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ANTIGEN RECOGNIZING RECEPTORS TARGETING CD33 AND USES THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional Patent Application No.
63/306,395, filed on February 2, 2022, and U.S. Provisional Patent Application No. 63/240,196,
filed on September 2, 2021, the contents of which are incorporated by reference in their entireties,
and to which priority is claimed.

SEQUENCE LISTING

The present application contains a Sequence Listing which has been submitted via EFS-
Web and is hereby incorporated by reference in its entirety. Said Sequence Listing, created on
August 31, 2022, is named 0727341387 xml and is 164,036 bytes in size.
1. INTRODUCTION

The presently disclosed subject matter provides methods and compositions for
immunotherapies. It relates to antigen-recognizing receptors (e.g., chimeric antigen receptors
(CARSs)) that specifically target CD33, cells comprising such receptors, and methods of using such
cells for treatments.

2. BACKGROUND OF THE INVENTION

Acute myeloid leukemia (AML) is the most common and most lethal form of acute
leukemia in the United States. For the last four decades, the standard of care has been
chemotherapy with the recent addition of a CD33 antibody-drug conjugate (ADC) and targeted
small molecules to the armamentarium. Despite these new additions, AML continues to be a
devastating disease with a 5-year survival of less than 30%. Hence, there is a critical need for
novel AML interventions.

Over the last decade, CAR T cells have emerged as one of the most potent forms of
immunotherapy. Although many groups have deployed this technology to the treatment of AML
via the targeting of CD33, one major obstacle remains: the heterogeneous density of this antigen
within and between patient populations. This is of great importance as it has been demonstrated
that CAR T cell efficacy correlates with antigen density and that a reduction, rather than a total
loss of antigen surface expression, is a mechanism of CAR T cell immune escape. To overcome
this, membrane-proximal epitope targeting has emerged as a strategy to bolster CAR T cell
efficacy, leading to increasing overall CAR T cell potency, and the ability of effector cells to
recognize low antigen density variants. As a result, developing a CAR T cell that targets a
membrane-proximal epitope of CD33 would allow for enhanced elimination of disease with
varying CD33 expression including splice variants that may lack the membrane-distal domain, a

target of all currently known antibodies.
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3. SUMMARY OF THE INVENTION

The presently disclosed subject matter provides antigen-recognizing receptors that
specifically target CD33 and cells comprising such CD33-targeted antigen-recognizing receptors.
The presently disclosed subject matter further provides uses of the CD33-targeted antigen-
recognizing receptors for treatment.

The presently disclosed subject matter provides an antigen-recognizing receptor,
comprising an extracellular antigen-binding domain, a transmembrane domain, and an
intracellular signaling domain, wherein the extracellular antigen-binding domain specifically
binds to CD33. In certain embodiments, the extracellular antigen-binding domain comprises a
heavy chain variable region and a light chain variable region. In certain embodiments, the
extracellular antigen-binding domain is a single-chain variable fragment (scFv). In certain
embodiments, the variable regions are positioned from the N- to the C-terminus: Vug-VL. In certain
embodiments, the extracellular antigen-binding domain is a human scFv. In certain embodiments,
the extracellular antigen-binding domain is a Fab, which is optionally crosslinked. In certain
embodiments, the extracellular antigen-binding domain is a F(ab)>. In certain embodiments, one
or more of the scFv, Fab and F(ab); are comprised in a fusion protein with a heterologous sequence
to form the extracellular antigen-binding domain.

In certain embodiments, the heavy chain variable region comprises

(a) a CDRI1 comprising the amino acid sequence set forth in SEQ ID NO: 2 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 3 or a conservative modification thereof, and a CDR3 comprising the amino acid sequence
set forth in SEQ ID NO: 4 or a conservative modification thereof;

(b) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 12 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 13 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 14 or a conservative modification thereof;

(c) a CDRI1 comprising the amino acid sequence set forth in SEQ ID NO: 22 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 23 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 24 or a conservative modification thereof;

(d) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 32 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 33 or a conservative modification thereof, and a CDR3 comprising the amino acid

sequence set forth in SEQ ID NO: 34 or a conservative modification thereof;
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(e) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 37 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 38 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 39 or a conservative modification thereof;

(f) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 47 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 38 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 48 or a conservative modification thereof;

(g) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 56 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 57 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 58 or a conservative modification thereof;

(h) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 66 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 67 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 68 or a conservative modification thereof;

(1) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 76 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 57 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 77 or a conservative modification thereof;, or

(j) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 85 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 86 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 87 or a conservative modification thereof.

In certain embodiments, the heavy chain variable region comprises:

(a) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 2 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 3 or a conservative modification thereof, and a CDR3 comprising the amino acid sequence
set forth in SEQ ID NO: 4 or a conservative modification thereof;

(b) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 12 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 13 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 14 or a conservative modification thereof;, or

(¢) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 22 or a

conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
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ID NO: 23 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 24 or a conservative modification thereof.

In certain embodiments, the light chain variable region comprises:

(a) a CDRI1 comprising the amino acid sequence set forth in SEQ ID NO: 5 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 6 or a conservative modification thereof, and a CDR3 comprising the amino acid sequence
set forth in SEQ ID NO: 7 or a conservative modification thereof;

(b) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 15 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 16 or a conservative modification thereof, and a CDR3 comprising SEQ ID NO: 17 or a
conservative modification thereof;,

(c) a CDRI1 comprising the amino acid sequence set forth in SEQ ID NO: 25 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 26 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 27 or a conservative modification thereof;

(d) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 40 or a
conservative modification thereof, a CDR2 comprising SEQ ID NO: 41 or a conservative
modification thereof, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO:
42 or a conservative modification thereof;

(e) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 49 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 50 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 51 or a conservative modification thereof;

(f) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 59 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 60 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 61 or a conservative modification thereof;

(g) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 69 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 70 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 71 or a conservative modification thereof;

(h) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 78 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 79 or a conservative modification thereof, and a CDR3 comprising the amino acid

sequence set forth in SEQ ID NO: 80 or a conservative modification thereof;, or
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(1) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 5 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 41 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 42 or a conservative modification thereof.

In certain embodiments, the light chain variable region comprises:

(a) a CDRI1 comprising the amino acid sequence set forth in SEQ ID NO: 5 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 6 or a conservative modification thereof, and a CDR3 comprising the amino acid sequence
set forth in SEQ ID NO: 7 or a conservative modification thereof;

(b) a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 15 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 16 or a conservative modification thereof, and a CDR3 comprising SEQ ID NO: 17 or a
conservative modification thereof;,

(c) a CDRI1 comprising the amino acid sequence set forth in SEQ ID NO: 25 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 26 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 27 or a conservative modification thereof.

In certain embodiments,

(a) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 2, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO:
3, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 4; and the light chain
variable region comprises a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
5, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 6, and a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 7,

(b) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 12, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 13, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 14; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 15, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 16, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 17,

(c) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 22, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 23, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 24; and the

light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
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SEQ ID NO: 25, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 26, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 27,

(d) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 32, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 33, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 34; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 25, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 26, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 27,

(e) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 37, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 38, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 39; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 40, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 41, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 42;

(f) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 47, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 38, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 48; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 49, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 50, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 51,

(g) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 56, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 57, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 58; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 59, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 60, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 61,

(h) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 66, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 67, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 68; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 69, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 70, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 71,

(1) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 76, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 57, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 77; and the
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light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 78, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 79, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 80; or

(j) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 85, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 86, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 87; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 5, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 41, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 42.

In certain embodiments,

(a) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 2, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO:
3, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 4; and the light chain
variable region comprises a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
5, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 6, and a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 7,

(b) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 12, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 13, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 14; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 15, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 16, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 17; or

(c) the heavy chain variable region comprises a CDR1 comprising the amino acid sequence
set forth in SEQ ID NO: 22, a CDR2 comprising the amino acid sequence set forth in SEQ ID
NO: 23, and a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 24; and the
light chain variable region comprises a CDR1 comprising the amino acid sequence set forth in
SEQ ID NO: 25, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 26, and a
CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 27.

In certain embodiments, the heavy chain variable region comprises an amino acid
sequence that is at least about 80%, about 81%, about 82%, about 83%, about 84%, about 85%,
about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98% or about 99% homologous or identical
to the amino acid sequence set forth in SEQ ID NO: 8, SEQ ID NO: 18, SEQ ID NO: 28, SEQ ID
NO: 35, SEQ ID NO: 43, SEQ ID NO: 52, SEQ ID NO: 62, SEQ ID NO: 72, SEQ ID NO: 81, or

SEQ ID NO: 88. In certain embodiments, the heavy chain variable region comprises the amino
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acid sequence set forth in SEQ ID NO: 8, SEQ ID NO: 18, SEQ ID NO: 28, SEQ ID NO: 35, SEQ
ID NO: 43, SEQ ID NO: 52, SEQ ID NO: 62, SEQ ID NO: 72, SEQ ID NO: 81, or SEQ ID NO:
88. In certain embodiments, the heavy chain variable region comprises the amino acid sequence
set forth in SEQ ID NO: 8, SEQ ID NO: 18, or SEQ ID NO: 28.

In certain embodiments, the light chain variable region comprises an amino acid sequence
that 1s at least about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%,
about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98% or about 99% homologous or identical to the amino
acid sequence set forth in SEQ ID NO: 9, SEQ ID NO: 19, SEQ ID NO: 29, SEQ ID NO: 44, SEQ
ID NO: 53, SEQ ID NO: 63, SEQ ID NO: 73, SEQ ID NO: 82, SEQ ID NO: 89, or SEQ ID NO:
92. In certain embodiments, the light chain variable region comprises the amino acid sequence
set forth in SEQ ID NO: 9, SEQ ID NO: 19, SEQ ID NO: 29, SEQ ID NO: 44, SEQ ID NO: 53,
SEQID NO: 63, SEQ ID NO: 73, SEQ ID NO: 82, SEQ ID NO: 89, or SEQ ID NO: 92. In certain
embodiments, the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 9, SEQ ID NO: 19, or SEQ ID NO: 29.

In certain embodiments, (a) the heavy chain variable region comprises an amino acid
sequence that is at least about 80%, about 81%, about 82%, about 83%, about 84%, about 85%,
about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98% or about 99% homologous or identical
to the amino acid sequence selected set forth in SEQ ID NO: 8, SEQ ID NO: 18, SEQ ID NO: 28,
SEQ ID NO: 35, SEQ ID NO: 43, SEQ ID NO: 52, SEQ ID NO: 62, SEQ ID NO: 72, SEQ ID
NO: 81, or SEQ ID NO: 88; and (b) the light chain variable region comprises an amino acid
sequence that is at least about 80%, about 81%, about 82%, about 83%, about 84%, about 85%,
about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98% or about 99% homologous or identical
to the amino acid sequence set forth in SEQ ID NO: 9, SEQ ID NO: 19, SEQ ID NO: 29, SEQ ID
NO: 44, SEQ ID NO: 53, SEQ ID NO: 63, SEQ ID NO: 73, SEQ ID NO: 82, SEQ ID NO: 89, or
SEQ ID NO: 92.

In certain embodiments, (a) the heavy chain variable region comprises the amino acid
sequence set forth in SEQ ID NO: 8, SEQ ID NO: 18, SEQ ID NO: 28, SEQ ID NO: 35, SEQ ID
NO: 43, SEQ ID NO: 52, SEQ ID NO: 62, SEQ ID NO: 72, SEQ ID NO: 81, or SEQ ID NO: 88;
and (b) the light chain variable region comprises the amino acid sequence set forth in SEQ ID NO:
9, SEQ ID NO: 19, SEQ ID NO: 29, SEQ ID NO: 44, SEQ ID NO: 53, SEQ ID NO: 63, SEQ ID
NO: 73, SEQ ID NO: 82, SEQ ID NO: 89, or SEQ ID NO: 92. In certain embodiments, (a) the
heavy chain variable region comprises the amino acid sequence set forth in SEQ ID NO: 8, SEQ
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ID NO: 18, or SEQ ID NO: 28; and (b) the light chain variable region comprises the amino acid
sequence set forth in SEQ ID NO: 9, SEQ ID NO: 19, or SEQ ID NO: 29.

In certain embodiments,

(a) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 8, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 9;

(b) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 18, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 19;

(c) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 28, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 29;

(d) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 35, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 29;

(e) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 43, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 44;

(f) the heavy chain variable region comprises the amino acid sequence set forth in SEQ ID
NO: 52, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 53;

(g) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 62, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 63;

(h) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 72, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 73;

(1) the heavy chain variable region comprises the amino acid sequence set forth in SEQ ID
NO: 81, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 82;

(j) the heavy chain variable region comprises the amino acid sequence set forth in SEQ ID
NO: 88, and the light chain variable region comprises the amino acid sequence set forth in SEQ

ID NO: 89; or
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(k) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 8, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 93.

In certain embodiments,

(a) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 8, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 9;

(b) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 18, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 19; or

(c) the heavy chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 28, and the light chain variable region comprises the amino acid sequence set forth in SEQ
ID NO: 29.

In certain embodiments, the extracellular antigen-binding domain comprises a linker
between the heavy chain variable region and the light chain variable region. In certain
embodiments, the linker comprises or consists of the amino acid sequence set forth in SEQ ID
NO: 95, SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO: 99, or SEQ ID NO: 100.
In certain embodiments, a signal peptide is covalently joined to the 5’ terminus of the extracellular
antigen-binding domain.

In certain embodiments, the transmembrane domain comprises a CD8 polypeptide, a
CD28 polypeptide, a CD3( polypeptide, a CD4 polypeptide, a 4-1BB polypeptide, an OX40
polypeptide, an ICOS polypeptide, a CTLA-4 polypeptide, a PD-1 polypeptide, a LAG-3
polypeptide, a 2B4 polypeptide, a BTLA polypeptide, or a combination thereof.

In certain embodiments, the intracellular signaling domain comprises a CD3( polypeptide.
In certain embodiments, the intracellular signaling domain further comprises at least one co-
stimulatory signaling region. In certain embodiments, the at least one co-stimulatory signaling
region comprises a CD28 polypeptide, a 4-1BB polypeptide, an OX40 polypeptide, an ICOS
polypeptide, a DAP-10 polypeptide, or a combination thereof.

In certain embodiments, the antigen-recognizing receptor is a chimeric antigen receptor
(CAR), or a T-cell like fusion protein. In certain embodiments, the antigen-recognizing receptor
isa CAR.

In certain embodiments, the antigen-recognizing receptor is recombinantly expressed. In
certain embodiments, the antigen-recognizing receptor is expressed from a vector. In certain

embodiments, the vector is a y-retroviral vector.
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The presently disclosed subject matter provides cells comprises a presently disclosed
antigen-recognizing receptor. In certain embodiments, the cell is transduced with the antigen-
recognizing receptor. In certain embodiment, the antigen-recognizing receptor is constitutively
expressed on the surface of the cell.

In certain embodiments, the cell is an immunoresponsive cell. In certain embodiments,
the cell is a cell of the lymphoid lineage or a cell of the myeloid lineage. In certain embodiments,
the cell is selected from the group consisting of a T cell, a Natural Killer (NK) cell, and a stem
cell from which lymphoid cells may be differentiated. In certain embodiments, the cell is a T cell.
In certain embodiments, the T cell is a cytotoxic T lymphocyte (CTL) or a regulatory T cell. In
certain embodiments, the stem cell is a pluripotent stem cell. In certain embodiments, the
pluripotent stem cell is an embryoid stem cell or an induced pluripotent stem cell.

The presently disclosed subject matter further provides nucleic acid that encode a presently
disclosed antigen-recognizing receptor. The presently disclosed subject matter further provides
vectors comprising the presently disclosed nucleic acid molecules. In certain embodiments, the
vector is a viral vector. In certain embodiments, the vector is a y-retroviral vector.

In addition, the presently disclosed subject matter provides host cells expressing the
nucleic acid molecule disclosed herein. In certain embodiments, the host cell is a T cell.

The presently disclosed subject matter further provides compositions comprising the cells
disclosed herein. In certain embodiments, the composition is a pharmaceutical composition further
comprising a pharmaceutically acceptable carrier.

The presently disclosed subject matter also provides lipid nanoparticles comprising the
nucleic acids disclosed herein. Also, the presently disclosed subject matter provides compositions
comprising the lipid nanoparticles disclosed herein. In certain embodiments, the composition is
a pharmaceutical composition further comprising a pharmaceutically acceptable carrier.

The presently disclosed subject matter further provides methods of treating or ameliorating
a disease or disorder in a subject. In certain embodiments, the method comprises administering
to the subject the presently disclosed cells, or the compositions.

The presently disclosed subject matter also provides methods of reducing tumor burden in
a subject. In certain embodiments, the methods comprise administering to the subject the
presently disclosed cells, or the compositions. In certain embodiments, the methods reduce the
number of the tumor cells, reduce the tumor size, and/or eradicate the tumor in the subject.

The presently disclosed subject matter provides methods of treating and/or preventing a
tumor in a subject. In certain embodiments, the methods comprise administering to the subject
the presently disclosed cells, or the compositions. The presently disclosed subject matter provides

methods of increasing or lengthening survival of a subject having a tumor. In certain
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embodiments, the methods comprise administering to the subject the presently disclosed cells, or
the compositions. In certain embodiments, the methods reduce or eradicate tumor burden in the
subject.

In certain embodiments, the disease or disorder is a tumor. In certain embodiments, the
tumor is hematological cancer or solid tissue cancer. In certain embodiments, the tumor is selected
from the group consisting of acute myeloid leukemia (AML), myelodysplastic syndromes (MDS),
acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL), myeloproliferative
neoplasms (MPNs), and chronic myeloid neoplasms. In certain embodiments, the tumor is acute
myeloid leukemia (AML). In certain embodiments, the subject is a human.

The presently disclosed subject matter further provides kits for treating or ameliorating a
disease or disorder in a subject, reducing tumor burden in a subject, treating and/or preventing a
tumor in a subject, and/or increasing or lengthening survival of a subject having a tumor
comprising the presently disclosed cells, the nucleic acids, or the compositions. In certain
embodiments, the kit further comprises written instructions for using the presently disclosed cell
or composition for treating or ameliorating a disease or disorder in a subject, reducing tumor
burden in a subject, treating and/or preventing a tumor in a subject, and/or increasing or
lengthening survival of a subject having a tumor.

In addition, the presently disclosed subject matter provides methods of producing a CD33-
targeted antigen-recognizing receptor, comprising introducing into the cell a nucleic acid that
encodes the antigen-recognizing receptor.

Finally, the presently disclosed subject matter provides cells or compositions disclosed
herein for use in treating or ameliorating a disease or disorder in a subject. In certain
embodiments, the disease or disorder is a tumor. In certain embodiments, the tumor is cancer. In
certain embodiments, the disease or disorder is selected from the group consisting of
neuroendocrine tumors of the lung, extrapulmonary neuroendocrine carcinomas, melanoma,
neuroendocrine prostate cancer, breast cancer, neuroendocrine tumors of the gastrointestinal tract,
pancreatic cancer, medullary thyroid cancer, small cell bladder cancer, ovarian small cell
carcinoma, low-grade glioma, glioblastoma and neuroblastoma. In certain embodiments, the
neuroendocrine tumors of the lung are selected from the group consisting of pulmonary
neuroendocrine cancer, large cell neuroendocrine carcinoma, and small-cell lung cancer. In
certain embodiments, the tumor is small-cell lung cancer. In certain embodiments, the subject is

a human
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4. BRIEF DESCRIPTION OF THE FIGURES

The following Detailed Description, given by way of example, but not intended to limit
the invention to specific embodiments described, may be understood in conjunction with the
accompanying drawings.

Figures 1A and 1B depict CD33 domain architecture. Figure 1A shows full-length CD33
(CD33M) having two Ig-like domains (IgV and IgC2) in the extracellular region, a single
transmembrane segment, an immunoreceptor tyrosine-based inhibitory motif (ITIM) and an
ITIM-like motif in the cytosolic region. In a common CD33 variant (CD33m), the IgV domain is
missing due to alternate splicing. Figure 1B depicts CD33 gene structure with and without
alternate splicing. Removal of exon 2 results in the loss of the IgV domain. Several antibodies
that have been advanced to the clinic with various formats (CAR, BiTE, radiotherapy) target the
IgV domain. “GO” represents gemtuzumab ozogamicin.

Figure 2 depicts the structure of an exemplified CD33-targeted CAR in accordance with
the presently disclosed subject matter. The CD33-targeted CAR comprises a truncated EGFR
(EGFRt), a anti-CD33 scFv, a Myc tag, a transmembrane domain comprising a CD28 polypeptide,
and an intracellular signaling domain comprising a CD3( polypeptide and a co-stimulatory
signaling region that comprises a CD28 polypeptide. T2A is a cleavage site.

Figure 3 depicts surface expression levels of and flow cytometry analysis of transduced
PBMCs indicating the transduction efficiency and CAR surface expression of each construct
detected by anti-Myc tag antibody.

Figures 4A and 4B depict cytotoxicity of membrane proximal CARs. Figure 4A shows
3P14 and 4B2 along with the H195 reference CAR were tested with the heavy and light chain
variable regions of each antibody in Vu-Vi (HL) or VL-Vu (LH) orientation on U937 cell lines.
Figure 4B shows 3P14 and 4B2 along with the H195 reference CAR were tested on OCi-AML3
cell lines.

Figures SA and 5B depict cytotoxicity of membrane distal CARs. Figure SA shows in vitro
killing of U937 cells by CAR T cells generated from the 5 antibodies targeting a membrane-distal
epitope in the CD33 IgV domain using cells from Donor 2. Figure 5B shows in vitro killing of
U937 cells by CAR T cells generated from the 5 antibodies targeting a membrane-distal epitope
in the CD33 IgV domain using cells from Donor 3.

Figures 6A-6F depict in vitro cytotoxicity of TDI-Y-006 and TDI-Y-007 CARs. Figures
6A-6C show cytotoxicity of 3 AML target lines containing GFP-firefly luciferase reporter (gL)
with donor 1 at increasing effector to target ratio as indicated. Figures 6D-6F show cytotoxicity
of 3 AML target lines containing GFP-firefly luciferase reporter (gl.) with donor 2 at increasing

effector to target ratio as indicated. Killing was evaluated using luciferase assay. A potent killing
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with TDI-Y-006 and TDI-Y-007 was observed in various CD33+ target cells and PBMCs from
different donors.

Figures 7A-7D depict cytotoxicity of 1J19 CAR. Figure 7A shows cytotoxicity as percent
killing of HL60 cell lines containing GFP-firefly luciferase reporter (gl.) with Donor 2 at
increasing effector to target ratio as indicated. Figure 7B shows cytotoxicity as percent killing of
HL60 cell lines containing GFP-firefly luciferase reporter (gL) with Donor 3 at increasing effector
to target ratio as indicated. Figure 7C shows cytotoxicity as percent killing of U937 cell lines
containing GFP-firefly luciferase reporter (gL) with Donor 2 at increasing effector to target ratio
as indicated. Figure 7D shows cytotoxicity as percent killing of OCI-AML3 cell lines containing
GFP-firefly luciferase reporter (gL) with Donor 1 at increasing effector to target ratio as indicated.
Killing was evaluated using luciferase assay. Overall a potent killing with 1J19 was observed in
comparison to H195 reference CAR.

Figures 8A-8D depict CD33 CAR T cell proliferation upon binding to target cells. Figures
8A and 8B show human T cells from two donors transduced with lead CARs were co-cultured
with U937 cells (CD33high). Figures 8C and 8D show human T cells from two donors transduced
with lead CARs were co-cultured with OCi-AML3 (CD33low) cells. At 7, 14 and 21 days post-
co-culture, the total number of remaining target and T cells was detected using flow cytometry.
Total remaining human T cells per mL is shown over time in days.

Figures 9A-9D depict cytokine secretion profile of lead CD33 CAR T cells. A panel of 4
cytokines was analyzed with three different donors. Figure 9A shows levels of GMCSF in the
supernatant collected after co-culture of target and effector cells at 24h were measured using
human 12-plex Luminex panel kit. Figure 9B shows levels of INF-y. Figure 9C shows levels of
TNF-a. Figure 9D shows levels of IL-2. Data from representative donor 1 are shown.

Figures 10A and 10B depict in vivo efficacy of lead CAR T in U937 AML xenograft mouse
model. Figure 10A shows imaging and quantification over time of U937 cells (CD33high) tagged
with GFP-Firefly Luciferase in NCG mice treated IV with lead CAR T cells. Figure 10B shows
survival curve.

Figures 11A and 11B depict in vivo efficacy of lead CAR T with titrated dosing. Figure
11A shows data of animals injected with 5-10° CAR T cells and monitored for tumor growth and
survival. Figure 11B shows data of animals injected with 2.5-10° CAR T cells.

Figures 12A and 12B depict in vivo efficacy of lead CAR T in OCi-AML3 xenograft
mouse model. Imaging and quantification over time of OCi-AMLS3 cells (CD33low) tagged with
firefly luciferase in NCG mice treated IV with lead CAR T cells. Figure 12A shows average

survival for 5 animals per group. Figure 12B shows individual survival curves for each animal.
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Figure 13 depicts direct comparison of in vivo potency of two lead and one backup CAR
in U937 AML xenograft mouse model. Imaging and quantification over time of U937 cells
(CD33high) tagged with Firefly Luciferase in NCG mice treated IV with lead and backup 1J19
CAR T cells.

Figure 14 depicts in vivo efficacy of TDI-Y-006 CAR T with patient-derived AML
xenograft. Patient-derived tumor cells were infused intravenously and allowed to grow for 10
days. TDI-Y-006 CAR T were injected at day 14. Seven days later, the number of CD2- CD33+
cells were determined by flow cytometry. Average data from five mice for H195 Del and four
mice for TDI-Y-006 CAR T shown with p value of <0.05*.

Figures 15A and 15B depict pro-inflammatory cytokine levels in PDX model. Figure 15A
shows levels of [FN-gamma measured using human 12-plex Luminex panel kit from mice treated
with TDI-Y-006 CAR T after patient-derived xenograft implant. Figure 15B shows levels of
TNF-alpha. *p value <0.05.

Figures 16A and 16B depict in vitro assessment of toxicities of CD33 CAR T. Figure 16A
shows hematopoietic stem cells isolated from umbilical cord tested by colony forming unit with
and without CD33 lead CAR T. Figure 16B shows total number of colonies to assess the toxicity
of experiment agents. Gemtuzumab ozogamicin (GO, Anti-CD33 ADC) and Del CAR were used
as control.

Figure 17 depicts a heat map showing relative binding of selected antibodies to human
full-length CD33, CD33-IgC, and U937 CD33-expressing tumor lines.

Figures 18A-18D depict selection of a membrane-proximal CD33-IgC targeting scFv.
Figure 18A shows quantification of hybridoma-derived monoclonal antibody cross-reactivity as
measured by His-tag binding. Figure 18B shows quantification of hybridoma-derived monoclonal
antibody binding kinetics to CD33 in solution. Figure 18C shows quantification of EC50 of lead
hybridoma-derived monoclonal antibodies on overexpressing (3T3) and AML cell line (U937).
Figure 18D shows quantification of epitope binning of selected hybridoma-derived monoclonal
antibodies.

Figure 19 depicts representative flow cytometry plot demonstrating comparable retroviral
transduction efficiency as determined by flow cytometry. P-values determined by repeated
measures one-way ANOVA. Data are a mean + SEM of three independent experiments; ns, non-
significant.

Figures 20A-20G depict membrane-proximal targeting CAR T cells enhancing
functionality and proliferative capacity in vitro. Figure 20A shows flow cytometry histograms
and quantitative geometric mean fluorescence (MFI) depicting expression of CD33 on wildtype

or CD33-knockout (CD33KO) AML cells detected with fluorescently labeled anti-CD33
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antibody.  Figure 20B shows 24-hour D-luciferin assay demonstrating lysis of U937-
CD33highgfpLuc® tumor cells (n = 4; **** P <0.0001; *** P <0.001; * P <0.05 by two-way
ANOVA). Data are a mean + SEM of four independent experiments. Figure 20C shows a 24-
hour D-luciferin assay demonstrating lysis of OCiAML3-CD33lowgfpLuc” tumor cells (n = 4; *,
P <0.05 by two-way ANOVA). Data are a mean + SEM of four independent experiments. Figure
20D shows a 138-hour (6 day) assay demonstrating lysis of U937-CD33highgfpLuc” tumor cells
at low effector-to-target ratios (n = 2; ** P < 0.01; *, P < 0.05 by two-way ANOVA). Data are
representative of four independent experiments. Figure 20E shows a 138-hour assay
demonstrating lysis of OCiAML3-CD33lowgfpLuc” tumor cells at low effector-to-target ratios (n
=2;** P<0.01; * P <0.05 by two-way ANOVA). Data are representative of four independent
experiments. Figure 20F shows quantification of flow cytometric analysis demonstrating
enhanced proliferation by membrane-proximal CD33 targeting CAR T cell in the presence of
U937-CD33high tumor cells (n = 9; **** P <0.0001 by two-way ANOVA). Data are a mean +
SEM of three independent experiments. Figure 20G shows quantification of flow cytometric
analysis demonstrating enhanced proliferation by membrane-proximal CD33 targeting CAR T
cell in the presence of OCiAML3-CD33lowgfpLuc” tumor cells (n=9; **** P <0.0001 by two-
way ANOVA). Data are a mean + SEM of three independent experiments; ns, non-significant.

Figures 21A-21D depict specificity of membrane-proximal targeting CAR T cells. Figure
21A shows flow cytometry histograms depicting FLAG expression on transduced U937-
CD33IgCgfpLuc” tumor cells. Figure 21B shows a 24-hour D-luciferin assay demonstrating lysis
of U937-CD33IgCgfpLuc” tumor cells. Data representative of two independent experiments.
Figure 21C shows a 24-hour D-luciferin assay demonstrating lysis of U937-CD33KOgfpLuc”
tumor cells. Data representative of two independent experiments. Figure 21D shows
quantification of total colonies produced using a colony-forming unit (CFU) assay to measure
hematopoietic killing, where total colony count is a composite of BFU-E, GEMM-CFU, and GM-
CFU (n=09; **** P <0.0001; *** P <0.001 by ordinary one-way ANOVA; ns, non-significant).
Data shown are a composite of mean = SEM of three independent experiments.

Figure 22A-22G depict membrane-proximal targeting CAR T cells characterized by a
unique activation profile in vitro. Figure 22A shows a 24-hour cytokine secretion profile of
Tcl/Thl  cytokines when co-cultured with U937-CD33highgfpLuc’, OCiAML3-
CD33lowgfpLuc®, U937-CD331gCgfpLuc” tumor, and U937-CD33KOgfpLuc” as detected by
human 12-plex Luminex panel (n = 3; **** P < 0.0001; *, P < 0.05 by Dunnett’s multiple
comparison tests against HI95DEL control). Data are representative of three independent
experiments. Figure 22B shows quantification of flow cytometric analysis showing CAR T cell

intracellular production of Tc1/Th1 activation cytokines (n = 4; **** P <0.0001; ** P <0.01;
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*, P <0.05 by two-way ANOVA,; ns, non-significant). Data are a mean + SEM of four independent
experiments. Figure 22C shows qualitative representation of CD4"CAR"and CD8*CAR™ Tc1/Thl
activation cytokines secretion. Figure 22D shows quantification of flow cytometric analysis
showing CD4" CAR T cell intracellular production of Tc1/Th1 activation cytokines (n = 4; ****
P <0.0001, * P < 0.05 by two-way ANOVA). Data are a mean + SEM of four independent
experiments. Figure 22E shows quantification of flow cytometric analysis showing CD8" CAR
T cell intracellular production of Tc1/Thl activation cytokines (n = 4; *** P < 0.001; ** P <
0.01; *, P <0.05 by two-way ANOVA). Data are a mean + SEM of four independent experiments.
Figure 22F shows quantification of flow cytometric analysis demonstrating CAR T cell activation
status 7 days post-antigen stimulation (n = 4; **** P <0.0001 by two-way ANOVA). Data are a
mean = SEM of three independent experiments. Figure 22G shows qualitative representation of
flow cytometric analysis comparing CAR T cell activation profiles. Data are pooled from three
independent experiments.

Figures 23A-23K depict membrane-proximal CD33-targeting CAR T cells enhancing
survival in xenograft mouse model. Figure 23 A shows schematic diagram of in vivo experimental
setup. NCG mice were inoculated with U937-CD33highgfpLuc” tumor and subsequently treated
with CAR T cells. Figure 23B shows survival of NCG mice bearing U937-CD33highgfpLuc”
tumors and treated with 5.0x10° CAR T cells (n=5; ** P <0.01). P values for survival determined
by log-rank Mantel-Cox test, with 95% confidence interval. /nn vivo data shown are pooled from
5 mice. Figure 23C shows survival of NCG mice bearing U937-CD33highgfpLuc+ tumors and
treated with 2.5x10° CAR T cells (n = 5; ** P < 0.01; *, P < 0.05). P values for survival
determined by log-rank Mantel-Cox test, with 95% confidence interval. /n vivo data shown are
pooled from 5 mice. Figure 23D shows survival of NCG mice bearing U937-CD33highgfpLuc+
tumors and treated with 1.0 x10° CAR T cells (n = 5; ** P < 0.01; ns, non-significant). P values
for survival determined by log-rank Mantel-Cox test, with 95% confidence interval. Figure 23E
shows survival of NCG mice bearing U937-CD33highgfpLuc” tumors and treated with 5.0 x10*
CAR T cells (n=5; *, P <0.05). P values for survival determined by log-rank Mantel-Cox test,
with 95% confidence interval. Figure 23F shows imaging over time of U937-CD33highgfpLuc”
in tumor-bearing NCG mice treated with 5.0 x10° CAR T cells. Figure 23G shows tumor
regression of NCG mice inoculated with U937-CD33highgfpLuc” tumor and subsequently treated
with 5.0 x10° of CAR T cells. Figure 23H shows schematic diagram of in vivo experimental
setup. NCG mice were inoculated with OCiAML3-CD33lowgfpLuc” tumor and subsequently
treated with CAR T cells. Figure 231 shows survival of NCG mice inoculated with OCiAML3-
CD33lowgfpLuc” tumors and treated with 5.0 x10°> CAR T cells (n = 5; * P < 0.05). P values for

survival determined by log-rank Mantel-Cox test, with 95% confidence interval. Figure 23]
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shows imaging over time of OCiAML3-CD33lowgfpLuc” in tumor-bearing NCG mice treated
with 5.0 x10° CAR T cells. Figure 23K shows tumor regression of NCG mice bearing OCiAML3-
CD33lowgfpLuc+ tumors and treated with 5.0 x10° CAR T cells.

Figures 24A-24D depict membrane-proximal CD33-targeting CAR T cells decreasing
tumor burden in patient-derived AML xenograft model. Figure 24A shows flow cytometry
histograms and geometric median fluorescence intensity (MFI) of CD33 expression on AML60B
patient sample detected with fluorescently labeled CD33-specific antibody and isotype control.
Figure 24B shows schematic diagram of experimental setup of a patient-derived xenograft model.
NCG mice were inoculated with patient-derived AML blasts and treated with allogenic CAR T
cells. Bone marrow aspirates were analyzed 28 days post tumor inoculation. Figure 24C shows
quantification of flow cytometric analysis demonstrating decreased tumor burden in mice treated
with membrane-proximal CD33-targeting CAR T cells (n = 6; *, P < 0.05 by ordinary one-way
ANOVA; ns, non-significant). Figure 24D shows survival of NCG mice bearing AML60B patient-
derived tumor and treated with membrane-distal or membrane-proximal CAR T cells (n = 6; **,
P <0.01; *, P <0.05). P values for survival determined by log-rank Mantel-Cox test, with 95%
confidence interval. Data shown are pooled from two independent experiments using two different

healthy donors.

S. DETAILED DESCRIPTION OF THE INVENTION

The presently disclosed subject matter provides antigen-recognizing receptors (e.g.,
chimeric antigen receptors (CARs)) that specifically target CD33. The presently disclosed subject
matter further provides cells comprising such receptors. The cells can be immunoresponsive cells,
e.g., genetically modified immunoresponsive cells (e.g., T cells or Natural Killer (NK) cells). The
presently disclosed subject matter also provides methods of using such cells for treatments, e.g.,
for treating and or ameliorating a disease or disorder associated with CD33 (e.g., AML).

Non-limiting embodiments of the present disclosure are described by the present
specification and Examples.

For purposes of clarity of disclosure and not by way of limitation, the detailed description
is divided into the following subsections:

5.1.  Definitions;

52. CD33;

53.  Antigen-Recognizing Receptors;
54. Cells;

5.5.  Compositions and Vectors;

5.6.  Polypeptides;
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5.7.  Formulations and Administration;
5.8.  Methods of Treatment;
5.9. Kits; and
5.10. Exemplary Embodiments.
5.1.  Definitions

Unless defined otherwise, all technical and scientific terms used herein have the meaning
commonly understood by a person skilled in the art to which this invention belongs. The following
references provide one of skill with a general definition of many of the terms used in this
invention: Singleton et al., Dictionary of Microbiology and Molecular Biology (2nd ed. 1994);
The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The Glossary of
Genetics, Sth Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale & Marham, The Harper
Collins Dictionary of Biology (1991). As used herein, the following terms have the meanings
ascribed to them below, unless specified otherwise.

As used herein, the term “about” or “approximately” means within an acceptable error
range for the particular value as determined by one of ordinary skill in the art, which will depend
in part on how the value is measured or determined, i.e., the limitations of the measurement
system. For example, “about” can mean within 3 or more than 3 standard deviations, per the
practice in the art. Alternatively, “about” can mean a range of up to 20%, preferably up to 10%,
more preferably up to 5%, and more preferably still up to 1% of a given value. Alternatively,
particularly with respect to biological systems or processes, the term can mean within an order of
magnitude, preferably within 5-fold, and more preferably within 2-fold, of a value.

By “immunoresponsive cell” is meant a cell that functions in an immune response or a
progenitor, or progeny thereof. In certain embodiments, the immunoresponsive cell is a cell of
lymphoid lineage. Non-limiting examples of cells of lymphoid lineage include T cells, Natural
Killer (NK) cells, B cells, and stem cells from which lymphoid cells may be differentiated. In
certain embodiments, the immunoresponsive cell is a cell of myeloid lineage.

By “activates an immunoresponsive cell” is meant induction of signal transduction or
changes in protein expression in the cell resulting in initiation of an immune response. For
example, when CD3 Chains cluster in response to ligand binding and immunoreceptor tyrosine-
based inhibition motifs (ITAMs) a signal transduction cascade is produced. In certain
embodiments, when an endogenous TCR or an exogenous CAR binds to an antigen, a formation
of an immunological synapse occurs that includes clustering of many molecules near the bound
receptor (e.g. CD4 or CD8, CD3y/8/e/C, etc.). This clustering of membrane bound signaling
molecules allows for ITAM motifs contained within the CD3 chains to become phosphorylated.

This phosphorylation in turn initiates a T cell activation pathway ultimately activating
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transcription factors, such as NF-xB and AP-1. These transcription factors induce global gene
expression of the T cell to increase IL-2 production for proliferation and expression of master
regulator T cell proteins in order to initiate a T cell mediated immune response.

By “stimulates an immunoresponsive cell” is meant a signal that results in a robust and
sustained immune response. In various embodiments, this occurs after immune cell (e.g., T-cell)
activation or concomitantly mediated through receptors including, but not limited to, CD28,
CD137 (4-1BB), 0X40, CD40 and ICOS. Receiving multiple stimulatory signals can be
important to mount a robust and long-term T cell mediated immune response. T cells can quickly
become inhibited and unresponsive to antigen. While the effects of these co-stimulatory signals
may vary, they generally result in increased gene expression in order to generate long lived,
proliferative, and anti-apoptotic T cells that robustly respond to antigen for complete and sustained
eradication.

The term “antigen-recognizing receptor” as used herein refers to a receptor that is capable
of recognizing a target antigen (e.g., CD33). In certain embodiments, the antigen-recognizing
receptor is capable of activating an immune or immunoresponsive cell (e.g., a T cell) upon its
binding to the target antigen.

As used herein, the term “antibody” means not only intact antibody molecules, but also
fragments of antibody molecules that retain immunogen-binding ability. Such fragments are also
well known in the art and are regularly employed both in vitro and in vivo. Accordingly, as used
herein, the term “antibody” means not only intact immunoglobulin molecules but also the well-
known active fragments F(ab'),, and Fab. F(ab'),, and Fab fragments that lack the Fe fragment of
intact antibody, clear more rapidly from the circulation, and may have less non-specific tissue
binding of an intact antibody (Wahl et al., Nucl Med (1983);24:316-325). As used herein, include
whole native antibodies, bispecific antibodies; chimeric antibodies; Fab, Fab’, single chain V
region fragments (scFv), fusion polypeptides, and unconventional antibodies. In certain
embodiments, an antibody is a glycoprotein comprising at least two heavy (H) chains and two
light (L) chains inter-connected by disulfide bonds. Each heavy chain is comprised of a heavy
chain variable region (abbreviated herein as Vu) and a heavy chain constant (Cu) region. The
heavy chain constant region is comprised of three domains, CH1, CH2 and CH3. Each light chain
is comprised of a light chain variable region (abbreviated herein as Vi) and a light chain constant
Crregion. The light chain constant region is comprised of one domain, CL. The Vuand Vi regions
can be further sub-divided into regions of hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more conserved, termed framework regions
(FR). Each Vuand Vi is composed of three CDRs and four FRs arranged from amino-terminus

to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The
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variable regions of the heavy and light chains contain a binding domain that interacts with an
antigen. The constant regions of the antibodies may mediate the binding of the immunoglobulin
to host tissues or factors, including various cells of the immune system (e.g., effector cells) and
the first component (C1q) of the classical complement system.

As used herein, “CDRs” are defined as the complementarity determining region amino
acid sequences of an antibody which are the hypervariable regions of immunoglobulin heavy and
light chains. See, e.g., Kabat et al., Sequences of Proteins of Immunological Interest, 4th U. S.
Department of Health and Human Services, National Institutes of Health (1987), or IMGT
numbering system (Lefranc, 7he Immunologist (1999);7:132-136; Lefranc ef al., Dev. Comp.
Immunol. (2003);27:55-77). Generally, antibodies comprise three heavy chain and three light
chain CDRs or CDR regions in the variable region. CDRs provide the majority of contact residues
for the binding of the antibody to the antigen or epitope. In certain embodiments, the CDRs
regions are delineated using the IMGT numbering system. In certain embodiments, the CDR
regions are delineated using the IMGT numbering system accessible at
http://www.imgt.org/IMGT_vquest/input.

As used herein, the term “single-chain variable fragment” or “scFv” is a fusion protein of
the variable regions of the heavy (Vgu) and light chains (Vi) of an immunoglobulin (e.g., mouse
or human) covalently linked to form a Vu::VL heterodimer. The heavy (Vu) and light chains (Vi)
are either joined directly or joined by a peptide-encoding linker (e.g., 10, 15, 20, 25 amino acids),
which connects the N-terminus of the Vi with the C-terminus of the Vi, or the C-terminus of the
Vu with the N-terminus of the VL. 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. In certain
embodiments, the linker is a G48S linker.

In certain embodiments, the linker comprises or consists of the amino acid sequence set

forth in SEQ ID NO: 95, which is provided below:

GGGGSGGGGSGGGSGGEES [SEQ ID NO: 95]
In certain embodiments, the linker comprise or consists of the amino acid sequence set

forth in SEQ ID NO: 96, which is provided below:

GGGGSGGGGSGGGGS [SEQ ID NO: 96]
In certain embodiments, the linker comprises or consists of the amino acid sequence set

forth in SEQ ID NO: 97, which is provided below:

GGGGSGGGGSGGGGSGGGSGGGGS [SEQ ID NO: 97]

21



10

15

20

25

30

35

WO 2023/034560 PCT/US2022/042444

In certain embodiments, the linker comprises or consists of the amino acid sequence set

forth in SEQ ID NO: 98, which is provided below:

GGGGSGGGGSGGGESGEGGSGGGSGGGES [SEQ ID NO: 98]
In certain embodiments, the linker comprises or consists of the amino acid sequence set

forth in SEQ ID NO: 99, which is provided below:

GGGGS [SEQ ID NO: 99]
In certain embodiments, the linker comprises or consists of the amino acid sequence set

forth in SEQ ID NO: 100, which is provided below:

GGGGSGGGGS [SEQ ID NO: 100]

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 Vu - and VL -encoding sequences as described by
Huston, et al. Proc. Nat. Acad. Sci. USA, (1988);85:5879-5883; 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,
Hyrbidoma (Larchmt) (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 (Peter et al., J Biol Chern
(2003);25278(38):36740-7; Xie et al., Nat Biotech 1997 15(8):768-71; Ledbetter et al., Crif Rev
Immunol (1997);17(5-6):427-55; Ho et al., BioChim Biophys Acta (2003);1638(3):257-66).

The term “chimeric antigen receptor” or “CAR” as used herein refers to a molecule
comprising an extracellular antigen-binding domain that is fused to an intracellular signaling
domain that is capable of activating or stimulating an immunoresponsive cell, and a
transmembrane domain. In certain embodiments, the extracellular antigen-binding domain of a
CAR comprises a scFv. The scFv can be derived from fusing the variable heavy and light regions
of an antibody. Alternatively or additionally, the scFv may be derived from Fab’s (instead of from
an antibody, e.g., obtained from Fab libraries). In certain embodiments, the scFv is fused to the
transmembrane domain and then to the intracellular signaling domain. By “substantially
identical” or “substantially homologous™ is meant a polypeptide or nucleic acid molecule
exhibiting at least about 50% homologous or identical to a reference amino acid sequence (for
example, any of the amino acid sequences described herein) or a reference nucleotide sequence
(for example, any of the nucleotide sequences described herein). In certain embodiments, such a

sequence is at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least
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about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 99%, or at
least about 100% homologous or identical to the sequence of the amino acid or nucleic acid used
for comparison.

Sequence identity can be measured by using sequence analysis software (for example,
Sequence Analysis Software Package of the Genetics Computer Group, University of Wisconsin
Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705, BLAST, BESTFIT, GAP,
or PILEUP/PRETTYBOX programs). Such software matches identical or similar sequences by
assigning degrees of homology to various substitutions, deletions, and/or other modifications.
Conservative substitutions typically include substitutions within the following groups: glycine,
alanine; valine, isoleucine, leucine; aspartic acid, glutamic acid, asparagine, glutamine; serine,
threonine; lysine, arginine; and phenylalanine, tyrosine. In an exemplary approach to determining
the degree of identity, a BLAST program may be used, with a probability score between e-3 and
e-100 indicating a closely related sequence.

As used herein, the percent homology between two amino acid sequences is equivalent to
the percent identity between the two sequences. The percent identity between the two sequences
is a function of the number of identical positions shared by the sequences (i.e., % homology = #
of identical positions/total # of positions x 100), taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal alignment of the two sequences. The
comparison of sequences and determination of percent identity between two sequences can be
accomplished using a mathematical algorithm.

The percent homology between two amino acid sequences can be determined using the
algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17 (1988)) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table, a gap
length penalty of 12 and a gap penalty of 4. In addition, the percent homology between two amino
acid sequences can be determined using the Needleman and Wunsch (J. Mol. Biol. 48:444-453
(1970)) algorithm which has been incorporated into the GAP program in the GCG software
package (available at www.gcg.com), using either a Blossum 62 matrix or a PAM250 matrix, and
a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weightof 1, 2, 3, 4, 5, or 6.

Additionally or alternatively, the amino acids sequences of the presently disclosed subject
matter can further be used as a “query sequence” to perform a search against public databases to,
for example, identify related sequences. Such searches can be performed using the XBLAST
program (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10. BLAST protein searches
can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid
sequences homologous to the specified sequences (e.g., heavy and light chain variable region

sequences of scFv m903, m904, m905, m906, and m900) disclosed herein. To obtain gapped
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alignments for comparison purposes, Gapped BLAST can be utilized as described in Altschul et
al., (1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped BLAST
programs, the default parameters of the respective programs (e.g., XBLAST and NBLAST) can
be used.

An “effective amount” is an amount sufficient to affect a beneficial or desired clinical
result upon treatment. An effective amount can be administered to a subject in one or more doses.
In certain embodiments, an effective amount can be an amount that is sufficient to palliate,
ameliorate, stabilize, reverse or slow the progression of the disease, or otherwise reduce the
pathological consequences of the disease. The effective amount can be determined by a physician
on a case-by-case basis and is within the skill of one in the art. Several factors are typically taken
into account when determining an appropriate dosage to achieve an effective amount. These
factors include age, sex and weight of the subject, the condition being treated, the severity of the
condition and the form and effective concentration of the cells administered.

As used herein, the term “a conservative sequence modification” refers to an amino acid
modification that does not significantly affect or alter the binding characteristics of the presently
disclosed CD33-targeted CAR (e.g., the extracellular antigen-binding domain) comprising the
amino acid sequence. Conservative modifications can include amino acid substitutions, additions
and deletions. Modifications can be introduced into the extracellular antigen-binding domain of
the presently disclosed CAR by standard techniques known in the art, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Amino acids can be classified into groups
according to their physicochemical properties such as charge and polarity. Conservative amino
acid substitutions are ones in which the amino acid residue is replaced with an amino acid within
the same group. For example, amino acids can be classified by charge: positively-charged amino
acids include lysine, arginine, histidine, negatively-charged amino acids include aspartic acid,
glutamic acid, neutral charge amino acids include alanine, asparagine, cysteine, glutamine,
glycine, isoleucine, leucine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, and valine. In addition, amino acids can be classified by polarity: polar amino acids
include arginine (basic polar), asparagine, aspartic acid (acidic polar), glutamic acid (acidic polar),
glutamine, histidine (basic polar), lysine (basic polar), serine, threonine, and tyrosine; non-polar
amino acids include alanine, cysteine, glycine, isoleucine, leucine, methionine, phenylalanine,
proline, tryptophan, and valine. Thus, one or more amino acid residues within a CDR region can
be replaced with other amino acid residues from the same group and the altered antibody can be
tested for retained function (i.e., the functions set forth in (¢) through (1) above) using the

functional assays described herein. In certain embodiments, no more than one, no more than two,
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no more than three, no more than four, no more than five residues within a specified sequence or
a CDR region are altered.

As used herein, the term “endogenous” refers to a nucleic acid molecule or polypeptide
that is normally expressed in a cell or tissue.

As used herein, the term “exogenous” refers to a nucleic acid molecule or polypeptide that
is not endogenously present in a cell. The term “exogenous” would therefore encompass any
recombinant nucleic acid molecule or polypeptide expressed in a cell, such as foreign,
heterologous, and over-expressed nucleic acid molecules and polypeptides. By “exogenous”
nucleic acid is meant a nucleic acid not present in a native wild-type cell; for example, an
exogenous nucleic acid may vary from an endogenous counterpart by sequence, by
position/location, or both. For clarity, an exogenous nucleic acid may have the same or different
sequence relative to its native endogenous counterpart; it may be introduced by genetic
engineering into the cell itself or a progenitor thereof, and may optionally be linked to alternative
control sequences, such as a non-native promoter or secretory sequence.

By a “heterologous nucleic acid molecule or polypeptide” is meant a nucleic acid molecule
(e.g., a cDNA, DNA or RNA molecule) or polypeptide that is not normally present in a cell or
sample obtained from a cell. This nucleic acid may be from another organism, or it may be, for
example, an mRNA molecule that is not normally expressed in a cell or sample.

By “increase” is meant to alter positively by at least about 5%. An alteration may be by
about 5%, about 10%, about 25%, about 30%, about 50%, about 75%, about 100% or more.

By “reduce” is meant to alter negatively by at least about 5%. An alteration may be by
about 5%, about 10%, about 25%, about 30%, about 50%, about 75%, or even by about 100%.

The terms “isolated,” “purified,” or “biologically pure” refer to material that is free to
varying degrees from components which normally accompany it as found in its native state.
“Isolate” denotes a degree of separation from original source or surroundings. “Purify” denotes a
degree of separation that is higher than isolation. A “purified” or “biologically pure” protein is
sufficiently free of other materials such that any impurities do not materially affect the biological
properties of the protein or cause other adverse consequences. That is, a nucleic acid or peptide
is purified if it is substantially free of cellular material, viral material, or culture medium when
produced by recombinant DNA techniques, or chemical precursors or other chemicals when
chemically synthesized. Purity and homogeneity are typically determined using analytical
chemistry techniques, for example, polyacrylamide gel electrophoresis or high-performance liquid
chromatography. The term “purified” can denote that a nucleic acid or protein gives rise to

essentially one band in an electrophoretic gel. For a protein that can be subjected to modifications,
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for example, phosphorylation or glycosylation, different modifications may give rise to different
isolated proteins, which can be separately purified.

By “isolated cell” is meant a cell that is separated from the molecular and/or cellular
components that naturally accompany the cell.

The term “antigen-binding domain” as used herein refers to a domain capable of
specifically binding a particular antigenic determinant or set of antigenic determinants present on
a cell.

By “recognize” is meant selectively binds to a target. A T cell that recognizes a tumor can
expresses a receptor (e.g., a CAR) that binds to a tumor antigen.

By “signal sequence” or “leader sequence” is meant a peptide sequence (e.g., 5, 10, 15,
20, 25 or 30 amino acids) present at the N-terminus of newly synthesized proteins that directs their
entry to the secretory pathway

By “specifically binds” or “specifically binds to” or “specifically target” is meant a
polypeptide or a fragment thereof that recognizes and/or binds to a biological molecule of interest
(e.g., a polypeptide, e.g., a CD33 polypeptide), but which does not substantially recognize and/or
bind other molecules in a sample, for example, a biological sample, which naturally includes a
presently disclosed polypeptide (e.g., a CD33 polypeptide). In certain embodiments, the that the
presently disclosed antigen recognizing receptor binds to CD33 (e.g., human CD33) with a
dissociation constant (Kp) of about 1 x 10 M or less, about 5 x 10 M or less, about 1 x 10° M
or less, about 5 x 101 M or less, about 1 x 1071 M or less, about 5 x 10! M or less, or about 1 x
10" M or less.

As used herein, the term “derivative” refers to a compound that is derived from some other
compound and maintains its general structure. For example, but without any limitation,
trichloromethane (chloroform) is a derivative of methane.

The terms “comprises”, “comprising”, and are intended to have the broad meaning

e AN 15

ascribed to them in U.S. Patent Law and can mean “includes”, “including” and the like.

As used herein, “treatment” refers to clinical intervention in an attempt to alter the disease
course of the individual or cell being treated, and can be performed either for prophylaxis or during
the course of clinical pathology. Therapeutic effects of treatment include, without limitation,
preventing occurrence or recurrence of disease, alleviation of symptoms, diminishment of any
direct or indirect pathological consequences of the disease, preventing metastases, decreasing the
rate of disease progression, amelioration or palliation of the disease state, and remission or

improved prognosis. By preventing progression of a disease or disorder, a treatment can prevent

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

26



10

15

20

25

30

35

WO 2023/034560 PCT/US2022/042444

the disorder, but also a treatment may prevent the onset of the disorder or a symptom of the
disorder in a subject at risk for the disorder or suspected of having the disorder.

An “individual” or “subject” herein is a vertebrate, such as a human or non-human animal,
for example, a mammal. Mammals include, but are not limited to, humans, primates, farm
animals, sport animals, rodents and pets. Non-limiting examples of non-human animal subjects
include rodents such as mice, rats, hamsters, and guinea pigs; rabbits; dogs; cats; sheep; pigs;
goats; cattle; horses; and non-human primates such as apes and monkeys.

Other aspects of the presently disclosed subject matter are described in the following
disclosure and are within the ambit of the presently disclosed subject matter.

5.2 (D33

CD33 is a single pass transmembrane molecule and a member of the sialic acid-binding
immunoglobulin (Ig)-like lectin (Siglec) family. CD33 consists of two extracellular domains with
immunoglobulin-like folds, IgV and IgC2 (see Figure 1A). CD33 has 3 isoforms produced via
alternate splicing, with isoform 3 missing the IgV domain (Ehninger et al., Blood Cancer J 4, €218
(2014); Sanford et al., Leuk Lymphoma 57, 1965-1968 (2016), and Haubner et al., Leukemia 33,
64-74 (2019)) Recent studies showed that about 50% of AML patients have a CD33 single-
nucleotide polymorphism (SNP) (rs12459419 C>T) that leads to the expression of an alternatively
spliced CD33 isoform lacking exon 2, resulting in the elimination of the IgV domain (Bakker et
al., Cancer Res 64, 8443-8450 (2004)). In these patients, gemtuzumab ozogamicin (GO), an
antibody-drug conjugate (ADC) targeting CD33, had no impact and increased relapse risk likely
due to the inability of this ADC to kill AML cells expressing this IgV-lacking CD33 isoform.
This issue is bound to be encountered by all the currently clinically available CD33-targeting
products given their epitopes in the IgV domain (see Figure 1B) (Perna et al., Cancer Cell 32,
506-519 €505 (2017)).

In certain embodiments, the antigen recognizing receptor binds to human CD33. In certain
embodiments, the human CD33 comprises or consists of the amino acid sequence with a UniProt
Reference No: P20138-1 (SEQ ID NO: 1) or a fragment thereof. SEQ ID NO: 1 is provided below.
In certain embodiments, the CD33 comprises an extracellular domain, a transmembrane domain,
and a cytoplasmic domain. In certain embodiments, the extracellular domain comprises or
consists of amino acids 18 to 259 of SEQ ID NO: 1. In certain embodiments, the transmembrane
domain comprises or consists of amino acids 260 to 282 of SEQ ID NO: 1. In certain
embodiments, the cytoplasmic domain comprises or consists of amino acids 283 to 364 of SEQ

IDNO: 1.

MPLLLLLPLLWAGALAMDPNEFWLQVOQESVIVOQEGLCVLVPCTFFHPIPYYDKNSPVHGYW
FREGATISRDSPVATNKLDOQEVOEETQGRFRLLGDPSRNNCSLSIVDARRRDNGSYFEFEFRM
ERGSTKYSYKSPOQLSVHVTDLTHRPKILIPGTLEPGHSKNLTCSVSWACEQGTPPIFSWL
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SAAPTSLGPRTTHSSVLIITPRPODHGTNLTCOQVKFAGAGVTTERTIQLNVTYVPONPTT
GIFPGDGSGKQETRAGVVHGAIGGAGVTALLALCLCLIFFIVKTHRRKAARTAVGRNDTH
PTTGSASPKHOKKSKLHGPTETSSCSGAAPTVEMDEELHYASLNFHGMNPSKDTSTEYSE
VRTQ [SEQ ID NO: 1]

In certain embodiments, the CD33 comprises or consists of an amino acid sequence that
is at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99%, at least about 100% identical
to the amino acid sequence set forth in SEQ ID NO: 1 or a fragment thereof.

In certain embodiments, the antigen recognizing receptor binds to a portion of human
CD33. In certain embodiments, the antigen recognizing receptor binds to the extracellular domain
of CD33. In certain embodiments, the extracellular domain of CD33 comprises an Ig-like V-type
domain and an Ig-like C2-type. In certain embodiments, the extracellular domain of CD33
comprises an Ig-like C2-type. In certain embodiments, the Ig-like V-type domain comprises or
consists of amino acids 19 to 135 of SEQ ID NO: 1. In certain embodiments, the Ig-like C2-type
domain comprises or consists of amino acids 145 to 228 of SEQ ID NO: 1.

5.3.  Antigen-Recognizing Receptors

The presently disclosed antigen-recognizing receptors specifically target or bind to CD33.
In certain embodiments, the antigen-recognizing receptor is a chimeric antigen receptor (CAR).
In certain embodiments, the antigen-recognizing receptor is a TCR like fusion molecule.

The presently disclosed subject matter also provides nucleic acid molecules that encode
the presently disclosed antigen-recognizing receptors. In certain embodiments, the nucleic acid
molecule comprises a nucleotide sequence that encodes a polypeptide of a CD33-targeted antigen
recognizing receptor disclosed herein.

3.3.1.  Extracellular Antigen-Binding Domains

In certain embodiments, the extracellular antigen-binding domain of the antigen-
recognizing receptor binds to CD33.

In certain embodiments, the extracellular antigen-binding domain is an scFv. In certain
embodiments, the scFv is a human scFv. In certain embodiments, the scFv is a humanized scFv.
In certain embodiments, the scFv is a murine scFv. In certain embodiments, the scFv is identified
by screening scFv phage library with an antigen-F¢ fusion protein.

In certain embodiments, the extracellular antigen-binding domain is a Fab. In certain
embodiments, the Fab is crosslinked. In certain embodiments, the extracellular antigen-binding
domain is a F(ab),.

Any of the foregoing molecules may be comprised in a fusion protein with a heterologous
sequence to form the extracellular antigen-binding domain. In certain non-limiting embodiments,

the extracellular antigen-binding domain (embodied, for example, an scFv) binds to CD33 (e.g.,
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human CD33) with a binding affinity, for example with a dissociation constant (Kp) of 1 x 10
M or less, e.g., about 1 x 10 M or less, about 5 x 10 M or less, about 1 x 10” M or less, about
5x 107 M or less, about 1 x 1071 M or less, or about 1 x 10! M or less. In certain embodiments,
the presently disclosed extracellular antigen-binding domain binds to CD33 (e.g., human CD33,
e.g. soluble human CD33) with a dissociation constant (Kp) of about 5 x 10 M or less. In certain
embodiments, the presently disclosed extracellular antigen-binding domain binds to CD33 (e.g.,
human CD33, e.g. soluble human CD33) with a dissociation constant (Kp) of about 5 x 10 M. In
certain embodiments, the presently disclosed extracellular antigen-binding domain binds to CD33
(e.g., human CD33, e.g. soluble human CD33) with a dissociation constant (Kp) of about 1 x 10"
’ M. In certain embodiments, the presently disclosed extracellular antigen-binding domain binds
to CD33 (e.g., human CD33, e.g. soluble human CD33) with a dissociation constant (Kp) of
between about 1 x 10° M and about 5 x 10 M. In certain embodiments, the presently disclosed
extracellular antigen-binding domain binds to CD33 (e.g., human CD33, e.g. soluble human
CD33) with a dissociation constant (Kp) of between about 1 x 10° M and about 2 x 10® M. In
certain embodiments, the presently disclosed extracellular antigen-binding domain binds to CD33
(e.g., human CD33, e.g. soluble human CD33) with a dissociation constant (Kp) of about 5 x 10
’ M. In certain embodiments, the presently disclosed extracellular antigen-binding domain binds
to CD33 (e.g., human CD33, e.g. soluble human CD33) with a dissociation constant (Kp) of about
1 x10° M.

In certain embodiments, a presently disclosed extracellular antigen-binding domain binds
to a cell expressing CD33 (e.g., an AML cell expressing CD33) with a Half maximal Effective
Concentration (EC50) value of from about 1 nM to about 50 nM, from about 5 nM to about 50
nM, from about 10 nM to about 50 nM, from about 20 nM to about 50 nM, from about 30 nM to
about 50 nM, from about 40 nM to about 50 nM, or greater than about 50 nM. In certain
embodiments, a presently disclosed extracellular antigen-binding domain binds to a cell
expressing CD33 (e.g., an AML cell expressing CD33) with an EC50 value from about 1 nM to
about 5 nM. In certain embodiments, a presently disclosed extracellular antigen-binding domain
binds to a cell expressing CD33 (e.g., an AML cell expressing CD33) with an EC50 value of about
2 nM. In certain embodiments, a presently disclosed extracellular antigen-binding domain binds
to a cell expressing CD33 (e.g., an AML cell expressing CD33) with an EC50 value of about 2.16
nM. In certain embodiments, a presently disclosed extracellular antigen-binding domain binds to
a cell expressing CD33 (e.g., an AML cell expressing CD33) with an EC50 value from about 5
nM to about 10 nM. In certain embodiments, a presently disclosed extracellular antigen-binding
domain binds to a cell expressing CD33 (e.g., an AML cell expressing CD33) with an EC50 value

of about 10 nM. In certain embodiments, a presently disclosed extracellular antigen-binding
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domain binds to a cell expressing CD33 (e.g., an AML cell expressing CD33) with an EC50 value
of about 8.5 nM. In certain embodiments, a presently disclosed extracellular antigen-binding
domain binds to a cell expressing CD33 (e.g., an AML cell expressing CD33) with an EC50 value
from about 40 nM to about 50 nM. In certain embodiments, a presently disclosed extracellular
antigen-binding domain binds to a cell expressing CD33 (e.g., an AML cell expressing CD33)
with an EC50 value of about 45 nM. In certain embodiments, a presently disclosed extracellular
antigen-binding domain binds to a cell expressing CD33 (e.g., an AML cell expressing CD33)
with an EC50 value of about 45 nM.

Binding of the extracellular antigen-binding domain can be confirmed by, for example,
enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), FACS analysis,
bioassay (e.g., growth inhibition), or Western Blot assay. Each of these assays generally detect
the presence of protein-antibody complexes of particular interest by employing a labeled reagent
(e.g., an antibody, or a scFv) specific for the complex of interest. For example, the scFv can be
radioactively labeled and used in a radioimmunoassay (RIA) (see, for example, Weintraub, B.,
Principles of Radioimmunoassays, Seventh Training Course on Radioligand Assay Techniques,
The Endocrine Society, March, 1986, which is incorporated by reference herein). The radioactive
isotope can be detected by such means as the use of a y counter or a scintillation counter or by
autoradiography. In certain embodiments, the CD33-targeted extracellular antigen-binding
domain is labeled with a fluorescent marker. Non-limiting examples of fluorescent markers
include green fluorescent protein (GFP), blue fluorescent protein (e.g., EBFP, EBFP2, Azurite,
and mKalamal), cyan fluorescent protein (e.g., ECFP, Cerulean, and CyPet), and yellow
fluorescent protein (e.g., YFP, Citrine, Venus, and YPet). In certain embodiments, the CD33-
targeted human scFv is labeled with GFP.

In certain embodiments, the CDRs are identified according to the IMGT numbering
system.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
2 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in
SEQ ID NO: 3 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 4 or a conservative modification thereof. SEQ ID NOs: 2-4 are
provided in Table 1.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
5 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in

SEQ ID NO: 6 or a conservative modification thereof, and a CDR3 comprising the amino acid
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sequence set forth in SEQ ID NO: 7 or a conservative modification thereof. SEQ ID NOs: 5-7
are provided in Table 1.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
2 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in
SEQ ID NO: 3 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 4 or a conservative modification thereof, and a VL comprising
a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 5 or a conservative
modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 6 or
a conservative modification, and a CDR3 comprising the amino acid sequence set forth in SEQ
ID NO: 7 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
2, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 3, and a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 4; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 5, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 6, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 7.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 8. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to SEQ ID NO: 8. In certain embodiments,
the extracellular antigen-binding domain comprises a Vu comprising the amino sequence set forth
in SEQ ID NO: 8. An exemplary nucleotide sequence encoding the amino acid sequence of SEQ
ID NO: 8 is set forth in SEQ ID NO: 10. SEQ ID NOs: 8 and 10 are provided in Table 1 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 9. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about 82%,

about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
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about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to SEQ ID NO: 9. In certain embodiments,
the extracellular antigen-binding domain comprises a VL comprising the amino sequence set forth
in SEQ ID NO: 9. An exemplary nucleotide sequence encoding the amino acid sequence of SEQ
ID NO: 9 is set forth in SEQ ID NO: 11. SEQ ID NOs: 9 and 11 are provided in Table 1 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 8, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 9. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “3-P14”. In certain embodiments, the Vg and VL are linked via a linker. In certain
embodiments, the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (Vr) is positioned. In certain embodiments, the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 1
CDRs 1 2 3
Vo GFTFSTYA ISGRGGST AGRGDYYYYYGMDV
[SEQ ID NO: 2] [SEQ ID NO: 3] [SEQ ID NO: 4]
VL OSLVYSDGNTY KIS MQSTQFPHT
[SEQ ID NO: 5] [SEQ ID NO: 6] [SEQ ID NO: 7]

Full Vg EVOLLESGGGLVQPGGSLRLSCAASGFTEFSTYAMSWVROAPGKGLEWVSATISGRGGSTY
YTDSVKGREFTISRDNSKNTVSLOMNSLRAEDTAVYYCAGRGDYYYYYGMDVWGQGTTVT
VSA [SEQ ID NO: 8]

Full VL DIVMTQSPLSSPVILGQPASFSCRSSQSLVYSDGNTYLSWLOQORPGOPPRLLIYKISNR
FSGVPDRFSGSGAGTDFTLKISRVEAEDVGVYYCMQOSTQFPHTFGQGTKLEIK [SEQ
ID NO: 9]

DNA for | GAGGTGCAGCTGTTGGAGT CTGGGGGAGGCTTGGTCCAGCCTGGGGGETCCCTGAGACT
CTCCTGTGCAGCCTCTGGATTCACCTTTAGCACCTATGCCATGAGCTGGGTCCGCCAGG
Full Vg CTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGTCGTGGTGGTAGCACATAC
TACACAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACACGGT
GTCTCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGGGCC
GGGGAGATTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTCACC
GTCTCCGCA [SEQ ID NO: 10]
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DNA for | GATATTGTGATGACCCAGAGTCCACTCTCCTCACCTGTCACCCTTGGACAGCCGGCCTC
CTTCTCCTGCAGGTCTAGTCAAAGCCTCGTATACAGTGATGGAAACACCTACTTGAGTT
Full VL GGCTTCAGCAGAGGCCAGGCCAGCCTCCAAGACTCCTAATTTATAAGATTTCTAACCGG
TTCTCTGGGGTCCCAGACAGATTCAGTGGCAGTGGGGCAGGGACAGATTTCACACTGAA
AATCAGCAGGGTGGAAGCTGAGGATGTCGGGGTTTATTACTGCATGCAATCTACACAAT
TTCCTCACACTTTTGGCCAGGGGACCAAGCTGGAGATCAAA [SEQ ID NO: 11]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
12 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 13 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 14 or a conservative modification thereof. SEQ ID NOs:
12-14 are provided in Table 2.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
15 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 16 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 17 or a conservative modification thereof. SEQ ID NOs: 15-
17 are provided in Table 2.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
12 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 13 or a conservative modification thereof, a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 14 or a conservative modification thereof; and a VL comprising
a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 15 or a conservative
modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 16 or
a conservative modification thereof, and a CDR3 comprising the amino acid sequence set forth in
SEQ ID NO: 17 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., a scFv) comprises
a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 12, a
CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 13, a CDR3 comprising the
amino acid sequence set forth in SEQ ID NO: 14; and a VL comprising a CDR1 comprising the
amino acid sequence set forth in SEQ ID NO: 15, a CDR2 comprising the amino acid sequence
set forth in SEQ ID NO: 16, and a CDR3 comprising the amino acid sequence set forth in SEQ
ID NO: 17.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about

85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
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set forth in SEQ ID NO: 18. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 18. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 18. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 18 is set forth in SEQ ID NO: 20. SEQ ID NO:
18 and 20 are provided in Table 2 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 19. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 19. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 19. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 19 is set forth in SEQ ID NO: 21. SEQ ID
NO: 19 and 21 are provided in Table 2 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 18, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 19. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “4-B2”. In certain embodiments, the Vy and Vi are linked via a linker. In certain embodiments,
the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-

binding domain, a light chain variable region (V) is positioned. In certain embodiments, if the
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extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 2
CDRs 1 2 3
Vo GFIFSSNA ISGYGGNT AKWGTYIVGATGDY
[SEQ ID NO: 12] [SEQ ID NO: 13] [SEQ ID NO: 14]
VL SNDVGGYNY EVS SSYAGSNNWV
[SEQ ID NO: 15] [SEQ ID NO: 16] [SEQ ID NO: 17]

Full Vg EVHLLESGGGLVQPGGSLRLSCAASGFIFSSNAMSWVROAPGKGLEWVSATISGYGGNTY
YADSVKGREFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKWGTYIVGATGDYWGQGTLVT
VsSS [SEQ ID NO: 18]

Full VL QSALTQPPSASGSPGQSVIISCTGTSNDVGGYNYVSWYQOHPGKAPKLLIYEVSKRPSG
VPDRFSGSQSGNTASLTVSGLOQAEDEADYYCSSYAGSNNWVEGGGTKLTVL [SEQ ID
NO: 19]

DNA for | GAGGTGCACCTGTTGGAGT CTGGGGGAGGCTTGGTACAGCCTGGGGGETCCCTGAGACT
CTCCTGTGCAGCCTCTGGATTCATCTTTAGCAGCAATGCCATGAGCTGGGTCCGCCAGG
Full Vg CTCCAGGGAAGGGACTGGAGTGGGTCTCAGCTATTAGTGGTTATGGTGGTAACACATAC
TACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCT
ATATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGAAAT
GGGGGACTTATATAGTGGGAGCTACGGGTGACTACTGGGGCCAGGGAACTCTGGTCACC
GTCTCCTCA [SEQ ID NO: 20]

DNA for | CAGTCTGCCCTGACTCAGCCTCCCTCCGCGTCCGGETCTCCTGGACAGTCAGTCACCAT
CTCCTGCACTGGAACCAGCAATGACGTTGGTGGTTATAACTATGTCTCCTGGTACCAAC
Full VL AGCACCCAGGCAAAGCCCCCAAACTCTTGATTTATGAGGTCAGTAAGCGGCCCTCAGGG
GTCCCTGATCGCTTCTCTGGCTCCCAGTCTGGCAACACGGCCTCCCTGACCGTCTCTGG
GCTCCAGGCTGAGGATGAGGCTGATTATTACTGCAGCTCATATGCAGGCAGCAACAATT
GGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTA [SEQ ID NO: 21]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 22 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 23 or a conservative modification thereof, and a CDR3 comprising the
amino acid sequence set forth in SEQ ID NO: 24 or a conservative modification thereof. SEQ ID
NOS: 22-24 are provided in Table 3.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
25 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 26 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 27 or a conservative modification thereof. SEQ ID NOs:
25-27 are provided in Table 3.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 22 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set

forth in SEQ ID NO: 23 or a conservative modification thereof, a CDR3 comprising the amino
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acid sequence set forth in SEQ ID NO: 24 or a conservative modification thereof, and a VL
comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 25 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 26 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 27 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 22, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 23, a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 24; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 25, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 26, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 27.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 28. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 28. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 28. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 28 is set forth in SEQ ID NO: 30. SEQ ID NO:
28 and 30 are provided in Table 3 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 29. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 29. In certain embodiments, the extracellular antigen-binding domain comprises a VL

comprising the amino sequence set forth in SEQ ID NO: 29. An exemplary nucleotide sequence
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encoding the amino acid sequence of SEQ ID NO: 29 is set forth in SEQ ID NO: 31. SEQ ID NO:
29 and 31 are provided in Table 3 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 28, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 29. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “1-J19”. In certain embodiments, the Vg and V1 are linked via a linker. In certain embodiments,
the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (V) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: Vi-Va.

Table 3
CDRs 1 2 3
Vo GDSVSSNSAA TYFRSKWYN ASEGGSYYDH
[SEQ ID NO: 22] [SEQ ID NO: 23] [SEQ ID NO: 24]
VL OGISNW AAS OQADSFPFT
[SEQ ID NO: 25] [SEQ ID NO: 26] [SEQ ID NO: 27]

Full Vg QVOLOOSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYFRSKW
YNVYAVSVKSRITINPDTSKNQFSLOLNSVTPEDTAVYYCASEGGSYYDHWGOQGTLVTV
SS [SEQ ID NO: 28]

Full VL DIOMTQSPSSVSASVGDRVTIITCRASQGISNWLTWYQOKPGKAPKLLIYAASSLQSGVP
SRESGSGSGTDFTLTISSLOPEDFATYYCQOADSFPFTFGPGTKVDIK [SEQ ID
NO: 29]

DNA for | CAGGTACAGCTGCAGCAGTCAGGTCCAGGACTGGTGAAGCCCTCGCAGACCCTCTCACT
CACCTGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTGCTTGGAACTGGATCA
Full Vg GGCAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGAAGGACATACTTCAGGTCCAAGT GG
TATAATGTTTATGCAGTGTCTGTGAAGAGTCGAATAACCATCAACCCAGACACATCCAA
GAACCAGTTCTCCCTGCAGCTGAACTCTGTGACTCCCGAGGACACGGCTGTGTATTATT
GTGCAAGCGAGGGTGGGAGCTATTATGACCACTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTCA [SEQ ID NO: 30]

DNA for | GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGAGTCACL
CATCACTTGTCGGGCGAGTCAGGGTATTAGTAATTGGTTAACCTGGTATCAGCAGAAAC
Full VL CAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCA
TCAAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCA
GCCTGAAGATTTTGCAACTTACTATTGTCAACAGGCTGACAGTTTCCCATTCACTTTCG
GCCCTGGGACCAAAGTGGATATCAAA [SEQ ID NO: 31]
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In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
32 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 33 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 34 or a conservative modification thereof. SEQ ID NOs: 32-34
are provided in Table 4.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
25 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 26 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 27 or a conservative modification thereof. SEQ ID NOs:
25-27 are provided in Table 4.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 32 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 33 or a conservative modification thereof, a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 34 or a conservative modification thereof, and a VL
comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 25 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 26 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 27 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 32, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 33, a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 34; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 25, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 26, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 27.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 35. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
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about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 35. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 35. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 35 is set forth in SEQ ID NO: 36. SEQ ID NO:
35 and 36 are provided in Table 4 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 29. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 29. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 29. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 29 is set forth in SEQ ID NO: 31. SEQ ID NO:
29 and 31 are provided in Table 4 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 35, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 29. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “1-J19-2”. In certain embodiments, the Vg and VL are linked via a linker. In certain
embodiments, the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (VL) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: VL-V.

Table 4
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CDRs 1 2 3
Vu GFSLSTSGMC IDWDDDK ARTPYSGSYNWEDP
[SEQ ID NO: 32] [SEQ ID NO: 33] [SEQ ID NO: 34]
VL QGISNW AAS QOADSFEFPET
[SEQ ID NO: 25] [SEQ ID NO: 26] [SEQ ID NO: 27]

Full Vg QVTLRESGPALVKPTQTLTLTCTESGESLSTSGMCVSWIRQPPGKALEWLALIDWDDDK
YYSTSLKTRLTISKDTSKNQVVLTMTNMDPVDTATYYCARTPYSGSYNWEDPWGQGTLYV
TVSS [SEQ ID NO: 35]

Full VL DIOMTQSPSSVSASVGDRVTIITCRASQGISNWLTWYQOKPGKAPKLLIYAASSLQSGVP
SRESGSGSGTDFTLTISSLOPEDFATYYCQOADSFPFTFGPGTKVDIK [SEQ ID
NO: 29]

DNA for | CAGGTCACCTTGAGGGAGTCTGGTCCTGCGCTGGTGAAACCCACACAGACCCTCACACT
GACCTGCACCTTCTCTGGGTTCTCACTCAGCACTAGTGGAATGTGTGTGAGCTGGATCC
Full Vg GTCAGCCCCCAGGGAAGGCCCTGGAGTGGCTTGCACTCATTGATTGGGATGATGATAAA
TACTACAGCACATCTCTGAAGACCAGGCTCACCATCTCCAAGGACACCTCCAAAAACCA
GGTGGTCCTTACAATGACCAACATGGACCCTGTGGACACAGCCACGTATTATTGTGCAC
GGACCCCCTATAGTGGGAGCTACAACTGGTTCGACCCCTGGGGCCAGGGAACCCTGGTC
ACCGTCTCCTCA [SEQ ID NO: 36]

DNA for | GACATCCAGATGACCCAGTCTCCATCTTCCGTGTCTGCATCTGTAGGAGACAGAGTCACL
CATCACTTGTCGGGCGAGTCAGGGTATTAGTAATTGGTTAACCTGGTATCAGCAGAAAC
Full VL CAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCA
TCAAGGTTCAGCGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCA
GCCTGAAGATTTTGCAACTTACTATTGTCAACAGGCTGACAGTTTCCCATTCACTTTCG
GCCCTGGGACCAAAGTGGATATCAAA [SEQ ID NO: 31]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vg comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 37 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 38 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 39 or a conservative modification thereof. SEQ ID NOs:
37- 39 are provided in Table 5.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
40 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 41 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 42 or a conservative modification thereof. SEQ ID NOs: 40-42
are provided in Table 5.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 37 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 38 or a conservative modification thereof, a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 39 or a conservative modification thereof, and a VL
comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 40 or a

conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
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ID NO: 41 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 42 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
37, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 38, a CDR3 comprising
the amino acid sequence set forth in SEQ ID NO: 39; and a VL comprising a CDR1 comprising
the amino acid sequence set forth in SEQ ID NO: 40, a CDR2 comprising the amino acid sequence
set forth in SEQ ID NO: 41, and a CDR3 comprising the amino acid sequence set forth in SEQ
ID NO: 42.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 43. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 43. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 43. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 43 is set forth in SEQ ID NO: 45. SEQ ID NO:
43 and 45 is provided in Table 5 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 44. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 44. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 44. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 44 is set forth in SEQ ID NO: 46. SEQ ID NO:
44 and 46 are provided in Table 5 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)

comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 43, and a VL
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comprising the amino acid sequence set forth in SEQ ID NO: 44. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “1-P13”. In certain embodiments, the Vg and VL are linked via a linker. In certain
embodiments, the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (VL) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 5
CDRs 1 2 3
Vo GFTFSTYG ISYDGSNK ARGRVGTLDY
[SEQ ID NO: 37] [SEQ ID NO: 38] [SEQ ID NO: 39]
VL RGLVYSDVNTN KVS MQGTHWPWT
[SEQ ID NO: 40] [SEQ ID NO: 41] [SEQ ID NO: 42]

Full Vg QVQLVESGGGVVQPGRSLRLSCAASGETEFSTYGMHWVROQAPGKGLEWVAVISYDGSNKY
HGDAVKGREFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGRVGTLDYWGQGTLVTVSS
[SEQ ID NO: 43]

Full VL DVVMTQSPLSLPVSLGQPASTISCRSSRGLVYSDVNTNLNWEQORPGOSPRRLIYKVSNR
DSGVPDREFSGSGSGTDFTLKISRVEAEDVGVYYCMQGTHWPWTEGQGTKVEIK

[SEQ ID NO: 44]

DNA for | CAGGTGCAGCTGGTGGAGT CTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACT
CTCCTGTGCAGCCTCTGGATTTACCTTCAGTACCTATGGCATGCACTGGGTCCGCCAGG
Full Vg CTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTCATATCATATGATGGAAGTAATAAATAT
CATGGAGACGCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCT
GTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGGG
GGAGAGTGGGAACTCTTGACTATTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA
[SEQ ID NO: 45]

DNA for | GATGTITGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCAGCCTTGGACAGCCGGCCTC
CATCTCCTGCAGGTCTAGTCGAGGCCTCGTATACAGTGATGTAAACACCAACTTGAATT
Full VL GGTTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTATAAGGTTTCTAACCGG
GACTCTGGGGTCCCAGACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTGAA
AATCAGCAGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAGGTACACACT
GGCCTTGGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA [SEQ ID NO: 46]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 47 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set

forth in SEQ ID NO: 38 or a conservative modification thereof, and a CDR3 comprising the amino

42



10

15

20

25

30

WO 2023/034560 PCT/US2022/042444

acid sequence set forth in SEQ ID NO: 48 or a conservative modification thereof. SEQ ID NOs:
38, 47, and 48 are provided in Table 6.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
49 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 50 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 51 or a conservative modification thereof. SEQ ID NOs: 49-51
are provided in Table 6.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 47 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 38 or a conservative modification thereof, a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 48 or a conservative modification thereof; and a VL
comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 49 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 50 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 51 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 47, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 38, a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 48; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 49, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 50, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 51.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 52. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 52. In certain embodiments, the extracellular antigen-binding domain comprises a Vu

comprising the amino sequence set forth in SEQ ID NO: 52. An exemplary nucleotide sequence
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encoding the amino acid sequence of SEQ ID NO: 52 is set forth in SEQ ID NO: 54. SEQ ID NO:
52 and 54 are provided in Table 6 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 53. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 53. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 53. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 53 is set forth in SEQ ID NO: 55. SEQ ID NO:
53 and 55 are provided in Table 6 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 52, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 53. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “1-P23”. In certain embodiments, the linker comprises the amino acid sequence set forth in
SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (VL) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 6
CDRs 1 2 3
Vo GFTENSYG ISYDGSNK ARDNYDSSGYNWYFDL
[SEQ ID NO: 47] [SEQ ID NO: 38] [SEQ ID NO: 48]
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VL SLRSYY GKN NSRDSSGNLWV
[SEQ ID NO: 49] [SEQ ID NO: 50] [SEQ ID NO: 51]

Full Vg QVQLVESGGGVVQPGRSLRLSCAASGEFTFNSYGMHWVROQAPGKGLEWVAITSYDGSNKY
YADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDNYDSSGYNWYFDLWGRGTL
VTVSS [SEQ ID NO: 52]

Full VL SSELTODPAVSVALGQTVRITCOGDSLRSYYASWYQQKPGOAPVLVIYGKNNRPSGIPD
RESGSSSGNTASLTITGAQAEDEADYYCNSRDSSGNLWVEFGGGTKLTVL [SEQ ID
NO: 53]

DNA for | CAGGTGCAGCTGGTGGAGT CTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACT
CTCCTGTGCAGCCTCTGGATTCACCTTCAACAGCTATGGCATGCACTGGGTCCGCCAGG
Full Vg CTCCAGGCAAGGGGCTGGAGTGGGTGGCAATTATATCATATGATGGAAGTAATAAATAC
TATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCT
GTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTATTGTGCGAGAG
ATAATTATGATAGTAGTGGTTATAACTGGTACTTCGATCTCTGGGGCCGTGGCACCCTG
GTCACTGTCTCCTCA [SEQ ID NO: 54]

DNA for | TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACAGACAGT CAGGAT
CACATGCCAAGGAGACAGCCTCAGAAGCTATTATGCAAGCTGGTACCAGCAGAAGCCAG
Full VL GACAGGCCCCTGTACTTGTCATCTATGGTAAAAACAACCGGCCCTCAGGGATCCCAGAC
CGATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGC
GGAAGATGAGGCTGACTATTACTGTAACTCCCGGGACAGCAGTGGTAACCTCTGGGTGT
TCGGCGGAGGGACCAAGCTGACCGTCCTA [SEQ ID NO: 55]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 56 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 57 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 58 or a conservative modification thereof. SEQ ID NOs:
56-58 are provided in Table 7.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
59 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 60 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 61 or a conservative modification thereof. SEQ ID NOs: 59-61
are provided in Table 7.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 56 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 57 or a conservative modification thereof, a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 58 or a conservative modification thereof; and a VL
comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 59 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 60 or a conservative modification thereof, and a CDR3 comprising the amino acid

sequence set forth in SEQ ID NO: 61 or a conservative modification thereof.
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In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 56, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 57, a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 58; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 59, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 60, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 61.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 62. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 62. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 62. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 62 is set forth in SEQ ID NO: 64. SEQ ID NO:
62 and 64 are provided in Table 7 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 63. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 63. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 63. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 63 is set forth in SEQ ID NO: 65. SEQ ID NO:
63 and 65 are provided in Table 7 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 62, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 63. In certain embodiments, the

extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
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as “1-A20”. In certain embodiments, the Vuy and Vi are linked via a linker. In certain
embodiments, the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (VL) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 7
CDRs 1 2 3
Vo GDSISSYY IYTSGNT ARDGDNRDSDAFDI
[SEQ ID NO: 56] [SEQ ID NO: 57] [SEQ ID NO: 58]
VL ONISSSY GTS OQYGSSPLT
[SEQ ID NO: 59] [SEQ ID NO: 60] [SEQ ID NO: 61]

Full Vg QVOLOESGPGLVKPSETLSLTCTVSGDSISSYYWSWIRQPAGKGLEWIGRIYTSGNTNY
NPSLKSRVIMSVDKSKNQFSLKLRSVTAADTAVYYCARDGDNRDSDAFDIWGQGTMVTV
SS [SEQ ID NO: 62]

Full VL SPGTLSLSPGERATLSCRASQONISSSYLAWCQOQKPGOAPRLETIYGTSRRATGIPDRESG
SGSGTDFTLTISRLEPEDFAVYYCQQYGSSPLTFGGGTKVEIK [SEQ ID NO: 63]
DNA for | CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCT
CACCTGCACTGTCTCTGGTGACTCCATCAGTAGTTATTACTGGAGCTGGATCCGGCAGC
Full Vg CCGCCGGGAAGGGACTGGAGTGGATTGGACGTATCTATACCAGTGGGAACACCAACTAC
AACCCCTCCCTCAAGAGTCGAGTCACCATGTCAGTAGACAAGTCCAAGAACCAGTTCTC
CCTGAAGCTGAGGTCTGTGACCGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGATG
GTGATAACCGGGACTCTGATGCTTTTGATATCTGGGGCCAAGGGACAATGGTCACCGTC
TCTTCA [SEQ ID NO: 64]

DNA for | GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCAL
CCTCTCCTGCAGGGCCAGTCAGAATATTAGCAGCAGCTACTTAGCCTGGTGCCAGCAGA
Full VL AACCTGGCCAGGCTCCCAGGCTCTTCATCTATGGTACATCCCGCAGGGCCACTGGCATC
CCAGACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACT
GGAGCCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTAGTTCACCTCTCACTT
TCGGCGGAGGGACCAAGGTGGAGATCAAA [SEQ ID NO: 65]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 66 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 67 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 68 or a conservative modification thereof. SEQ ID NOs:
66-68 are provided in Table 8.
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In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
69 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 70 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 71 or a conservative modification thereof. SEQ ID NOs: 69-
71are provided in Table 8.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 66 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 67 or a conservative modification thereof, a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 68 or a conservative modification thereof; and a VL
comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 69 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 70 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 71 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 66, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 67, a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 68; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 69, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 70, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 71.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 72. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 72. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 72. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 72 is set forth in SEQ ID NO: 74. SEQ ID
NOs: 72 and 74 are provided in Table 8 below.
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In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 73. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 73. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 73. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 73 is set forth in SEQ ID NO: 75. SEQ ID
NOs: 73 and 75 are provided in Table 8 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 72, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 73. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “1-N3”. In certain embodiments, the Vg and Vi are linked via a linker. In certain embodiments,
the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (V) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 8
CDRs 1 2 3
Vo GFSFTSHW IYPGDSDT ARHETGNGYSYGMDV
[SEQ ID NO: 66] [SEQ ID NO: 67] [SEQ ID NO: 68]
VL OSLLHSNGYNY LGS MQALQPPLT
[SEQ ID NO: 69] [SEQ ID NO: 70] [SEQ ID NO: 71]

Full Vg EVOLVQSGADVKKPGESLKISCKGSGESFTSHWIAWVROMPGKGLEWMGIIYPGDSDTR
YSPSLOGRVTISADKSISTAYLOWSSLKASDTAMYFCARHETGNGYSYGMDVWGQGTTV
TVSS [SEQ ID NO: 72]
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Full VL DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLOKPGOSPOLLESLGSNR
ASGVPDRFSGSGSGTDFSLKISRVEAEDVGLYYCMQALQPPLTFGGGTKVEIK [SEQ
ID NO: 73]

DNA for | GAGGTGCAGCTGGTGCAGT CTGGAGCAGACGTGAAAAAGCCCGGGGAGTCTCTGAAGAT
CTCCTGTAAGGGTTCTGGATTCAGTTTTACCAGCCACTGGATCGCCTGGGTGCGCCAGA
Full Vg TGCCCGGGAAAGGCCTGGAGTGGATGGGGATAATCTATCCTGGTGACTCTGATACCAGA
TACAGCCCGTCCTTACAAGGCCGGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGC
CTACCTGCAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTTCTGTGCGAGGC
ATGAAACTGGGAATGGCTACTCCTACGGAATGGACGTCTGGGGCCAAGGGACCACGGTC
ACCGTCTCCTCA [SEQ ID NO: 74]

DNA for | GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTC
CATCTCCTGCAGGTCTAGTCAGAGCCTCCTGCATAGTAATGGATACAACTATTTGGATT
Full VL GGTACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGTTCTCTTTGGGTTCTAATCGG
GCCTCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTTCACTGAA
AATCAGCAGAGTGGAGGCTGAGGATGTTGGGCTTTATTACTGCATGCAAGCTCTACAAC
CTCCGCTCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAA [SEQ ID NO: 75]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 76 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 57 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 77 or a conservative modification thereof. SEQ ID NOs:
57, 76, and 77 are provided in Table 9.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
78 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth
in SEQ ID NO: 79 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 80 or a conservative modification thereof. SEQ ID NOs: 78-80
are provided in Table 9.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 76 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 57 or a conservative modification thereof, a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 77 or a conservative modification thereof; and a VL
comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 78 or a
conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ
ID NO: 79 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 80 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID

NO: 76, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 57, a CDR3
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comprising the amino acid sequence set forth in SEQ ID NO: 77; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 78, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 79, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 80.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 81. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 81. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 81. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 81 is set forth in SEQ ID NO: 83. SEQ ID
NOs: 81 and 83 are provided in Table 9 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 82. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 82. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 82. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 82 is set forth in SEQ ID NO: 84. SEQ ID NO:
82 and 84 are provided in Table 9 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 81, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 82. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “1-H19”. In certain embodiments, the Vu and VL are linked via a linker. In certain

embodiments, the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.
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In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (VL) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 9
CDRs 1 2 3
Vo GGSISTYY IYTSGNT ARDGDNRNSDAFDI
[SEQ ID NO: 76] [SEQ ID NO: 57] [SEQ ID NO: 77]
VL SSNIGAGYD GNS OSYDRSLSGWV
[SEQ ID NO: 78] [SEQ ID NO: 79] [SEQ ID NO: 80]

Full Vg QVOQLOESGPGLVKPSETLSLTCTVSGGSISTYYWSWIRQPAGKGLEWIGRIYTSGNTNY
NPSLKSRVIMSVDTSKNQLSLKLRSVTAADTAVYYCARDGDNRNSDAFDIWGQGTMVTV
SS [SEQ ID NO: 81]

Full VL QSVLTQPPSVSGAPGQRVTISCTGSSSNIGAGYDVHWYQOLPGTAPKLLIYGNSNRPSG
VPDRFSGSKSGTSASLAITGLOQAEDEADYYCQSYDRSLSGWVEFGGGTKLTVL [SEQ
ID NO: 82]

DNA for | CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCT
CACCTGCACTGTCTCTGGTGGCTCCATCAGTACTTATTACTGGAGCTGGATCCGGCAGC
Full Vg CCGCCGGGAAGGGACTGGAGTGGATTGGGCGTATCTATACCAGTGGGAACACCAACTAC
AACCCCTCCCTCAAGAGTCGAGTCACCATGTCAGTAGACACGTCCAAGAATCAGCTCTC
CCTGAAGCTGAGGTCTGTGACCGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGATG
GGGATAACCGGAACTCTGATGCTTTTGATATTTGGGGCCAAGGGACAATGGTCACCGTC
TCTTCA [SEQ ID NO: 83]

DNA for | CAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTCACCAT
CTCCTGCACTGGGAGCAGCTCCAACATCGGGGCAGGTTATGATGTACACTGGTACCAGC
Full VL AGCTTCCAGGAACAGCCCCCAAACTCCTCATCTATGGTAACAGCAATCGGCCCTCAGGG
GTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCACTGG
GCTCCAGGCTGAGGATGAGGCTGATTATTACTGCCAGTCCTATGACCGCAGCCTGAGTG
GTTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTA [SEQ ID NO: 84]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 85 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 86 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 87 or a conservative modification thereof. SEQ ID NOs:
85-87 are provided in Table 10.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)

comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
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5 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in
SEQ ID NO: 41 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 42 or a conservative modification thereof. SEQ ID NOs: 5, 41,
and 42 are provided in Table 10.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 85 or a conservative modification thereof, a Vu comprising a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 86 or a conservative modification thereof, a Vu comprising
a CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 87 or a conservative
modification thereof; and a VL comprising a CDR1 comprising the amino acid sequence set forth
in SEQ ID NO: 5 or a conservative modification thereof, a CDR2 comprising the amino acid
sequence set forth in SEQ ID NO: 41 or a conservative modification thereof, and a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 42 or a conservative modification
thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 85, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 86, a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 87; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 5, a CDR2 comprising the amino
acid sequence set forth in SEQ ID NO: 41, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 42.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 88. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 88. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 88. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 88 is set forth in SEQ ID NO: 90. SEQ ID
NOs: 88 and 90 are provided in Table 10 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)

comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
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85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 89. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 89. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 89. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 89 is set forth in SEQ ID NO: 91. SEQ ID
NOs: 89 and 91 are provided in Table 10 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 88, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 89. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “2-F18”. In certain embodiments, the Vy and VL are linked via a linker. In certain
embodiments, the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (VL) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 10
CDRs 1 2 3
Vu GFTFSAYP ISYDGSNN ARGKVGTLDF
[SEQ ID NO: 85] [SEQ ID NO: 86] [SEQ ID NO: 87]
3 QSLVYSDGNTY KVS MQGTHWPWT
[SEQ ID NO: 5] [SEQ ID NO: 41] [SEQ ID NO: 42]

Full Vg QIQLVESGGGVVQPGRSLRLSCAASGETEFSAYPMHWVROAPGKGLEWVAITSYDGSNNY
YADSVKGREFTISRDNSKNTMYLQINSLRAEDTGVYYCARGKVGTLDFWGQGTLVTVSS
[SEQ ID NO: 88]

Full VL DVVLTQSPLSLPVTLGQPASISCRSSQSLVYSDGNTYLNWEQORPGOSPRRLIYKVSNR
DSGVPDREFSGSGSGTDFTLKISRVEAEDVGVYYCMQGTHWPWTEGQGTKVEIK

[SEQ ID NO: 89]

54



10

15

20

25

WO 2023/034560 PCT/US2022/042444

DNA for | CAGATACAGCTGGTGGAGT CTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACT
CTCCTGTGCAGCCTCTGGATTCACCTTCAGTGCCTATCCCATGCACTGGGTCCGCCAGG
Full Vg CTCCAGGCAAGGGGCTGGAGTGGGTGGCAATTATATCATATGATGGAAGTAATAACTAC
TATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGAT
GTATCTGCAAATTAACAGCCTGAGAGCTGAGGACACGGGTGTGTATTACTGTGCGCGAG
GGAAAGTGGGAACCCTTGACTTCTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA
[SEQ ID NO: 90]

DNA for | GATGTITGTGCTGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCGGCCTC
CATCTCCTGCAGGTCTAGTCAAAGCCTCGTATACAGTGATGGAAACACCTACTTGAATT
Full VL GGTTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTAATTTATAAGGTTTCTAACCGG
GACTCTGGGGTCCCAGACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTGAA
AATCAGCAGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAGGTACACACT
GGCCGTGGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA [SEQ ID NO: 91]

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 2 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 3 or a conservative modification thereof, and a CDR3 comprising the amino
acid sequence set forth in SEQ ID NO: 4 or a conservative modification thereof. SEQ ID NOs:2-
4 are provided in Table 11.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID NO:
5 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set forth in
SEQ ID NO: 6 or a conservative modification thereof, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 7 or a conservative modification thereof. SEQ ID NOs: 5-7 are
provided in Table 11.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 2 or a conservative modification thereof, a CDR2 comprising the amino acid sequence set
forth in SEQ ID NO: 3 or a conservative modification thereof, a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 4 or a conservative modification thereof, and a VL comprising
a CDR1 comprising the amino acid sequence set forth in SEQ ID NO: 5 or a conservative
modification thereof, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 6 or
a conservative modification thereof, and a CDR3 comprising the amino acid sequence set forth in
SEQ ID NO: 7 or a conservative modification thereof.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising a CDR1 comprising the amino acid sequence set forth in SEQ ID
NO: 2, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 3, a CDR3
comprising the amino acid sequence set forth in SEQ ID NO: 4; and a VL comprising a CDR1
comprising the amino acid sequence set forth in SEQ ID NO: 5, a CDR2 comprising the amino
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acid sequence set forth in SEQ ID NO: 6, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID NO: 7.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 8. For example, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising an amino acid sequence that is about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ ID
NO: 8. In certain embodiments, the extracellular antigen-binding domain comprises a Vu
comprising the amino sequence set forth in SEQ ID NO: 8. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 8 is set forth in SEQ ID NO: 93. SEQ ID NO:
8 and 93 are provided in Table 11 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a VL comprising an amino acid sequence that is at least about 80% (e.g., at least about
85%, at least about 90%, or at least about 95%) homologous or identical to the amino sequence
set forth in SEQ ID NO: 92. For example, the extracellular antigen-binding domain (e.g., an
scFv) comprises a VL comprising an amino acid sequence that is about 80%, about 81%, about
82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous or identical to the amino sequence set forth in SEQ
ID NO: 92. In certain embodiments, the extracellular antigen-binding domain comprises a VL
comprising the amino sequence set forth in SEQ ID NO: 92. An exemplary nucleotide sequence
encoding the amino acid sequence of SEQ ID NO: 92 is set forth in SEQ ID NO: 94. SEQ ID NO:
92 and 94 are provided in Table 11 below.

In certain embodiments, the extracellular antigen-binding domain (e.g., an scFv)
comprises a Vu comprising the amino acid sequence set forth in SEQ ID NO: 8, and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 92. In certain embodiments, the
extracellular antigen-binding domain is an scFv. In certain embodiments, the scFv is designated
as “4-P3”. In certain embodiments, the Vu and VL are linked via a linker. In certain embodiments,
the linker comprises the amino acid sequence set forth in SEQ ID NO: 96.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-

binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
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extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a light chain variable region (VL) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-

to the C-terminus: VL-Vu.

Table 11
CDRs 1 2 3
Vu GFTFSTYA ISGRGGST AGRGDYYYYYGMDV
[SEQ ID NO: 2] [SEQ ID NO: 3] [SEQ ID NO: 4]
3 QSLVYSDGNTY KIS MQSTQFPHT
[SEQ ID NO: 5] [SEQ ID NO: 6] [SEQ ID NO: 7]

Full Vg EVOLLESGGGLVQPGGSLRLSCAASGFTEFSTYAMSWVROAPGKGLEWVSATISGRGGSTY
YTDSVKGREFTISRDNSKNTVSLOMNSLRAEDTAVYYCAGRGDYYYYYGMDVWGQGTTVT
VSA [SEQ ID NO: 8]

Full VL DIVMTQSPLSSPVILGQPASISCRSSQSLVYSDGNTYLSWLOQORPGOPPRLLIYKISNR
FSGVPDRFSGSGAGTDFTLKISRVEAEDVGVYYCMQOSTQFPHTFGQGTKLEIK [SEQ
ID NO: 92]

DNA for | GAGGTGCAGCTGTTGGAGT CTGGGGGAGGCTTGGTCCAGCCTGGGGGETCCCTGAGACT
CTCCTGTGCAGCCTCTGGATTCACCTTTAGCACCTATGCCATGAGCTGGGTCCGCCAGG
Full Vg CTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGTCGTGGTGGTAGCACATAC
TACACAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAATACGGT
GTCTCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGGGCC
GGGGAGATTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTCACC
GTCTCCGCA [SEQ ID NO: 93]

DNA for | GATATTGTGATGACCCAGAGTCCACTCTCCTCACCTGTCACCCTTGGACAGCCGGCCTC
CATCTCCTGCAGGTCTAGTCAAAGCCTCGTATACAGTGATGGAAACACCTACTTGAGTT
Full VL GGCTTCAGCAGAGGCCAGGCCAGCCTCCAAGACTCCTAATTTATAAGATTTCTAACCGG
TTCTCTGGGGTCCCAGACAGATTCAGTGGCAGTGGGGCAGGGACAGATTTCACACTGAA
AATCAGCAGGGTGGAAGCTGAGGATGTCGGGGTTTATTACTGCATGCAATCTACACAAT
TTCCTCACACTTTTGGCCAGGGGACCAAGCTGGAGATCAAA [SEQ ID NO: 94]

The Vu and/or VL amino acid sequences having at least about 80%, at least about 80%, at
least about 85%, at least about 90%, or at least about 95% (e.g., about 81%, about 82%, about
83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about
99%) homology or identity to a specific sequence (e.g., SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID
NO: 18, SEQ ID NO: 19, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 35, SEQ ID NO: 43,
SEQ ID NO: 44, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID
NO: 72, SEQ ID NO: 73, SEQ ID NO: 81, SEQ ID NO: 82, SEQ ID NO: 88, SEQ ID NO: 89, or
SEQ ID NO: 92) may contain substitutions (e.g., conservative substitutions), insertions, or

deletions relative to the specified sequence(s), but retain the ability to bind to CD33.
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In certain embodiments, a total of 1 to 10 amino acids are substituted, inserted and/or
deleted in a specific sequence (e.g., SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 18, SEQ ID NO:
19, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 35, SEQ ID NO: 43, SEQ ID NO: 44, SEQ
ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 72, SEQ ID NO: 73,
SEQ ID NO: 81, SEQ ID NO: 82, SEQ ID NO: 88, SEQ ID NO: 89, or SEQ ID NO: 92). In
certain embodiments, substitutions, insertions, or deletions occur in regions outside the CDRs
(e.g., in the FRs) of the extracellular antigen-binding domain. In certain embodiments, the
extracellular antigen-binding domain comprises Vu and/or VL sequence selected from SEQ ID
NOs: 8, 9, 18, 19, 28, 29, 35, 43, 44, 52, 53, 62, 63, 72, 73, 81, 82, 88, 89, or 92 including post-
translational modifications of that sequence (SEQ ID NO: 8, 9, 18, 19, 28, 29, 35, 43, 44, 52, 53,
62, 63, 72, 73, 81, 82, 88, 89, or 92).

In certain embodiments, the extracellular antigen-binding domain of a presently disclosed
antigen recognizing receptor (e.g., a CAR) cross-competes for binding to CD33 (e.g., human
CD33) with a reference antibody or an antigen-binding fragment thereof comprising the Vu
CDRI1, CDR2, and CDR3 sequences and the VL CDR1, CDR2, and CDR3 sequences of, for
example, any one of the presently disclosed scFvs (e.g. 3-P14, 4-B2, 1-J19, 1-J19-2, 1-P13, 1-
P23, 1-A20, 2-N3, 1-H19, 2-F18, and 4-P3). In certain embodiments, the extracellular antigen-
binding domain of a presently disclosed CAR cross-competes for binding to CD33 (e.g., human
CD33) with a reference antibody or an antigen-binding portion thereof comprising the Vg and VL
sequences of, for example, any one of the presently disclosed scFvs (e.g., 3-P14, 4-B2, 1-J19, 1-
J19-2, 1-P13, 1-P23, 1-A20, 2-N3, 1-H19, 2-F18, and 4-P3).

In certain embodiments, the extracellular antigen-binding domain of a presently disclosed
antigen recognizing receptor (e.g., a CAR) cross-competes for binding to CD33 (e.g., human
CD33) with a reference antibody or an antigen-binding portion thereof comprising the Vy CDR1,
CDR2, and CDR3 sequences and the VL CDR1, CDR2, and CDR3 sequences of scFv 3-P14. For
example, the extracellular antigen-binding domain of a presently disclosed antigen recognizing
receptor (e.g., a CAR) cross-competes for binding to CD33 (e.g., human CD33) with a reference
antibody or an antigen-binding portion thereof comprising a Vy CDR1 comprising the amino acid
sequence set forth in SEQ ID NO: 2, a Vu CDR2 comprising the amino acid sequence set forth in
SEQ ID NO: 3; a Vg CDR3 comprising the amino acid sequence set forth in SEQ ID NO: 4; a VL
CDRI1 comprising the amino acid sequence set forth in SEQ ID NO: 5; a VL CDR2 comprising
amino acids having the sequence set forth in SEQ ID NO: 6; and a VL CDR3 comprising amino
acids having the sequence set forth in SEQ ID NO: 7. In certain embodiments, the extracellular
antigen-binding domain of a presently disclosed antigen recognizing receptor (e.g., a CAR) cross-
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binding portion thereof comprising the Vu and VL sequences of scFv 3-P14 . For example, the
extracellular antigen-binding domain of a presently disclosed antigen recognizing receptor (e.g.,
a CAR) cross-competes for binding to CD33 (e.g., human CD33) with a reference antibody or an
antigen-binding portion thereof comprising a Vu comprising amino acids having the sequence set
forth in SEQ ID NO: 8, and a VL comprising amino acids having the sequence set forth in SEQ
ID NO: 9.

In certain embodiments, the extracellular antigen-binding domain of a presently disclosed
antigen recognizing receptor (e.g., a CAR) binds to the same epitope region on CD33 (e.g., human
CD33) as the reference antibody or antigen-binding portion thereof. For example, the
extracellular antigen-binding domain of a presently disclosed CAR binds to the same epitope
region on CD33 (e.g., human CD33) as a reference antibody or an antigen-binding portion thereof
comprising the Vg CDR1, CDR2, and CDR3 sequences and the VL CDR1, CDR2, and CDR3
sequences of, for example, any one of the presently disclosed scFvs (e.g., 3-P14, 4-B2, 1-J19, 1-
J19-2, 1-P13, 1-P23, 1-A20, 2-N3, 1-H19, 2-F18, and 4-P3). In certain embodiments, the
extracellular antigen-binding domain of a presently disclosed antigen recognizing receptor (e.g.,
a CAR) binds to the same epitope region on CD33 (e.g., human CD33) as a reference antibody or
an antigen-binding portion thereof comprising the Vu and VL sequences of, for example, any one
of the presently disclosed scFvs (e.g., 3-P14, 4-B2, 1-J19, 1-J19-2, 1-P13, 1-P23, 1-A20, 2-N3, 1-
H19, 2-F18, and 4-P3).

In certain embodiments, the extracellular antigen-binding domain of a presently disclosed
antigen recognizing receptor (e.g., a CAR) cross-competes for binding to CD33 (e.g., human
CD33) with a reference antibody or an antigen-binding portion thereof. For example, the
extracellular antigen-binding domain of a presently disclosed antigen recognizing receptor (e.g.,
a CAR) cross-competes for binding to CD33 (e.g., human CD33) as a reference antibody or an
antigen-binding portion thereof comprising the Vu CDR1, CDR2, and CDR3 sequences and the
V1 CDR1, CDR2, and CDR3 sequences of, for example, any one of the presently disclosed scFvs
(e.g.,3-P14,4-B2, 1-J19, 1-J19-2, 1-P13, 1-P23, 1-A20, 2-N3, 1-H19, 2-F18, and 4-P3). In certain
embodiments, the extracellular antigen-binding domain of a presently disclosed antigen
recognizing receptor (e.g., a CAR) binds to the same epitope region on CD33 (e.g., human CD33)
as a reference antibody or an antigen-binding portion thereof comprising the Vg and Vi sequences
of, for example, any one of the presently disclosed scFvs (e.g., 3-P14, 4-B2, 1-J19, 1-J19-2, 1-
P13, 1-P23, 1-A20, 2-N3, 1-H19, 2-F18, and 4-P3).

Extracellular antigen-binding domains that cross-compete or compete with the reference
antibody or antigen-binding portions thereof for binding to CD33 (e.g., human CD33) can be
identified by using routine methods known in the art, including, but not limited to, ELISAs,
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radioimmunoassays (RIAs), Biacore, flow cytometry, Western blotting, and any other suitable
quantitative or qualitative antibody-binding assays. Competition ELISA is described in Morris,
“Epitope Mapping of Protein Antigens by Competition ELISA”, The Protein Protocols Handbook
(1996), pp 595-600, edited by J. Walker, which is incorporated by reference in its entirety. In
certain embodiments, the antibody-binding assay comprises measuring an initial binding of a
reference antibody to a CD33 polypeptide, admixing the reference antibody with a test
extracellular antigen-binding domain, measuring a second binding of the reference antibody to the
CD33 polypeptide in the presence of the test extracellular antigen-binding domain, and comparing
the initial binding with the second binding of the reference antibody, wherein a decreased second
binding of the reference antibody to the CD33 polypeptide in comparison to the initial binding
indicates that the test extracellular antigen-binding domain cross-competes with the reference
antibody for binding to CD33, e.g., one that recognizes the same or substantially the same epitope,
an overlapping epitope, or an adjacent epitope. In certain embodiments, the reference antibody is
labeled, e.g., with a fluorochrome, biotin, or peroxidase. In certain embodiments, the CD33
polypeptide is expressed in cells, e.g., in a flow cytometry test. In certain embodiments, the CD33
polypeptide is immobilized onto a surface, including a Biacore ship (e.g., in a Biacore test), or
other media suitable for surface plasmon resonance analysis. The binding of the reference
antibody in the presence of a completely irrelevant antibody (that does not bind to CD33) can
serve as the control high value. The control low value can be obtained by incubating a labeled
reference antibody with an unlabeled reference antibody, where competition and reduced binding
of the labeled reference antibody would occur. In certain embodiments, a test extracellular
antigen-binding domain that reduces the binding of the reference antibody to a CD33polypeptide
by at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about
60%, at least about 70%, at least about 80%, at least about 90%, or at least about 95% is considered
to be an extracellular antigen-binding domain that cross-competes with the reference antibody for
binding to CD33. In certain embodiments, the assays are performed at room temperature.

In certain embodiments, the antibody-binding assay comprises measuring an initial
binding of a test extracellular antigen-binding domain to a CD33 polypeptide, admixing the test
extracellular antigen-binding domain with a reference antibody, measuring a second binding of
the test extracellular antigen-binding domain to the CD33 polypeptide in the presence of the
reference antibody, and comparing the initial binding with the second binding of the test
extracellular antigen-binding domain, where a decreased second binding of the test extracellular
antigen-binding domain to the CD33 polypeptide in comparison to the initial binding indicates
that the test extracellular antigen-binding domain cross-competes with the reference antibody for
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overlapping epitope, or an adjacent epitope. In certain embodiments, the test extracellular antigen-
binding domain is labeled, e.g., with a fluorochrome, biotin, or peroxidase. In certain
embodiments, the CD33 polypeptide is expressed in cells, e.g., in a flow cytometry test. In certain
embodiments, the CD33polypeptide is immobilized onto a surface, including a Biacore ship (e.g.,
in a Biacore test), or other media suitable for surface plasmon resonance analysis. The binding of
the test extracellular antigen-binding domain in the presence of a completely irrelevant antibody
(that does not bind to CD33) can serve as the control high value. The control low value can be
obtained by incubating a labeled test extracellular antigen-binding domain with an unlabeled test
extracellular antigen-binding domain, where competition and reduced binding of the labeled test
extracellular antigen-binding domain would occur. In certain embodiments, a test extracellular
antigen-binding domain, whose binding to a CD33 polypeptide is decreased by at least about 20%,
at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%,
at least about 80%, at least about 90%, or at least about 95% in the presence of a reference
antibody, is considered to be an extracellular antigen-binding domain that cross-competes with
the reference antibody for binding to CD33. In certain embodiments, the assays are performed at
room temperature.

In certain embodiments, the extracellular antigen-binding domain of the presently
disclosed antigen recognizing receptor (e.g., a CAR) comprises a linker connecting the heavy
chain variable region and light chain variable region of the extracellular antigen-binding domain.
In certain embodiments, the linker comprises or consists of the amino acid sequence set forth in
SEQ ID NO: 95. In certain embodiments, the linker comprises or consists of the amino acid
sequence set forth in SEQ ID NO: 96. In certain embodiments, the linker comprises or consists
of the amino acid sequence set forth in SEQ ID NO: 97. In certain embodiments, the linker
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 98. In certain
embodiments, the linker comprises or consists of the amino acid sequence set forth in SEQ ID
NO: 99. In certain embodiments, the linker comprises or consists of the amino acid sequence set
forth in SEQ ID NO: 100.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
binding domain, a heavy chain variable region (Vu) is positioned. In certain embodiments, if the
extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: Vu-VL.

In certain embodiments, the variable regions within the extracellular antigen-binding
domain have to be linked one after another such that at the N-terminus of the extracellular antigen-
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extracellular antigen-binding domain is an scFv, the variable regions are positioned from the N-
to the C-terminus: VL-V.
3.3.2. Chimeric Antigen Receptor (CAR)

In certain embodiments, the antigen-recognizing receptor is a CAR. CARs are engineered
receptors, which graft or confer a specificity of interest onto an immune effector cell. CARs can
be used to graft the specificity of a monoclonal antibody onto a T cell; with transfer of their coding
sequence facilitated by retroviral vectors.

There are three generations of CARs. “First generation” CARs are typically composed of
an extracellular antigen-binding domain (e.g., an scFv), which is fused to a transmembrane
domain, which is fused to cytoplasmic/intracellular signaling domain. “First generation” CARs
can provide de novo antigen recognition and cause activation of both CD4" and CD8" T cells
through their CD3( chain signaling domain in a single fusion molecule, independent of HL A-
mediated antigen presentation. “Second generation” CARs add intracellular signaling domains
from various co-stimulatory molecules (e.g., CD28, 4-1BB, ICOS, 0X40) to the cytoplasmic tail
of the CAR to provide additional signals tothe T cell. “Second generation” CARs comprise those
that provide both co-stimulation (e.g., CD28 or 4-1BB) and activation (CD3(). “Third generation”
CARs comprise those that provide multiple co-stimulation (e.g., CD28 and 4-1BB) and activation
(CD3{). In certain embodiments, the antigen-recognizing receptor is a first-generation CAR. In
certain embodiments, the antigen-recognizing receptor is a CAR that does not comprise an
intracellular signaling domain of a co-stimulatory molecule or a fragment thereof. In certain
embodiments, the antigen-recognizing receptor is a second-generation CAR.

In certain embodiments, the CAR comprises an extracellular antigen-binding domain that
specifically binds to CD33, a transmembrane domain, and an intracellular signaling domain.

53.2.1. Extracellular Antigen-Binding Domain of a CAR

The extracellular antigen-binding domain of the CAR can be any extracellular antigen-
binding domain disclosed herein, e.g., in Section 5.3.1.

In certain embodiments, the CAR comprises an extracellular antigen-binding domain
disclosed in Section 5.3.1.

In addition, the extracellular antigen-binding domain can comprise a leader or a signal
peptide that directs the nascent protein into the endoplasmic reticulum. Signal peptide or leader
can be essential if the CAR is to be glycosylated and anchored in the cell membrane. The signal
sequence or leader can be a peptide sequence (about 5, about 10, about 15, about 20, about 25, or
about 30 amino acids long) present at the N-terminus of newly synthesized proteins that directs
their entry to the secretory pathway. In certain embodiments, the signal peptide is covalently

joined to the 5’ terminus of the extracellular antigen-binding domain. In certain embodiments,
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the signal peptide comprises a CD8 polypeptide, e.g., the CAR comprises a truncated CD8 signal
peptide. In certain embodiments, the CD8 signal peptide comprises or consists of amino acids 1-
18 of SEQ ID NO: 101. An exemplary nucleotide sequence encoding amino acids 1-18 of SEQ
ID NO: 101 is set forth in SEQ ID NO: 122, which is provided below.

ATGGCTCTCCCAGTGACTGCCCTACTGCTTCCCCTAGCGCTTCTCCTGCATGCA [SEQ ID NO: 122]
5322 Transmembrane Domain of a CAR

In certain embodiments, the transmembrane domain of the CAR comprises a hydrophobic
alpha helix that spans at least a portion of the membrane. Different transmembrane domains result
in different receptor stability. After antigen recognition, receptors cluster and a signal are
transmitted to the cell. In accordance with the presently disclosed subject matter, the
transmembrane domain of the CAR can comprise a native or modified transmembrane domain of
CD8 or a fragment thereof, a native or modified transmembrane domain of CD28 or a fragment
thereof, a native or modified transmembrane domain of CD3( or a fragment thereof, a native or
modified transmembrane domain of CD4 or a fragment thereof, a native or modified
transmembrane domain of 4-1BB or a fragment thereof, a native or modified transmembrane
domain of OX40 or a fragment thereof, a native or modified transmembrane domain of ICOS or
a fragment thereof, a native or modified transmembrane domain of CD84 or a fragment thereof, a
native or modified transmembrane domain of CD166 or a fragment thereof, a native or modified
transmembrane domain of CD8a or a fragment thereof, a native or modified transmembrane
domain of CD8b or a fragment thereof, a native or modified transmembrane domain of ICAM-1
or a fragment thereof, a native or modified transmembrane domain of CTLA-4 or a fragment
thereof, a native or modified transmembrane domain of CD27 or a fragment thereof, a native or
modified transmembrane domain of CD40 or a fragment thereof, NKGD?2 or a fragment thereof,
or a combination thereof.

In certain embodiments, the transmembrane domain of the CAR comprises a CD8
polypeptide (e.g., a transmembrane domain of CD8 or a fragment thereof). In certain
embodiments, the transmembrane domain of the CAR comprises a transmembrane domain of
human CDS8 or a fragment thereof. In certain embodiments, the CD8 polypeptide comprises or
consists of an amino acid sequence that is at least about 85%, about 90%, about 95%, about 96%,
about 97%, about 98%, about 99% or about 100% homologous or identical to the amino acid
sequence having a NCBI Reference No: NP_001139345.1 (SEQ ID NO: 101) or a fragments
thereof, and/or may optionally comprise up to one or up to two or up to three conservative amino
acid substitutions. In certain embodiments, the CD8 polypeptide comprises or consists of an
amino acid sequence that is a consecutive portion of SEQ ID NO: 101, which is at least 20, or at

least 30, or at least 40, or at least 50, and up to 235 amino acids in length. In certain embodiments,
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the CDS8 polypeptide comprises or consists of an amino acid sequence of amino acids 1 to 235, 1
to 50, 50 to 100, 100 to 150, 150 to 200, 137 to 209 or 200 to 235 of SEQ ID NO: 101. In certain
embodiments, the transmembrane domain of the CAR comprises a CD8 polypeptide comprising

or consisting of amino acids 137 to 209 of SEQ ID NO: 101. SEQ ID NO: 101 is provided below.

MALPVTALLLPLALLLHAARPSQFRVSPLDRTWNLGETVELKCQVLLSNPTSGCSWLFQPRGAAASPTFLLYLSQNK
PKAAEGLDTQREFSGKRLGDTFVLTLSDFRRENEGYYFCSALSNSIMYFSHEVPVELPAKPTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRRRVCKCPRPVVKSGDKPSLS
ARYV [SEQ ID NO: 101]

In certain embodiments, the transmembrane domain of the CAR comprises a
transmembrane domain of mouse CD8 or a fragment thereof. In certain embodiments, the CD8
polypeptide comprises or consists of an amino acid sequence that is at least about 85%, about
90%, about 95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous or
identical to the amino acid sequence having a NCBI Reference No: AAA92533.1 (SEQ ID NO:
102) or a fragment thereof, and/or may optionally comprise up to one or up to two or up to three
conservative amino acid substitutions. In certain embodiments, the CD8 polypeptide comprises
or consists of an amino acid sequence that is a consecutive portion of SEQ ID NO: 102, which is
at least about 20, or at least about 30, or at least about 40, or at least about 50, or at least about 60,
or at least about 70, or at least about 100, or at least about 200, and up to 247 amino acids in
length. In certain embodiments, the CD8 polypeptide comprises or consists of an amino acid
sequence of amino acids 1 to 247, 1 to 50, 50 to 100, 100 to 150, 150 to 200, 151 to 219, or 200
to 247 of SEQ ID NO: 102. In certain embodiments, the transmembrane domain of the CAR
comprises a CD8 polypeptide comprising or consisting of amino acids 151 to 219 of SEQ ID NO:
102. SEQ ID NO: 102 is provided below.

1 MASPLTRFLS LNLLLMGESI ILGSGEAKPQ APELRIFPKK MDAELGQKVD LVCEVLGSVS
6l QGCSWLFQONS SSKLPQPTFV VYMASSHNKI TWDEKLNSSK LEFSAVRDTNN KYVLTLNKES
121 KENEGYYFCS VISNSVMYFS SVVPVLQKVN STTTKPVLRT PSPVHPTGTS QPQRPEDCRP
181 RGSVKGTGLD FACDIYIWAP LAGICVAPLL SLIITLICYH RSRKRVCKCP RPLVRQEGKP
241 RPSEKIV [SEQ ID NO: 102]

In certain embodiments, the transmembrane domain of a presently disclosed CAR
comprises a CD28 polypeptide (e.g., a transmembrane domain of CD28 or a fragment thereof).

In certain embodiments, the transmembrane domain of the CAR comprises a
transmembrane domain of human CD28 or a fragment thereof. In certain embodiments, the CD28
polypeptide comprises or consists of an amino acid sequence that is at least about 85%, about
90%, about 95%, about 96%, about 97%, about 98%, about 99% or 100% homologous or identical
to the amino acid sequence having a NCBI Reference No: NP 006130 (SEQ ID No: 103) or a
fragment thereof, and/or may optionally comprise up to one or up to two or up to three
conservative amino acid substitutions. In non-limiting certain embodiments, the CD28

polypeptide comprises or consists of an amino acid sequence that is a consecutive portion of SEQ
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ID NO: 103 which is at least 20, or at least 30, or at least 40, or at least 50, and up to 220 amino
acids in length. In certain embodiments, the CD28 polypeptide comprises or consists of an amino
acid sequence of amino acids 1 to 220, 1 to 50, 50 to 100, 100 to 150, 150 to 200, 153 to 179, or
200 to 220 of SEQ ID NO: 103. In certain embodiments, the transmembrane domain of the CAR
comprises a CD28 polypeptide comprising or consisting of amino acids 153 to 179 of SEQ ID
NO: 103. SEQ ID NO: 103 is provided below:

1 MLRLLLALNL FPSIQVTGNK ILVKQSPMLV AYDNAVNLSC KYSYNLESRE FRASLHKGLD
6l SAVEVCVVYG NYSQQLOVYS KTGFNCDGKL GNESVTFYLQ NLYVNQTDIY FCKIEVMYPP
121 PYLDNEKSNG TIIHVKGKHL CPSPLFPGPS KPFWVLVVVG GVLACYSLLV TVAFIIFWVR
181 SKRSRLLHSD YMNMTPRRPG PTRKHYQPYA PPRDFAAYRS [SEQ ID NO: 103]

An exemplary nucleotide sequence encoding amino acid 153 to 179 of SEQ ID NO: 103
is set forth in SEQ ID NO: 104, which is provided below.

TTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACAGTGGCCTTTATTATTTTCTG
GGTG [SEQ ID NO: 104]

In certain embodiments, the transmembrane domain of the CAR comprises a CD28
polypeptide (e.g., a transmembrane domain of mouse CD28 or a fragment thereof). In certain
embodiments, the CD28 polypeptide comprises or consists of an amino acid sequence that is at
least about 85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99% or 100%
homologous or identical to the amino acid sequence having a NCBI Reference No: NP_031668.3
(SEQ ID No: 105) or a fragment thereof, and/or may optionally compris