up at least
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50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more of the
total cells in the composition or cells of a certain type such as T cells or CD8+ or CD4+ cells.
Among the compositions are pharmaceutical compositions and formulations for administration,
such as for adoptive cell therapy. Also provided are therapeutic methods for administering the
cells and compositions to subjects, e.g., patients.

Also provided are compositions including the cells for administration, including
pharmaceutical compositions and formulations, such as unit dose form compositions including
the number of cells for administration in a given dose or fraction thereof. The pharmaceutical
compositions and formulations generally include one or more optional pharmaceutically
acceptable carrier or excipient. In some embodiments, the composition includes at least one
additional therapeutic agent.

The term “pharmaceutical formulation” refers to a preparation which is in such form as to
permit the biological activity of an active ingredient contained therein to be effective, and which
contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered. A “pharmaceutically acceptable carrier” refers to an
ingredient in a pharmaceutical formulation, other than an active ingredient, which is nontoxic to
a subject. A pharmaceutically acceptable carrier includes, but is not limited to, a buffer,
excipient, stabilizer, or preservative. In some aspects, the choice of carrier is determined in part
by the particular cell and/or by the method of administration. Accordingly, there are a variety of
suitable formulations. For example, the pharmaceutical composition can contain preservatives.
Suitable preservatives may include, for example, methylparaben, propylparaben, sodium
benzoate, and benzalkonium chloride. In some aspects, a mixture of two or more preservatives is
used. The preservative or mixtures thereof are typically present in an amount of about 0.0001%
to about 2% by weight of the total composition. Carriers are described, e.g., by Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). Pharmaceutically acceptable carriers
are generally nontoxic to recipients at the dosages and concentrations employed, and include, but
are not limited to: buffers such as phosphate, citrate, and other organic acids; antioxidants
including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride; benzethonium chloride;
phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10
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residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars
such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and/or non-ionic¢ surtactants such as polyethylene glycol
(PEG).

Buftering agents in some aspects are included in the compositions. Suitable buffering
agents include, for example, citric acid, sodium citrate, phosphoric acid, potassium phosphate,
and various other acids and salts. In some aspects, a mixture of two or more buffering agents is
used. The buffering agent or mixtures thereof are typically present in an amount of about 0.001%
to about 4% by weight of the total composition. Methods for preparing administrable
pharmaceutical compositions are known. Exemplary methods are described in more detail in, for
example, Remington: The Science and Practice of Pharmacy, Lippincott Williams & Wilkins;
21st ed. (May 1, 2005).

The formulations can include aqueous solutions. The formulation or composition may
also contain more than one active ingredient useful for the particular indication, disease, or
condition being treated with the cells, preferably those with activities complementary to the cells,
where the respective activities do not adversely affect one another. Such active ingredients are
suitably present in combination in amounts that are effective for the purpose intended. Thus, in
some embodiments, the pharmaceutical composition further includes other pharmaceutically
active agents or drugs, such as chemotherapeutic agents, e.g., asparaginase, busulfan,
carboplatin, cisplatin, daunorubicin, doxorubicin, fluorouracil, gemcitabine, hydroxyurea,
methotrexate, paclitaxel, rituximab, vinblastine, and/or vincristine. The pharmaceutical
composition in some embodiments contains the cells in amounts effective to treat or prevent the
disease or condition, such as a therapeutically effective or prophylactically effective amount.
Therapeutic or prophylactic efficacy in some embodiments is monitored by periodic assessment
of treated subjects. The desired dosage can be delivered by a single bolus administration of the
cells, by multiple bolus administrations of the cells, or by continuous infusion administration of

the cells.
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Formulations include those for oral, intravenous, intraperitoneal, subcutaneous,
pulmonary, transdermal, intramuscular, intranasal, buccal, sublingual, or suppository
administration. In some embodiments, the cell populations are administered parenterally. The
term “parenteral,” as used herein, includes intravenous, intramuscular, subcutaneous, rectal,
vaginal, and intraperitoneal administration. In some embodiments, the cells are administered to
the subject using peripheral systemic delivery by intravenous, intraperitoneal, or subcutaneous
injection. Compositions in some embodiments are provided as sterile liquid preparations, e.g.,
isotonic aqueous solutions, suspensions, emulsions, dispersions, or viscous compositions, which
may in some aspects be buffered to a selected pH. Liquid preparations are normally easier to
prepare than gels, other viscous compositions, and solid compositions. Additionally, liquid
compositions are somewhat more convenient to administer, especially by injection. Viscous
compositions, on the other hand, can be formulated within the appropriate viscosity range to
provide longer contact periods with specific tissues. Liquid or viscous compositions can
comprise carriers, which can be a solvent or dispersing medium containing, for example, water,
saline, phosphate buffered saline, polyoi (for example, glycerol, propylene glycol, liquid
polyethylene glycol) and suitable mixtures thereof.

Sterile injectable solutions can be prepared by incorporating the cells in a solvent, such as
in admixture with a suitable carrier, diluent, or excipient such as sterile water, physiclogical
saline, glucose, dextrose, or the like. The compositions can contain auxiliary substances such as
wetting, dispersing, or emulsifying agents (e.g., methylcellulose), pH buffering agents, gelling or
viscosity enhancing additives, preservatives, flavoring agents, and/or colors, depending upon the
route of administration and the preparation desired. Standard texts may in some aspects be
consulted to prepare suitable preparations.

Various additives which enhance the stability and sterility of the compositions, including
antimicrobial preservatives, antioxidants, chelating agents, and buffers, can be added. Prevention
of the action of microorganisms can be ensured by various antibacterial and antifungal agents,
for example, parabens, chlorobutanol, phenol, and sorbic acid. Prolonged absorption of the
injectable pharmaceutical form can be brought about by the use of agents delaying absorption,
for example, aluminum monostearate and gelatin.

The formulations to be used for iz vivo administration are generally sterile. Sterility may
be readily accomplished, e.g., by filtration through sterile filtration membranes.
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The contents of the articles, patents, and patent applications, and all other documents and
electronically available information mentioned or cited herein, are hereby incorporated by
reference in their entirety to the same extent as if each individual publication was specifically
and individually indicated to be incorporated by reference. Applicants reserve the right to
physically incorporate into this application any and all materials and information from any such
articles, patents, patent applications, or other physical and electronic documents.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and scope
of the invention. It will be readily apparent to those skilled in the art that other suitable
modifications and adaptations of the methods described herein may be made using suitable
equivalents without departing from the scope of the embodiments disclosed herein. In addition,
many modifications may be made to adapt a particular situation, material, composition of matter,
process, process step or steps, to the objective, spirit and scope of the present invention. All such
modifications are intended to be within the scope of the claims appended hereto. Having now
described certain embodiments in detail, the same will be more clearly understood by reference
to the following examples, which are included for purposes of illustration only and are not

intended to be limiting.

EXPERIMENTAL EXAMPLES

The invention is now described with reference to the following Examples. These
Examples are provided for the purpose of illustration only, and the invention is not limited to
these Examples, but rather encompasses all variations that are evident as a result of the teachings

provided herein.

Materials and Methods
Generation of CCR4-CAR T cells: Eight types of anti-CCR4 scFvs were constructed

from 4 types of anti-CCR4 mAbs. Each heavy chain variable region (H) and light chain variable
region (L) were fused in either H to L or L to H orientations via 4-time repeated linkers (Table

2). ScFvs were subcloned into a second-generation backbone CAR containing 4-1BB and CD3(
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(supplementary figure S1A). A Control CD19-CAR containing 4-1BB and CD3 { were
constructed as previously described (Milone MC, et al. Mol Ther. 2009;17(8):1453-1464.). T
cells from normal donors were stimulated with anti-CD3/28 beads, transduced with CAR using
lentivirus in the multiplicity of infection (MOTI) of 4 and expanded without any cytokine

supplementation.

Table 2: List of CCR4-CARSs and the original mAbs from which they were derived

# CAR scFv 211312 Affinity (Kd) CCR4 epitope Sequence from
1 | KWHL | HwoL | .. NT 12 to 29
KWw- ND (slow WO02015179236A1
> | kW iH | Lo | 076 dissociation) (DESIYSNYYLYESIPKPC)
3| 149 HOL | HtoL
Illﬁg 77.98 nM
4 | 149 L2H | LtoH
5| 23H2L | HtoL .
“Z‘gb 1.39 nM ND (Cozl:é“gtcoilfl of NT | w02013166500A1
6 | 23L2H | LtoH
7 | h1567 H2L | Hto L
h1567 2.54 nM
8 | h1567 L2H | Lo H

NT, N-terminus; ECL, extracellular loop; ND, not determined; Kd values are from data as
antibodies but not as scFvs.

Cell Lines: T cell lymphoma derived cell lines, HH (ATCC CRL-2105), MJ (ATCC
CRL-8294), and HuT78 (ATCC TIB-161) were obtained from the American Type Culture
Collection (ATCC). A B-ALL derived cell line, Nalm6 was gift from Joseph A Fraietta at the
University of Pennsylvania. Cell lines were transduced with lentivirus to express click beetle
luciferase green and GFP (CBG-GFP). HH cells were further transduced to express truncated
CD19 (HH-CBG-GFP-t19), then sorted by INFLUX cell sorter (BD Biosciences) for
purification. To mimic CCR4 and CAR double positive T cell population, HH cells were
transduced either with CCR4(KW_L2H)-CAR or CCR4(h1567 L2H)-CAR using the same
lentivirus used for normal T cell transduction; HH-CCR4(KW _1L2H) CAR and
HHCCR4(h1567 L2H) CAR respectively. All cell lines were authenticated by the University of

Arizona Genetics Core and tested for the presence of mycoplasma contamination (MycoAlert
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Mycoplasma Detection Kit, Lonza). HH and Nalm6 were maintained in culture with RPMI
(Gibco, Life Technologies) supplemented with 10% fetal bovine serum (FBS) (Seradigm), and
MJ and HuT78 were maintained in culture with IMDM (Gibco, Life Technologies)
supplemented with 20% FBS.

Luciferase based killing assay: CAR T cells and 1x10* target cells expressing luciferase
were cocultured at the indicated effector target ratio (E:T ratio) in round bottom 96 well plates
(Coster). Triton X-100 was added for the total lysis control. After 16-hour coculture, cells were
washed with PBS and lysed with 100 ul luciferases cell culture lysis buffer (Promega) followed
by one-cycle of freeze and thaw to obtain complete lysis. Lysates were analyzed for luciferase
activity with Synergy H4 plate reader (BioTek) using Luciferase Assay System (Promega).
Percent specific lysis was calculated using the formula; % Specific lysis = [(Experimental Lysis
— Spontaneous Lysis) / (Maximum Lysis — Spontaneous Lysis)] x100.

*Cr release assay: Target cells were labeled for 2 hours with *'Cr (PerkinElmer) and
washed twice with RPMI media. CAR T cells and 1x10* labeled cells were cocultured at the
indicated E:T ratio in 96 well round bottom plates for 4 hours. Sodium dodecyl sulfate (SDS)
was added for the total cell lysis control. Supernatant from each well were transferred to the
LumaPlate-96 (PerkinElmer) and the amount of radiation emitted by >'Cr was determined as
counts per minute (CPM) using a TopCount plate reader (PerkinElmer). Percent specific lysis
was calculated using the formula; % specific lysis = [(experimental cpm — spontaneous cpm) /
(maximum cpm — spontaneous cpm)] x100.

Collection of Patient Samples: Clinical samples (tumors) were obtained at the clinical
practices of the University of Pennsylvania under an Institutional Review Board (IRB)-approved
protocol. All subjects provided written informed consent according to the Declaration of
Helsinki.

Mouse experiments and Bioluminescence imaging (BLI): Five to seven-week old
NOD.Cg-Prkdcs< I12rg™"1'/Sz) (NSG) mice (Jackson Laboratories) were intravenously
inoculated with HH-CBG-GFP or HH-CBG-GFP-t19 and treated either with 0.5 or 2x10° CAR-
positive T cells or un-transduced (UTD) T cells at day 7 post tumor inoculation. Tumor burden
was followed by BLI in a Xenogen IVIS-200 Spectrum camera (Caliper Life Sciences) and data
were analyzed with Livinglmage software (PerkinElmer). The University of Pennsylvania
Institutional Animal Care and Use Committee approved all animal experiments, and all animal
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procedures were performed in the animal facility at the University of Pennsylvania in accordance
with Federal and Institutional Animal Care and Use Committee requirements.

Mouse peripheral blood analysis: Peripheral blood was obtained by retro-orbital
bleeding or cardiac puncture and cell numbers of each T cell subset (total T cells, CD4, CD8)
were quantified by FCM using TruCount tubes (BD Biosciences). Cytokines in serum was
analyzed using high-sensitivity LUMINEX assay per the manufacturer’s instructions (Merck
Millipore).

Immunohistochemistry (IHC): THC was performed on paraformaldehyde-fixed and
paraffin-embedded samples. An antibody specific for CCR4 (clone: polyclonal, catalog #:
HPAO031613) was purchased from Sigma-Aldrich. Antibodies specific for CCLL17 (EPR15861,
ab195044) and CCL22 (polyclonal, ab9847) were purchased from abcm. Stained slides were
scanned by x20 magnification.

Flowcytometry (FCM) analysis and antibodies: Antibodies used for FCM analysis are
listed in Table 3. Dead cells were gated out by staining with violet amine-reactive viability dye,
LIVE-DEAD violet (Invitrogen). Intracellular staining was performed using the Foxp3/
Transcription Factor Staining Kit (Affymetrix) per the manufacturer’s instructions. CCR4-CAR
and CD19-CAR expression were detected by biotinylated antihuman Fab antibody and anti-
mouse Fab antibody (Jackson ImmunoResearch), respectively. Purified anti-CCR4 mAb (clone
KW-0761) was conjugated with Alexa Fluor™ 680 using Alexa Fluor™ 680 Antibody Labeling
Kit (Thermo Fisher Scientific). Data were collected either by a Fortessa LSRIT or LSR 11

cytometer (BD Biosciences) and analyzed using FlowJo version 10 software (Tree Star).

Table 3: List of mAbs for FCM and blocking assays

target clone fluorochrome manufacturer catalog#
CD19 4G7 PE BD 349209
CD26 BASb PE-CyT™5 Biolegend 302708
CD3 OKT3 Briliant Violct 605 Biolcgend 317322
Thermo Fisher

CD45 2D1 PerCP-Cy™S5.5 Scientific 4334219
CD4 OKT4 Briliant Violet 510 Biolegend 317444
CD7 M-T701 BVG605 BD 740392
CD7 eBio 124-1D1 PE-Cy™7 eBioscience 25-0079-42
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CD8 RPA-T8 APC/Fire750 Biolegend 301066
CCRI10 1B5 PerCP-Cy™S5.5 BD 564772
Thermo Fisher
CCR4(CD194) D8SEE PE Scientific 4346573
CCR4(CD19%4) h1567(205410) PE Rand D FAB1567P
KWwW-0761
CCR4(CD194) (mogamulizumab) purified absolute antibody Ab00726-23.0
CCR5(CD195) 2D7/CCRS PE-Cy™7 BD 557752
CCR6(CD196) GO4E3 Briliant Violet 605 Biolegend 353420
CCR7(CDI197) 3DI12 PE-Cy™7 BD 557648
CXCR3(CD183) GO25H7 Alexa Fluor 488 Biolegend 353710
CD107a H4A3 PE-Cy™7 Biolcgend 328618
CD158k 539304 APC Rand D FAB2878A
IFN-g B27 PE-CF594 BD 562392
mousc IgG, Fab na biotin Jackson 115-065-072
IgG, Fab na biotin Jackson 109-066-006
Thermo Fisher
IL-2 MQI1-17H12 PerCP-eFluor710 Scientific 46-7029-42
TNF-a MADbI11 Briliant Violet 650 Biolegend 502938

Degranulation and intracellular cytokine production assay: T cells were stimulated
either with control media, phorbol 12-myristate 13-acetate and ionomycin (PMA-lono) (Sigma-
Aldrich) or tumor cells at a 1:4 responder:stimulator (R:S) ratio in the existence of monensin
(BD biosciences) and CD107a detection antibody. Cells were stained for LIVEDEAD violet,
surface antigen then intracellular cytokines at 6 hours of co-culture as described in the FCM and
antibodies section.

Statistics: Statistical analysis was performed with Prism 8 (GraphPad Software). Two-
tailed Student’s t test was used to compare the 2 groups and 1-way ANOVA with Tukey’s post
hoc test was used to compare 3 or more groups. Survival curves were drawn using the Kaplan—
Meier method and the differences of 2 curves were compared with the log-rank test. P values <

0.05 were considered significant.
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Example 1: CCR4 is a reasonable target for CART cell therapies

To confirm if CCR4 is a reasonable target for CART cell therapies, CCR4 expression on
skin lesions from patients with CTCL and normal tissue array (TMA) derived from 27 organs
was analyzed (FIG. 1 and FIG. 2). Cutaneous tumor cells of all patients were highly expressing
CCR4, while normal tissues were rarely expressing CCR4. Compatible with acceptable safety

profile of anti-CCR4 mAb (mogaulizumab) therapy in clinic.

Example 2: Establishment of eight types of anti-CCR4-CARs with different scFvs

In order to generate a CAR targeting CCR4 for adoptive cell therapy of T cell lymphoma
and other cancers, a panel of 8 anti-CCR4-CARs (CCR4-CARs) were engineered, each with a
different spatial combination of heavy (H) and light (L) binding domains resulting from
humanized anti-CCR4 monoclonal antibodies; KW-0761(mogamulizumab) (Ishii T, et al. Clin
Cancer Res. 2010;16(5):1520-1531), h1567, and its affinity-tuned derivatives (Chang DK, et al.
Mol Cancer Ther. 2012;11(11):2451-2461). The constructed scFvs were cloned into a CAR
backbone plasmid with a 4-1BB costimulatory domain and CD3{ signaling domain (Table 2 and
F1G. 3). CAR transduction efficiency, T cell expansion and phenotype within the panel of
CCR4-CARs were compared to the CD19 directed CAR (CD19-CAR) control. All versions of
CCR4-CAR T cells expanded with anti-CD3/28 bead stimulation, however T cells expressing
KW-0761 derived scFvs, CCR4(KW_H2L/L2H)-CAR T cells showed superior expansion and
resulted in the highest CAR T cell product yield (FIG. 4 and FIG. §). CCR4KW_ L2H)-CAR T
cells were the smallest among 8 types of CCR4-CAR T cells (FIG. 6) suggesting less activated
status. Superior T cell expansion was associated with high T cell viability (F1G. 7). All CCR4-
CAR T cells kept a less differentiated, central memory phenotype compared with CD19-CAR T
cells and UTD cells (FIG. 8). Interestingly, auto-selection of CAR positive cells was abserved to
differing degrees in six out of eight of the CCR4-CAR T cell products. In particular,
CCR4(KW_H2L./1.2H)-CAR T cells exhibited near 100% CAR expression at day 10 even
though transduction efficacy was comparable to or lower than the other CCR4-CAR T cells at
day 2 (FIG. 9 and FIG. 10).
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Example 3: CCR4(KW H2L and KW L2H)-CAR T cells induce complete depletion of CCR4

positive cells
To assess whether T cell fratricide contributed to enrichment of CCR4-CAR T cell

expression in CCR4-CAR T cell products, CCR4 expression levels on CAR positive and
negative populations after CAR T cell expansion were measured by flow cytometry using the
anti-CCR4 monoclonal antibody, D8SEE, which does not bind to the same epitope as
monoclonal antibodies used for CCR4-CAR construction (FIG. 11). Rapid loss of CCR4
expression and corresponding decrease of CD4/8 ratio occurred in all CAR-negative T cell
populations (FIG. 12, FIG. 13, and FIG. 14). Likewise CCR4(KW_H2L/L2H)-CAR T cells
rapidly lost CCR4 expression (FIG. 12 and FIG. 13), suggesting that T cell fratricide was
contributing to enrichment of CCR4-CAR positive T cells in the product. Surprisingly,
CCR4(h1567, 1-49)-CAR positive cell populations were relatively resistant to fratricide; There
remained high amount of CCR4 positive cells in the CAR positive population even at day 6 and
day 10 (FIG. 12 and FIG. 13), suggesting that the degree of fratricide in the CAR positive
population was dependent on the anti-CCR4 scFv. In order to understand why some CCR4-CAR
T cells expressing surface detectable CCR4 failed to kill neighboring CCR4-expressing CCR4-
CAR T cells, as opposed to other versions of CCR4-expressing CCR4-CAR T cells that were
susceptible to fratricide, and to investigate the mechanisms of resistance against fratricide of
CAR positive T cell population, a CCR4 positive T cell line (HH) was transduced either with
CCR4(KW_L2H)-CAR or CCR4 (h1567_L2H)-CAR to mimic CCR4-CAR and CCR4 double
positive T cell populations (FIG. 15). It was hypothesized that CCR4(h1567 L2H)-CAR was
unable to kill CCR4-expressing CCR4(h1567 L2H)-CAR T cells because recognition of the
CCR4 epitope was blocked. Thus, the binding of anti-CCR4 clone h1567 and clone KW-0761
monoclonal antibodies to HH cells expressing either CCR4(h1567 L2H)-CAR or
CCR4(KW_L2H)-CARs was tested. When HH cells expressed CCR4(h1567 L2H)-CARs, anti-
CCRA4 clone h1567 monoclonal antibody was unable to recognize CCR4 expressed on the
surface of the CAR T cell, but anti-CCR4 clone KW-0761 detected CCR4 surface expression. In
HH cells expressing CCR4(KW_L2H)-CAR CCR4 detection was reduced when CCR4
expression levels were assessed using the anti-CCR4 clone KW monoclenal antibody (FIG. 17).
These results suggest that CCR4-CAR blocks the CCR4 epitope specifically in cis thereby
causing resistant to fratricide and indicate that the degree of binding in cis of anti-CCR4 scFv to
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CCR4 is scFv-dependent. This phenomenon is consistent with a previous finding that expression
of CD19-CAR on CD19 positive cells can block CD19 epitope in cis, resulting in resistant
against CAR mediated killing.

Example 4: Fratricide changes the proportion of helper T cell subsets with decreased Th2, Th17
and Treg related cytokine production

To investigate how CCR4-CAR T cell fratricide impact the distribution of CD4+ T cell
subsets in CCR4-CAR T cell products, the levels of Th1, Th2, Th17 and Treg subsets and

cytokine profiles were measured. It was observed that, compared to CD19-CAR T cells, CCR4-
CAR T cell products contained a significantly decreased percentage of CD4+ Th2 subset as
defined by the following flow cytometry signature; CD4(+) CCR4(-) CXCR3(+) CCR6(-)
CCR10(-), but maintained the level of CD4+ Thl subset; CD4(+) CCR4(-) CXCR3(+) CCRO6(-)
and CCR10(-) (FIG. 17). Treg subsets determined by FoxP3 and CD25 was rare and there was
no difference between CD19-CAR T cell and CCR4-CAR T cell products (data not shown). In
addition, upon stimulation with PMA-Ionomycin CCR4-CAR T cells produced decreased levels
of Th2, Th17 and T-reg related cytokines while maintaining a Th1-related cytokine, INF-y, and
proinflammatory cytokine (TNF-a and IL-2) production (FIG. 18). These results suggested that
transduction of T cells with CCR4-CAR results in fratricidal depletion of CCR4-positive Th2
and Th17 and Treg subsets and maintains CCR4-negative Th1 CD4+ subset. This depletion may
be beneficial for other CAR T cell product by changing Th subset profiles. To address this,
CCR4-CAR T cells were utilized to make Th1 rich CD19-CAR T cell product. Adding of just
10% of CCR4-CAR T cells depleted total CCR4 positive T cell subsets in CD19-CAR T cells
(FIG. 19) resulting in relatively Th1 dominant CD19-CAR T cell product (FIG. 20).

Example 5: CCR4-CAR T cells respond to and lvse CCR4 positive T cell tumor cell lines in

vitro
Since target antigen density impacts CAR T cell responses, the lytic activity of the panel
of CCR4-CAR T cells were tested against three cell lines derived from patients with T cell
malignancies displaying a range of CCR4 expression (FIG. 21). All of the CCR4-CAR T cells
lysed the CCR4-expressing cells lines. No difference in lytic activity was observed between the
CCR4-CAR T cells against HH, the highest CCR4-expressing cell line. In both the intermediate
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and low CCR4-expressing cell lines, MJ and HuT78 respectively, CCR4(KW_H2L/L2H)-CAR
T cells exhibited the highest killing capacity and CCR4(1-49_H2L/L2H)-CAR T cells had the
lowest (FIG. 22). All of the CCR4-CAR T cells degranulated upon CCR4 stimulation as
reflected by CD107a upregulation, however anti-CCR4(1-49 H2I1./1.2H)-CAR T cells and
CCR4(h1567 H2L/L2H)-CAR T cells showed target cell-independent degranulation at base line
(FIG. 23). All the CCR4-CAR T cells secreted IFN-y, 1L.-2 and TNF-a upon antigen

independent-stimulation with PMA/Ionomycin.

Example 6: CCR4-CAR T cells eradicate tumor cells in HH cell xencgraft mouse model

To compare the anti-tumor etticacy of CCR4-CARs in vivo, HH cell xenograft mice were
treated with a low dose (0.5x10°) of CAR positive T cells or control UTD T cells to highlight
any differences in effectiveness (FIG. 24). Tumor burden was followed by BLI for over 6
months to assess long-term remission. CCR4(KW_H2L/L.2H)-CAR T cells showed superior
anti-tumor efficacy and only CCR4(KW_L2H)-CAR T cells cured all mice (FIG. 25) with 100%
survival benefit over the course of the experiment (FIG. 26). Superior anti-tumor efficacy was
associated with better T cell engraftment; Anti-CCR4(KW_H2L/L2H)-CAR T cells induced
robust T cell engraftment (FIG. 27). Additionally, CCR4(h1567 L2H)-CAR T cells exhibited
mild anti-tumor efficacy and prolonged survival benefit. Apparent non-tumor related toxicity
including GVHD and body weight loss were not observed throughout the experiment (FIG. 28).
Based upon these results, CCR4KW_L2H)-CAR T and CCR4(h1567_1.2H)-CAR T cells were

selected for further evaluation.

Example 7: Antitumor efficacy and T cell engraftment of CCR4-CAR T cells are comparable or
superior to CD19-CAR T cells

To further evaluate the in vivo efficacy of CCR4-CAR T cells, their ability to clear
tumors expressing both CCR4 and CD19 was compared to that of validated anti-CD19-CAR T
cells. HH cells were transduced with CD19 to obtain CCR4 and CD19 double-positive cells.
Cells were sorted to achieve 100% expression of CD19 by FCM (HH-CBG-GFP-t19) (FIG. 29).
NSG mice were inoculated with 1x10° HH-CBG-GFP-t19 cells and treated with 2x10° CAR
positive T cells or UTD cells at day 7 after tumor inoculation (FIG. 30). CD19-CAR T cells and
CCR4(h1567 1L.2H)-CAR T cells showed similar anti-tumor efficacy against CCR4 and CD19-
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expressing tumors, whereas CCR4(KW_ L2H)-CAR T cells induced complete remission (FIG.
31). Additionally, CCRHKW _L2H)-CAR T cells showed higher levels of T cell engraftment
than CD19-CAR T cells in the earlier phase (day 7) and showed comparable T cell engraftment
at the later phase (day14; FIG. 32 and FIG. 33). Very few T cells were detectable in peripheral
blood at day 28 with exception of one mouse from the CD19-CAR T cell group that developed
GVHD and showed rapid increase of T cells in peripheral blocd (FIG. 33). CCR4(KW_L2H)-
CAR T cells and CD19-CAR T cells produced comparable levels of IFN-y and TNF-o but
CCR4(h1567 L2H)-CAR T cells secreted lower levels of cytokines (FIG. 34). These results
establish the in vitro and in vivo efficacy of the lead CCR4(KW_L2H)-CAR T cells against

CCR4-expressing tumor lines.

Example 8: CCR4-CAR T cells respond to and lyse primary CTCL cells
To validate that CCR4(KW_12H) CAR T cells can target and kill T cell Lymphoma

patient samples, their lytic activity against patient derived primary CTCL cells was tested.
Initially, it was confirmed that isolated tumor cells expressed phenotypic markers characteristic
of CTCL; CD4(+), CCR4(+), CD7(-), CD25(-), CD157(-) and also expressed CCR4 by flow
cytometry32 (FIG. 35). In addition, it was confirmed that the patient sample contained a low
frequency of normal cells (less than 5%. Upon co-culture with the CTCL patient sample,
CCRAKW_L2H)-CAR T cells were activated as demonstrated by CD107a upregulation and
secreted [FN-y, IL-2 and TNF-a cytokines (FIG. 36). Importantly, CCR4KW_1.2H)-CAR T
cells specifically and effectively lysed CTCL patient tumor cells (FIG. 37).

Example 9: Equipping anti-CCR4 chimeric antigen receptor T cells with a T cell-depleting

system
Anti-CCR4-CAR T cells (CCR4CART cells) effectively lysed target tumor cells as well

as normal CCR4-expressing T cells including regulatory T cells (Tregs) and type 2 helper T cells
(Th2). Depletion of these cell fractions could “enhance” the CCR4CART cell products by
relatively increasing Th1 and CD8 T cells while complete loss of normal Tregs potentially cause
severe autoimmune reaction when translated to the clinic. Reported case of Stevens-Johnson
syndrome with high infiltration of CD8 T cells after mogamulizumab therapy may be associated
with Treg depletion. Further, CCR4 expression in normal organs has been reported including
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kidney, lung and pancreas in some data bases, but fortunately its expression levels are low and
severe organ specific adverse effects other than manageable platelet decrease are not reported in
the clinical studies of mogamulizumab. Nonetheless, enhanced activity of the CCR4-CAR T cell
therapy described herein may induce such toxicity. Therefore modulation of CCR4-CAR via a
suicide system, strategies of chemotherapeutic or antibiotic depletion of CAR T cells, or
inducible CAR expression are strategies which are contemplated herein.

As a safety switch to shutdown CART cells when anti-CCR4 CAR T cell-mediated
toxicity is observed and/or detected, the CCR4ACAR(KW _L2H) lentiviral vector was further
modified with a safety switch comprising truncated EGFR (EGFRt) (Michael C. Jensen et al. US
Patent No. US8802374B2), CD20 (Sarah K. Tasian et al. Blood. 2017 Apr 27; 129(17): 2395—
2407), inducible caspase 9 (Karin C. Straathof et al. Blood. 2005 Jun 1; 105(11): 4247-4254), or
Herpes simplex virus-1 thymidine kinase (HSVTK) (Science.1997 Jun 13;276(5319):1719-24)
via P2A self-cleaving sequences (FIG. 38 - FIG. 41). Each of these systems is expected to
induce CART cell depletion upon administration of the corresponding safety switch agent, i.e.,
anti-EGFR monoclonal antibodies (mAb) (e.g. cetuximab), anti-CD20 mAbs (e.g. rituximab), a
dimerizing drug (AP1903), and ganciclovir (GCV), respectively. Co-expression of tEGFR with
CCR4CAR on T cells has been confirmed (data not shown). Additionally, using the HSVTK
depletion system, CCR4CART cells are depleted by GCV in a dose dependent manner (FIG.
42).

Some of tumors including ATLL create high TGFb tumor microenvironment (Blood
(2011) 118 (7): 1865-1876.), which can induce immune cell disfunction. In addition, TGFb
induces CCR4 expression on T cells after anti-CD3 or anti-CD3/28 expression, which may result
in undesirable fratricidal killing of CART cells. Thus, the anti-CCR4CAR (KW-L2H)-HSVTK
plasmid vector was further modified by inserting a dominant-negative TGFb receptor type Il
(dnTGFbRII) which can block TGFb signaling (Proc Natl Acad Sci U S A. 1997 Mar
18,94(6):2386-91.). Three CCR4ACAR(KWL2H)-HSVTK-dnTGFbRII constructs with different
order of CAR, HSVTK and dnTGFbRII were generated; dnTGFbRII-CCR4CAR(KW_L2H)-
HSVTK (top), CCR4CAR(KW_L2H)-dnTGFbRII-HSVTK (mid) and CCR4CAR(KW _L2H)-
HSVTK-dnTGFbRII (last) (FIG. 43 — FIG. 45). These vectors similarly produced cytokines
(data not shown) and dnTGFbRII-CCR4CAR(KW 12H)-HSVTK (top) had a trend inducing
highest killing activity (FIG. 46).
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Combining these systems with CCR4-CAR can overcome the most critical problem for
CCR4-CAR T cell therapy, i.e., off-tumor toxicity, and enhance its feasibility to the clinical use.
Also, ATLL that is a target tumor of the CCR4CART cells produce high levels of TGFb.
Blocking TGFbRII can rescue CART cells from disfunction in tumor microenvironment. In
addition, blocking TGFb signaling can prevent CCR4 overexpression, which can avoid

undesirable fratricidal loss of effective CART cells.

Example 10: Knocking down CCR4 to prepare CCR4-CAR T cell product without fratricidal
events (CCR4 k/d CCR4-CAR T cells)

As demonstrated herein, CCR4-CAR T cells mutually kill and finally eradicate CCR4
positive T cells in the CAR T cell product leading to enhanced CCR4-CAR T cell production

efficiency and functions. A further approach contemplated herein for reducing or eliminating
fratricide of CCR4 expressing T cells involves knock down (k/d) or knock out (k/0) of CCR4 in
the cells prior to CCR4-CAR transduction. This can be achieved by any method known in the art,
such as by additional modification of T cells with RNAi (shRNA or siRINA), genetic engineering
(for example, via CRISPR/Cas9), or with protein-based systems (e.g. anti-CCR4 scFvs with C-
terminal KDEL motif fusions). Toward this end, four CCR4-targeting shRNAs (sh-CCR4s) were
constructed, as well a Cre-targeting shRNA (sh-Cre) as a control (Table 4). The sh-Cre or sh-
CCR4 shRNAs were cloned into pLVSIN-mU6-MCS-PGK-Neo plasmid using EcaRI and
BamHI sites. The shRNAs were tested in CCR4 expressing cell lines HH and ATN-1 (FIG. 47).
All sh-CCR4 could induce CCR4 knock down with varying levels of efficiency; sh-CCR4#1 and
#2 similarly induced efficient CCR4 k/d while sh-CCR4#4 induced modest CCR4 k/d and
CCR4#3 showed mild CCR4 k/d.

To establish CCR4-CAR T cells with minimal or no fratricidal events, primary T cells
were transduced with the sh-CCR4s for CCR4 k/d at day 1 and then transduced with
CCR4CAR(KW 1.2H) at day 3 and 4 post anti-CD3/28 beads stimulation (F1G. 48A). Similar to
the efficiency on the cell lines, any shCCR4s induced CCR4 k/d but with varying efficiency; sh-
CCR4#1 and #2 similarly induced most efficient CCR4 k/d while sh-CCR4#4 induced modest
CCRA4 k/d and CCR4#3 showed mild CCR4 k/d (FIG. 48B).

Importantly, the most efficient T cell proliferation and CAR transduction were achieved
in the CAR T cells not transduced with a shCCR4, and similar efficiency was achieved for CAR
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T cells transduced with the least efficient shCCR4 (shCCR4#3) (FIG. 48C and FIG. 48D). In
addition, the most efficient sh-CCR4 (sh-CCR4#1) for CCR4 k/d rather impaired efficient T cell
proliferation and CAR transduction.

These results confirm that fratricidal events (mutual killing of CCR4 positive cells in
CCR4-CAR T cell product) is beneficial for CCR4-CAR T production. Nonetheless, careful
selection of sh-CCR4 construct can achieve CAR transduction and T cell proliferation efficiency

levels comparable to those of the original CCR4-CAR T cell product.

Example 11: CCR4-CAR T cells (KW_L2H) can eradicate mogamulizumab resistant T cell

tumors in vivo

In clinical settings, CCR4-CAR T cells will be administrated in patient with refractory or
relapsed disease after mogamulizumab treatment. A concern is epitope blocking by prior mAb
therapy as CCR4-CAR T cells and mogamulizumab share its epitope on the CCR4 antigen. To
address this, CCR4-CAR T cells were tested in a mogamulizumab refractory T cell lymphoma
mouse model (FIG. 49A). HH tumors in NSC mice were treated with two doses of
mogamulizumab in combination with PBMCs, which resulted in refractory disease. The
refractory tumors were subsequently treated with CCR4-CAR (KW _L2H) T cells. CCR4-CAR T
cells effectively suppressed and eradicated the tumor in the similar way against tumors without
prior mogamulizumab treatment, suggesting the feasibility of the CCR4-CAR T cell therapy for

mogamulizumab pre-treated and refractory tumors (FIG. 49B).

Example 12: CCR4-CAR T cells can be safely and efficiently established from patient-derived

PBMCs highly contaminated with tumor cells
ATLL patients are typically heavily treated and PBMCs from these patients are

contaminated with tumor cells. To test if CCR4-CAR T cells can be produced from those
patients, PBMCs were collected from a patient with ATLL (70% of blood cells were tumor cells)
and CART production was tested. PBMCs from the patient and a normal donor were transduced
with either CD19CAR or CCR4ACAR(KWL2H) at day 1 post anti-CD3/28 stimulation. Patient-
derived PBMCs showed less transduction efficacy compared to those from normal donor, but
eventually the percentage of CCR4-CAR positive cells increased and reached over 90% in both
the patient and normal-donor derived products (FIG. S0A). In addition, contaminated CD7(-),
115

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

CADMI1(+) and CCR4(+) tumor cells were almost eradicated in CCR4-CAR T cell product but
not in CD19-CAR T cell product (3.03% v.s 40.2% in CAR positive T cell population and 0% vs
24.5% in CAR negative T cell population) (FIG. S0B). This result confirms that CCR4-CAR T
cells can be safely and efficiently established from patient-derived PBMCs which are highly

contaminated with tumor cells.

Example 13: CCR4-CAR T Cells for Treating T cell Malignancies and Solid Tumors in vivo
Mature T cell lymphomas including CTCL, ATLL and PTCL are generally associated

with poor prognosis. Although new therapies such as anti-CCR4 mAb (mogamulizumab) can
delay tumor progression, curative treatment is rarely achieved. The present work demoenstrates
mogamulizumab derived CCR4-CAR T cells can effectively target both CCR4 positive tumor
cell lines and primary CTCL cells and can eradicate established tumors in preclinical models,
which was superior to the previously reported h1567 and mAb2-3 derived CAR T cells (Perera
LP, et al. Am J Hematol. 2017;92(9):892-901). The present work also demonstrates mechanisms
of fratricidal events and its relevance to CAR T cell functions; superior anti-tumor efficacy of
CCR4-CAR T cells are associated with rapid and complete fratricidal depletion of CCR4
positive T cells. Additionally, data presented herein reveal that the degree of fratricide is scFv
dependent, influencing the degree to which the CCR4-CAR can mask target CCR4 in cis. KW-
0761 only partly binds CCR4 in cis permitting unhindered fratricide, but CARs derived from
h1567 and its derivatives almost completely block the epitope in cis allowing CCR4-CAR
positive cells to persist. This observation is compatible with a previous report that CD19-CAR
unintentionally introduced into a leukemic B cell induced a leukemia resistance by binding to
CD19 epitope on the surface of leukemic cells, masking it from recognition by CD19-CAR T
cells.

It is contemplated herein that Th1 dominant CAR T cell product relative to Th2 and T
regs will enhance anti-tumor activity of CAR T cells as Thl subsets play central roles in anti-
cancer immunity whereas Th2 and Tregs possibly counteract against it. CD19-CAR T cells
achieved such “enhanced” CAR T cell product by mixing with small amount of CCR4 CAR T
cells, which indicates that CCR4-CAR T cells can be utilized as a tool to improve other CAR T
cell products. This result also indicates that host normal CCR4 positive T cells can be depleted
by CCR4-CAR T cells like shown in mogamulizumab treatment. Th2-mediated inflammation is
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often beneficial for tumor growth and cancer immune evasion, and higher Th2 infiltration is
associated with poor treatment outcome. Tregs also have an important role for tumor growth and
immune evasion. Tregs can suppress effector T cell mediated tumor killing and high Treg
infiltration to TME is associated with poor outcome of many types of tumors including
colorectal, breast, ovarian, renal, non-small cell lung, melanoma, lymphoma, and hepatocellular
cancers. Even transient depletion of T regs can enhance the efficacy of tumor vaccine therapy in
animal models. Therefore, it is contemplated herein that depletion of CCR4 positive Treg and
Th2 by CCR4-CAR T cells will contribute to the anti-tumor immunity for cancer in general in
addition to direct killing of CCR4 positive tumor cells. Indeed, mogamulizumab has been tested
as a Treg depleting therapy in solid tumor patients. Significant reduction of CCR4 positive T
cells and immune responses to cancer/testis (CT) antigens and an autoantibody response to
thyroid peroxidase were observed following mogamulizumab in some patients.

In summary, the present work identifies highly active CCR4-CAR T cells derived from
KW-0761(mogamulizumab). Efficacy was shown to be associated with fratricidal depletion of
Th2, Treg and Th17 subsets (all CCR4 positive) while sparing Th1 subset (CCR4 negative). Itis
further contemplated herein that CCR4-CAR T cell format will be beneficial for the treatment of
patients with T cell malignancies as well as for a Th2 and Treg depleting therapy for treating

other cancers including solid tumors.

Enumerated Embodiments

The following enumerated embodiments are provided, the numbering of which is not to
be construed as designating levels of importance.

Embodiment 1 provides an anti-CC chemokine receptor 4 (CCR4) chimeric antigen
receptor (CAR) comprising an anti-CCR4 antigen binding domain, a transmembrane domain,
and an intracellular domain.

Embodiment 2 provides the CAR of embodiment 1, wherein the anti-CCR4 antigen
binding domain comprises at least one heavy chain variable region (HCDR) comprising the
amino acid sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and
SEQ ID NO: 6.

Embodiment 3 provides the CAR of embodiment 1 or embodiment 2, wherein the anti-
CCR4 antigen binding domain comprises at least one light chain variable region (LCDR)
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comprising the amino acid sequence selected from the group consisting of SEQ ID NO: 8, SEQ
ID NO: 10, and SEQ ID NO: 12.

Embodiment 4 provides the CAR of any one of embodiments 1-3, wherein the anti-CCR4
antigen binding domain is selected from the group consisting of a full length antibody or antigen-
binding fragment thereof, a Fab, a single-chain variable fragment (scFv), or a single-domain
antibody.

Embodiment 5 provides the CAR of any one of embodiments 1-4, wherein the anti-CCR4
antigen binding domain is an anti-CCR4 single-chain variable fragment (scFv).

Embodiment 6 provides the CAR of any one of embodiments 1-5, wherein the anti-CCR4
antigen binding domain is an anti-CCR4 single-chain variable fragment (scFv) having a heavy
chain and a light chain derived from mogamulizumab.

Embodiment 7 provides the CAR of any one of embodiments 1-6, wherein the anti-CCR4
antigen binding domain comprises a heavy chain variable region comprising an amino acid
sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 112.

Embodiment 8 provides the CAR of any one of embodiments 1-7, wherein the anti-CCR4
antigen binding domain comprises a light chain variable region comprising an amino acid
sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 114.

Embodiment 9 provides the CAR of any one of embodiments 1-8, wherein the anti-CCR4
antigen binding domain comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 16.

Embodiment 10 provides the CAR of any one of the preceding embodiments, wherein the
CAR further comprises a CD8 alpha hinge, opticnally wherein the CD8 alpha hinge comprises
the amino acid sequence set forth in SEQ ID NO: 34.

Embodiment 11 provides the CAR of any one of the preceding embodiments, wherein the
transmembrane domain comprises a transmembrane domain selected from the group consisting
of an artificial hydrophobic sequence, and a transmembrane domain of a type I transmembrane
protein, an alpha, beta, or zeta chain of a T cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5,
CDS8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, 0X40 (CD134), 4-1BB (CD137),
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ICOS, and CD154, or a transmembrane domain derived from a killer immunoglobulin-like
receptor (KIR).

Embodiment 12 provides the CAR of any one of the preceding embodiments, wherein the
transmembrane domain comprises a CD8 alpha transmembrane domain, optionally wherein the
CD8 alpha transmembrane domain comprises the amino acid sequence set forth in SEQ ID NO:
36.

Embodiment 13 provides the CAR of any one of the preceding embodiments, wherein the
intracellular domain comprises a costimulatory domain and an intracellular signaling domain.

Embodiment 14 provides the CAR of any one of the preceding embaoadiments, wherein the
intracellular domain comprises a costimulatory domain of a protein selected from the group
consisting of proteins in the TNFR superfamily, CD28, 4-1BB (CD137), 0X40 (CD134), PD-1,
CD7, LIGHT, CD83L, DAP10, DAP12, CD27, CD2, CD5, ICAM-1, LFA-1, Lck, TNFR-I,
TNFR-II, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3 (CD276), or a variant thereof, or an
intracellular domain derived from a killer immunoglobulin-like receptor (KIR).

Embodiment 15 provides the CAR of any one of the preceding embodiments, wherein the
intracellular domain comprises a costimulatory domain of 4-1BB optionally comprising the
amino acid sequence set forth in SEQ ID NO: 38.

Embodiment 16 provides the CAR of any one of the preceding embodiments, wherein the
intracellular domain comprises an intracellular signaling domain of a protein selected from the
group consisting of a human CD3 zeta chain {CD3(), FcyRIII, FesRI, a cytoplasmic tail of an Fc
receptor, an immunoreceptor tyrosine-based activation motif (ITAM) bearing cytoplasmic
receptor, TCR zeta, FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79%a,
CD79b, and CD66d, or a variant thereof.

Embodiment 17 provides the CAR of any one of the preceding embadiments, wherein the
intracellular signaling domain comprises an intracellular signaling domain of CD3( or a variant
thereof, optionally comprising the amino acid sequence set forth in SEQ 1D NO: 40.

Embodiment 18 provides the CAR of any one of the preceding embodiments, wherein the
CAR comprises an anti-CCR4 antigen binding domain comprising an anti-CCR4 scFv, a CD8
alpha hinge, a CD8 alpha transmembrane domain, an intracellular domain comprising a 4-1BB

costimulatory domain and a CD3( intracellular signaling domain.
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Embodiment 19 provides the CAR of embodiment 18, wherein the CAR further
comprises a CD8 leader sequence, optionally comprising the amino acid sequence set forth in
SEQ ID NO: 32.

Embodiment 20 provides the CAR of any one of the preceding embodiments, wherein the
CAR comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to any one of SEQ ID NOs: 30, 54, 62, 70, 82, 90, and 102.

Embodiment 21 provides the CAR of any one of the preceding embodiments, wherein the
CAR is encoded by a nucleotide sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to any one of SEQ ID NOs: 29, 53, 61, 69, 81, 89, and 101.

Embodiment 22 provides the CAR of any one of the preceding embodiments, wherein the
CAR is linked to a safety switch via a self-cleavable linker, and wherein the safety switch binds a
safety switch agent.

Embodiment 23 provides the CAR of embodiment 22, wherein the safety switch is
selected from: (a) truncated EGFR (EGFRt), wherein the safety switch agent is an anti-EFGR
antibody, optionally cetuximab; (b) CD20, wherein the safety switch agent is an anti-CD20
antibody, optionally rituximab; (¢) inducible caspase 9 (iCasp9), wherein the safety switch agent
is AP1903; and (d) Herpes simplex virus-1 thymidine kinase (HSVTK), wherein the safety
switch agent is ganciclovir (GCV).

Embodiment 24 provides the CAR of embodiment 22 or embodiment 23, wherein the
CAR is linked to a dominant negative TGFb receptor type 11 (dnTGFbRII) via a self-cleavable
linker.

Embodiment 25 provides the CAR of embodiment 22 or embodiment 23, wherein the
safety switch is linked to a dominant negative TGEDb receptor type II (dnTGFbRII) via a self-
cleavable linker.

Embodiment 26 provides a nucleic acid comprising a polynucleotide sequence encoding
an anti-CCR4 CAR, wherein the CAR comprises an anti-CCR4 antigen binding domain, a
transmembrane domain, and an intracellular domain.

Embodiment 27 provides the nucleic acid of embodiment 26, wherein the anti-CCR4
antigen binding domain comprises at least one heavy chain variable region (HCDR) comprising
the amino acid sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4,
and SEQ ID NO: 6.
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Embodiment 28 provides the nucleic acid of embodiment 25 or embodiment 27, wherein
the anti-CCR4 antigen binding domain comprises at least one light chain variable region (LCDR)
comprising the amino acid sequence selected from the group consisting of SEQ ID NO: 8, SEQ
ID NO: 10, and SEQ ID NO: 12.

Embodiment 29 provides the nucleic acid of any one of embodiments 26-28, wherein the
anti-CCR4 antigen binding domain is selected from the group consisting of a full length antibody
or antigen-binding fragment thereof, a Fab, a single-chain variable fragment (scFv), or a single-
demain antibody.

Embodiment 30 provides the nucleic acid of any one of embodiments 26-29, wherein the
anti-CCR4 antigen binding domain is an anti-CCR4 single-chain variable fragment (scFv).

Embodiment 31 provides the nucleic acid of any one of embodiments 26-30, wherein the
anti-CCR4 antigen binding domain is an anti-CCR4 single-chain variable fragment (scFv)
having a heavy chain and a light chain derived from mogamulizumab.

Embodiment 32 provides the nucleic acid of any one of embodiments 26-31, wherein the
anti-CCR4 antigen binding domain comprises a heavy chain variable region comprising an
amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
SEQ ID NO: 112.

Embodiment 33 provides the nucleic acid of any one of embodiments 26-32, wherein the
anti-CCR4 antigen binding domain comprises a light chain variable region comprising an amino
acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NO: 114.

Embodiment 34 provides the nucleic acid of any one of embodiments 26-33, wherein the
anti-CCR4 antigen binding domain comprises an amine acid sequence at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ TD NO: 16.

Embodiment 35 provides the nucleic acid of any one of the preceding embodiments,
wherein the CAR further comprises a CD8 alpha hinge, optionally wherein the CD8 alpha hinge
comprises the amino acid sequence set forth in SEQ ID NO: 34.

Embodiment 36 provides the nucleic acid of any one of the preceding embodiments,
wherein the transmembrane domain comprises a transmembrane domain selected from the group
consisting of an artificial hydrophobic sequence, and a transmembrane domain of a type 1
transmembrane protein, an alpha, beta, or zeta chain of a T cell receptor, CD28, CD3 epsilon,
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CD45, CD4, CDS5, CDg, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, OX40
(CD134), 4-1BB (CD137), ICOS, and CD154, or a transmembrane domain derived from a killer
immunoglobulin-like receptor (KIR).

Embodiment 37 provides the nucleic acid of any one of the preceding embodiments,
wherein the transmembrane domain comprises a CD8 alpha transmembrane domain, opticnally
wherein the CD8 alpha transmembrane domain comprises the amino acid sequence set forth in
SEQ ID NO: 36.

Embodiment 38 provides the nucleic acid of any one of the preceding embodiments,
wherein the intracellular domain comprises a costimulatory domain and an intracellular signaling
domain.

Embodiment 39 provides the nucleic acid of any one of the preceding embodiments,
wherein the intracellular domain comprises a costimulatory domain of a protein selected from
the group consisting of proteins in the TNFR superfamily, CD28, 4-1BB (CD137), OX40
(CD134), PD-1, CD7, LIGHT, CDS83L, DAP10, DAP12, CD27, CD2, CD5, ICAM-1, LFA-1,
Lck, TNFR-I, TNFR-II, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3 (CD276), or a variant
thereof, or an intracellular domain derived from a killer immunoglobulin-like receptor (KIR).

Embodiment 40 provides the nucleic acid of any one of the preceding embodiments,
wherein the intracellular domain comprises a costimulatory domain of 4-1BB optionally
comprising the amino acid sequence set forth in SEQ ID NO: 38.

Embodiment 41 provides the nucleic acid of any one of the preceding embodiments,
wherein the intracellular domain comprises an intracellular signaling domain of a protein
selected from the group consisting of a human CD3 zeta chain (CD3(), FcyRI11I, FcsRl, a
cytoplasmic tail of an Fc receptor, an immunoreceptor tyrosine-based activation motif (ITAM)
bearing cytoplasmic receptor, TCR zeta, FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon,
CD5, CD22, CD79a, CD79b, and CD66d, or a variant thereof.

Embodiment 42 provides the nucleic acid of any one of the preceding embodiments,
wherein the intracellular signaling domain comprises an intracellular signaling domain of CD3{
or a variant thereof, optionally comprising the amino acid sequence set forth in SEQ ID NO: 40.

Embodiment 43 provides the nucleic acid of any one of the preceding embodiments,

wherein the CAR comprises an anti-CCR4 antigen binding domain comprising an anti-CCR4
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scFv, a CD8 alpha hinge, a CD8 alpha transmembrane domain, an intracellular domain
comprising a 4-1BB costimulatory domain and a CD3( intracellular signaling domain.

Embodiment 44 provides the nucleic acid of embodiment 43, wherein the CAR further
comprises a CD8 leader sequence, optionally comprising the amino acid sequence set forth in
SEQ ID NO: 32.

Embodiment 45 provides the nucleic acid of any one of the preceding embodiments,
wherein the CAR comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to any one of SEQ ID NOs: 30, 54, 62, 70, 82, 90, and 102.

Embodiment 46 provides the nucleic acid of any one of the preceding embodiments,
wherein the CAR is encoded by a nucleotide sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identical to any one of SEQ ID NOs: 29, 53, 61, 69, 81, 89, and 101.

Embodiment 47 provides the nucleic acid of any one of the preceding embodiments,
wherein the CAR is linked to a safety switch via a self-cleavable linker, and wherein the safety
switch binds a safety switch agent.

Embodiment 48 provides the nucleic acid of embodiment 47, wherein the safety switch is
selected from: (a) truncated EGFR (EGFRt), wherein the safety switch agent is an anti-EFGR
antibody, optionally cetuximab; (b) CD20, wherein the safety switch agent is an anti-CD20
antibody, optionally rituximab; (¢) inducible caspase 9 (iCasp9), wherein the safety switch agent
is AP1903; and (d) Herpes simplex virus-1 thymidine kinase (HSVTK), wherein the safety
switch agent is ganciclovir (GCV).

Embodiment 49 provides the nucleic acid of embodiment 47 or embodiment 48, wherein
the CAR is linked to a dominant negative TGFb receptor type Il (dnTGFbRII) via a self-
cleavable linker.

Embodiment 50 provides the nucleic acid of embodiment 47 or embodiment 48, wherein
the safety switch is linked to a dominant negative TGFb receptor type II (dnTGFbRII) via a self-
cleavable linker.

Embodiment 51 provides a vector comprising the nucleic acid of any one of
embodiments 26-50.

Embodiment 52 provides the vector of embodiment 51, wherein the vector is a viral
vector selected from the group consisting of a retroviral vector, a lentiviral vector, an adenoviral
vector, and an adeno-associated viral vector.
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Embodiment 53 provides the vector of embodiment 52, wherein the viral vector is a
lentiviral vector.

Embodiment 54 provides a modified immune cell or precursor cell thereof, comprising
the CAR of any one of embodiments 1-25, the nucleic acid of any one of embodiments 26-50,
and/or the vector of any one of embodiments 51-53.

Embodiment 55 provides the modified immune cell or precursor cell thereof of
embodiment 54, further comprising one or more of the following;

(a) a CCR4 null knockout allele;

(b) suppressed CCR4 gene expression; and

(©) a fusion protein comprising an anti-CCR4 scFv and a KDEL motif and/or a

nucleic acid encoding the fusion protein.

Embodiment 56 provides the modified immune cell or precursor cell thereof of
embodiment 55, wherein the CCR4 null knockout allele or suppressed CCR4 gene expression is
obtained via a genetic engineering technique comprising a nuclease selected from the group
consisting of a clustered regularly interspaced short palindromic repeats (CRISPR) associated
nuclease, a transcription activator-like effector nuclease (TALEN), and a zinc-finger nuclease.

Embodiment 57 provides the modified immune cell or precursor cell thereof of
embodiment 55 or 56, further comprising an inhibitory RNA molecule which suppresses CCR4
gene expression.

Embodiment 58 provides the modified immune cell or precursor cell thereof of
embodiment 57, wherein the inhibitory RNA molecule is selected from the group consisting of:
an RNA interference (RNAi) RNA, a short hairpin RNA (shRNA), a small interfering RNA
(siRNA), a trans-acting siRNA (tasiRNA), a micro RNA (miRNA), an antisense RINA (asRNA),
a long noncoding RNA (IncRNA), a CRISPR RNA (crRNA), a trans-activating crRNA
(tractRNA), a guide RNA (gRNA), a single guide RNA (sgRNA), a double-stranded RNA
(dsRNA), a ribozyme, and any combination thereof.

Embodiment 59 provides the modified immune cell or precursor cell thereof of any one
of embodiments 54-58, wherein the modified cell is an autologous cell.

Embodiment 60 provides the modified immune cell or precursor cell thereof of any one
of embodiments 54-59, wherein the modified immune cell is derived from peripheral blood
mononuclear cells (PBMCs).
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Embodiment 61 provides the modified immune cell or precursor cell thereof of
embodiment 60, wherein the PBMCs comprise tumor cells.

Embodiment 62 provides the modified immune cell or precursor cell thereof of any one
of embodiments 54-61, wherein the modified immune cell or precursor cell thereof is a cell
isolated from a human subject.

Embodiment 63 provides the moditied immune cell or precursor cell thereof of any one
of embodiments 54-62, wherein the modified immune cell is a modified T cell.

Embodiment 64 provides a method for generating a modified immune cell or precursor
cell thereof, comprising introducing into the immune or precursor cell thereof the nucleic acid of
any one of embodiments 26-50 or the vector of any one of embodiment 51-53.

Embodiment 65 provides the method of embodiment 58, wherein the vector is introduced
via viral transduction.

Embodiment 66 provides a method of treating cancer in a subject in need thereof,
comprising administering to the subject the modified immune or precursor cell of any one of
embodiments 54-63, or a modified immune or precursor cell thereof generated by the method of
embodiment 64 or embodiment 65.

Embodiment 67 provides the method of embodiment 66, wherein the modified cell
depletes CCR4-positive T cells and not CCR4-negative T cells in the subject, thereby treating the
cancer.

Embodiment 68 provides the method of embodiment 66 or 67, wherein the subject has
previously been administered mogamulizumab.

Embodiment 69 provides the method of any one of embodiments 66-68, wherein the
cancer is refractory to mogamulizumab.

Embodiment 70 provides a method of treating cancer in a subject in need thereof,
comprising administering to the subject a modified T cell comprising an anti-CCR4 CAR,
wherein the CAR comprises an anti-CCR4 antigen binding domain, a transmembrane domain,
and an intracellular domain.

Embodiment 71 provides the method of embodiment 70, wherein the anti-CCR4 antigen
binding domain comprises at least one heavy chain variable region (HCDR) comprising the
amino acid sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and
SEQ ID NO: 6.
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Embodiment 72 provides the method of embodiment 70 or embodiment 71, wherein the
anti-CCR4 antigen binding domain comprises at least one light chain variable region (LCDR)
comprising the amino acid sequence selected from the group consisting of SEQ ID NO: 8, SEQ
ID NO: 10, and SEQ ID NO: 12.

Embodiment 73 provides the method of any one of embodiments 70-72, wherein the anti-
CCR4 antigen binding domain is selected from the group consisting of a full length antibody or
antigen-binding fragment thereof, a Fab, a single-chain variable fragment (scFv), or a single-
demain antibody.

Embodiment 74 provides the method of any one of embodiments 70-73, wherein the anti-
CCR4 antigen binding domain is an anti-CCR4 single-chain variable fragment (scFv).

Embodiment 75 provides the method of any one of embodiments 70-74, wherein the anti-
CCR4 antigen binding domain is an anti-CCR4 single-chain variable fragment (scFv) having a
heavy chain and a light chain derived from mogamulizumab.

Embodiment 76 provides the method of any one of embodiments 70-75, wherein the anti-
CCR4 antigen binding domain comprises a heavy chain variable region comprising an amino
acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NO: 112.

Embodiment 77 provides the method of any one of embodiments 70-76, wherein the anti-
CCR4 antigen binding domain comprises a light chain variable region comprising an amino acid
sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 114.

Embodiment 78 provides the method of any one of embodiments 70-77, wherein the anti-
CCR4 antigen binding domain comprises an amino acid sequence at least 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 16.

Embodiment 79 provides the method of any one of the preceding embodiments, wherein
the CAR further comprises a CD8 alpha hinge, optionally wherein the CD8 alpha hinge
comprises the amino acid sequence set forth in SEQ ID NO: 34.

Embodiment 80 provides the method of any one of the preceding embodiments, wherein
the transmembrane domain comprises a transmembrane domain selected from the group
consisting of an artificial hydrophobic sequence, and a transmembrane domain of a type 1
transmembrane protein, an alpha, beta, or zeta chain of a T cell receptor, CD28, CD3 epsilon,

126

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

CD45, CD4, CDS5, CDg, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, OX40
(CD134), 4-1BB (CD137), ICOS, and CD154, or a transmembrane domain derived from a killer
immunoglobulin-like receptor (KIR).

Embodiment 81 provides the method of any one of the preceding embodiments, wherein
the transmembrane domain comprises a CD8 alpha transmembrane domain, optionally wherein
the CD8 alpha transmembrane domain comprises the amino acid sequence set forth in SEQ 1D
NO: 36.

Embodiment 82 provides the method of any one of the preceding embodiments, wherein
the intracellular domain comprises a costimulatory domain and an intracellular signaling domain.

Embodiment 83 provides the method of any one of the preceding embodiments, wherein
the intracellular domain comprises a costimulatory domain of a protein selected from the group
consisting of proteins in the TNFR superfamily, CD28, 4-1BB (CD137), 0X40 (CD134), PD-1,
CD7, LIGHT, CDS3L, DAP10, DAP12, CD27, CD2, CD5, ICAM-1, LFA-1, Lck, TNFR-I,
TNFR-II, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3 (CD276), or a variant thereof, or an
intracellular domain derived from a killer immunoglobulin-like receptor (KIR).

Embodiment 84 provides the method of any one of the preceding embodiments, wherein
the intracellular domain comprises a costimulatory domain of 4-1BB optionally comprising the
amino acid sequence set forth in SEQ ID NO: 38.

Embodiment 85 provides the method of any one of the preceding embodiments, wherein
the intracellular domain comprises an intracellular signaling domain of a protein selected from
the group consisting of a human CD3 zeta chain (CD3(), FeyRIIL, FcsRI, a cytoplasmic tail of an
Fc receptor, an immunoreceptor tyrosine-based activation motif (ITAM) bearing cytoplasmic
receptor, TCR zeta, FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79a,
CD79b, and CD66d, or a variant thereof.

Embodiment 86 provides the method of any one of the preceding embodiments, wherein
the intracellular signaling domain comprises an intracellular signaling domain of CD3{ or a
variant thereof, optionally comprising the amino acid sequence set forth in SEQ ID NO: 40.

Embodiment 87 provides the method of any one of the preceding embodiments, wherein
the CAR comprises an anti-CCR4 antigen binding domain comprising an anti-CCR4 scFv, a
CD38 alpha hinge, a CDS8 alpha transmembrane domain, an intracellular domain comprising a 4-
1BB costimulatory domain and a CD3{ intracellular signaling domain.

127

CA 03207861 2023-8-9



WO 2022/173950 PCT/US2022/015981

Embodiment 88 provides the method of embodiment 87, wherein the CAR further
comprises a CD8 leader sequence, optionally comprising the amino acid sequence set forth in
SEQ ID NO: 32.

Embodiment 89 provides the method of any one of the preceding embodiments, wherein
the CAR comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% identical to any one of SEQ ID NOs: 30, 54, 62, 70, 82, 90, and 102.

Embodiment 90 provides the method of any one of the preceding embodiments, wherein
the CAR is encoded by a nucleotide sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%, or 100% identical to any one of SEQ ID NOs: 29, 53, 61, 69, 81, 89, and 101.

Embodiment 91 provides the method of any one of the preceding embodiments, wherein
the CAR is linked to a safety switch via a self-cleavable linker, and wherein the safety switch
binds a safety switch agent.

Embodiment 92 provides the method of embodiment 91, wherein the safety switch is
selected from: (a) truncated EGFR (EGFRt), wherein the safety switch agent is an anti-EFGR
antibody, optionally cetuximab; (b) CD20, wherein the safety switch agent is an anti-CD20
antibody, optionally rituximab; (¢) inducible caspase 9 (iCasp9), wherein the safety switch agent
is AP1903; and (d) Herpes simplex virus-1 thymidine kinase (HSVTK), wherein the safety
switch agent is ganciclovir (GCV).

Embodiment 93 provides the method of embodiment 91 or embodiment 92, wherein the
CAR is linked to a dominant negative TGFb receptor type 11 (dnTGFbRII) via a self-cleavable
linker.

Embodiment 94 provides the method of embodiment 91 or embodiment 92, wherein the
safety switch is linked to a dominant negative TGEDb receptor type II (dnTGFbRII) via a self-
cleavable linker.

Embodiment 95 provides the method of any one of embodiments 91-94, further
comprising administering the safety switch agent to the subject.

Embodiment 96 provides the method of any one of embodiments 70-95, wherein the
modified T cell depletes CCR4-positive T cells and not CCR4-negative T cells in the subject,
thereby treating the cancer.

Embodiment 97 provides the method of any one of embodiments 70-96, wherein the
modified T cell is derived from PBMCs.
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Embodiment 98 provides the method of embodiment 97, wherein the PBMCs comprise
tumor cells.

Embodiment 99 provides the method of any one of embodiments 70-98, wherein the
modified T cell is a human T cell.

Embodiment 100 provides the method of any one of embodiments 70-99, wherein the
modified T cell is autologous.

Embodiment 101 provides the method of any one of embodiments 70-100, wherein the
subject is human.

Embodiment 102 provides the method of any one of embodiments 70-101, wherein the
subject has previously been administered mogamulizumab.

Embodiment 103 provides the method of any one of embodiments 70-102, wherein the

cancer is refractory to mogamulizumab.

Other Embodiments

The disclosures of each and every patent, patent application, and publication cited herein
are hereby incorporated herein by reference in their entirety. While this invention has been
disclosed with reference to specific embodiments, it is apparent that other embodiments and
variations of this invention may be devised by others skilled in the art without departing from the
true spirit and scope of the invention. The appended claims are intended to be construed to

include all such embodiments and equivalent variations.
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CLAIMS

What is claimed:

CA 03207861 2023-8-9

An anti-CC chemokine receptor 4 (CCR4) chimeric antigen receptor (CAR) comprising
an anti-CCR4 antigen binding domain, a transmembrane domain, and an intracellular

domain.

The CAR of claim 1, wherein the anti-CCR4 antigen binding domain comprises at least
one heavy chain variable region (HCDR) comprising the amino acid sequence selected

from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 6.

The CAR of claim 1 or claim 2, wherein the anti-CCR4 antigen binding domain
comprises at least one light chain variable region (LCDR) comprising the amino acid
sequence selected from the group consisting of SEQ ID NO: 8, SEQ ID NO: 10, and SEQ
ID NO: 12.

The CAR of any one of claims 1-3, wherein the anti-CCR4 antigen binding domain is
selected from the group consisting of a full length antibody or antigen-binding fragment

thereof, a Fab, a single-chain variable fragment (scFv), or a single-domain antibody.

The CAR of any one of claims 1-4, wherein the anti-CCR4 antigen binding domain is an

anti-CCR4 single-chain variable fragment (scFv).

The CAR of any one of claims 1-5, wherein the anti-CCR4 antigen binding domain is an
anti-CCR4 single-chain variable fragment (scFv) having a heavy chain and a light chain

derived from mogamulizumab.
The CAR of any one of claims 1-6, wherein the anti-CCR4 antigen binding domain
comprises a heavy chain variable region comprising an amino acid sequence at least 80%,

85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 112.

130



10.

I1.

12.

13.

14.

CA 03207861 2023-8-9

WO 2022/173950 PCT/US2022/015981

The CAR of any one of claims 1-7, wherein the anti-CCR4 antigen binding domain
comprises a light chain variable region comprising an amino acid sequence at least 80%,

85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 114.

The CAR of any one of claims 1-8, wherein the anti-CCR4 antigen binding domain
comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NO: 16.

The CAR of any one of the preceding claims, wherein the CAR further comprises a CD8
alpha hinge, optionally wherein the CD8 alpha hinge comprises the amino acid sequence

set forth in SEQ ID NO: 34.

The CAR of any one of the preceding claims, wherein the transmembrane domain
comprises a transmembrane domain selected from the group consisting of an artificial
hydrophobic sequence, and a transmembrane domain of a type I transmembrane protein,
an alpha, beta, or zeta chain of a T cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5,
CD8, CD9, CDI16, CD22, CD33, CD37, CD64, CD80, CD86, OX40 (CD134), 4-1BB
(CD137), ICOS, and CD154, or a transmembrane domain derived from a killer

immunoglobulin-like receptor (KIR).

The CAR of any one of the preceding claims, wherein the transmembrane domain
comprises a CD8 alpha transmembrane domain, optionally wherein the CD8 alpha

transmembrane domain comprises the amino acid sequence set forth in SEQ 1D NO: 36.

The CAR of any one of the preceding claims, wherein the intracellular domain comprises

a costimulatory domain and an intracellular signaling domain.

The CAR of any one of the preceding claims, wherein the intracellular domain comprises

a costimulatory domain of a protein selected from the group consisting of proteins in the

TNFR superfamily, CD28, 4-1BB (CD137), 0X40 (CD134), PD-1, CD7, LIGHT,

CDS3L, DAP10, DAP12, CD27, CD2, CD5, ICAM-1, LFA-1, Lck, TNFR-I, TNFR-II,
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Fas, CD30, CD40, ICOS, NKG2C, and B7-H3 (CD276), or a variant thereof, or an

intracellular domain derived from a killer immunoglobulin-like receptor (KIR).

The CAR of any one of the preceding claims, wherein the intracellular domain comprises
a costimulatory domain of 4-1BB optionally comprising the amino acid sequence set

forth in SEQ 1D NO: 38.

The CAR of any one of the preceding claims, wherein the intracellular domain comprises
an intracellular signaling domain of a protein selected from the group consisting of a
human CD3 zeta chain (CD3(), FcyRIII, FcsRI1, a cytoplasmic tail of an Fc receptor, an
immunoreceptor tyrosine-based activation motif (ITAM) bearing cytoplasmic receptor,
TCR zeta, FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79a,
CD79b, and CD66d, or a variant thereof.

The CAR of any one of the preceding claims, wherein the intracellular signaling domain
comprises an intracellular signaling domain of CD3( or a variant thereof, optionally

comprising the amino acid sequence set forth in SEQ ID NO: 40.

The CAR of any one of the preceding claims, wherein the CAR comprises an anti-CCR4
antigen binding domain comprising an anti-CCR4 scFv, a CD8 alpha hinge, a CD8 alpha
transmembrane domain, an intracellular domain comprising a 4-1BB costimulatory

domain and a CD3( intracellular signaling domain.

The CAR of claim 18, wherein the CAR further comprises a CD8 leader sequence,
optionally comprising the amino acid sequence set forth in SEQ ID NO: 32.

The CAR of any one of the preceding claims, wherein the CAR comprises an amino acid

sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to any
one of SEQ ID NOs: 30, 54, 62, 70, 82, 90, and 102.
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21. The CAR of any one of the preceding claims, wherein the CAR is encoded by a
nucleotide sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to any one of SEQ ID NOs: 29, 53, 61, 69, 81, 89, and 101.

22 The CAR of any one of the preceding claims, wherein the CAR is linked to a safety
switch via a self-cleavable linker, and wherein the safety switch binds a safety switch

agent.

23. The CAR of claim 22, wherein the safety switch is selected from:

(a) truncated EGFR (EGFRt), wherein the safety switch agent is an anti-EFGR
antibody, optionally cetuximab;

() CD20, wherein the safety switch agent is an anti-CD20 antibody, optionally
rituximab;

(©) inducible caspase 9 (iCasp9), wherein the safety switch agent is AP1903; and

(d) Herpes simplex virus-1 thymidine kinase (HSVTK), wherein the safety switch
agent is ganciclovir (GCV).

24, The CAR of claim 22 or claim 23, wherein the CAR is linked to a dominant negative
TGFb receptoer type II (AnTGFbRII) via a self-cleavable linker.

25. The CAR of claim 22 or claim 23, wherein the safety switch is linked to a dominant
negative TGFb receptor type 1l (dnTGFbRII) via a self-cleavable linker.

26. A nucleic acid comprising a polynucleotide sequence encoding an anti-CCR4 CAR,
wherein the CAR comprises an anti-CCR4 antigen binding domain, a transmembrane
domain, and an intracellular domain.

27. The nucleic acid of claim 26, wherein the anti-CCR4 antigen binding domain comprises
at least one heavy chain variable region (HCDR) comprising the amino acid sequence

selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 6.
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The nucleic acid of claim 25 or claim 27, wherein the anti-CCR4 antigen binding domain
comprises at least one light chain variable region (LCDR) comprising the amino acid
sequence selected from the group consisting of SEQ ID NO: 8, SEQ ID NO: 10, and SEQ
ID NO: 12.

The nucleic acid of any one of claims 26-28, wherein the anti-CCR4 antigen binding
domain is selected from the group consisting of a full length antibody or antigen-binding
fragment thereof, a Fab, a single-chain variable fragment (scFv), or a single-domain

antibody.

The nucleic acid of any one of claims 26-29, wherein the anti-CCR4 antigen binding

domain is an anti-CCR4 single-chain variable fragment (scFv).

The nucleic acid of any one of claims 26-30, wherein the anti-CCR4 antigen binding
domain is an anti-CCR4 single-chain variable fragment (scFv) having a heavy chain and

a light chain derived from mogamulizumab.

The nucleic acid of any one of claims 26-31, wherein the anti-CCR4 antigen binding
domain comprises a heavy chain variable region comprising an amino acid sequence at
least 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or 100% identical to SEQ ID NO:
112.

The nucleic acid of any one of claims 26-32, wherein the anti-CCR4 antigen binding
domain comprises a light chain variable region comprising an amino acid sequence at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO:
114.

The nucleic acid of any one of claims 26-33, wherein the anti-CCR4 antigen binding
domain comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,

98%, 99%, or 100% identical to SEQ ID NO: 16.
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The nucleic acid of any one of the preceding claims, wherein the CAR further comprises
a CD8 alpha hinge, optionally wherein the CD8 alpha hinge comprises the amino acid
sequence set forth in SEQ ID NO: 34.

The nucleic acid of any one of the preceding claims, wherein the transmembrane domain
comprises a transmembrane domain selected from the group consisting of an artificial
hydrophobic sequence, and a transmembrane domain of a type I transmembrane protein,
an alpha, beta, or zeta chain of a T cell recepter, CD28, CD3 epsilon, CD45, CD4, CDS,
CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, OX40 (CD134), 4-1BB
(CD137), ICOS, and CD154, or a transmembrane domain derived from a killer
immunoglobulin-like receptor (KIR).

The nucleic acid of any one of the preceding claims, wherein the transmembrane domain
comprises a CD8 alpha transmembrane domain, optionally wherein the CD8 alpha

transmembrane domain comprises the amino acid sequence set forth in SEQ ID NO: 36.

The nucleic acid of any one of the preceding claims, wherein the intracellular domain

comprises a costimulatory domain and an intracellular signaling domain.

The nucleic acid of any one of the preceding claims, wherein the intracellular domain
comprises a costimulatory domain of a protein selected from the group consisting of
proteins in the TNFR superfamily, CD28, 4-1BB (CD137), 0X40 (CD134), PD-1, CD7,
LIGHT, CD83L, DAP10, DAP12, CD27, CD2, CDS, ICAM-1, LFA-1, Lck, TNFR-L,
TNFR-II, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3 (CD276), or a variant thereof,

or an intracellular domain derived from a killer immunoglobulin-like receptor (KIR).
The nucleic acid of any one of the preceding claims, wherein the intracellular domain

comprises a costimulatory domain of 4-1BB optionally comprising the amino acid

sequence set forth in SEQ ID NO: 38.
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The nucleic acid of any one of the preceding claims, wherein the intracellular domain
comprises an intracellular signaling domain of a protein selected from the group
consisting of a human CD3 zeta chain (CD3{), FcyRIII, FcsRI, a cytoplasmic tail of an
Fc receptor, an immunoreceptor tyrosine-based activation motif (ITAM) bearing
cytoplasmic receptor, TCR zeta, FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon,
CD5, CD22, CD79a, CD79b, and CD66d, or a variant thereof.

The nucleic acid of any one of the preceding claims, wherein the intracellular signaling
domain comprises an intracellular signaling domain of CD3( or a variant thereof,

optionally comprising the amino acid sequence set forth in SEQ ID NO: 40.

The nucleic acid of any one of the preceding claims, wherein the CAR comprises an anti-
CCR4 antigen binding domain comprising an anti-CCR4 scFv, a CD8 alpha hinge, a CD8
alpha transmembrane domain, an intracellular domain comprising a 4-1BB costimulatory

domain and a CD3( intracellular signaling domain.

The nucleic acid of claim 43, wherein the CAR further comprises a CD8 leader sequence,

optionally comprising the amino acid sequence set forth in SEQ ID NO: 32.

The nucleic acid of any one of the preceding claims, wherein the CAR comprises an
amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to any one of SEQ ID NOs: 30, 54, 62, 70, 82, 90, and 102.

The nucleic acid of any one of the preceding claims, wherein the CAR is encoded by a
nucleotide sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to any one of SEQ ID NOs: 29, 53, 61, 69, 81, 89, and 101.

The nucleic acid of any one of the preceding claims, wherein the CAR is linked to a

safety switch via a self-cleavable linker, and wherein the safety switch binds a safety

switch agent.
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48. The nucleic acid of claim 47, wherein the safety switch is selected from:

(a) truncated EGFR (EGFRt), wherein the safety switch agent is an anti-EFGR
antibody, optionally cetuximab;

(b) CD20, wherein the safety switch agent is an anti-CD20 antibody, optionally
rituximab;

© inducible caspase 9 (iCasp9), wherein the safety switch agent is AP1903; and

(d) Herpes simplex virus-1 thymidine kinase (HSV'TK), wherein the safety switch
agent is ganciclovir (GCV).

49, The nucleic acid of claim 47 or claim 48, wherein the CAR is linked to a dominant

negative TGFb receptor type II (dnTGFbRII) via a self-cleavable linker.

50. The nucleic acid of claim 47 or claim 48, wherein the safety switch is linked to a

dominant negative TGFb receptor type II (dnTGFbRII) via a self-cleavable linker.

51. A vector comprising the nucleic acid of any one of claims 26-50.

52. The vector of claim 51, wherein the vector is a viral vector selected from the group
consisting of a retroviral vector, a lentiviral vector, an adenoviral vector, and an adeno-

associated viral vector.

53. The vector of claim 52, wherein the viral vector is a lentiviral vector.

54. A moditied immune cell or precursor cell thereof, comprising the CAR of any one of
claims 1-25, the nucleic acid of any one of claims 26-50, and/or the vector of any one of

claims 51-53.

55. The modified immune cell or precursor cell thereof of claim 54, further comprising one
or more of the following;
(@) a CCR4 null knockout allele;
(b) suppressed CCR4 gene expression; and
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(©) a fusion protein comprising an anti-CCR4 scFv and a KDEL motif and/or a

nucleic acid encoding the fusion protein.

The modified immune cell or precursor cell thereof of claim 55, wherein the CCR4 null
knockout allele or suppressed CCR4 gene expression is obtained via a genetic
engineering technique comprising a nuclease selected from the group consisting of a
clustered regularly interspaced short palindromic repeats (CRISPR) associated nuclease,

a transcription activator-like effector nuclease ('ALEN), and a zin¢-finger nuclease.

The modified immune cell or precursor cell thereof of claim 55 or 56, further comprising

an inhibitory RNA molecule which suppresses CCR4 gene expression.

The modified immune cell or precursor cell thereof of claim 57, wherein the inhibitory
RNA molecule is selected from the group consisting of: an RNA interference (RNAi)
RNA, a short hairpin RNA (shRNA), a small interfering RNA (siRNA), a trans-acting
siRNA (tasiRNA), a micro RNA (miRNA), an antisense RNA (asRNA), a long
noncoding RNA (IncRNA), a CRISPR RNA (¢crRNA), a trans-activating crRNA
(tractrRNA), a guide RNA (gRNA), a single guide RNA (sgRNA), a double-stranded
RNA (dsRNA), a ribozyme, and any combination thereof.

The modified immune cell or precursor cell thereof of any one of claims 54-58, wherein

the modified cell is an autologous cell.

The modified immune cell or precursor cell thereof of any one of claims 54-59, wherein

the modified immune cell is derived from peripheral blood mononuclear cells (PBMCs).

The modified immune cell or precursor cell thereof of claim 60, wherein the PBMCs

comprise tumor cells.
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The modified immune cell or precursor cell thereof of any one of claims 54-61, wherein
the modified immune cell or precursor cell thereof is a cell isolated from a human

subject.

The modified immune cell or precursor cell thereof of any one of claims 54-62, wherein

the modified immune cell is a modified T cell.

A method for generating a modified immune cell or precursor cell thereof, comprising
introducing into the immune or precursor cell thereof the nucleic acid of any one of

claims 26-50 or the vector of any one of claim 51-53.

The method of claim 58, wherein the vector is introduced via viral transduction.

A method of treating cancer in a subject in need thereof, comprising administering to the
subject the modified immune or precursor cell of any one of claims 54-63, or a modified

immune or precursor cell thereof generated by the method of claim 64 or claim 65.

The method of claim 66, wherein the modified cell depletes CCR4-positive T cells and

not CCR4-negative T cells in the subject, thereby treating the cancer.

The method of claim 66 or 67, wherein the subject has previously been administered

mogamulizumab.

The method of any one of claims 66-68, wherein the cancer is refractory to

mogamulizumab.

A method of treating cancer in a subject in need thereof, comprising administering to the
subject a modified T cell comprising an anti-CCR4 CAR, wherein the CAR comprises an
anti-CCR4 antigen binding domain, a transmembrane domain, and an intracellular

domain.
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71. The method of claim 70, wherein the anti-CCR4 antigen binding domain comprises at
least one heavy chain variable region (HCDR) comprising the amino acid sequence

selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, and SEQ ID NO: 6.

72. The method of claim 70 or claim 71, wherein the anti-CCR4 antigen binding domain
comprises at least one light chain variable region (LCDR) comprising the amino acid
sequence selected from the group consisting of SEQ ID NO: 8, SEQ ID NO: 10, and SEQ
ID NO: 12.

73. The method of any one of claims 70-72, wherein the anti-CCR4 antigen binding domain
is selected from the group consisting of a full length antibody or antigen-binding
fragment thereof, a Fab, a single-chain variable fragment (scFv), or a single-domain

antibody.

74. The method of any one of claims 70-73, wherein the anti-CCR4 antigen binding domain

is an anti-CCR4 single-chain variable fragment (scFv).

75. The method of any one of claims 70-74, wherein the anti-CCR4 antigen binding domain
is an anti-CCR4 single-chain variable fragment (scFv) having a heavy chain and a light

chain derived from mogamulizumab.

76. The method of any one of claims 70-75, wherein the anti-CCR4 antigen binding domain
comprises a heavy chain variable region comprising an amino acid sequence at least 80%o,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 112.

77 The method of any one of claims 70-76, wherein the anti-CCR4 antigen binding domain

comprises a light chain variable region comprising an amino acid sequence at least 80%,

85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 114.
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The method of any one of claims 70-77, wherein the anti-CCR4 antigen binding domain
comprises an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NO: 16.

The method of any one of the preceding claims, wherein the CAR further comprises a
CDS8 alpha hinge, optionally wherein the CD8 alpha hinge comprises the amino acid
sequence set forth in SEQ ID NO: 34.

The method of any one of the preceding claims, wherein the transmembrane domain
comprises a transmembrane domain selected from the group consisting of an artificial
hydrophobic sequence, and a transmembrane domain of a type I transmembrane protein,
an alpha, beta, or zeta chain of a T cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5,
CDS8, CD9, CDIl6, CD22, CD33, CD37, CDo64, CD80, CD86, OX40 (CD134), 4-1BB
(CD137), ICOS, and CD154, or a transmembrane domain derived from a killer

immunoglobulin-like receptor (KIR).

The method of any one of the preceding claims, wherein the transmembrane domain
comprises a CD8 alpha transmembrane domain, optionally wherein the CD8 alpha

transmembrane domain comprises the amino acid sequence set forth in SEQ 1D NO: 36.

The method of any one of the preceding claims, wherein the intracellular domain

comprises a costimulatory domain and an intracellular signaling domain.

The method of any one of the preceding claims, wherein the intracellular domain
comprises a costimulatory domain of a protein selected from the group consisting of
proteins in the TNFR superfamily, CD28, 4-1BB (CD137), 0X40 (CD134), PD-1, CD7,
LIGHT, CD83L, DAP10, DAP12, CD27, CD2, CD5, ICAM-1, LFA-1, Lck, TNFR-I,
TNFR-II, Fas, CD30, CD40, ICOS, NKG2C, and B7-H3 (CD276), or a variant thereof,

or an intracellular domain derived from a killer immunoglobulin-like receptor (KIR).
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84, The method of any one of the preceding claims, wherein the intracellular domain
comprises a costimulatory domain of 4-1BB optionally comprising the amino acid

sequence set forth in SEQ ID NO: 38.

85. The method of any one of the preceding claims, wherein the intracellular domain
comprises an intracellular signaling domain of a protein selected from the group
consisting of a human CD3 zeta chain (CD3(), FcyRI1l, FcsRI, a cytoplasmic tail of an
Fc receptor, an immunoreceptor tyrosine-based activation motif (I TAM) bearing
cytoplasmic receptor, TCR zeta, FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon,
CD5, CD22, CD79%9a, CD79b, and CD66d, or a variant thereof.

80. The method of any one of the preceding claims, wherein the intracellular signaling
domain comprises an intracellular signaling domain of CD3( or a variant thereof,

optionally comprising the amino acid sequence set forth in SEQ ID NO: 40.

87. The method of any one of the preceding claims, wherein the CAR comprises an anti-
CCR4 antigen binding domain comprising an anti-CCR4 scFv, a CD8 alpha hinge, a CD8
alpha transmembrane domain, an intracellular domain comprising a 4-1BB costimulatory

domain and a CD3( intracellular signaling domain.

88. The method of claim 87, wherein the CAR further comprises a CD8 leader sequence,
optionally comprising the amino acid sequence set forth in SEQ ID NO: 32.

89. The method of any one of the preceding claims, wherein the CAR comprises an amino
acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
any one of SEQ ID NOs: 30, 54, 62, 70, 82, 90, and 102.

90. The method of any one of the preceding claims, wherein the CAR is encoded by a
nucleotide sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%

identical to any one of SEQ ID NOs: 29, 53, 61, 69, 81, 89, and 101.
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The method of any one of the preceding claims, wherein the CAR is linked to a safety
switch via a self-cleavable linker, and wherein the safety switch binds a safety switch

agent.

The method of claim 91, wherein the safety switch is selected from:

(a) truncated EGFR (EGFRt), wherein the safety switch agent is an anti-EFGR
antibody, optionally cetuximab;

(b) CD20, wherein the safety switch agent is an anti-CD20 antibody, optionally
rituximab;

(©) inducible caspase 9 (iCasp9), wherein the safety switch agent 1s AP1903; and

(d) Herpes simplex virus-1 thymidine kinase (HSVTK), wherein the safety switch
agent is ganciclovir (GCV).

The method of claim 91 or claim 92, wherein the CAR is linked to a dominant negative

TGFb receptor type II (dAnTGFbRII) via a self-cleavable linker.

The method of claim 91 or claim 92, wherein the safety switch is linked to a dominant

negative TGFb receptor type II (dnTGFbRII) via a self-cleavable linker.

The method of any one of claims 91-94, further comprising administering the safety

switch agent to the subject.

The method of any one of claims 70-95, wherein the modified T cell depletes CCR4-

positive T cells and not CCR4-negative T cells in the subject, thereby treating the cancer.

The method of any one of claims 70-96, wherein the modified T cell is derived from

PBMCs.

The method of claim 97, wherein the PBMCs comprise tumor cells.

The method of any one of claims 70-98, wherein the modified T cell is a human T cell.
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100. The method of any one of claims 70-99, wherein the modified T cell is

autologous.

101. The method of any one of claims 70-100, wherein the subject is human.

102. The method of any one of claims 70-101, wherein the subject has previously been

administered mogamulizumab.

103. The method of any one of claims 70-102, wherein the cancer is refractory to

mogamulizumab.
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