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ABSTRACT

The invention provides antibodies, and antigen-binding fragments thereof, that specifically
bind to a polypeptide, or antigenic portion thereof, wherein the polypeptide is selected from a)
MUCI16 ectodomain polypeptide, b) MUC16 cytoplasmic domain polypeptide, and c) MUCI6
extracellular domain polypeptide that contains a cysteine loop polypeptide. The invention's
antibodies and compositions containing them are useful in diagnostic and therapeutic applications for

diseases in which MUC16 is overexpressed, such as cancer.
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ANTIBODIES TO MUC16 AND METHODS OF USE THEREOF

This invention was made with United States government support under PO1-CA52477-16
awarded by the United States Public Health Service (US PHS). The United States government

has certain rights in this invention.

FIELD OF THE INVENTION

The invention relates to antibodies, and antigen-binding fragments thereof, that specifically
bind to a polypeptide, or antigenic portion thereof, wherein the polypeptide is selected from a)
MUCI6 ectodomain polypeptide, b) MUC16 cytoplasmic domain polypeptide, and ¢) MUC16
extracellular domain polypeptide that contains a cysteine loop polypeptide. The invention’s
antibodies and compositions containing them are useful in diagnostic and therapeutic applications

for diseases in which MUCI6 is overexpressed, such as cancer.

BACKGROUND OF THE INVENTION

Cell surface markers and shed antigens are used in the diagnosis of several cancers. For
example, the CA125 antigen, recognized by the OC125 antibody, is a tissue-specific, circulating
antigen expressed in ovarian cancer. .The CA125 antigen is encoded by the MUC16 gene, cloned
by Lioyd and Yin. The full-length gene describes a complex tethered mucin protein present
primarily in a variety of gyrecologic tissues, especially neoplasms. OC125 and other related
antibodies react with glycosylation-dependent antigens present exclusively in the cleaved portion of
the molecule.

A serum assay can detect elevated levels of the circulating CA125 antigen in many
epithelial ovarian cancer patients, and this antigen, derived using the ovarian cell line OVCA433, is
recognized by the OC125 antibody (1-2). The detection of circulating CA125 in serum has proven
to be a useful tool for the management of ovarian cancer patients and clinical trials (3-4).

However, CA125 is neither sufficiently sensitive nor specific for general canccr screening (5-6). A
varicty of CA125 linked antibodies including VK8 and M11 have subsequently been defined as
present on ovarian cancer cells (7-9). Although these antibodies have been used 1o develop sefum
assays and various other studies in ovarian cancer, they have significant shortcomings for clinical

use in screening or tissue delivery. These antibodies are not useful as screening tools, nor can they
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detect the proximal residual MUC16 protein fragment after cleavage. This has limited their

diagnostic and therapeutic applications.

For example, OC125, M11, and most other antibodies prepared against ovarian cancer cell
extracts are directed at complex, glycosylation-dependent antigens. Thesc antigens are exclusively
present in the shed portion of MUC16 and cannot be employed to.follow the biology of the
proximal portion of MUC16 and may not accurately reflect tissue distribution since the
glycosylation patterns can vary substantially among tissues. Because the vast majority of MUC16-
reactive antibodies, including OC125, react with the glycosylation-dependent antigen present
exclusively in the cleaved portion of the molecule, the true distribution of MUC16 expression is not
known (21). There is currently no antibody available to track the fate of the remaining MUC16
protein fragment after cleavage and CA125 release.

Thus, there remains a need for the identification of antibodies that are directed against
sequences in the peptide backbone of MUC16, and that are useful for diagnosis and treatment of

cancers in which MUCI6 is expressed and/or overexpressed.

SUMMARY OF THE INVENTION

The invention provides an antibody, or an antigen-binding fragment thereof, that
specifically binds to a polypeptide, or antigenic portion thereof, wherein the polypeptide is selected
from the group of a) MUC16 ectodomain polypeptide, b) MUC16 cytoplasmic domain polypeptide,
and c) MUC16 extracellular domain polypeptide that contains a cysteine loop polypeptide
CQVSTFRSVPNRHHTGVDSLC (SEQID NO:19). Inone embodiment, the antibody internalizes
into a cell. While not intending to limit the invention to a particular sequence of MUC 16
¢ctodomain, in one embodiment, the MUC16 ectodomain polypeptide comprises a polypeptide
selected from the group of Polypeptide 1 NFSPLARRVDRVAIYEE (SEQ ID NO:01) and
Polypeptide 2 TLDRSSVLVDGYSPNRNE (SEQ ID NO:02). In another embodiment, the
antibody lacks specific binding to a glycosylated MUC16 extracellular domain. In yet a further
embodiment, the antibody specifically binds to the Polypeptide 2 (SEQ ID NO:02) of the MUC16
ectodomain polypeptide, and wherein the antibody comptises a variable heavy (Vg) chain cncoded
by SEQ ID NO:06, and a variable light (V1) chain encoded by SEQ ID NO:07. In yet another
altemative embodiment, the antibody specifically binds to the Polypeptide 2 (SEQ ID NO:02) of
the MUC16 ectodomain polypeptide, and wherein the antibody comprises a variable heavy (Vi)
chain encoded by SEQ ID NO:04, and a variable light (V1) chain encoded by SEQ ID NO:05. Ina
further embodiment, the antibody specifically binds to the Polypeptide 1 (SEQ ID NO:01) of the
MUC16 ectodomain polypeptide, and wherein the antibody comprises a variable heavy (Vg) chain
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encoded by SEQ ID NO:08, and a variable light (V) chain encoded by at least one of SEQ ID

NO:09 and SEQ 1D NO:10. In one embodiment, the MUC16 cytoplasmic domain polypeptide
comprises VITRR RKKEGEYNVQ QQ (SEQ ID NO:18). More preferably, but without
limitation, the MUC16 cytoplasmic domain polypeptide comprises Polypeptide 3
5 CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03). In an alternative embodiment, the MUC16

extracellular domain polypeptide that contains a cysteine loop polypeptide comprises
CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19), More preferably, but without limitation, the
MUCI16 extracellular domain polypcptide comprises Polypcpt'ide 4 KSYF SDCQVSTFRS
VPNRHHTGVD SLCNFSPL (SEQ ID NG:15). In yet another alterative embodiment, the

10 antibody specifically binds to the Polypeptide 4 (SEQ ID NO:15) of the MUC16 extracellular
domain polypeptide, and wherein the antibody comprises a variable heavy (Vy) chain encoded by
SEQ ID NO:11, and a variable light (V,) chain encoded by SEQ ID NO:12. In a further alternative
embodiment, the antibody is selected from the group of a chimeric antibody, 2 monoclonal
antibody, a recombinant antibody, an antigen-binding fragment of a recombinant antibody, a

15 humanized antibody, and an antibody displayed upon the surface of a phage. In another
embodiment, the antigen-binding fragment is selected from the group of a Fab fragment, a F(ab")2
fragment, and a Fv fragment. In an alternative embodiment, the antibody, or antigen-binding
fragment thereof, is covalently linked to a cytotoxic agent or a prodrug of a cytotoxic agent. Ina
preferred embodiment, the antibody is a monoclonal antibody produced by a hybridoma cell line.

20 The invention also provides an isolated monoclonal antibody, or an antigen-binding
fragment thereof, produced by a hybridoma cell line, wherein the antibody specifically binds to a
polypeptide, or antigenic portion thereof, wherein the palypeptide is selected from the group of 2)
MUC16 ectodomain polypeptide, b) MUC16 cytoplasmic domain polypeptide, and ¢) MUCI6
extraceltular domain polypeptide that contains a cysteine loop polypeptide

25 CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19). In one embodiment, the MUC16 ectodomain
polypeptide comprises Polypeptide 1 (SEQ ID NO:01) and the antibody is selected from the group
of 9B11.20.16, 10A2, 2F4, 23D3, 30B1, and 31B2. In an alternalive embodiment, the MUC16
ectodomain polypeptide comprises Polypeptide 2 (SEQ ID NO:02), and whercin the antibody is
selected from the group of 4H11.2.5, 13H1, 29G9, 9C9.21.5.13, 28F8, 23G12, 9C7.6, 11B6, 25G4,

30 5C2.17,4C7, 26B2, 4A5.37, 4A2, 25H3, and 28F7.18.10. In yet a further embodiment, the
MUCI16 cytoplasmic domain polypeptide comprises Polypeptide 3
CGVLVTTRRRKKEGEYNVQQQ (SEQ ID N0:03), and wherein the antibody is selected from
the group of 31A3.5.1, 19D1, 10F6, 22E10, 22F1, 3H8, 22F11, 4D7, 24G12, 19G4, 9AS, 4C2,
31C8, 27G4, and 6H2. In another alternative embodiment, the MUC16 extracellular domain
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polypeptide comprises Polypeptide 4 KSYF SDCQVSTFRS VPNRHHTGVD SLCNFSPL (SEQ

ID NO:15), and wherein the antibody is selected from the group of 2483 and 9C7.

The invention additionally provides a composition comprising (a) any one or more of the

antibodies, or antigen-binding fragments thereof, that are described herein, and (b) a
5  pharmaceutically acceptable carrier.

Also provided by the invention is a hybridoma cell line that produces a monoclonal
antibody that specifically binds to a polypeptide, or antigenic portion thereof, selected from the
group of a) MUC16 ectodomain polypeptide, b) MUC16 cytoplasmic domain polypeptide, and c)
MUCI6 extracellular domain polypeptide that contains a cysteine loop polypeptide

10 CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19).

The invention additionally provides a method for detecting a disease that comprises
overexpression of MUCI 6 in a subject, comprising a) providing i) a sample from a subject, and i)
any one or more of the antibodies, or antigen-binding fragments thereof, that are described herein,
b) contacting the sample with the antibody under conditions for specific binding of the antibody

15  with its antigen, and c) detecting an increased level of binding of the antibody to the sample
compared to a control sample lacking the disease, thereby detecting the disease in the subject. In
one embodiment, the disease ié cancer, In a preferred embodiment, the cancer is sclected from the
group of ovarian cancer and breast cancer. While not intending to limit the method of detection, in
one embodiment, detecting binding of the antibody to the sample is immunchistochemical,

20  enzyme-linked immunosorbent assay (ELISA), fluorescence-activated cell sorting (FACS),
‘Western blot, immunoprecipitation, and/or radiographic imaging.

Also provided herein is a method for treating a disease that comprises overexpression of
MUC16, comprising administering to a subject having the disease a therapeutically effective
amount of any one or more of the antibodies, or antigen-binding fragments thereof, that are

25  described herein. In one embodiment, the disease is cancer, as exemplified by ovarian cancer and
breast cancer.

The invention also provides an isolated antibody, or an antigen-binding fragment thereof,
that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof, wherein the
MUC16 polypeptide is selected from the group of a) TLDRKSVFVDGYSQNRDD (SEQ ID

30 NO:21),b) KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), ¢)
SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23), d) KSYFSDCQVNNFRS, €)
TLDRSSVLVDGYSQNRDD, and f) TLDRSSVLVDGYSQNRDD. In one embodiment, the
antibody is selected from the group of a monoclonal antibody, a chimeric antibody, a recombinant

antibody, an antigen-binding fragment of a recombinant antibody, a humanized antibody, and an
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antibody displayed upon the surface of a phage. In a preferred embodiment, the antibody is a

monoclonal antibody produced by hybridoma cells selected from the group of 12B10-3G10, 10C4-

3H5, 10C4-1F2, 10C4-2H8, 10C4-1G7, 17F2-3G5, 17F2-3F6, 17F2-2F9, 17F2-1E11, 12B10-3F7, .

12B10-2F6, 12B10-2F 10, 25E9-3, 25E9-5, 25E9-1, 25E9-16, 21B8-1H11, 21B8-3G6, 21B8-3HY,
21B8-1G8, 21E1-1E3, 21E1-1G9, 21E1-2G7, 21E1-3G12, 4H1-2E1, 4H1-2E3, 4H1-3E]1, 4H1-
3H3, 15A8-2E2, 15A8-2E10, 15A8-2E11, 15A8-3D2, 22R5-1F6, 22B5-3G9, 22B5-2G8, and
22B5-3F11. In a particular embodiment, the MUC16 polypeptide is TLDRKSVFVDGY SQNRDD
(SEQ ID NO:21), and the antibody comprises a variable heavy (Vi) chain sequence SEQ [D
NO:27, and a variahle light (V1) chain sequence SEQ ID NO:29, such as the monoclonal antibody
produced by hybridoma cell 12B10-3G10. In an alternative embodiment, the antigen-binding
fragment is selected from the group of a Fab fragment, a F(ab')2 fragment, and a Fv fragment. Ina
more preferred embodiment, the antibody, or antigen-binding fragment thereof, is covalently linked
to a cytotoxic agent and/or to a prodrug of a cytotoxic agent. In a further embodiment, the antibody
specifically binds to human MUC16 (SEQ ID NO:25). In another embodiment, the antibody
internalizes into a cell. In an alternative embodiment, the antibody lacks specific binding to a
glycosylated MUC16 extracellular domain.

The invention also provides a composition comprising () any one or more of the
invention’s antibodies and/or antigen-binding fragments thereof, and (b) a pharmaceutically
acceptable carrier.

The invention further provides a hybridoma cell that produces an antibody, or an antigen-
binding fragment thereof, that specifically binds to a MUC16 polypeptide or to an antigenic portion
thereof, wherein the MUC16 polypeptide is selected from the group of a)
TLDRKSVFVDGYSQNRDD (SEQ ID NO:21), b)
KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), ¢)
SLYSNCRLASLRPKKNGTATGVNAICSYIIQN (SEQ ID NO:23), d) KSYFSDCQVNNFRS, e)
TLDRSSVLYDGYSQNRDD, and f) TLDRSSVLYDGYSQNRDD.,

The invention also provides an isolated nucleotide sequence comprising a polynucleotide
that encodes at least one of a variable heavy (Vi) chain sequence and the variable light (V1) chain
sequence of an antibody that specifically binds to a MUC16 polypeptide, wherein the MUC16
polypeptide is selected from the group of ) TLDRKSVFVDGYSQNRDD (SEQ 1D NO:21), b)
KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), ¢)
SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23), d) KSYFSDCQVNNERS, €)
TLDRSSVLVDGYSQNRDD, and f) TLDRSSVLVDGYSQNRDD. Inone embodiment, the
MUCI6 polypeptide is TLDRKSVFVDGYSQNRDD (SEQ ID NO:21) and the polynucleotide
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encoding the variable heavy (Vi) chain sequence comprises SEQ ID NO:26, and wherein the
polynucleotide encoding the variable light (Vi) chain sequence comprises SEQ ID NO:28.

The invention also provides a method for producing an antibody that specifically binds to a
MUCT16 polypeptide or to an antigenic portion thereof, comprising administering to a subject an
immunologically effective amount of a MUC16 polypeptide selected from the group of a)
TLDRKSVFVYDGYSQNRDD (SEQ ID NO:21), b)
KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), ¢)
SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23), d) KSYFSDCQVNNFRS, ¢e)
TLDRSSVLYDGYSQNRDD, and f) TLDRSSVLVDGYSQNRDD.

The invention additionally provides a method for identifying a subject as having disease,
comprising determining the level, in a sample from the subject, of specific binding of any one or
more of the invention’s antibodies and/or antigen-binding fragments thereof, with the MUC16
polypeptide or with the antigenic portion thereof, wherein detecting an altered level of the specific
binding relative to a control sample identifies the subject as having disease. In one embodiment,
the disease is cancer exemplified by ovarian cancer and breast cancer. In another embodiment, the
method further comprises detecling an altered level of binding of the antibody to the sample
compared to a control sample. Optionally, the detecting is selected from the group of
immunohistochemistry, enzyme-linked immunosorbent assay (ELISA), fluorescence-activated cell
sorting (FACS), Western blot, immunoprecipitation, and radiographic imaging.

The invention also provides a method for reducing one or more symptoms of disease
comprising administering to a subject in need thereof a therapeutically effective amount of any one
or mare of the invention’s antibodies and/or antigen-binding fragment thereof. In one embodiment,
the disease is cancer, exemplified by ovarian cancer and breast cancer. Optionally, the method
further comprises detecting a reduction in one or more symptoms of the disease after the
administration step.

Various aspects of the disclosure relate to an isolated antibody or an antigen-binding
fragment thereof, that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof,
wherein the MUC16 polypeptide is: TLDRSSVLVDGYSPNRNE (SEQ ID NO:2)
wherein the antibody comprises a variable heavy (“Vy”) chain encoded by SEQ ID NO:06 and a
variable light (“’V”") chain encoded by SEQ ID NO:07.
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Various aspects of the disclosure relate to an isolated antibody or an antigen-binding
fragment thereof, that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof,
wherein the MUC16 polypeptide is: TLDRSSVLVDGYSPNRNE (SEQ ID NO:2) wherein the
antibody comprises a Vi chain encoded by SEQ ID NO:04 and a V| chain encoded by SEQ ID
NO:0s5.

Various aspects of the disclosure relate to a humanized antibody or antigen-binding
fragment thereof made by substituting the complementarity determining regions of the antibody as
described herein into a human framework domain, wherein the humanized antibody or antigen-
binding fragment thereof specifically binds to the MUC16 polypeptide of SEQ ID NO:02 or to an
antigenic portion thereof.

Various aspects of the disclosure relate to a humanized antibody or antigen-binding
fragment thereof made by substituting the complementarity determining regions of the antibody as
described herein into a human framework domain, wherein the humanized antibody or antigen-
binding fragment thereof specifically binds to the MUC16 polypeptide of SEQ ID NO:02 01; to an
antigenic portion thereof.

Various aspects of the disclosure relate to a composition comprising (a) an antibody, or
antigen-binding fragment thereof, as described herein, and (b) a pharmaceutically acceptable
carrier.

Various aspects of the disclosure relate to a hybridoma cell that produces an antibody as
described herein.

Various aspects of the disclosure relate to the use of the antibody as described herein, for
identifying a subject as having a cancer in which MUC16 is expressed.

Various aspects of the disclosure relate to an ex vive method for identifying a subject as
having a cancer in which MUC16 is expressed, wherein said method comprises (a) contacting a
sample obtained from the subject with the antibody as described herein; and (b) determining
whether the antibody has an increased level of binding to the sample as compared to a control
sample lacking the cancer in which MUC16 is expressed.

Various. aspects of the disclosure relate to a method for indicating a subject as having
disease, comprising determining the level, in a sample from the subject, of specific binding of an

antibody of the present invention with a MUC16 polypeptide or with an antigenic portion thereof,

6a
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wherein detecting an altered level of the specific binding relative to a control sample indicates the
subject as having disease.

Various aspects of the disclosure relate to a single chain variable fragment (scFv)
comprising a Vi chain sequence encoded by SEQ ID NO:06 and a Vi, chain sequence encoded by
SEQ ID NO:07.

Various aspects of the disclosure relate to a chimeric antigen receptor (CAR) comprising
the scFv as described herein.

Various aspects of the disclosure relate to a T cell expressing the chimeric antigen receptor
(CAR) as described herein.

Various aspects of the disclosure relate to the use of the antibody, or antigen-binding
fragment thereof, as described herein, for treating a cancer in a subject, wherein the cancer
expresses MUCI16.

Various aspects of the disclosure relate to a scFv comprising a VH chain and a VL chain,
wherein the VH chain and the VL chain are of a humanized antibody or antigen-binding fragment
thereof, wherein the humanized antibody or antigen-binding fragment thereof is made by
substituting the complementarity determining regions of an antibody comprising a VH chain
encoded by SEQ ID NO:04 and a VL chain encoded by SEQ ID NO:05 into a human framework
domain, wherein the humanized antibody or antigen-binding fragment thereof specifically binds to
the MUC16 polypeptide of SEQ ID NO:02 or to an antigenic portion thereof.

Various aspects of the disclosure relate to a CAR comprising the scFv as claimed.

Various aspects of the disclosure relate to a CAR comprising the scFv as claimed fused to a
transmembrane domain fused to a T cell receptor £ chain cytoplasmic signaling domain.

Various aspects of the disclosure relate to an isolated antibody or an antigen-binding
fragment thercof, that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof,
wherein the MUC16 polypeptide is: CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:3).

Various aspects of the disclosure relate to a composition comprising (a) an antibody, or
antigen-binding fragment thereof, as disclosed herein, and (b) a pharmaceutically acceptable
carrier.

Various aspects of the disclosure relate to a hybridoma cell that produces an antibody as

disclosed herein.

6b

CA 3002192 2018-04-19



CA3002192

Various aspects of the disclosure relate to a use of the antibody or antigen-binding fragment
thereof, as disclosed herein, for identifying a subject as having a cancer in which MUC16 is
expressed.

Various aspects of the disclosure relate to an ex vivo method for identifying a subject as
having a cancer in which MUC16 is expressed, wherein said method comprises: (a) contacting a
sample obtained from the subject with the antibody as disclosed herein; and (b) determining
whether the antibody has an increased level of binding to the sample as compared to a control
sample lacking the cancer in which MUC16 is expressed.

Various aspects of the disclosure relate to an isolated polynucleotide comprising a
nucleotide sequence that encodes at least one of a variable heavy (VH) chain sequence and the
variable light (VL) chain sequence of an antibody that specifically binds to a MUC16 polypeptide,
wherein the MUC16 polypeptide is: CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:3).

Various aspects of the disclosure relate to a use of an antibody or antigen-binding fragment
thereof, as disclosed herein, for reducing one or more symptoms of a cancer.

Various aspects of the disclosure relate to a use of an antibody or antigen-binding fragment
thereof, as disclosed herein, for formulating a medicament for reducing one or more symptoms of a
cancer.

Aspects of the disclosure relate to a monoclonal antibody or an antigen-binding fragment
thereof, that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof, wherein
the amino acid sequence of the MUC16 polypeptide is: NFSPLARRVDRVAIYEE (SEQ ID NO:1).

Aspects of the disclosure relate to a single chain variable fragment (scFv) comprising a
variable heavy (VH) chain and a variable light (VL) chain, wherein the VH chain and the VL chain
are of a monoclonal antibody that specifically binds to a MUC16 polypeptide or to an antigenic
portion thereof, wherein the amino acid sequence of the MUC16 polypeptide is
NFSPLARRVDRVAIYEE (SEQ ID NO:1).

Aspects of the disclosure relate to a hybridoma cell that produces an antibody that
specifically binds to a MUC16 polypeptide or to an antigenic portion thereof, wherein the amino
acid sequence of the MUC16 polypeptide is NFSPLARRVDRVAIYEE (SEQ ID NO:1).

Aspects of the disclosure relate to use of a polypeptide of the sequence:
NFSPLARRVDRVAIYEE (SEQ ID NO:1); for producing an antibody or antigen binding fragment
thereof that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof.

6¢
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Aspects of the disclosure relate to a monoclonal antibody or an antigen-binding fragment
thereof, that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof, wherein
the amino acid sequence of the MUC16 polypeptide is: KSYFSDCQVSTFRSVPNRFIFITGVD
SLCNFSPL (SEQ ID NO:15).

Aspects of the disclosure relate to a single chain variable fragment (scFv) comprising a
variable heavy (VH) chain and a variable light (VL) chain, wherein the VH chain and the VL chain
are of a monoclonal antibody that specifically binds to a MUC16 polypeptide or to an antigenic
portion thereof, wherein the amino acid sequence of the MUC16 polypeptide is
KSYFSDCQVSTFRSVPNRFIFITGVD SLCNFSPL (SEQ ID NO:15).

Aspects of the disclosure relate to a hybridoma cell that produces an antibody that
specifically binds to a MUC16 polypeptide or to an antigenic portion thereof, wherein the amino
acid sequence of the MUC16 polypeptide is KSYFSDCQVSTFRSVPNRFIFITGVD SLCNFSPL
(SEQ ID NO:15).

Aspects of the disclosure relate to use of a polypeptide of the sequence:
KSYFSDCQVSTFRSVPNRFIFITGVD SLCNFSPL (SEQ ID NO:15); for producing an antibody
or antigen binding fragment thereof that specifically binds to a MUC16 polypeptide or to an
antigenic portion thereof.

Various embodiments of the claimed invention relate to an isolated monoclonal antibody or
an antigen-binding fragment thereof, that specifically binds to a MUC16 polypeptide or to an
antigenic portion thereof, wherein the amino acid sequence of the MUC16 polypeptide is:
CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:3).

Various embodiments of the claimed invention relate to single chain variable fragment
(scFv) comprising a variable heavy (VH) chain and a variable light (VL) chain, wherein the VH
chain and the VL chain are of a monoclonal antibody that specifically binds to a MUC16
polypeptide or to an antigenic portion thereof, wherein the amino acid sequence of the MUC16
polypeptide is CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03).

Various embodiments of the claimed invention relate to an ex vivo method for identifying
a subject as having a cancer in which MUC16 is expressed, wherein said method comprises: (a)
contacting a sample obtained from the subject with the antibody or antigen binding fragment
thereof, of any one of claims 1 to 9; and (b) detecting an increased level of binding of the
antibody or antigen binding fragment thereof to the sample as compared to a control sample

lacking the cancer in which MUCI16 is expressed.
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Various embodiments of the claimed invention relate to use of a polypeptide of the
sequence: CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03); for producing an antibody or
antigen binding fragment thereof that specifically binds to a MUC16 polypeptide or to an

antigenic portion thereof.

Various embodiments of the claimed antibody or antigen-binding fragment thereof may be

useful in diagnosing and/or treating cancer.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1: Three MUC16 carboxy terminus peptides were synthesized at the MSKCC
Microchemistry Core Facility. Polypeptide 1 is near the putative cleavage site, Polypeptide 2 is
before the transmembrane, and Polypeptide 3 is the internal peptide, which is inside the
transmembrane.

Figure 2: Comparison staining of high-grade serous ovarian carcinomas using OC125 (left

panel) and 4H11 (right panel).
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Figure 3: Immunohistochemical scoring of OC125 and 4H11 on tissue microarrays of high-

grade ovarian serous carcinoma, Only membranous and/or cytoplasmic staining was considered
positive. Score 0: No staining; Score 1: <5% strong or weak; Score 2: 5-50% strong or weak;
Score 3; 51-75% strong or 51-100% weak; Score 4: 76-99% strong; Score 5: 100% strong. Figure
3A: OCI125 (Score 0); Figure 3B: OC125 (Score 1); Figure 3C: OC1235 (Score 2); Figure 3D:
OC125 (Score 3); Figure 3E: OC125 (Score 4); Figure 3F: OC125 (Score 5); Figure 3G: 4H11
(Score 0); Figure 3H: 4H11 (Score 1); Figure 31: 4H11 (Score 2); Figure 3I: 4H11 (Score 3); Figure
3K: 4H11 {(Score 4); Figure 3L: 4H11 (Score 5).

Figure 4: Western blot analysis. Figure 4A: Western blot analysis of GST-AMUC16°***
fusion protein with monoclonal antibodies 9C9.21.5.13 and 4H11.2.5. Figure 4B: Western blot
analysis of SKOV3-phrGFP-AMUC16°'" and SKOV3-phrGFP-AMUC16°* protein extract and
probed with monoclonal antibodies 9C9.21.5.13 and 4H11.2.5.

Figure 5A: MUC16 carboxy terminus monoclonal antibodies binding affinity on OVCAR3
cells (Panels A-D). Figure 5B: Internalization of radio-labeled 4H11 and OC125 monoclonal
antibodies on SKOV3-phrGFP-AMUC16° * stable transfected cells,

Figure 6A-D: Comparison staining intensities of OC125 and 4H11 monoclonal antibodies
on tissue microarrays containing cancers of the prostate (2A, concordant), long (2B, discordant),
breast (2C, discordant), and pancreas (2D, discordant).

Figurc 7: FACS analysis as described in the Material and Methods section was performed
with commercial antibodies and MUC16 carboxy terminus monoclonal antibodies on OVCAR3 wt,
SKOV3-phrGFP-AMUC16°* and SKOV3-phrGFP-AMUC16** stable transfected cell lines.

Figure 8: Nucleotide sequence encoding antibody variable heavy (Vy) chain and antibody
varizble light (VL) chain. (A) 4A5 Vi1 (SEQ ID NO:04), (B) 4A5 VL, (SEQ ID NO:05), (C) 4H11
Vi (SEQ ID NO:06), (D) 4H11 Vi (SEQ ID NO:07), (E) 9B11 V5 (SEQ ID NO:08), (F) 9B11 V4
(SEQ ID NO:09), (G) 9B11 Vg (SEQ ID NO:10), (H) 24B3 Vy (SEQ ID NO:11), (I) 24B3 V,,
(SEQ ID NO:12).

Figure 9: (A) Homo sapiens MUC16 (GenBank NP_078966) (SEQ ID NO:13), (B)
Polypeptide 1 (SEQ ID NO:01), (C) Polypeptide 2 (SEQ ID NO:02), (D) Polypeptide 3 (SEQ ID
NO:03), (E) Transmembrane domain (SEQ ID NO:14), (F) Polypeptide 4 (SEQ ID NO:15)
containing a cysteine loop polypeptide (SEQ 1D NO:19).

Figure 10: Schematic of MUCI6 structure.

Figure 11. Design and in vitro analysis of MUC-CD targeted CARs. (A) Schematic
diagram of the first generation 4H11z and second generation 4H11-28z retroviral vectors.

41 1scFv: MUCI6 specific scFv derived from the heavy (V) and light (V) chain variable regions
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of the monoclonal antibody 4H11; CD8: CD8 hinge and transmembranc domains; CD28: CD28

transmembrane and cytoplasmic signaling domains; ¢ chain: T cell receptor { chain cytoplasmic
signaling domain; LTR: long terminal repeat; black box: CD8 leader sequence; grey box:
(GlysSer); linker; arrows indicate start of transcription. (B) EACS analysis of human T cells
retrovirally transduced to express either the 41111z or 19z1 CAR. (C) 4H11z" but not 1921* T
cells expand on 3T3(MUC-CD/B7.1) AAPC. CAR" were co-cultured on 3T3(MUC-CD/B7.1)
AAPC monolayers at 3 x 10° CAR" T cells/well of a 6 well plate. Proliferation of CAR* T cells,
normalized to the CAR™ T cell fraction as assessed by FACS for the CAR" fraction in combination
with viable T cell counts obtained on days 2, 4 and 7, as assessed by trypan blue exclusion assays.
Figure 12. In vitro comparison of T cells modified to express the first generation 4H1 1z
CAR to T cells modified to express the second generation co-stimulatory 4H11-28z CAR. (A)
CAR" T cclls were co-cultured on MUC-CD monolayers with (right panel) or without B7.1 (left
panel). 3 x 108 CAR" T cells were co-cultured on AAPC monolayers in 6 well tissue culture plates
in cytokine-free medium. Total viable T cell counts were assessed on days 2, 4 and 7, by trypan
blue exclusion assays. 4H11-28z" T cells markedly expanded when compared to 41111z" T cells
upon co-culture with 3T3(MUC-CD) AAPCs, **p=0.0023 (4H11z compared to 4H11-28z). In
contrast, both 4H11z" and 4H11-282" T cells expanded similarly on 3T3(MUC-CD/B7.1) AADICs,
p=0.09, (4H11z compared to 4H11-282). Control 19-287" T cells did not proliferate on 3T3(MUC-
CD), **p=0.0056 (19-28z compared to 4111 1z), **p=0.0011 (19-28z compared to 4H11-282), or on
3T3(MUC-CD/B7.1), **p=0.0026 (19-28z compared to 4H117), **p=0.0087 (19-28z compared 1o
4H11-28z). (B) 4H11-28z" but not 4H11z" T cells secrete IL-2 upon co-culture with 313 MUC-
CD) AAPCs. Tissuc culturc supernatants at day 2 following activation on 3T3(MUC-CD) AAPCs
were analyzed for cytokine secretion. 4H11-282" T cells, in contrast to 4H11z" T cells,
demonstrated enhanced secretion of IL-2 consistent With T cell co-stimulation mediated through the
4H11-28z CAR. ##*p=0.0008 (1921 or 19-28z compared to 4H1 1z), **p=0.0026 (1921 or 19-28z
compared to 4H11-28z), **p=0.0046 (4H11z compared to 4H11-28z). Furthermore, both 4H11-
287" and 4H11z" T cells secreted IFNy. *p=0.011 (4H11z compared to 4H11-28z). Control 19z1
and 1928z transduced T cells failed to secrete either IL-2 or IFNy. **p=0.0034 (19z1 compared to
4H11z), **p=0.036 (19-28z compared to 4H11z), ***p=0.0008 (19-287 compared to 4H1 1-28z).
(C) Expansion of CAR" T cells following 3 cycles of stimulation on 3T3 (MUC-CD/B7.1). Human
T cells transduced to express either 4H11z or 4H11-28z CARs demonstrated a >2 log expansion
over 2 cycles of stimulation on 3T3(MUC-CD/B7.1) AAPCs. Arrows indicate 1st and 2nd cycles of
restimulation on AAPCs. (D) FACS analysis of the CAR" T cell fraction of 4H11-282" T cells

increased following each weckly cycle of stimulation. (I) FACS following initial transduction, (II)
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FACS at 7 days following first stimulation on AAPCs, (IT) FACS at 7 days following second

stimulation on AAPCs. These data are representative of one of three different experiments using
three different healthy donor T cell populations, all of which demonstrated similar proliferation and
cytokine secretion patterns.

Figure 13. MUC-CD targeted T cells specifically expand and lyse MUC-CD? tumor cells.
(A) Cytotoxicity assay of 4H11z" and 4H11-287" T cells targeting OV-CAR(MUC-CD) tumor cells
demonstrates efficient cytotoxicity mediated by T cells from healthy donors modified to express the
first and second generation MUC-CD targeted CARs. Control T cells modified to express the first
and second generation CD19-targeted 1921 and 19-28z CARs failed to demonstrate significant lysis
of target tumor cells. (B) Healthy donor T cells modified to express the 4H11-28z CAR equally
Iyse primary patient ascitcs-derived MUC-CD” tumor cells when compared to T cells modified to
express the control 19-28z CAR. This data represents 1 or 3 experiments targeting primary tumor
cells from 3 ovarian carcinoma patients with similar results. (C) Autologous T cells isolated from
peripheral blood, when modified with the 4H11-28z CAR, cxhibit significant lysis of autologous
MUC-CD" ascites-derived tumor cells when compared to control 19-28z" autologous T cells.
These data represent 1 of 3 experiments utilizing T cells and autologous tumor cells from 3
different ovarian carcinoma patients with similar results, (D) Antigen specific proliferation of
MUC-CD targeted CFSE labeled T cells after co-culture with OV-CAR3(MUC-CD) tumor cells.
CFSE labeled CAR™ T cells were co-cultured with MUC-CD expressing OV-CAR3 tumor cells at
1:1 ratio for 5 days. Proliferation of CFSE labeled T cells was assessed by FACS demonstrating
efficient proliferation of both 4H11z" and 4H11-282" T cells but not control 19-28z" T cells. (E)
CFSE results were further confirmed by absolute T cell nurabers assessed on days 2, 4 and 7
following co-culture with OV-CAR3(MUC-CD) tumor cells. (F) FACS analysis of the expression
of 4-1BBL on OVCAR3(MUC-CD) cells. OV-CAR3(MUC-CD) cells were stained with anti-
human 4-1BBL antibody (thick line) or with isotype control (thin line). FACS analysis
demonstrated expression of 4-1BBL on OV-CAR3(MUC-CD) tumor cells. Further FACS analyses
failed to reveal expression of the co-stimulatory ligands B7.1, B7.2, or OX-40L.

Figurc 14. Eradication of OY-CAR3(MUC-CD) tumors after intra-peritoncal freatment with
first and second generation of MUC-CD targeted T cells. (A) Intraperitoneal injection of OV-
CAR3(MUC-CD) tumors in untreated SCID-Beige mice results in abdominal distension and
nodular peritoneal tumors. SCID-Beige mice were injected intraperitoneally with 3x10°0V-
CAR3(MUC-CD) cells. At 5 weeks post intraperitoneal injection of OV-CARI(MUC-CD) tumor
cells mice developed ascities as evidenced by a distended abdomen (center panel) when compared

to a turnor free mouse (left panel). Post mortem visualization of the peritoneum demonstrates
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nodular turnor masses (arrows) within the abdominal cavity (right panel). (B) Intraperitoneal

injection of 4H11z" and 4H11-28%" T cells either del ay tumor progression or fully eradicate
disease. Kaplan-Meier survival curve of SCID-Beige mice treated with first or second generation
of MUC-CD targeted T cells. SCID-Beige mice were infused ip with 3x10° OV-CAR3(MUC-CD)
tumor cells on day 1 followed by 3x1 0" 4H11z" or 4H11-28z" T cells on day 2. All untreated mice
or mice treated with control 19z1" T cells developed established tumors and were sacrificed by day
50. In contrast, 27% of mice treated with either 4H11z" or 4H11-28z" T cells remained without
clinical evidence of disease by day 120. *p=0.01 (4H11z compared to 19z1), **p=0.0023 (4H11-
28z compared to 19z1), p=0.63 (4H11z compared to 4H11-28z).

Figure 15. MUC-CD targeted 4H11-282" T cells successfully traffic to ip OV-
CAR3(MUC-CD/GFP-FFLuc) tumors following systemic intravenous infusion resulting in equally
efficient anti-tumor efficacy when compared to ip 4H11-28z" treated tumor bearing mice. (A)
Kaplan-Meier survival curve of SCID-Beige mice treated ip or iv with 4H11-28z" T cells. SCID-
Beige mice were injected intraperitoneally with 3x10° OV-CAR3(MUC-CD/ GFP-FFLuc) tumor
cells followed by either iv or ip infusion of 3x107 4H11-282" T cells. Tumor eradication is
enhanced after either ip or iv infusion of 4H11-282" T cells when compared to control treated mice.
Both ip and iv 4H11-282" T cell treated mice exhibited statistically enhanced survival
(***p<0.0001 and **p=0.0038, respectively) when compared to 19-28z" T cell treated control
cohorts. Conversely, difference in survival between the ip and iv 4H11-282" T cell cohorts was not
statistically significant (p=0.22). (B) BLI of tumor progression of representative ip and iv 4H11-
282" T ccll treated mice with ultimately progressive diseasc following treatment comparcd to BLI
of tumor progression in a representative control 19-28z° T cell treated mouse. (C) Systemically
injected CFSE stained 4H11-282" T cells traffic to advanced ip OV-CAR(MUC-CD) tumors.
Presence of iv injected CFSE labeled 19-28z" control T cells (left panel) and 41111-28z" T cells
(right panel) 1 day following infusion into SCID-Beige mice with advanced OV-CAR(MUC-CD)
tumors (injected 7 days earlier), as assessed by FACS analysis of single cell OV-CAR3(MUC-CD)
tumor suspensions, reveals a marked population of 4H11-28z" but not control 19-287" T cells
within peritoneal OV-CAR3(MUC-CD) tumors.

Figure 16. Eradication of advanced OV-CAR3(MUC-CD) tumors in SCID-Beige mice by ip
infusion of 4H11-287" T cells. SCID-Bei ge mice were injected ip with 3x10° OV-CAR3(MUC-
CD/GFP-FFLuc) tumor cells 7 days prior to ip treatment with 3x107 4H11-28z" T cells. (A) BLI of
4H11-28z" T cell treated mice with either relapsed disease (middle 1ow) or eradicated disease
(bottom row) compared to a representative 19-282" T cell treated control mouse. (B) Kaplan-Meier

survival curve of SCID-Beige mice with advanced OV-CAR3(MUC-CD/GFP-FFLuc) tumors
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treated ip with 4H11-28z" T cells. All 4H11-282" T cell treated mice demonstrated enhanced

survival when compared to control 19-28z" T cell treated mice (**p=0.0011), with an overall long-
term survival of 25% at day 120.

Figure 17: CD8 leader sequence, CD3 zeta chain intracellular domain sequence, (G43)3
serine-glycine linker sequence, CD8 transmembrane domain sequence, and CD28 transmembrane -+
intracellular domains (-STOP) sequence.

Figure 18: SFG_4H11z sequence.

Figure 19: SFG-4H11-28z sequence.

Figure 20: (A) Mouse MUC16-CD Peptide 1 (SEQ ID NO:21), Mouse first Cysteine Loop
Peptide 2 (SEQ ID NO:22), and Mouse second Cysteine Loop Peptide 3 (SEQ ID NO:23). (B)
Alignment of mouse MUC16 (SEQ ID NO:24) and human MUC16 (SEQ ID NO:25) amino acid
sequences. - A cysteine was added to the peptide scquence at the N terminus of Peptide 1 and
Peptide 3 for better conjugation with KLH.

Figure 21: IDB extract with 1:10 dilution of Mouse MUC16 monoclonal Primary
Supernatants.

Figure 22: BRS-FVB1 extract with 1:10 dilution of Mouse MUCL6 monoclonal Primary
Supematants

Figure 23: Western Blot showing 38 hamster’s monoclonal antibody Supernatants on ID8
cell extracts.

Figure 24 (A) Nucleotide sequence encoding 12B10-3G10-Vy (SEQ ID NO:26), (B)
12B10-3G10-Vx Amino Auid sequence (SEQ ID NO:27), (C) Nucleotide sequence encoding
12B10-3G10-Vy, (SEQ ID NO:28) (Note the VL has an optional Nod site added by the primer for
cloning, and (D) 12B10-3G10-V Amino Acid sequence (SEQ ID NO:29).

Figure 25: FACS Analysis with Purified 12B10-3G10 mAb on ID8 (mouse), OVCAR-3
(human) and BR5-FVB1 (mouse) cell lines.

DEFINITIONS

To facilitate understanding of the invention, a number of terms are defined below.

The terms “purified,” “isolated,” and grammatical equivalents thereof as used herein, refer
to the reduction in the amount of at least one undesirable component (such as cell, protein, nucleic
acid sequence, carbohydrate, ezc.) from a sample, including a reduction by any numerical
percentage of from 5% to 100%, such as, but not limited to, from 10% to 100%, from 20% to
100%, from 30% to 100%, from 40% to 100%, from 50% to 100%, from 60% to 100%, from 70%
to 100%, from 80% to 106%, and from 90% to 100%. Thus purification results in an "enrichment,”
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i.e., an increase in the amount of a desirable component cell, protein, nucleic acid sequence,

carbohydrate, efc.).

The term "antibody" refers to an immunoglobulin (e.g., IgG, IgM, IgA, IgE, IgD, etc.). The
basic functional unit of each antibody is an immunoglobulin (Ig) mononer (containing only one
immunoglobulin (“Ig”) unit). Included within this definition are polyclonal antibody, monoclonal
antibody, and chimeric antibody.

The variable part of an antibody is its “V domain” (also referred to as “variable region™),
and the constant part is its “C domain” (also referred to as “constant region™) such as the kappa,
lambda, alpha, gamma, delta, epsilon and mu constant regions. The “variable domain” is also
referred to as the “Fy region™ and is the most important region for binding to antigens. More
specifically, variable loops, three each on the light (V1) and heavy (Vy) chains are responsible for
binding to the antigen. These loops ate referred to as the “complementarity determining regions”
(*“CDRs” and “idiotypes.”

The immunoglobulin (Ig) monomer of an antibody is a “Y”’-shaped molecule that contains
four polypeptide chains: two light chains and two heavy chains, joined by disulfide bridges.

Light chains are classified as either (\) or kappa (k). A light chain has two successive
domains: one constant domain (“Cy”) and one variable domain (V). The variable domain, V|,
is different in each type of antibody and is the active portion of the molecule that binds with the
specific antigen.The approximate length of a light chain is 211 to 217 amino acids.

Each heavy chain has two regions, the constant region and the variable region. The There
are five types of mammalian Ig heavy denoted a g, 9, ¢, v, and p. The type of heavy chain present
defines the class of antibody; these chains are found in IgA, IgD, IgE, IgG, and IgM antibodies,
respectively. Distinct heavy chains differ in size and composition; o and y contain approximately
450 amino acids, while p and € have approximately 550 amino acids. Each heavy chain has two
regions, the constant region (“Cy”) and the variable (“Vi™") region. The constant region (Cy) is
identical in all antibodies of the same isotype, but differs in antibodies of different isotypes. Heavy
chains v, o and & have a constant region composed of three tandem (in a line) Ig domains, and a
hinge region for added flexibility. Heavy chains p and € have a constant region composed of four
immunoglobulin domains. The variable region (Vi) of the heavy chain differs in antibodies
produced by different B cells, but is the same for all antibodies produced by a single B cell or B cell
clone. The variable region of each heavy chain is approximately 110 amino acids long.

The term "specifically binds" and "specific binding" when made in reference to the binding
of two molecules (e.g. antibody to an antigen, efc.) refer to an interaction of the two molecules that

is dependent upon the presence of a particular structure on one or both of the molecules. For
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example, if an antibody is specific for epitope "A" on the molecule, then the presence of a protein

containing epitope A (or free, unlabelled A) in a reaction containing labeled "A" and the antibody
will reduce the amount of labeled A bound to the antibody.

The term "capable of binding" when madec in reference to the interaction between a first
molecule (such as antibody, polypeptide, glycoprotein, nucleic acid sequence, etc.) and a second
molecule (such as antigen, polypeptide, glycoprotein, nucleic acid sequence, efc.) means that the
first molecule binds to the second molecule in the presence of suitable concentration of salts, and
suitable temperature, and pH. The conditions for binding molecules may be determined using
routinc and/or commercially available methods

33 L6

1mMmunogen,

2 €L (1734

The terms “antigen, antigenic,” “immunogenic,” “antigenically active,”
“immunologic,” and “immunologically active” when made in reference to a molecule, refer to any
substance that is capable of inducing a specific humoral immune response (including eliciting a
soluble antibody response) and/or cell-mediated immune response (including eliciting a CTL
response). Antigenic peptides preferably contain at least 5, at least 6, at least 7, at least 8, at least 9,
and more preferably at least 10 amino acids. To elicit antibody production, in one embodiment,
antigens may be conjugated to keyhole limpet hemocyanin (KLH) or fused to glutathione-S-
transferase (GST).

A "cognate antigen” when in reference to an antigen that binds to an antibody, refers to an
antigen that is capable of specifically binding to the antibody.

In one embodiment, the antigen comprises an epitope. The terms “epitope™ and “antigenic
determinant” refer to a structure on an antigen, which interacts with the binding site of an antibody
or T cell receptor as a result of molecular complementarity. An epitope may compete with the
intact antigen, from which it is derived, for binding to an antibody.

As used herein the terms "portion” and “fragment” when made in reference to a nucleic
acid sequence or protein sequence refer to a piece of that sequence that may range in size from 2
contiguous nucleotides and amino acids, respectively, to the entire sequence minus one nucleotide
and amino acid, respectively.

A “subject” that may benefit from the invention’s methods includes any multicellular
animal, preferably a mammal. Mammalian subjects include humans, non-human primates,
murines, ovines, bovines, ruminants, lagomorphs, porcines, caprines, equines, canines, felines,
aves, etc.). Thus, mammalian subjects are exemplified by mouse, rat, guinea pig, hamster, ferret
and chinchilla. The invention’s compositions and methods are also useful for a subject “in need of
reducing one or more symptoms of” a disease, e.g., in need of reducing cancer metastasis and/or in

need of reducing one or more symptoms of cancer, includes a subject that exhibits and/or is at risk
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of exhibiting one or more symptoms of the disease. For Example, subjects may be at risk based on

family history, genetic factors, environmental factors, efc. This term includes animal models of the
disease. Thus, administering a composition (which reduces a disease and/or which reduccs one or
more symptoms of a discase) to a subject in need of reducing the diseasc and/or of reducing one or
more symptoms of the disease includes prophylactic administration of the composition (i.e., before
the disease and/or one or more symptoms of the disease are detectable) and/or therapeutic
administration of the composition (i.e., after the disease and/or one or more symptoms of the
disease are detectable). The invention’s compositions and methods are also useful for a subject “at
risk™ for disease (such as cancer) refers to a subject that is predisposed to contracting and/or
cxpressing one or more symptoms of the disease. This predisposition may be genetic (e.g., a
particular genetic tendency to expressing one or more symptoms of the disease, such as heritable
disorders, etc.), or due to other factors (e.g., environmental conditions, exposures to detrimental
compounds, including carcinogens, present in the environment, etc.). The term subject “at risk”
includes subjects "suffering from disease,” i.e., a subject that is experiencing one or more
symptoms of the disease. It is not intended that the present invention be limited to any particular
signs or symptoms. Thus, it is intended that the present invention encompass subjects that are
experiencing any range of disease, from sub-clinical symptoms to full-blown disease, wherein the
subject exhibits at least one of the indicia (e.g., signs and symptoms) associated with the disease.

“Cancer cell” refers to a cell undergoing early, intermediate or advanced stages of multi-
step neoplastic progression as previously described (Pitot ct al., Fundamentals of Oncology, 15-28
(1978)). This includes cells in early, intermediate and advanced stages of neoplastic progression
including “pre-neoplastic cells (i.e., “hyperplastic cells and dysplastic cells), and neoplastic cells in
advanced stages of neoplastic progression of a dysplastic cell.

“Metastatic” cancer cell refers to a cancer cell that is translocated from a primary cancer site
(Z.e., a location where the cancer cell initially formed from a normal, hyperplastic or dysplastic cell)
to a site other than the primary site, where the translocated cancer cell lodges and proliferates.

“Cancer” refers to a plurality of cancer cells that may or may not be metastatic, such as
ovarian cancer, breast cancer, lung cancer, prostate cancer, cervical cancer, pancreatic cancer, colon
cancer, stomach cancer, esophagus cancer, mouth cancer, tongue cancer, gum cancer, skin cancer
(e.g., melanoma, basal cell carcinoma, Kaposi's sarcoma, ete.), muscle cancer, heart cancer, liver
cancer, bronchial cancer, cartilage cancer, bone cancer, testis cancer, kidney cancer, endometrium
cancer, uterus cancer, bladder cancer, bone marrow cancer, lymphoma cancer, spleen cancer,
thymus cancer, thyroid cancer, brain cancer, neuron cancer, mesothelioma, gall bladder cancer,

ocular cancer (e.g., cancer of the cornea, cancer of uvea, cancer of the choroids, cancer of the
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macula, vitreous humor cancer, etc.), joint cancer (such as synovium cancer), glioblastoma,

Iymphoma, and leukemia.

“Sample" and "specimen” as uscd hercin are used in their broadest sense to include any
composition that is obtained and/or derived from a biological source, as well as sampling devices
(e.g., swabs), which are brought into contact with biological or environmental samples. "Biological
samples” include those obtained from a subject, including body fluids (such as urine, blood,
plasma, fecal matter, cerebrospinal fluid (CSF), semen, sputum, and saliva), as well as solid tissue.
Biological samples also include a cell (such as cell lines, cells isolated from tissue whether or not
the isolated cells are cultured after isolation from tissue, fixed cells such as cells fixed for
histological and/or immunohistochemical analysis), tissue (such as biopsy material), cell extract,
tissue extract, and nucleic acid (e.g., DNA and RNA) isolated from a cell and/or tissue, and the like.
These examples are illustrative, and are not to be construed as limiting the sample types applicable
to the present invention.

“Overexpression of MUC16” by a cell of interest (such as a cancer cell) refers to a higher
level of MUC16 protein and/or mRNA that is expressed by the cell of interest compared to a
control cell (such as a non-cancerous cell, normal cell, efc.).

“Internalize” when in reference to a cell refers to cntry from the extracellular medium into
the cell membrane and/or cytoplasm.

“Glycosylated” when in reference to a sequence (e.g., an amino acid sequence or nucleotide
sequence) refers to a sequence that is covalently linked to onc or more saccharides.

“Pharmaceutical” and "physiologically tolerable " composition refers to a composition that
contains pharmaceutical molecules, i.e., molecules that are capable of administration to or upon a
subject and that do not substantially produce an undesirable effect such as, for example, adverse or
allergic reactions, dizziness, gastric upset, toxicity and the like, when administered to a subject.
Preferably also, the pharmaceutical molecule does not substantially reduce the activity of the
invention's compositions. Pharmaceutical molecules include “diluent” (i.e., “carrier *) molecules
and excipients.

“Immunogenically effective™ and “antigenically effective’” amount of 2 molecule
interchangeably refer to an amount of the molecule that is capable of inducing a specific humoral
immune response (including eliciting a soluble antibody response) and/or cell-mediated immunc
response (including eliciting a cytotoxic T-lymphocyte (CTL) response).

“Treating” a disease refers to reducing one or more symptoms (such as objective,

subjective, pathological, clinical, sub-clinical, etc.) of the disease.
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The terms "reduce," "inhibit," "diminish," "supprcss," "decrease,” and grammatical
s > pp g

equivalents (including “lower,” “smaller,” eic.) when in reference to the level of any molecule (e.g.,
amino acid sequence, and nucleic acid sequence, antibody, etc.), cell, and/or phenomenon (e.g.,
disease symptom, binding to a molecule, specificity of binding of two molecules, affinity of
binding of two molecules, specificity to cancer, sensitivity to cancer, affinity of binding, enzyme
activity, ec.) in a first sample (or in a first subject) relative to a second sample (or relative to a
second subject), mean that the guantity of molecule, cell and/or phenomenon in the first sample (or
in the first subject) is lower than in the second sample (or in the second subject) by any amount that
is statistically significant using any art-accepted statistical method of analysis. In one embodiment,
the quantity of molecule, cell and/or phenomenon in the first sample (or in the first subject) is at
least 10% lower than, at least 25% lower than, at least 50% lower than, at least 75% lower than,
and/or at least 90% lower than the quantity of the same molecule, cell and/or phenomenon in the
second sample (or in the second subject). In another cmbodiment, the quantity of molecule, cell,
and/or phenomenon in the first sample (or in the first subject) is lower by any numerical percentage
from 5% to 100%, such as, but not limited to, from 10% to 100%, from 20% 1o 100%, from 30% to
100%, from 40% to 100%, from 50% to 100%, from 60% to 100%, from 70% to 100%, from 80%
t0 100%, and from 90% to 100% lower than the quantity of the same molecule, cell and/or
phenomenon in the second sample (or in the second subject). In one embodiment, the first subject
is exemplified by, but not limited to, a subject that has been manipulated using the invention’s
compositions and/or methods. In a further embodiment, the second subject is exemplified by, but
not limited to, a subject that has not been manipulated using the invention’s compositions and/or
methods. In an altemative embodiment, the second subject is exemplified by, but not limited to, a
subj ect to that has been manipulated, using the invention’s compositions and/or methods, at a
different dosage and/or for a different duration and/or via a different route of administration
compared to the first subject. In one embodiment, the first and sccond subjects may be the same
individual, such as where the effect of different regimens (e.g., of dosages, duration, route of
administration, etc.) of the invention’s compositions and/or methods is sought to be determined in
one individual. In another embodiment, the first and second subjects may be diffcrent individuals,
such as when comparing the effect of the invention’s compositions and/or methods on one
individual participating in a clinical trial and another individual in a hospital.

nn

The terms "increase," "elevate," "raise," and grammatical equivalents (inchuding “higher,”
“greater,” efc.) when in reference to the level of any molecule (e.g., amino acid sequence, and
nucleic acid sequence, antibody, etc.), cell, and/or phenomenon (e.g., diseasc symptom, binding to

a molecule, specificity of binding of two molecules, affinity of binding of two molecules,
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specificity to cancer, sensitivity to cancer, affinity of binding, enzyme activity, etc.) in a first

sample (or in a first subject) relative to a second sample {or relative to a second subject), mean that
the quantity of the molecule, cell and/or phenomenon in the first sample (or in the first subject) is
higher than in the second sample (or in the second subject) by any amount that is statistically
significant using any art-accepted statistical method of analysis. In one embodiment, the quantity
of the molecule, cell and/or phenomenon in the first sample (or in the first subject) is at least 10%
greater than, at least 25% greater than, at least 50% greater than, at least 75% greater than, and/or at
least 90% greater than the quantity of the same molecule, cell and/or phenomenon in the second
sample (or in the second subject). This includes, without limitation, a quantity of molecule, cell,
and/or phenomenon in the first sample (or in the first subjoct) that is at least 10% greater than, at
least 15% greater than, at least 20% greater than, at least 25% greater than, at least 30% greater
than, at least 35% greater than, at least 40% greater than, at least 45% greater than, at least 50%
greater than, at least 55% greater than, atleast 60% greater than, at least 65% greater than, at least
70% greater than, at least 75% greater than, at least 80% greater than, at least 85% greater than, at
least 90% greater than, and/or at least 95% greater than the quantity of the same molecule, cell
and/or phenomenon in the second sample (or in the second subject). In one embodiment, the first
subject is exemplified by, but not limitcd to, a subject that has been manipulated using the
invention’s compositions and/or methods. In a further embodiment, the second subject is
exernplified by, but not limited to, a subject that has not been manipulated using the invention’s
compositions and/or methods. In an altemative embodiment, the second subject is excmplified by,
but not limited to, a subject to that has been manipillated, using the invention's compositions and/or
methods, at a different dosage and/or for a different duration and/or via a different route of
administration compared to the first subject. In one embodiment, the first and second subjects may
be the same individual, such as where the effect of diffcrent regimens (e.g., of dosages, duration,
route of administration, etc.) of the invention’s compositions and/or methods is sought to be
determined in one individual. In another embodiment, the first and second subjects may be
different individuals, such as when comparing the effect of the invention’s compositions and/or
methods on one individual participating in a clinical trial and another individual in a hospital.

The terms “alter” and “modify” when in reference to the level of any molecule and/or
phenomenon refer to an increase or decrease.

Reference herein to any numerical range expressly includes each numerical value (including
fractional numbers and whole numbers) encompassed by that range. To illustrate, and without
limitation, reference herein to a range of “at least 50” includes whole numbers of 50, 51, 52, 53, 54,

55,56, 57, 58, 59, 60, etc., and fractional numbers 50.1, 50.2 50.3, 50.4, 50.5, 50.6, 50.7, 50.8,
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50.9, erc. In a further illustration, reference herein to a range of “‘less than 50” includes whole

numbers 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, etc., and fractional numbers 49.9, 49.8, 49.7, 49,6,
495,494,493, 40.2, 49.1, 49.0, efc. Inyet another illustration, reference herein to a range of from
“5 to 10” includes each whole number of 5, 6, 7, 8, 9, and 10, and each fractional number such as

51,52,53,54,55,5.6,5.7,5.8,5.9, etc.

DESCRIPTION OF THE INVENTION

The invention provides antibodies, and antigen-binding fragments thereof, that specifically
bind to a polypeptide, or antigenic portion thereof, wherein the polypeptide is selected from a)
MUCI16 ectodomain polypeptide, b) MUCI1 6 cytoplasmic domain polypeptide, and ¢) MUCI16
extracellular domain polypeptide that contains a cysteine loop polypeptide. The invention’s
antibodies and compositions containing them are useful in diagnostic and therapeutic applications
for diseases in which MUC16 is overexpressed, such as cancer.

Using synthetic peptides, the inventors raised novel-specific antibodies to the carboxy-
terminal portion of MUC16, retained by the cell, proximal to the putative cleavage site. These
antibodies were characterized using fluorescence-activated cell-sorting analysis, enzyme-linked
immunoassay, Western blot analysis, and immunochistochemistry. Bach of the selected monoclonal
antibodies was reactive against recombinant GST-AMUC16°* protein and the MUCT16 transfected
SKOV3 cell line. Three antibodies, 4H11, 9C9, and 4A5 antibodies demonstrated high affinities by
Western blot analysis and saturation-binding studies of transfected SKOV3 cells, and displayed
antibody internalization. Immunohistochemical positivity with novel antibody 4H11 was similar to
OC125, but with important differences, including diffuse positivity in lobular breast cancer and a
small percentage of OC125-negative ovarian carcinomas which showed intense and diffuse 4H11
antibody binding.

The invention’s compositions and methods are useful for diagnostic and therapeutic
applications, as well as biologic studies such as membrane receptor tfafﬁcking and intracellular
events. Diagnostic applications include, for example, detection of cancer using
immunchistochemical, radiographic imaging, enzyme-linked immunosorbent assay (ELISA),
fluorescence-activated cell sorting (FACS), Western blot, and/or immunoprecipitation detection.

The invention is further described under (A) MUC16, (B) Prior Art Antibodies, (C)
Invention’s Antibodies, (D) Hybridoma Cell Lines, (E) Conjugates Of The Invention’s Antibodies
Linked To Cytotoxic Agents And/Or Prodrugs, (F) Detecting Muc16 Portions And Diagnostic
Applications, and (G) Therapeutic Applications.
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A, MCC16

“MUCL16,” “MUC-16” and “Mucin 16” interchangeably refer to a type I membrane protein
that is part of a family of tethered mucins. A schematic of Muc16 is in Figure 10, and an
exemplary human Mucl6 amino acid sequence (SEQ ID NO:13) is shown in Figure 9A. An
alignment of mouse MUC16 (SEQ ID NO:24) and human MUC16 (SEQ ID NO:25) amino acid
sequences is shown in Figure 20B. The term “type 1 protein” refers to a “membrane protein” that
is at least partially embedded in the lipid bilayer of a cell, virus and the like, and that contains a
transmembrane domain (TM) sequence embedded in the lipid bilayer of the cell, virus and the like.
The portion of the protein on the NH,-terminal side of the TM domain is exposed on the exterior
side of the membrane, and the COOH-terminal portion is exposed on the cytoplasmic side.

Recently, the sequence of the cDNA-encoding MUC16/CA125 was described by Yin and
Lloyd in 2001 and completed by O’Brien in 2002 (10-12). The complete MUC16 protein has
various components consisting of a cytoplasmic tail with potential phosphorylation sites, a
transmembrane domain, and an external domain proximal to an apparent cleavage site. Distal to
the cleavage site, the released external domain contains 16-20 tandem repeats of 156 amino acids,
each with many potential glycosylation sites (11). The overall repeat structure (Figure 10) is well
conserved across mammals, but the repeats are not completely identical in exact amino acid
composition.

The MUCI16 protein is part of a family of tethered mucins that includes both MUC1 and
MUC4 (13). MUCI is present in a variety of tissues and appears to signal through a beta catenin
pathway, interact with EGF receptor, mediates drug resistance and can act as an oncogene (14-17).
The MUC4 protein is also expressed in a variety of tissues but is common on neoplasms of the
gastrointestinal track (18-20). In contrast, the CA125 antigen has been more restricted in its
distribution and is present primarily in gynecologic tissucs and overexpressed in Miillerian
neoplasms (21). However, the CA125 antigen, recognized by the OC125 antibody, is a heavily
glycosylated antigen expressed in the tandem repeat region of the larger MUC16 protein. This
glycoprotein is typically shed from a putative cleavage site in the extracellular domain of the
MUCI16 peptide backbone.

Thus, “MUC16” protein contains (a) a “cytoplasmic domain,” (b)a “transmembrane
domain,” and (c) 2 “extracellular domain.” The MUCI6 extracellular domain contains a cleavage
site between a non-glycosylated ectodomain and a large glycosylated ectodomain of tandem
repeats.

The terms “cytoplasmic domain,” “cytoplasmic tail,” and “CT are used interchangeably to

refer to a protein sequence, and portions thereof, that is on the cytoplasmic side of the lipid bilayer

19

CA 3002192 2018-04-19



10

15

20

25

30

WO 2011/119979 PCT/US2011/030025
of a cell, virus and the like. Methods for determining the CT of a protein are known in the art

Elofsson et al. (2007) Annu. Rev. Biochem. 76:125-140; Bernsel et al. (2005) Protein Science
14:1723-1728). ‘

The terms “transmembrane domain” and “TM” are used interchangeably to refer to a
protein sequence, and portions thereof, that spans the lipid bilayer of a cell, virus and the like.
Methods for determining the TM of a protein are known in the art (Elofsson et al. (2007) Annu,
Rev. Biochem. 76:125-140; Bernsel et al. (2005) Protein Science 14:1723-1728).

The terms “cctodomain” and “extraceliular domain” are interchangeably used when in
reference to a membrane protein to refer to the portion of the protein that is exposed on the
extracellular side of a lipid bilayer of a cell, virus and the like. Methaods for determining the
ectodomain of a protein are known in the art (Singer (1990) Annu. Rev. Cell Biol. 6:247-296 and
High el al. (1993) J. Cell Biol. 121:743-750, and McVector software, Oxford Molecular).

The exemplary Muc16 of Figure 9 contains (a) a “MUC16 cytoplasmic domain” from
amino acid 14476 to 14507, vtirr tkkegeynvq qqepgyygsh ldledlq (SEQ ID NG:16), that interacts
with the intracellular signal transduction machinery; {b)a “MUC16 transmembrane domain” from
amino acid 14452 to 14475, fwaviligl agligvitcl icgvl (SEQ ID NO:14) that spans the plasma
membrane; and (c) a “MUC16 extracellular domain” amino acid 1 to 14392 (SEQ ID NO:13) that
contains a cleavage site between an non-glycosylated ectodomain and a large glycosylated
ectodomain of tandem repeats. The “MUCIG ectodomain” is exernplified by nfsplar rvdrvaiyee
firmtrngiq Ignftldrss vivdgyspnr nepltgnsdl p (SEQ ID NO:17) from amino acid 14394 to 14451 of
SEQ ID NO:13 of Figure YA.

The exemplary MUC16 ectodomain contains both Polypeptide 1 (nfsplar rvdrvaiyee (SEQ
ID NO:01), which is from amino acid 14394 to 14410 of SEQ ID NO:13), and Polypeptide 2 (tldrss
vlvdgyspar ne (SEQ.ID NO:02), which is from amino acid 14425 to 14442 of SEQ ID NO:13),
against which the invention's exemplary antibodies were produced. Polypeptide 3, cgvlvttrr
rkkegeynvg qq (SEQ ID N0:03) is from amino acid 14472 o 14492 of SEQ ID NO:13, and
contains both a transmembrane domain portion {cgvl) and a cytoplasmic domain portion (vitrr
rtkkegeynvq qq (SEQ ID NO:18)). Thus, the CGVL is optional in SEQ ID NO:03, as it is part of
the transmembrane domain.

Polypeptide 4 (ksyf sdeqvstfrs vpnrhhtgvd slenfspl (SEQ ID NO:153), is Jocated in a non-
glycosylated portion of the Muc16 extracellular domain, is from amino acid 14367 to 14398 of
SEQ ID NO:13, and contains a cysteine loop polypeptide cqvstfrsvpnrhhtgvdsle (SEQ ID NO:13).
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B. Prior Art Antibodies

The expression of the MUC16/CA125 antigen has long been associated with gynecologic
tissues. “CA125,” “CA-125,” “Cleaved CA125,” and “cleaved CA-125,” interchangeably refer to
the glycosylated external domain of the tethered mucin MUCIG, that is distal to the cleavage site
(Payne et al., U.S. Pat. No. 7,202,346). This released external domain contains 16-20 tandem
repeats of 156 amino acids, each with potential glycosylation sites. An apparent cysteine-based
disulfide loop of 19 amino acids is present in all repeats and the N-terminal end contains a
hairbrush structure that is heavily O-glycosylated (11). The deduced size would be 2.5 MD for the
protein part, and with added carbohydrates, this could increase to 5 MD (10, 26).

CA125, though it is not sensitive or specific enough to be used as a general screening tool,
is routinely used to monitor patients with ovarian carcinoma. The tests used to measure CA125 are
antibody based detection methods, as are the immunohistochetnical stains routinely performed for
diagnostic purposes. The epitope specificity of 26 antibodies to MUC16 was studied in the first
report from the International Society of Oncodevelopmental Biology and Medicine (ISOBM) TD-1
‘Workshop and the application of 22 antibodies to immunohistochemistry was reported in the
second report from the TD-1 workshop (7, 21). The existing antibodies were grouped as 0C125-
like, M11-like, or OV197-like and all of the known antibodies recognized CA125 epitopes in the
repeating, glycosylated elements in the external domain of the tethered mucin MUCI16, distal to the
putative cleavage site.

The vast majority of MUC16-reactive antibodies, including OC125, react with the
glycosylation-dependent antigen present exclusively in the cleaved portion of the molecule so the
true distribution of MUC16 expression is not known (21).  There is currently no antibody available
to track the fate of the remaining MUC16 protein fragment after cleavage and CA125 release.

C. Invention’s Antibodies

In order to better explore the biology of human MUC16, the inventors have derved
monoclonal antibodies against the extraceltular portion of the MUC16-carboxy terminus, proximal
to the putative cleavage site, as well as onc monoclonal antibudy against the internal cytoplasmic
domain. Tn contrast to prior antibodies, these are derived against the peptide backbone of MUC16
and arc not directed at complex glycoprotein epitopes. Since these epitopes are proximal to the
cleavage site, they are unlikely to be found in the circulation and provide novel targets for
diagnostic methods and therapeutic interventions. Data herein demonstrate the identification and

characterization of exemplary antibodies developed against the MUC16 peptide backbone.
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The inventors have developed novel antibodies that are directed at the non-cleaved, non-

glycosylated peptide backbone of MUC16. These are exemplified by both 4H11 and 9C9
antibodies, which react with peptide sequences in the non-cleaved ectodomain of MUC16 and are
detectable on the surface of ovarian cancer cell lices and in paraffin-fixed tissues from human
ovarian cancer surgical specimens. The antibodies show high affinity and are readily intemalized
by ovarian cancer cells when bound to the ectodomain of MUC16. This saggests that the proximal
portion of MUC16 has an independent biology from the more distal, cleaved portion of the mucin.
Tt also suggests that the proximal portions of MUC16 could provide convenient targets for
diagnostic and therapeutic interventions. Targeting the peptide backbone of MUC16 provides
highly specific tissue delivery for genetically engineered cells, liposomes, or antibody conjugates,
including conjugates with the invention’s antibodies.

The invention’s antibodies, exemplified by antibody 4H11, are useful as tools in
immunohistochemistry. Date herein show that 4H11 is relatively specific to high-grade ovarian
serous carcinoma. Invasive lobular breast carcinoma is the major exception and shows cxtensive
MUC16 protein as detected by 4H11. Lobular carcinoma of the breast has unique biology which is
characterized by a propensity to metastasize to serosal surfaces (27). Since MUC16 is thé cognate
binding partner of mesothelin, this may have important implications for lobular cancer (28). The
discordance rates for OC125 and 4H11 also suggest that 4H11 might provide additional,
independent information from OC125 in a subset of ovarian carcinomas. Some turnors that are
negative with OC125 retain cytoplasmic and extracellular portions of the MUC16 glycoprotein,
portions of the molecule that are likely involved in transduction of signals potentially important in
the malignant phenotype.

Thus, in one embodiment, the invention provides an isolated antibody, or an antigen-
binding fragment thereof, that spccifically binds to a polypeptide, or antigenic portion thereof,
wherein the polypeptide is exemplified by a) MUC16 ectodomain polypeptide (exemplified by
NFSPLAR RVDRVAIYEE FLRMTRNGTQ LQNETLDRSS VLVDGYSPNR NEPLTGNSDL P
(SEQ ID NO:17)), b) MUC16 cytoplasmic domain polypeptide (exemplified by VITRR
RKKEGEYNVQ QQ (SEQ ID NO:03) and LVTTRR RKKEGEYNVQ QQ (SEQ 1D NO:20)), and
¢} MUCI6 extracellular domain polypeptide that contains a cysteine loop polypeptide
CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19).

One advantage of the invention’s antibodies is that the antibody internalizes into a cell,
thereby being useful in applications for delivery inside a cell, such as disease therapy.

“Internalized” when in reference to a molccule that is internalized by a cell refers to passage of the
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molecule that is in contact with the extracellular surface of a cell membrane across the cell

membrane to the intracellular surface of the cell membrane and/or into the cell cytoplasm.
Methods for determining internalization are disclosed herein, including the detection of
radiolabeled molecule inside the cell (Figure 5B).

In one embodiment, the invention’s antibodies specifically bind to MUC16 ectodomain
polypeptide that comprises a polypeptide selected from the group consisting of Polypeptide 1
NESPLARRVDRVAIYEE (SEQ ID NO:01) and Polypeptide 2 TLDRSSVLVDGYSPNRNE (SEQ

ID NQ:02). Data herein show that the invention’s antibodies specifically bind to GST-AMUC16°

1 (Example 2, Table 1A). The specificity of the invention’s antibodies is in contrast to prior art

antibodies (e.g., VK8, M11 and OC125 antibodies) that did not bind to GST-AMUCI16°""* purified
protein or cell lysates of the SKOV3-phrGFP-AMUC16° cell line (Example 2, Figure 2).

In a further embodiment, the invention’s antibodies lack specific binding 1o a glycosylated
MUCI16 extracellular domain, exemplified by the cleaved CA-125 described in Payne et al., U.S.
Pat. No. 7,202,346.

While not intending to limit the sequence of the Vi, and Vy regions of the invention’s
antibodies, in one embodiment, the antibody specifically binds to the Polypeptide 2 (SEQ ID
NO:02) of the MUC16 ectodomain polypeptide, wherein the antibody comprises a variable heavy
{Vy) chain encoded by SEQ ID NO:06 (i.e., the antibody 4H11 variable heavy (VH) chain amino
acid sequence of Figure 8), and a variable light (V1) chain encoded by SEQ ID NO:07 (i.c., the
antibody 4H11 variable light (V1) chain amino acid sequence of Figure 8). In a particular
embodiment, the antibody is chimeric, wherein at least one of the Vi, and Vy chains is fused to a
human immunoglobulin constant region.

Also without intending to limit the sequence of the Vi and Vg regions of the invention’s
aﬁtibodies, in one embodiment, the antibody specifically binds to the Polypeptide 2 (SEQ ID
NO:dZ) of the MUCI16 ectodomain polypeptide, wherein the antibody comprises a variable heavy
(Vu) chain encoded by SEQ ID NO:04 (i.c., the antibody 4A5 variable heavy (V) chain nucleotide
sequence of Figure 8), and a variablc light (V1) chain encoded by SEQ ID NO:05 (i.e., the antibody
4A5 variable light (V) chain nucleotide sequence of Figure 8). In a particular embodiment, the
antibody is chimeric wherein at least one of the Vy,and Vy chains is covalently linked {0 a human
mmmnoglobulin constant region.

Still without intending to limit the sequence of the Vi and Vi regions of the invention’s
antibodies, in one embodiment, the antibody specifically binds to the Polypeptide 1 (SEQ ID
NO:01) of the MUC16 ectodomain polypeptide, wherein the antibody comprises a variable heavy
(V) chain encoded by SEQ ID NO:08 (i.c., the antibody 9B11 variable heavy (VH) chain
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nucleotide sequence of Figure 8), and a variable light (V) chain encoded by at least one of SEQ ID

NO:09 (1.e., antibody 9B11 variable light (V1. ») chain nuclectide sequence of Figure 8), and SEQ
ID NO:10 (i.e, the antibody 9B11 variable light (Vi g) chain nucleotide sequence of Figure 8). Ina
particular embodiment, the antibody is chimeric wherein at least one of the Vi and Vi chains is
covalently linked to a human immunoglobulin constant region.

While not intending to restrict the source of antigen to which the invention’s antibodies
bind, in one embodiment, the MUC16 ectodomain polypeptide is expressed by a cell. Data herein
show that the invention’s exemplary antibodies bind to SKOV3 cells transduced with phrGFP-
AMUC16°™™ (Example 2).

‘While not limiting the sequence of antigen to which the invention’s antibodies bind, in a
further embodiment, the invention’s antibodies specifically bind to a MUC16 cytoplasmic domain
polypeptide that comprises VITRR RKKEGEYNVQ QQ (SEQ ID NO:18). In a particular
embodiment, the MUC16 cytoplasmic domain polypeptide comprises Polypeptide 3
CGVLVTTRRREXEGEYNYQQQ (SEQ 1D NO:03). In some embodiment, the MUC16
cytoplasmic domain polypeptide is expressed by a cell. For example, data herein show that the
invention's exemplary antibody binds to SKOV3 cells transduced with phrGFP-AMUC16°14
(Example 2). In a particular embodiment, the cell is permeabilized to facilitate internalization of
the antibody into the cell so that 1t comes into contact with its cytoplasmic antigen.

Still without limiting the sequence of antigen to which the invention’s antibodies bind, in a
further embodiment, the invention’s antibodies bind to a MUC16 extracellular domain polypeptide
that contains a cysteine loop polypeptide CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19). Ina
more preferred embodiment, the MUC16 extracellular domain polypeptide comprises Polypeptide 4
KSYF SDCQVSTFRS VPNRHHTGVD SLCNFSPL (SEQ ID NO:15).

Still without intending to limit the sequence of the Vi, and Vy regions of the invention’s
antibodies, in one embodiment, the antibody spectfically binds to Polypeptide 4 (SEQ [D NO:15)
of the MUC16 extraceliular domain polypeptide, wherein the antibody comprises a variable heavy
(Vu) chain encoded by SEQ ID NO:11 (i.e, the antibody 24B3 variable heavy (Vi) chain amino
acid sequence of Figure 8), and a variable light (Vi) chain encoded by SEQ ID NO:12 (i.e., the
antibody 24B3 variable light (V1) chain amino acid sequence of Figure 8).

The mvention contemplates chimeric antibodies (see U.S. Pat. No. 7,662,387), monoclonal
antibodies, recombinant antibodies, an antigen-binding fragment of a recombinant antibody, a
humanized antibody, and an antibody displayed upon the surface of a phage (U.S. Pat. No.
7,202,346). In particular, the invention contemplates antibody fragments that contain the idiotype
(“antigen-binding region” or “antigen-binding fragment”) of the antibody molecule. For example,
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such antigen-binding fragments include, but are not limited to, the Fab region, F(ab")2 fragment,

pFc' fragment, and Fab' fragments.

The “Fab region” and “fragment, antigen binding region,” interchangeably refer to portion
of the antibody arms of the immnoglobulin “Y™ that function in binding antigen. The Fab region is
composed of one constant and one variable domain from each heavy and light chain of the
antibody. Methods are known in the art for the construction of Fab expression libraries (Huse ot
al., Science, 246:1275-1281 (1989)) to allow rapid and easy identification of monoclonal Fab
fragments with the desired specificity. In another embodiment, Fc and Fab fragments can be
generated by using the enzyme papain to cleave an immunoglobulin monomer into two Fab
fragments and an Fe fragment. The enzyme pepsin cleaves below the hinge region, so a “F(ab")2
fragment” and a “pFc' fragment” is formed. The F(ab)2 fraginent can be split into two Fab’
fragments” by mild reduction.

The invention also contemplates a “single-chain antibody” fragment, i.c., an amino acid
sequence having at least one of the variable or complementarity determining regions (CDRs) of the
whole antibody, and lacking some or all of the constant domains of the antibody. These constant
domains are not necessary for antigen binding, but constitute a major portion of the structure of
whole antibodies. Single-chain antibody fragments are smaller than whole antibodies and may
therefore have greater capillary permeability than whole antibodies, allowing single-chain antibody
fragments to localize and bind to target antigen-binding sites more efficiently. Also, antibody
fragments can be produced on a relatively large seale in prokaryotic cclls, thus facilitating their
production. Furthermore, the relatively small size of single-chain antibody fragments makes them
less likely to provoke an immune response in a recipient than whole antibodies. Techniques for the
production of single-chain antibodies are known (U.S. 4,946,778). The variable regions of the
heavy and light chains can be fused together to form a “single-chain variable fragment” (“scFv
fragment”), which is only half the size of the Fab fragment, yet retains the original specificity of the
parent immunoglobulin.

The "Fe region” and "Fragment, crystallizable region” interchangeably refer to portion of
the base of the immnoglobulin "Y™ that fanction in role in modulating immune cell activity. The
Feregion is composed of two heavy chains that contribute two or three constant domains
depending on the class of the antibody. By binding to specific proteins, the Fc region ensures that
each antibody gencrates an appropriate immune response for a given antigen. The Fc region also
binds to various cell receptors, such as Fc receptors, and other immune molecules, such as
complement proteins. By doing this, it mediates different physiological effects including

opsonization, cell lysis, and degranulation of mast cells, basophils and eosinophils, In an
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experimental setting, Fc and Fab fragments can be generated in the laboratory by cleaving an

immunoglobulin monomer with the enzyme papain into two Fab fragments and an Fc fragment.

The invention contemplates polyclonal antibodics and monoclonal antibodies. "Polyclonal
antibody" refers to an immunoglobulin produced from more than a single clone of plasma cells; in
contrast "monoclonal antibody” refers to an immunoglobulin produced from a single clone of
plasma cells. Generic methods are available for making polyclonal and monoclonal antibodies that
are specific to a desirable polypeptide. For the production of monoclonal and polyclonal
antibodies, various host animals can be immunized by injection with the peptide corresponding to
any molecule of interest in the present invention, including but not limited to hamsters, rabbits,
mice, rats, sheep, goats, efc. For preparation of monoclonal antibodies, any technique that provides
for the production of antibody molecules by continuous cell lines in culture may be used (See e.g.,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY). These include, but are not limited to, the hybridoma technique criginally
developed by Kéhler and Milstein (KShler and Milstein, Nature, 256:495-497 (1975)), techniques
using germ-free animals and utilizing technology such as that described in PCT/US90/02545, as
well as the trioma technique, the human B-cell hybridoma technique (See ¢.g., Kozbor et al.,
Immunol. Today, 4:72 (1983)), and the EBV-hybridoma technique to produce human monoclonal
antibodies (Cole et al., in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96
(1985)). In some particularly preferred embodiments of the present invention, the present invention
provides monoclonal antibodies.

Also contemplated are chimeric antibodies. As used herein, the term "chimeric antibody”
contains portions of two different antibodies, typically of two different species. See, e.g.: U.S. Pat.
No. 4,816,567 to Cabilly et al.; U.S. Pat. No. 4,978,745 to Shoemaker et al.; U.S. Pat. No.
4,975,369 to Beavers et al.; and U.S. Pat. No. 4,816,397 to Boss et al. Chimeric antibodies include
monovalent, divalent or polyvalent immunoglobulins, A monovalent chimeric antibody is a dimer
(HL) formed by a chimeric H chain associated through disulfide bridges with a chimeric L chain. A
divalent chimeric antibody is tetramer (H,L,) formed by two HL dimers associated through at Jeast
one disulfide bridge, A polyvalent chimeric antibody can also be produced, for example, by
employing a He region that aggrepates (e.g., IgM H chain).

The invention also contemplates “humanized antibodies,” 1.c., chimeric antibodies that have
constant regions derived substantially or exclusively from human antibody constant regions, and
variable regions derived substantially or exclusively from the sequence of the variable region from
a mammal other than a human. Humanized antibodies preferably have constant regions and

variable regions other than the complement determining regions (CDRs) derived substantially or
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exclusively from the corresponding human antibody regions and CDRs derived substantially or
exclusively from a mammal other than a human. Thus, in one embodiment, humanized antibodies
are human immunoglobulins (recipient antibody) in which residues from a hypervariable region of
the recipient are replaced by residues from a hypervariable region of a non-human species (donor
antibody) such as mouse, rat, rabbit or nonhuman primate having the desired specificity, affinity,
and capacity. In some m§tanccs, Fv framework region (FR) residues of the human immunoglobulin
are replaced by corresponding non-human residues. Furthermore, humanized antibodies may
comprise residues that are not found in the recipient antibody or in the donor antibody. These
modifications are generally made to further refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable domains, in
which all or substantially all of the hypervariable loops correspond to those of a nonhuman
immunoglobulin and all or substantiaily all of the FR residues are those of 2 human
immunoglobulin sequence. The humanized antibody may also comprise at least a portion of an
immuaoglobulin constant region (Fc), typically that of a human immunoglobulin. Humanized
antibodies may be generated using methods known in the ari, e.g., U.S. Pat, No. 5,225,539 to
Winter et al., incheding using human hybridomas (Cote et al,, Proc. Natl. Acad. Sci.
U.S.A.80:2026-2030 (1983)) or by transforming human B cells with EBV virus in vitro (Cole ez al.,
in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, pp. 77-96 (1985)). Additional
methods inchude, for e;ample, generation of transgenic non-human animals which contain human
immunoglobulin chain genes and which are capable of expressing these genes to produce a
repertoire of antibodies of various isotypes encoded by the human immunoglobulin genes (U.S. Pat.
Nas. 5,545,806; 5,569,825 and 5,625,126). Hurmanized antibodies may also be made by
substituting the complementarity determining regions of, for cxample, 2 mouse antibody, into a
human framework domain (PCT Pub. No. W092/22653).

Importantly, early methods for humanizing antibodies often resulted in antibodies with
lower affinity then the non-human antibody starting material. More recent approaches to
humanizing antibodies address this problem by making changes to the CDRs, See U.S. Patent
Application Publication No, 20040162413. ’ : In some
embodiments, the invention’s bumanized antibodies contain an opiimized heteromeric variable
region (e.g. that may or may not be part of a full antibody other molecule) having equal or higher
antigen binding affinity than a donor heteromeric variable region, wherein the donor heteromeric
variable region comprises three light chain donor CDRs, and wherein the optimized heterameric
variable region comprises: a) a light chain altered variable region comprising; i) four unvaried

human germline light chain framework regions, and ii) three light chain altered variable region
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CDRs, wherein at least one of the three light chain altered variable region CDRs is a light chain

donor CDR variant, and wherein the light chain donor CDR variant comprises a different amino
acid at only one, two, three or four positions compared to one of the three light chain donor CDRs
(e.g. the at least one light chain donor CDR variant is identical to one of the light chain donor
CDRs except for one, two, three or four amino acid differences).

Chimeric antibodies containing amino acid sequences that are fused to constant regions
from human antibodies, or o toxins or to molecules with cytotoxic effect, are known in the art
(e.g., U.S. Pat. Nos. 7,585,952; 7,227,002; 7,632,925; 7,501,123; 7,202,346; 6,333,410; 5,475,092;
5,585,499; 5,846,545, 7,202,346; 6,340,701 ; 6,372,738, 7,202,346, 5,846,545, 5,585,499,
5,475,092; 7,202,346; 7,662,387, 6,429,295; 7,666,425; and 5,057,313).

Antibodies that are specific for a particular antigen may be screened using methods known
in the art (e.g., U.S, Pat. No. 7,202,346) and disclosed hetein. For example, In the production of
antibodies, screening for the desired antibody can be accomplished by radioimmunoassay, ELISA
(enzyme-linked immunosorbent assay), "sandwich" immunoassays, immunoradiometric assays, gel
diffusion precipitin reactions, immunodiffusion assays, in situ immunoassays (e.g., using colloidal
gold, enzyme or radioisotope labels), Westem blots, precipitation reactions, agglutination assays
(e.g., gel agglutination assays, hemagglutination assays, cfc.), complement fixation assays,
immunofluorescence assays, protein A assays, and immunoelectrophoresis assays, efc.

In one embodiment, antibody binding is detected by detecting a label on the primary
antibody. In another cmbodiment, the primary antibody is detected by detecting binding of a
secondary antibody or reagent 1o the primary antibody. In a further embediment, the secondary
antibody is labeled. Many means are known in the art for detecting binding in an immunoassay and
are within the scope of the present invention. As is well known in the art, the immunogenic peptide
should be provided free of the carrier molecule used in any immunization protocol. For example, if
the peptide was conjugated to KLH, it may be conjugated to BSA, or used directly, in a screening
assay.

In one embodiment, the invention’s antibodies are monoclonal antibodies produced by a
hybridoma cell line. In a particular embodiment, the monoclonal antibody specifically binds to a
MUCI16 ectodomain polypeptide that comprises Polypeptide 1 (SEQ ID NO:01), as exemplified by
the antibody selected from the group consisting of 9B11 20.16, 10A2, 2F4, 23D3, 30B1, and 31B2
(Tables 1 and 2). In a preferred embodiment, the antibody is 9B11.

In another embodiment, the monoclonal antibody specifically binds to a MUC16
ectodomain polypeptide that comprises Polypeptide 2 (SEQ ID NO:02), wherein the antibody is
exemplified by 4H11.2.5, 13H1, 29G9, 9C9.21.5.13, 28F8, 23G12, 9C7.6, 11B6, 25G4, 5C2.17,
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4C7,26B2, 4A5.37,4A2, 25H3, and 28F7.18.10 (Tables 1 and 2). In a preferred embodiment, the

antibody is exemplified by 4H11.2.5, 4A5.37, 9C9.21.5.13, 28F7.18.10, 9C7.6, and 5C2.17.

In a further embodiment, the monoclonal antibody specifically binds to a MUC16
cytoplasmic domain polypeptide that comprises Polypeptide 3 CGVLVTTRRRKKEGEYNVQQQ
(SEQ ID NO:03), wherein the antibody is exemplified by 31A3.5.1, 19D1, 10F6, 22510, 22F1,
3HE, 22F11, 4D7, 24G12, 19G4, A5, 4C2, 31C8, 27G4, and 6H2 (Tables 1 and 2). In a preferred
embodiment, the antibody is 31A3.5.1.

In another embodiment, the monoclonal antibody specifically binds to a MUC16
extracellular domain polypeptide that comprises Polypeptide 4 KSYF SDCQVSTFRS
VPNRHHTGVD SLCNFSPL (SEQ ID NO:15), wherein the antibody is exemplified by 24B3 and
9C7 (Table 2).

The invention’s antibodies and methods for their use (both diagnostic and therapeutic) are
disease specific. “Specificity” of a method and/or moleculc for disease, such as “specificity for
cancer” which is interchangeably used with “cancer specificity”, refers to the proportion (e.g.,
percentage, fraction, etc.) of negatives (i.e., healthy individuals not having disease) that are
correctly identified, i.e., the percentage of healthy subjects who are correctly identified as not

having disease. Specificity may be caleulated according to the following equation:
Specificity = number of true negatives / (number of true negatives + number of false positives).

Thus, in some embodiments, the invention’s compositions and/or methods have a “cancer
specificity” greater than 50%, including any numerical value from 51% to 100%, such as 52%,
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 14%, 75%, 76%, 77%, 78%, 79%., 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, and 99%. While a 100%
specificity is most desirable, i.¢., not predicting anyone from the healthy group as having cancer, it
is not necessary. Data herein demonstrate the invention’s cancer specificity (Table 3).

In alicrnative embodiments, specificity is expressed (together with sensitivity) as a
statistical measure of the performance of a binary classification test, such as using a Receiver
Operator Characteristic (ROC) curve”. For any test, there is usually a tradc-off between specificity
and sensitivity. For example: in cancer screening tests of human subjects, it is undesirable to risk
falsely identifying healthy people as having cancer (low specificity), due to the high costs. These
costs are both physical (unnecessary risky procedures) and financial. This trade-off can be
represented graphically using a ROC curve. “Receiver Operator Characteristic curve” and “RQOC
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curve” refer to a plot of the true positive rate (AKA sensitivity) versus true negative ratc (AKA 1-

specificity). The measured result of the test is represented on the x axis while the y axis represents
the number of control (e.g., healthy) or case (e.g., cancer) subjects. For any given cut point (cach
point along the x axis) a sensitivity and specificity of the assay can be measured. The range of
sensitivity and specificity for any given assay can range from 0% to 100%, depending on the
selected cut point. For this reason, in some preferred embodiments, the AUC is used as the
standard measure of an assay's specificity and/or sensitivity. The “area under the curve” (“AUC™)
for the ROC curve plot is equal to the probability that a classifier will rank a randomly chosen
positive instance higher than a randomly chosen negative one. Thus, AUC is a general measure of
a tests ability to successfully discriminate between case (e.g., cancer) and conirol (e.g,, healthy)
subjects, Random chance would generate an AUC of 0.5. Therefore, in one embodiment, useful
tests preferably have AUC's greater than 0.50, including any vatue from 0.51 to 1.00, such as from
0.55 to 1.00, from 0.60 to 1.00, from 0.65 to 1,00, from 0.70 to 1.00, from 0.75 to 1.00, from 0.80
to 1.00, from 0.85 to 1.00, from 0.90 to 1.00, from 0.95 to 1.00, and most preferably 1.00. AUC
values greater than 0.50 include 0.51, 0.52, 0.52, 0.54, 0.55, 0.56, 0.57, 0.58, 0.59, 0.60, 0.61, 0.62,
0.63, 0.64, 0. 65, 0.66, 0.67, 0. 68, 0.69, 0.70, 0.71, 0.72, 0.73, 0.74, 0.75, 0.76, 0.77, 0.78, 0.79,
0.80, 0.81, 0.82, 0.83, 0.84, 0.85, 0.86, 0.87, 0.88, 0.89, 0.90, 0.91, 0.92, 0.93, 0.94, 0.95,0.96,
0.97, 0.98, and 0. 99.

The invention’s antibodies and methods for their use (both diagnostic and therapeutic) are
disease sensitive. “Sensitivity” of a method and/or molecule for disease, such as “sensitivity for
cancer” which is interchangeably used with “cancer sensitivity,” refers to the proportion (e.g.,
percentage, fraction, ctc.) of positives (i.e., individuals having cancer) that are correctly identified
as such (e.g. the percentage of people with cancer who are identified as having the condition).
Semnsitivity may be calculated according to the following equation; Sensitivity = number of true
positives / (mumber of truc positives + number of false negatives).

Thus, in some embodiments, the invention’s compositions and/or methods have a “disease
sensitivity,” such as “cancer sensitivity,” greater than 50%, including any numerical value from
51% to 100%, such as 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%,
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 15%, 76%, T7%, 18%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
and 99%. While a 100% sensitivity is most desirable (i.e., predicting all subjects from the cancer
group as having cancer), it 15 not necessary.

In alternative embodiments, the invention’s compositions and/or methods have a “disease

sensitivity,” such as “cancer sensitivity,” equal to or lower than 50%, including any numerical
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value from 0% to 50%, such as 1%, 2%, 3%, 4%, 6%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,

14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 25%, 30%,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%,
48%, and 49%.

In some embodiments, sensitivity is expressed (together with specificity) as a statistical
measure of the performance of a binary classification test, such as using AUC of a ROC curve, as

discussed above with respect to specificity.

D. Hybridoma Cell Lines

In addition to the invention’s novel antibodies, the invention also provides hybridoma cell
lines that produce these antibodies. “Hybridoma cell” refers to a cell line produced by fusing a
specific antibody-producing B cell with a myeloma (B cell cancer) cell that is selected for its ability
to grow in tissue culture and for an absence of antibody chain synthesis. The antibodies produced
by the hybridoma cell are all of a single specificity and are therefore monoclonal antibodies (in
contrast to polyclonal antibodies).

In a particular embodiment, the invention provides hybridoma cell lines that produce a
monoclonal antibody that specifically binds to a polypeptide, or antigenic portion thereof, selected
from the group consisting of ) MUC16 ectodomain polypeptide (e.g., NFSPLAR RVDRVAIYER
FLRMTRNGTQ LQNFTLDRSS VLVDGYSPNR NEPLTGNSDL P (SEQ ID NO:17)},b)
MUCI16 cytoplasmic domain polypeptide (e.g., VTITRR RKKEGEYNVQ QQ (SEQ ID NO:18)),
and ¢) MUCI1 6 extracellular domain polypeptide that contains a cysteine loop polypeptide
CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19). The MUC16 polypeptide SEQ 1D NO:18 is
contained within LVITRR RKKEGEYNVQ QQ (SEQ ID NO:20). Thus, SEQ ID NO:20 contains

both a transmembrane domain amino acid (L) and a cytoplasmic domain portion VTTRR

RKKEGEYNVQ QQ (SEQ ID NO:18), i.e., the L is optional, as it is part of the transmembrane
domain. The MUCI16 polypeptide SEQ ID NO:18 is also contained within CGVLVTTRR
RKKEGEYNVQ QQ (SEQ ID N0:03). Thus, SEQ ID NO:03 contains both a transmembrane
domain portion (CGVL) and a cytoplasmic domain portion VITRR RKKEGEYNVQ QQ (SEQ ID
NO:18), i.e.. the CGVL is optional, as it is part of the transmembrane domain.
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E. Conjugates Of The Invention’s Antibodies Linked To Cytotoxic Agents And/Or

Prodrugs

The invention contemplates conjugate antibodies. A “conjugate" antibody refers to an
antibody of the present invention covalently linked to a cytotoxic agent and/or a prodrug of a
cytotoxic agent.

“Cytotoxic agent" refers any agent that is capable of reducing the growth of, and/or killing, a target
cell. A "prodrug" represents an analog of a cytotoxic agent that substantially lacks cytotoxic
activity until subjected to an activation step. Activation steps may include enzymatic cleavage, a
chemical activation step such as exposure to a reductant, or a physical activation step such as
photolysis.

The covalent linkage between the invention’s antibodies and the cytotoxic agent or prodrug
can include cleavable linkages such as disulfide bonds, which may advantageously result in
cleavage of the covalent linkage within the reducing environment of the target cell. Such
conjugates are useful as tumor-cell specific therapeutic agents.

In one embodiment, the cytotoxic agent is a small drug molecule (Payne et al., U.S. Pat, No.
7,202,346). In another embodiment, the cytotoxic agent a maylansinoid, an analog of a
maytansinoid, a prodrug of a maytansinoid, or a prodrug of an analog of 2 maytansinoid (U.S. Pat.
Nos. 6,333,410; 5,475,092; 5,585,499; 5,846,545; 7,202,346). In another embodiment, the
cytotoxic agent may be a taxane (see U.8. Pat. Nos. 6,340,701 & 6,372,738 & 7,202,346) or CC-
1065 andlog (see U.S. Pat. Nos. 5,846,545; 5,585,499; 5,475,092 & 7,202,346).

In another embodiment, the cytotoxic agent is exemplified by an auristatin, a DNA minor
groove binding agent, a DNA minor groove alkylating agent, an enediyne, a duocarmycin, a
maytansinoid, and a vinca alkaloid (U.S. Pat. No. 7,662,387).

In a further embodiment, the cytotoxic agent is an anti-tubulin agent (U.S. Pat. No.
7,662,387). In yet another embodiment, the cytotoxic agent is exemplified by dimethylvaline-
valine-dolaisoleuine-dolaproine-phenylalanine-p-phenylenediamine (AFP), dovaline-valine-
dolaisoleunine-dolaproine-phenylalanine (MMAF), and monomethy! auristatin E (MAE) (U.S. Pat.
No. 7,662,387).

In an additional embodiment the toxic agent is exemplified by radioisotope emitting
radiation, immunomodulator, lectin, and toxin (U.S. Pat. No. 6,429,295). In particular, the
radioisotope emitting radiation is an alpha-emitter selected from the group consisting of *'*Bi, 2'*Bj,
and *!"At, or a beta-emitter selected from the group consisting of **Re and ™Y, or a gamma-cmitter
1311 (U.S. Pat. No. 7,666,425).
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In an alternative embodiment, the toxin is exemplified by ricin, the A-chain of ricin, and

pokeweed antiviral protein (U.S. Pat. No. 5,057,313).

In yet another embodiment, the cytotoxic agent is an anti-cancer drug selected from the
group consisting of methotrexate, 5-fluorouracil, cycloheximide, daunomycin, doxorubicin,
chlorambucil, trenimon, phenylenediamine mustard, adriamyecin, bleomycin, cytosine arabinoside

or Cyclophospbamide (U.S. Pat. No. 5,057,13).

F. Detecting Mucl6 Portions And Diagnostic Applications

The invention provides a method for detecting a disease that comprises overexpression of
MUC16 in a subject, wherein the method comprises a) providing 1) a sample from a subject, and ii)
any one or more of the invention’s antibodies, b} contacting the sample with the antibody under
conditions for specific binding of the antibody with its cognate antigen, and ¢) detecting an
increased level of binding of the antibody to the sample compared to a control sample lacking the
disease, thereby detecting the disease in the subject. Generic methods for detecting disease using
antibodies are known in the art (Payne ct al., U.S. Pat. No. 7,202,346). The invention’s methods
are particularly useful in detecting cancer, such as ovarian cancer and breast cancer.

The invention’s methods are not limited to a particular approach to detecting binding of the
invention’s antibodies to their antigens. In one embodiment, detecting binding to the invention’s
antibodies typically involves using antibodies that are labeled with a detectable moiecty, such as
radioisotope (e.g., *H, ¢ 3p 353, and/or 1251), fluorescent or chemiluminescent compound (e.g.,
fluorescein isothiocyanate, rhodamine, and/or luciferin) and/or an enzyme (e.g., alkaline
phosphatase, beta-galactosidase and/or horseradish peroxidase).

Methods for conjugating antibodies to a detectable moiety are known in the art (e.g.,
Hunter, et al., Nature 144:945 (1962); David, € at., Biochemistry 13:1014 (1974); Pain, et al., 1.
Immunol. Meth. 40:219 (1981); and Nygren, J. Histochem. and Cytochem. 30:407 (1982).

Thus, the invention’s antibodics may be employed in immunoassays, such as competitive
binding assays, direct and indirect sandwich assays, and immunoprecipitation assays, including
immunohistochemistry, enzyme-linked immunosorbent assay (ELISA), fluorescence-activated cell
sorting (FACS), and Western blots.

For example, with respect to immunohistochemical detection, data herein demonstrate that
antibody 4H11 is useful in detecting high-grade ovarian serous carcinoma, lobular cancer (28), and
a subset of ovarian carcinomas that are negative with OC125 and that retain cytoplasmic and

cxtracellular portions of the MUC16 glycoprotein.
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The antibodies of the invention also are useful for radiographic in vivo imaging, wherein an

antibody labeled with a detectable moiety such as a radio-opaque agent or radioisotope is
administered to a subject, preferably into the bloodstream, and the presence and location of the
labeled antibody in the host is assayed. This imaging technique is useful in the staging and
treatment of malignancies.

The invention’s antibodies are additionally useful as affinity purification agents. In this
process, the antibodies are immobilized on a suitable support, such a Sephadex resin or filter paper,
using methods well known in the art, to capture and purify molecules that contain antigens that

specifically bind to the invention’s antibodies.

G. Therapeutic Applications

The invention provides methods for treating a disease that comprises overexpression of
MUC16, comprising administering to a subject having the disease a therapeutically effective
amount of any one or more of the invention’s antibodies. Generic methods for treating disease with
antibodies are known in the art (Payne et al., U.S. Pat. No. 7,202,346). The invention’s methods
are particularly useful in treating cancer, such as ovarian cancer and breast cancer. ‘These methods
arc also applicable to piimary cancer, metastatic cancer, and recurrent cancer.

The term "administering” to a subject means providing a molecule to a subject. This may be
done using methods known in the art {e.g., Erickson et al., U.S. Patent 6,632,979; Furuta et al., U.S.
Patent 6,905,839; Jackobsen et al., U.S. Patent 6,238,878; Simon et al., U.S. Patent 5,851,789).
The invention’s compositions may be administered prophylactically (i.e., before the observation of
disease symptoms) and/or therapeutically (i.¢., after the observation of disease symptoms).
Administration also may be concomitant with (i.e., at the same time as, or during) manifestation of
one or more disease symptoms. Also, the invention's compositions may be administered before,
coﬁcornitantly with, and/or after administration of another type of drug or therapeutic procedure
(e.g., surgery). Methods of administering the invention's compositions include, without limitation,
administration in pareﬁtcral, oral, intraperitoneal, intranasal, topical and sublingual forms.
Parenteral routes of administration include, for example, subeutaneous, intravenous, intramuscular,
intrastemal injection, and infusion routes.

In one cmbodiment, the invention’s compositions comprisc a lipid for dclivery as
liposomes. Methods for generating such compositions are known in the art (Borghouts et al.
(2005). J Pept Sci 11, 713-726; Chang et al. (2009) PLoS One 4, e4171; Faisal et al. (2009)
Vaccine 27, 6537-6545; Huwyleret al. (2008) Int J Nanomedicine 3, 21-29; Song et al. (2008) Int J
Pharm 363, 155-161; Voinea et al. J Cell Mol Med 6, 465-474).
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Antibody treatment of hurnan beings with cancer is known in the art, for example in U.S.

Pat. Nos. 5,736,137; 6,333,410; 5,475,092, 5,585,499; 5,846,545; 7,202,346; 6,340,701; 6,372,738;
7,202,346; 5,846,545, 5,585,499, 5,475,092; 7,202,346; 7,662,387, 7,662,387; 6,429,295;
7,666,425; 5,057,313.

The invention’s antibodies may be administered with pharmaceutically acceptable carriers,
diluents, and/or excipients. Examples of suitable carriers, diluents and/or excipients include: (1)
Dulbecco's phosphate buffered saline, pH about 7.4, containing about 1 mg/ml to 25 mg/m] human
serum albumin, (2) 0.9% saline (0.9% w/v NaCl), and (3) 5% (w/v) dextrose.

The invention’s antibodies are typically administered in a therapeutic amount. The terms
“therapeutic amount," "pharmaceutically effective amount," "therapeutically effective amount,” and
"biologically effective amount,” are used interchangeably herein to refer to an amount that is
sufficient to achieve a desired result, whether quantitative or qualitative. In particular, a
pharmaceutically effective amount is that amount that results in the reduction, delay, and/or
elimination of undesirable effects (such as pathological, clinical, biochemical and the like) that are
associated with disease. For example, a “therapeutic amount that reduces cancer” is an amount that
reduces, delays, and/or eliminates one or more symptoms of cancer.

For example, specific “dosages” of a “"therapeutic amount" will depend on the route of
administration, the type of subject being treated, and the physical characteristics of the specific
subject under consideration. These factors and their relationship to determining this amount are
well known to skilled practitioners in the medical, veterinary, and other related arts. This amount
and the method of administration can be tailored to achieve optimal efficacy but will depend on
such factors as weight, diet, concurrent medication and other factors, which those skilled in the art
will recognize. The dosage amount and frequency are selected to create an effective level of the
compound without substantially harmful effects.

‘When present in an aqueous dosage form, rather than being lyophilized, the antibody
typically will be formulated at a concentration of about 0.1 mg/ml to 100 mg/ml.

Depending on the type and severity of the disease, about 0.015 1o 15 mg of antibody/kg of
patient weight is an initial candidate dosage for administration to the patient, whether, for cxample,
by one or more separate administrations, or by continuous infusion. For repeated administrations
over several days or longer, depending on the condition, the treatment is repeated until a desired
suppression of disease symptoms occurs,

The methods of the present invention can be practiced in vitro, in vivo, or ex vivo.
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EXPERIMENTAL

The following examples serve to illustrate certain preferred embodiments and aspects of the present

invention and are not to be construed as limiting the scope thereof.

EXAMPLE 1
Materials And Methods
The following is a brief description of the exemplary materials and methods used in the

subsequent Examples.

Cell Cultures:

OVCAR3, SKOV3, and A2780 cell lines were obtained through the American Type Culture
Collection (ATCC, Manassas, VA) and sustained in culture according to the ATCC literature. For the
creation of MUC 16+ transfected cell lines, the carboxyterminus portion of the MUC16 cDNA was
introduced as green fluorescent protein fusion proteins using the Vitality® phrGFP vector expression
system (Stratagene, La Jolla, CA). Stable cell lines were selected using geneticin (G418, Invitrogen,
Grand Island, NY) in their respective culture media and isolated by expression of Green Fluorescence
Protein. Stable transfectants were routinely maintained in G418 in their culture media respectively.
The AMUC!6°'** transfectants have cell surface expression of MUCI6 protein from the putative

cleavage site to the carboxyterminus (AA 1776 to 1890) (12).

Monoclonal Preparation:

Using the MUC16 sequence, peptide sequences encoding elements of the AMUC16 1™ amino
acid sequence were synthesized at the Memorial Sloan-Kettering Cancer Center (MSKCC)
Microchemistry Core Facility. The inventors synthesized 3 polypeptides (Figure 1) and modified
Polypeptide 1 and Polypeptide 2 with a cysteine at the N-terminus for better conjugation to KLH. Equal
concentrations of the KLH-conjugated peptides were mixed and then used as the immunogen for 5
BALB/c mice. The inventors selected 1 of the 5 mice whose scrum showed the highest reactivity to
individual peptides by ELISA, and the MSKCC Monoclonal Antibody Core Facility performed the
fusion and selected the antibodies using standard protocols. After [0 days of fusion, supematants were

selected and screened for reactivity by ELISA against the individual synthetic peptides.

ELISA:
Sandwich ELISA was performed to see the positivity of the antibodies to individual peptides

and GST-AMUC16°"* fusion protein following routine core facility protocol for ELISA assay.
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FACS Analyses:

Acherent target cells were removed by 0.05% Trypsin and 0.1% EDTA, washed, and counted
by a hemocytometer. Cells were distributed into multiple Eppendorf tubes with at least 0.5-1 x 10° cells
per tube. Cells were washed with phosphate buffered saline (PBS) containing 1% FCS and 0.025%
Sodium Azide (FACS buffer). For internal FACS staining, cells in the Eppendorf tubes were
permeabilized with 1:10 diluted FACS Permeabilizing Solution 2 (BD BioSciences, San Jose, CA) for
10 minutes at room temperature and then washed twice with ice cold FACS buffer. Then they were
incubated either without (for second antibody control) or with 1 pg/tube of bioreactive supernatants of
mouse MUC 16 monoclonals for 30 minutes on ice. For surface FACS staining, cells were incubated
either without (for second antibody control) or with 1 pg/tube of bioreactive supernatants of MUC16
monoclonals (9B11.20.16, 9C9.21.5.13 and 4H11.2.5), Mouse anti-human OC125 (M3519), Mouse
anti-human M 11 (M3520) (DakoCytomation, Dako North Amcrica Inc., Carpinteria, CA) or VK8
(kindly provided by Dr. Beatrice Yin and Dr. Ken Lloyd, MSKCC, New York, NY) for 30 minutes on
ice. Cells in Eppendorf tubes were also surface stained with 1 pgftube of non-specific isotype matched
control mouse antibodies (13C4 for IgG1 and 4E11 for 1gG2b monoclonals obtained from MSKCC
Monocional Core Facility) and incubated on ice for 30 minutes. All cells were washed three times with
FACS buffer. Cells were incubated with 1 pg/tube of second antibody Goat anti-mouse IgG1-PE or
1gG2b-PE for 30 minutes on ice and then washed three times with FACS buffcr. The cells were
analyzed by a FACScalibur™ machine at the MSKCC Flow Cytometry Core Facility.

Western Blot Analysis:

Stable cell lines were cultured in 10 cm dishes in their respective culture media and incubated
with 5% CO, at 37°C for 3 days. They were washed twice with ice cold PBS to remove the serum-
containing media. Adherent cells were scraped with 1-2 ml of ice cold PBS, and the cells were spun
down in an Eppendorf tube at 4°C in an Eppendorf centrifuge. Supernatant was discarded, and the cells
were lysed with 0.2 ml of modified Ripa lysis buffer (20 mM Tris-HCL; pH 7.4; 150 mM NaCl; 1%
NP-40; 1 mM Na3VO04; 1 mM PMSF; 1 mM DTT; 10 pg/ml leupeptin; and 10 pg/ml aprotinin) for 30
minutes on ice and spun at 4°C for 10 minutes. The soluble solution was separated into a tube and the
debris pellet was discarded. Protein concentration was measured using the Bio-Rad Protein Assay
(BioRaD Laboratories, Hercules, CA). Equal amounts of proteins (GST-MUC16-CD-fusion protein or
stable cell line extracts) were separated by sodium dodecy! sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to nitrocellulose membrane using a BioRad transfer apparatus in a cold
room at 4°C. The membranes were blocked with 3% bovine serum albumin (BSA) in PBS with 0.1%

TWEEN® 20 (PBST) at 4°C overnight. Membranes were probed with primary antibody (1:1000
37

CA 3002192 2018-04-19



15

20

25

30

84261056 (83513-53D1)

dilution) for 1 hr at room temperature and then washed three times with PBST. Then the membranes
were stained with corresponding second antibody, anti-Mouse IgG Horse Radish Peroxidase (HRP)
linked whole antibody from sheep (GE Healthcare, UK) (1:5000 diltution), for 1 hr at room temperature.
Membranes were washed three times with PBST and developed with a Western Lightning®
chemiluminescence reagent (ECL, Perkin Etmer, Waltham, MA) for 1-5 minutes at room temperature,
and the signals were developed on Kodak® BioMax® Film.

Binding and intemalization studies with monoclonal antibodies and OVCAR3 and SKOV3
stable transfectants:

Purified monoclonal antibodies were labeled with '*'I using the iodogen method and purified by
size exclusion chromatography (22). Saturation binding studies were performed with radiolabeled
antibodies using substrates of intact OVCAR-3 cells. Briefly, 10 test solutions were prepared (in
triplicate) and they contained increasing amounts of the radioiodinated antibodies, 3-500 000 cells in a
total volume of 500 pL of PBS (0.2 % BSA; pH 7.4). The cells were isolated by rapid filtration through
a glass fiber membranc and washed with ice cold tris buffered saline. Cells were counted in a gamma
counter with standards of total activity added. For each concentration of radiolabeled antibody, non-
specific binding was determined in the presence of 100 nM of the unmadified antibody. The data were
analyzed with a least squares regression method (Origin, Microcal, Software Inc., Northampton, MA) to
determine the Kg and By, valucs, and a Scatchard transformation was performed.

Antibody cell internalization studies were performed with >'1-4H11 and P'I-OCI125
monoclonal antibodies and Sl@OV'J:-phrGFP-AMUC16"m stable transfected cells. Briefly, radiolabeled
antibody (376 MBg/mg, 100 kepm) in 2 mL of medium was added to SKOV3 cells plated in a 6-well
plate. The plates were incubated at 37°C for up to 24 hours. At various time points, the medium was
removed from three wells and the cells washed with 2 x 2 mL PBS. Cell surface bound activity was
then stripped and collected with 2 x 2 mL of an ice cold acid wash (100 mM acetic acid 100 mM
glycine; pH 3.0). The cells were then dissolved with 2 x 1 ml 1 M NaOH and collected. At the end of
the study all samples were counted with a gamma counter together with standards, representing the
initial amount of radioactivity added. All the media samples were analyzed by ITLC-SG with mobile

phases of $% TCA to determine unbound By,

Tissue microarray (TMA):
Tissue microarrays were either constructed within our institution or bought from a commercial

laboratory if not available intemally. Briefly, core-necdle biopsies of pre-existing paraffin-embedded
tissue were obtained from the so-called donor blocks and then relocated into a recipient paraffin-arraycd

“master” block by using the techniques by Kononen et al. and subsequently modified by Hedvat et al
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(23-24). A manually operated Tissue Arrayer MTA-1 from Beecher Instruments Inc. (Sun Prairie, WI)
was used to produce sample circular spots (cores) that measured 0.6 to 1.0 mm in diameter. The cores
were arrayed 0.3 to 0.4 mm apart from each other. A layer of control tissues was strategically laid
around the actual tissue microarrays in order lo avoid edging effects. The specific composition of each
tissue microarray is delineated below. Slides of tissue microarrays for ovarian cancer, prostate cancer,
adcnocarcinoma of the lung, mucinous neoplasms of the pancreas, and invasive ductal and invasive
lobular breast carcinoma were prepared by cutting 4 um sections from formalin-fixed paraffin-
embedded tissue. Normal adult and fetal tissue microarrays were obtained from a commercial source

(Biomax, US). OVCARS3 cells were used as positive controls.

Immunohistochemistry:

Immunohistochemistry was performed on the tissue microarrays with both standard OC125 (Ventana,
Tuscon, AZ) and the novel monoclonal antibodies. Sections of the tissue microarrays were cut at 4
microns, placed on Superfrost™/Plus microscope slides (Fisher brand) and baked in a 60° oven for at
least 60 minutes. The slides were then deparaffinized and hydrated to distilled water, soaked in citrate
buffer at pH 6.00 for 30 minutes at 97° C, washed in running water for 2-5 minutes, incubated for 5
minutes in 3% hydrogen peroxide diluted in distilled water. Slides were washed in distilled water for 1
minute, transferred to a bath of phosphate buffered saline (PBS), pH 7.2, for two changes of § minutes
each and placed in 0.05% BSA diluted in PBS for a minimum of 1 minute. After drying around tissue
sections, normal serum was applied at a 1:20 dilution in 2% BSA/PRS and incubated for a minimum of
10 minutes at room temperature in 2 humidity chamber. The serum was then suctioned off without
allowing the scctions to dry, and approximately 150 lambda of novel antibody at a dilution of 1:1000
was placed on the tissue. The slide was incubated overnight {(approximately 15-18 hours) at 4° Cina
humidity chamber. Primary antibody was washed off using three changes of PBS for 10 minutes each.

Secondary antibody, biotinylated a-
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mouse from Vector laboratories (Burlingame, Ca), was applied at 1:500 dilution in 1% BSA/PBS

and incubated for 45-60 minutes at room temperature in hurnidity chamber. The antibody was
washed off again using threc changes of PBS as above. Slides werc then transferred to a bath of
diaminobenzidine (DAB), diluted in PBS for 5-15 minutes. The slides were then washed in tap
water for 1 minute, counterstained using Harris modified hematoxylin (Fisher), decolorized with
1% acid alcohol and blue in ammonia water, dehydrated with 3 changes each of 95% ethanol,

100% ethanol and xylene for 2 minutes each and coverslipped with permanent mounting medium.

Immunchistochemistry scoring:

Commercially available antibodies, such as OC125 and M11, target complex glycosylation-
dependent epitopes. Our hypothesis is that glycosylation may be tissue specific; therefure, it was
important to examine the utility of the peptide-directed antibodies in paraffin-fixed tissues and
survey the prevalence of MUC16 expression. The three candidate antibodies, 4H11, 9C9 and 4A5,
were characterized using OVCAR3 cell line pellets. Of the three, the 4H11 antibody showed the
strongest, most diffuse and consistent staining pattern at multiple dilutions, with the least amount of
background staining and, therefore, was optimized for use in hwnan tissues in the pathology core
facility. |

Using 4H11, the inventors stained and scored positivity using tissue microarrays from high-
stage, high-grade ovarian serous carcinomas (Figure 2), these tumors being the most common type
of ovarian cancer, representing approximately 80-85% of all ovarian carcinomas in Western
industrialized nations (25). To test the specificity of the novel antibody, the inventors also stained
tissue microarrays of cancers of the prostate, lung, breast, and pancreas and compared their staining
intensities with that of OC125 monoclonal antibody (Figure 6A-D). To determine whether there
would be any cross-reactivity with normal human tissues, the antibodies were also tested on normal
human adult and fetal TMAs.

All of the stained sections were reviewed by a reference pathologist (KJP). A subset of
cores for which there was equivocal staining was also independently scored by a second pathologist
(RAS) to ensure consistency in scoring methods. Only cytoplasmic and/or membranous staining
was considered positive. If a portion of the cell showed membranous staining, that was considered
partial staining. A scoring system was devised to provide a semiquantitative assessment of staining
distribution and intensity in individual cores. At the same time, it was designed to be useful for
comparing the staining distribution and intensity between OC125 and the novel antibodies. The
score incorporated the percentage of cells, the intensity and pattern of the staining according to the

following standards: score 0: no staining; score 1: <5% strong or weak; score 2: 5-50% strong or
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weak; score 3: 51-75% strong or 51-100% weak; score 4: 76-99% strong; and score 5: 100% strong

staining (Figure 3). The pathologist first reviewed all tissue microarrays stained with OC125 and
scored each core. Then the same cores stained with the novel antibodies were scored 1 to several
days after OC125 without reference to the previous results. Direct comparison of the scoring
between the stains for each core was made only after all of the scoring was completed. The same
process was used for all non-ovarian tissue microarrays. After comparison, core staining was
determined to be concordant, equivocal, or discordant based on the point differentials. Concordant
cores differed by 0 to 1 point, equivocal cores differed by 2 points, and discordant cores differed by
3 to 5 points. The one exception to this rule was when the difference of 1 point was between a score
of 0 and 1, in which case, the differences were considered equivocal. This was in order to truly

separate negative cases from even focally positive ones.

EXAMPLE 2
Generation and characterization of anti-MUC16 monoclonal antibodies

MUCIG—dircotcd monoclonal antibodies were isolated by ELISA-based screening using
both the individual peptides and recombinant GST-AMUC16°*!* protein followed by sequential

subcloning for single cell clones.
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Tables 1A and 1B: MUC16-carboxyterminus monoclonal antibodies showing their reactivity to
GST-AMUC16°* western, FACS analysis on OVCAR3 wild type cells

Table 1A
5 Peptide 1 Pepfide 2 Peptide 3
{1:10) {1:10)
ELISA | GST- EUsA | 68T ELISA |{1:10) GST.
Hybridom | MueCD {1:4} Hybrido | MucCD {1:1) Hybridom| MucCD {1:4)
aSups | Western } OVCAR3 ma Sups| Weslern : OVCAR3 aSups | Westem { OYCAR3
{1+1) th | FACS ¥k | lsotypa | (1) | +- | FACS+- Isotype i=1) | FACSH. | Isotype
10A2 | + - et [13H1| Weak | - we [22E10] + -] g
23D4| - - missing | 28F81 + | 4 iegm  [22F11| Weak : - ight
2F4 |Weak| - | iougm|11B6| - . io 19G4 | Weak | - 9G4 JgM
9B11 | Weak | /- wet | 4CT | + - gt 1 31A3 [ Weak| - 1gG1
23D3 | Weak |  + |uougmn| 28F7| + |+ e 4C2 | k1 - | cieM
30B1 R et | 9CT| + 1 4 g6t 21G4| + o | g
31B2 | + - W | 9CO| + + wotigozb | 19D1 [ + - 1g62h
4H11;  + + lezb,igh | 22F1 ¥ o0 - IgG2b,IgM
) - - igGt 4p7 | + R N
4A5] + g 9A5 N ..
29G8| + gt 3108 | - | g
5C2 ot f BH2 | Weak | - | wetiM
. 23G12 - ietjgc2a | 1OF6 | - - IgG1
______ 25G4( - - 1gG1 gt 3H8 + - JoG1 JgM
26B2| + + | lotgoebion [24G12] - W
o 25H3| - - 1961 JM
Table 1B ]
Peptide 1 Peptide 2 Peplide 3
e e | o e
8B11.20.16 - gt [0C9.21.543 | + Ig6zb 31A35.1 - 1961
! 4H11.2.5 + lg&2b :
9C76 |t 9] -
: 5C2.17 o+ IgG1
aas3r | o+ | e f D
28F7.18.10 + Iyt )
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Table 2: Antibodies specific for exemplary portions of MUCI16

1. Muc16 Polypeptide 1:

5 14394 14410 (MUC16 sequence)
NFESPLARRVDRVAIYEE (SEQ ID NO:01) 17 aa

Mouse monoclonals which are specific to this peptide are:
9B11.20.16 (IgG1)
10 10A2 (TgGl, IgM)
2F4 (1gG1, IeM)
23D3 (IgG1, 1gG2b)
30B1 (I1gG1)

31B2 (IgM)
15
2. Mucl6 Polypeptide 2:
14425 14442 (MUCI16 sequence)
20 TLDRSSVLVDGYSPNRNE (SEQ ID NO:02) 18 aa
Mouse monoclonals which are specific to this peptide are:
4H11.2.5 (1gG2b) 13H1 (IgG1) 29G9 (IgGl)
9C9.21.5.13 (IgG2b) 28F8 (IgG1, IgM) 23G12 (1gG1, IgG2a)
25 9C7.6 (IsGl) 11B6 (IgM) 25G4 (IgGl, IgM)
5C2.17 (IgG1) 4C7 (1gG1) 26B2 (IgG1, IgG2b, IgM)
4A5.37 (1gG1) 4A2 (IgG1) 25H3 (1gG1, IgM)
28F7.18.10 (IgG1)
30
3. Mucl6 Polypeptide 3 (SEQ ID NO:03)
14472, 14492 (MUC16 sequence)
CGVLVTTRRRKKEGEYNVQQQ 21 aa
35
Mouse monoclonals which are specific to this peptide are:
31A3.5.1 (IgGl) 19D1 (IgG2b) 10F6 (IgG1)
22E10 (IgG2b) 22F1 (IgG2b, 1gM) 3H8 (IgGl, IgM)
22F11 (IgM) 4D7 (IgG3) 24G12 (IgG1, IgM)
40  19G4 (IgGl, IgM) 9AS (IgM)
4C2 (IgG1, IgM) 31C8 (1gG2b)
27G4 (IgM) 6H2 (IgG1, IgM)
45 14452 14475

FWAVILIGLAGLLGLITCLICGVL (SEQ ID NO:14) is Transmembrane region 24 aa

4, Mucl16 Polypeptide 4 (SEQ ID NO:15) containing a cysteine loop polypeptide (SEQ ID NO:19):
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14367 (MUC16 sequence)
KSYFSDCQVSTFRSVPNRHHTGVDSLCNFSPL (SEQ ID NO:15) 32 aa
I S-8 |
]
Mouse monoclonals which are specific to this peptide are:
24B3 (IgM)
SC7 (IeM)
4F12 IgM kappa
6H6 igM kappa
25C2 IgM kappa
6E8 igM kappa
2A3 IgM, IgG1, lgG2b, kappa
2G4 1gM, 1gG1, kappa
4C8 IgM, kappa
2A6 1gG1 kappa
24G12 1gG1 kappa
15D5 1gG1 kappa
6E2 lgM, 1gG1, 1gG3, 1gG2a, kappa
7E6 IgM, kappa, tambda
7G11 IgM kappa
20C3 1gG1, IyG2b
BA3 lgM kappa
15B6 igM kappa
19D3 IgM kappa
5H8 igM, 1gG1, IgG2b, kappa
24A12 igM kappa
10
2D10 1gG3, IgM kappa
5B2 IgM, 19G3, 1gG2b, IgG2a, 1gG1, kappa
8B6 IgG2a, 1gG3, kappa
5A11 IgM, kappa
7D11 light kappa only
9F10 IgM, kappa
15D10 IgM, kappa
18D2 IgM, kappa
13A11 IgM, kappa
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1A9 IgM, kappa
382 IgM, kappa
24F6 IgM, kappa
24E4 IgM, kappa
5A1 1gG2a, IgM, kappa
7B9 IgM, kappa
22F4 IgM, kappa

The identified monoclonal antibodies are listed in Table 1A and Table 2. Each of the
selected monoclonal antibodies was reactive against GST-AMUC16°"'*. The commercial MUC16-
directed antibodies (OC125, M11, or VKS8) did not bind to GST-AMUC16°'M in ELISA or Western
blotting. The clones were tested in FACS against OVCAR3 ovarian cancer cells and in Western
blot analysis against GST-AMUC16°*** (Table 1B), and selected purified monoclonal antibodies
were isolated.

The inventors used the OVCAR3 wild type and the SKOV3 cells transduced with phrGFP-
AMUC16°* to characterize the selected antibodies by FACS analysis. All of the selected
monoclonal antibodies bound to both cell lines while commercial VK8, M11 and OC125 antibodies
bound ta the OVCAR3 cells but not to the SKOV3-phrGFP-AMUC16%* cell line. The antibodies
against Polypeptide 3 required permeabilization since it is an internal epitope (Figure 7).

Western blot analysis using the GST-AMUC16°M purified protein showed strong binding
with 4H11 and 9C9 antibodies (Figure 4A), while the other selected antibodies showed less
binding. The SKOV3-phrGFP-AMUC16°" transfectant was also positive by Western blot analysis
using 4H11 and 9C9 antibodies (Figure 4B). As before, the commercial antibodies did not interact
with the GST-AMUC16"! purified protein or cell lysates of the SKOV3-phrGFP-AMUC16 1 cell
line.

The binding of six monoclonal antibodies against OVCAR3 MUCI16 were examined in
affinity binding studies. Three antibodies—9C7, 5C2 and 28F7—showed only modest levels of
binding compared to the nonspecific binding of these antibodies to the OVCAR3 cells, which carry
large numbers of MUC16 binding sites. In contrast, 4H11, 9C9, and 4A5 monoclonal antibodies
showed highly specific binding affinity, as shown in Figure 5A, with binding affinities of 6.8-8.6
nM against the cell surface epitopes of OVCAR3 cells. The inventors also examined the
internalization of antibody bound to cell surface MUC16 protein. The inventors examined

internalization in the transfected SKOV3-phrGEP-AMUC16™** cell line which bears the carboxy
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terminus of MUC16, including the 4H11 epitope and a single degenerate tandem repeat sequence to

interact with the OC125 antibody. The commercial antibodies OC125, M11, and VKS all bind to
the cell surface of this transduced cell line. The *'I-labeled 4H11 showed rapid internalization at a
high level, whereas *'I-labeled OC125 antibody was internalized at a much lower rate (Iligure 5B).

EXAMPLE 3

Immunochistochemistry results:

Given their highly specific binding affinities, the antibodies 9C9, 4A5, and 4H11 were
characterized for utility in immunohistochemistry using OVCAR3 cell lines, Of the three, the
4H11 antibody was selected to be optimized for use in human tissues based on its robust, sensitive

and specific staining pattern as compared to the other two antibodies.

A. Ovary

Two high-stage, high-grade ovarian serous carcinoma tissue microarray slides composed of
419 cores, representing primary, metastatic and recurrent tumors from 40 patients were stained with
both OC125 and 4H11 monoclonal antibodies (Figure 2). The OC125 tissue microarrays showed
2779 (66%) cores with 3-5 staining, 99 (24%) with 1-2 staining, and 41 (10%) with no staining. The
4H11 tissue microarrays showed 236 (56%) with 3-5 staining, 91 (22%) with 1-2 staining, and 92
(22%) with no staining. The two antibodies were concordant in 233 (56%) cores, equivocal in 161
(38%), and discordant in 25 (6%). Of the 25 discordant cores, 12 (48% of discordant cases, 3% of
all cases) showed greater 4H11 positivity than OC125. Nine were discordant by a difference of 4
points, and 3 were discordant by a difference of 5 points. There was a total of 186 discordant and
equivocal cores together, 48 (26%) of which showed greater staining with 4H11 than 0OC125. The
staining pattern of both 4H11 and OC125 was cytoplasmic and membranous, although the
membranous pattern of OC125 was stronger and better defined than 4H11 in the majority of cases.

Discordant cases demonstrated higher levels of 4H11 than other cases.

B. Breast Cancer

A variety of other tissues were also examined for 4H11 staining to test the antibody’s
specificity. Of the 50 cores of invasive ductal carcinomas of the breast (number of patients
unavailablc), only 2 (4%) showed a score of 4 or greater 4H11 staining and none had scores of 3-5
for OC125 staining. The staining pattern with OC125 was mostly apical/luminal with some
granular cytoplasmic staining. Some tumors with intracytoplasmic lumina also picked up the

OC125 stain. 4H11 showed a more diffuse cytoplasmic blush without membranous accentuation.
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In contrast, the invasive lobular breast carcinoma tissue microatray {composed of 179 cores
with viable tumor, number of patients unavailable) had frequent MUC16 staining with 4H11. In
this tissue microarray, 168 cores (94%) showed no staining for OC1285, 5 (3%) showed 1-2
staining, and only 6 (3%) showed a staining intensity of 3. 4H11 staining was different in its

5  distribution pattem, with 49 (27%) showing no staining, 81 (45%) showing 1-2 staining, and 49
(27%) showing 3-4 staining. Neither OC125 nor 4H11 had cores with a staining intensity of 3.
The staining pattern was of cytoplasinic, luminal/membranous, or intraluminal for both OC125 and
4H11. The intraluminal pattern was strong and intense for both stains and highlighted the
intracytoplasmic lumen that is commonly present in lobular carcinomas. The concordance rates
10 were 34% concordant, 43% equivocal, and 23% discordant. Of the equivocal and discordant cases,
there was none in which the OC125 was greater than the 4H11, All 42 discordant cases and 76 of
77 equivocal cases had 4H11 greater than OC125. There was also focal luminal staining with 4H11
in benign breast ducts and lobular carcinoma in situ.
15 C. Lung, pancreatic and prostatic adenocarcinomas
Tumors from other organs were not reactive with either antibody. The lung
adenocarcinoma TMA had 237 cores from 86 patients containing viable tumor. In the pancreatic
TMA there were 92 cores from 21 patients containing pancreatic mucinous tumors, including
intraductal papillary mucinous neoplasms (IPMN) and invasive ductal carcinomas. In the prostate
20  cancer TMA there were 169 cores (number of patients not available). None of these cancer tissue
microarrays had significant binding to either OC125 or 4H11. This information is summarized in
Table 3. '
Table 3. Staining intensity of OC125 as compared to 4H11 in tissue microarrays
> OC125 vs. 4H11 staining intensity score (%)
Site 0 1-2 3-5
0C125 4H11 0C125 4H11 0C125 4011
Ovary high grade serous 10 28 24 22 66 56
Breast invasive ductal 68 78 32 18 0 4
Breast invasive lobular 94 27 3 45 3 27
Lung adenocarcinoma 63 77 24 18 13 5
Pancreas mucinous neoplasms 08 88 2 10 < 0 2
Prostate adenocarcinoma 0 | 0 0 0 0 0

Scorc 0: 0% staining; 1: <5% strong or weslg 2: 5-50% strong or weak; 3: 51-75% strong or 51-100% weak; 4: 76-99% streng; 5: 100%

stiong
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D. Normal Tissues

There was no staining with OC125 or 4H11 in normal adult colon, rectum, ectocervix, small
intestine, ovary, liver, pancreatic ducts, spleen, kidncy, and skin. OC125 and 4H11 both stained
endocervical glands (OC125 luminal, 4H11 weak cytoplasmic), esophageal glands (lurminal),
bronchial epithelivm (OC125 luminal, 4H11 intracytoplasmic granules), and thymic corpuscles
(cytoplasmic). 4H11 demonstrated weak to moderate staining of the gastric glands, particularly at
the crypts, with an intracytoplasmic granular pattern. Other organs that showed punctuate
intracytoplasmic staining with 4H11 only were prostate, seminiferous tubules of the testes, and the
islet cells of the pancreas. The staining in the pancreatic islets cells was particularly strong and
consistent. There was also nonspecific staining of liver, kidney and brain with 4H11. There were no
cases that stained with OC125 and not 4H11.

Similarly, there was no staining with either OC125 or 4H11 in fetal heart, gallbladder,
colon, small intestine, liver, rectum, adrenal, thyroid, spleen, skin, bone, epididymis, brain, lung,
muscle, smooth muscle, kidney, eye, umbilical cord, and placenta. OC125 only stained thymic
corpuscles in a pattern similar to that in adult tissue. 4H11 stained both fetal pancreatic endocrine
cells and endocervical glands in a similar pattern to that of their adult counterparts. Islet cells
showed a granular cytoplasmic pattern, and endocervical glands showed a linear luminal pattern,

which was more similar to the OC125 pattern in the adult tissue.

EXAMPLE 4
Successful eradication of established peritoneal ovarian tumors in SCID-Beige mice following
adeptive transfer of T cells genetically targeted to the MUC16 antigen. |

Purpose: Most patients diagnosed with ovarian cancer will ultimately die from their
disease. For this reason, novel approaches to the treatment of this malignancy are needed.
Adoptive transfer of a patients own T cells, genetically modified ex vivo through the introduction of
a gene encoding an chimeric antigen receptor (CAR), an artificial T cell receptor, targeted to a
tumor associated antigen, is a novel and promising approach to cancer therapy applicable to the

treatment of ovarian cancer.

Experimental design: We have generated scveral CARs targeted to the retained
extracellular domain of MUC16, termed MUC-CD, an antigen highly expressed on a majority of
ovarian carcinomas. We investigate the in vitro biology of human T cells retrovirally transduced to
express these CARs by co-culture assays on artificial antigen presenting cells (AAPCs) generated
from NIH3T3 fibroblasts genetically modified to express the target MUC-CD antigen, as well as by
cytotoxicity assays utilizing the human OV-CAR3(MUC-CD) ovarian tumeor cell line and primary
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patient tumor cells. Finally, we assess the in vivo anti-tumor cfficacy of MUC-CD targeted T cells

in a SCID-Beige orthotopic, xenogeneic OV-CAR3(MUC-CD) murine tumor model.

Exemplary sequences used in this work are in Figure 17-19.

Results: CAR modified MUC-CD targeted T cells derived from both healthy donors and
ovarian cancer patients exhibited efficient in vitro cytolytic activity against both human ovarian cell
lines as well as primary ovarian carcinoma cells. MUC-CD targeted T cells may be further
expanded ex vivo through multiple cycles of co-culture on 3T3(MUC-CD/B7.1) AAPCs. Expanded
MUC-CD targeted T cells infused into SCID-Beige mice bearing intraperitoneal human OV-
CAR3(MUC-CD) tumors either delayed progression or fully eradicated tumor even in the setting of
advanced disease.

Conclusion: These promising pre-clinical studies justify further investigation of MUC-CD
targeted T cells as a potential therapeutic approach in the clinical setting treating patients with high

. + . .
risk MUC-16" ovarian carcinomas.

INTRODUCTION
Ovarian cancer is the sixth most common cancer worldwide and the seventh leading cause
of cancer-related deaths in women (1, 2). Despite multimodality therapy with surgery and

chemotherapy, most patients with ovarian carcinomas have a poor prognosis. For this reason,

. alternative approaches to treating this disease are urgently needed.

Infusion of a patient’s own T cells genetically targeted ex vivo to antigens expressed on the
surface of tumor cells is a promising novel approach to the adoptive immunotherapy of cancer, and
onc which has only recently been explored in earnest in the clinical setting. T cells may be
genetically modified to target tumor associated antigens through the retroviral introduction of genes
encoding artificial T cell receptors termed chimeric antigen receptors (CARs). Genetic engineeting
of T cells to express artificial T cell receptors that direct cytotoxicity toward a tumor cell presents a
means to enhance immune recognition and elimination of cancer cells. CARs are most commonly
composed of a single chain fragment length antibody (scFv), derived from a murine monoclonal
antibody targeting a given tumor associated antigen, fused to a transmembrane domain (typically
CD8, CD28, 0X-40, and 4-1BB), fused to the TCR { chain cytoplasmic signaling domain (3-13).
When used to reprogram T-cell specificity, these fusion receptors permit recognition of native
antigen. When expressed by the T cells, the resulting construct, upon engagement with the targeted
antigen, induces T cell activation, proliferation, and lysis of targeted cells. These fusion receptors
transduce a functional antigen-dependent co-stimulatory signal in primary T cells, permitting

sustained T-cell proliferation when both endogenous TCR and a chimeric receptor for stimulatory
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signaling are engaged. To date, preclinical studies utilizing CAR-modified T cells have

demonstrated promising results in a wide variety of malignancies (3, 4, 11, 14-18). More recently
this approach been investigated clinically in the form of phase I trials (6, 19-21). These genetic
approaches offer 8 means to enhance immune recognition and elimination of cancer cells.

Ovarian carcinomas appear to be relatively immurnogenic tumors capable of inducing an
endogenous immune responsc bascd on the fact that long-term prognosis of patients is markedly
influenced by the degree and quality of the endogenous immune response to the tumor.
Specifically, it has been well documented that the presence of endogenous effector T cells within
the ovarian cancer tumor microenvironment directly correlates to prolonged patient survival (22~
25). In contrast, increasing numbers of immune suppressive CD4" CD25™ regulatory T cells
(Tregs) within the tumor, which in turn presumably abrogate the anti-tumor activity of infiltrating
effector T cells, correlates with shorter patient survival (26-29). In fact, it appears that it is the ratio
of Tregs to effector T cells within the tumor microcnvironment which ultimately dictates whether
the endogenous immune response to the cancer is of benefit or detriment to the patient (24, 28). In
this setting, the ability to generate and subsequently expand a population of tumor targeted effector
T cclls ex vivo which are subsequently infused back into the patient, may in tum skew the Treg to
effector T cell ratio to one more favorable to eradicating the discase.

Mugcins are important biomolecules for cellular homeostasis and protection of epithelial
surfaces. Changes to expression of mucins in ovarian cancer might be exploited in diagnosis,
prognosis and treatment {1). MUC16 is one such mucin which is over expressed on most ovarian
carcinomas and is an established surrogate serum marker (CA-125) for the detection and
progression of ovarian cancers (30-33). MUCI6 is a high-glycosylated mucin composed of a large
cleaved and released domain, termed CA-125, consisting of multiple repeat sequences, and a
retained domain (MUC-CD) which includes a residual non-repeating extracellular fragment, a
transmembrane domain, and a cytoplasmic tail (34). Since the antigen is otherwise only expressed
at low levels in the uterus, endometrium, fallopian tubes, ovaries, and serosa of the abdominal and
thoracic cavities, MUCI16 is a potentially attractive target for immune-based therapies.

However, the fact that most of the extracellular domain of MUC16 is cleaved and secreted
limits the utility of MUC16 as a target antigen on ovarian carcinomas. In fact, to date, all reported
MAbs to MUC16 bind to epitopes present on the large secreted CA-125 fraction of the
glycoprotein, with none known to bind to the retained extra-cellular fraction (MUC-CD) of the
antigen (35-37). Since the MUC-CD fraction of the antigen is retained on cell surface, generating T
cells specific to this portion of MUC16 may largely overcome the limitation of MUCIG as a target

for adoptive cellular immunotherapy. To this end, we have previously generated a series of murine
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MAbs specific to the retained MUC-CD extraceliular domain (38). Utilizing a hybridoma which
expresses one such MAb, 4H11, we have successfully constructed several CARs specific to the MUC-
CD antigen. This invention provides a nucleic acid encoding a chimeric " cell receptor, composed of, at
least a zeta chain, a signaling region and a binding element that specifically interacts with a selected
target as well as the chimeric T cell receptor comprising a zeta chain portion, a signaling region and a
binding element.

In this report, we demonstrate highly efficient retroviral transduction of these MUC-CD
targeted CARs into human T cells with resulting T cells able to specifically target and lyse MUC-CD”
tumor cells in vitro. Furthermore, we demonstrate efficient MUC-CD targeted T cell expansion in vitro
through repeated co-culture on NIH (3T3) fibroblasts genetically modified to express MUC-CD and the
co-stimulatory ligand B7.1 (CD80). Successful expansion of modified T cells allowed us to
subsequently generate sufficient T cell numbers to conduct i vivo studies in immune compromised
SCID-Beige mice bearing established intraperitoneal MUC-CD" human ovarian tumors. Significantly,
in these studies we demonstrate marked anti-tumor efficacy of MUC-CD targeted T cells, both
following direct intraperitoneal as well as intravenous injection when compared to either untreated mice,
or mice treated with T cells bearing a CAR targeted to an irrelevant antigen. In addition, we
demonstrate significant cytotoxicity of 4H11-282" patient’s T cells and healthy donor’s T cells targeting
primary ascites-derived ovarian carcinoma cells from cancer patients.

To our knowledge this is the first report wherein T cells genetically targeted to the MUCI16
antigen demonstrate marked anti-tumor efficacy against MUC16" tumors either in vitro or in vivo.
These data serve as a rationzle {or proposing future clinical trials utilizing this approach in patients with

high risk ovarian carcinomas.

MATERIALS AND METHODS

Cell lines and T cells
The OV-CAR3 tumor cell line was cultured in RPMI 1640 (Invitrogen, Grand Island, NY)

supplemented with 10% heat-inactivated FBS, nonessential amino acids, HEPES buffer, pyruvate, and
BME (Invitrogen). The PG13 and gpg29 retroviral producer cell lines were cultured in DMEM
(Invitrogen) supplemented with 10% FCS, and NIH-3T3 artificial antigen-presenting cells (AAPC),
described previously (3), were cultured in DMEM supplemented with 10% heat-inactivated donor calf
serum. T cells were obtained from peripheral bload of healthy donors under IRB approved protocol
#95-054, in BD Vacutainer® CPT tubes (Becton Dickinson, Franklin Lakes, NJ) as per the

manufacturer’s instructions. All media were supplemented with 2 mmol/L L-glutamine (Invitrogen),
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100 units/mL penicillin, and 100 ug/mL streptormycin (Invitrogen). T cells were cultured RPMI 1640
media as above supplemented with 20 1U/m! JL-2 (Novartis Pharmaceuticals, East ITanover, NJ) and
where indicated, medium was supplemented with 10 ng/mL interleukin 15 (R&D Systems, Minneapolis,
MN).

Isolation of patients ascites-derived cancer cells

Primary human ascites-derived cancer cells were obtained from ovarian cancer patients
undergoing surgery for newly diagnosed advanced serous ovarian carcinoma under IRB approved
protocol #97-134. The tumor cells were isolated from ascitic fluid of patients by centrifugation at 600g
for 10 min at room temperature. Cells were washed once with 1x PBS and cultured in RPMI 1640

media supplemented with 10% FBS for future analysis.

Generation of the MUC-CD targeted 4H11z and 4H11-28z CARs

The heavy and light chain variable regions of the 4H11 monoclonal antibody were derived from
the hybridoma cell line 4H11. Utilizing cDNA generated from 4H11 RNA we isolated the Vi coding
region by RACE PCR utilizing modified primers as described elsewhere (39, 40). The V. chain
variable region was cloned by standard PCR utilizing modified primers as described by Orlandi et al
(41, 42). The resulting Vy; and Vy, fragments were subcloned into the TopoTA PCR 2.1 cloning vector
(Invitrogen) and sequenced. The V,; and V| fragments were subsequently ligated to a (Gly,Ser)s spacer
domain, generating the 41111 scFv and fused to the human CD$ leader peptide (CD8L) by overlapping
PCR (9, 41). In order to construct the MUC-CD targeted 4H11 CARs, the coding region of the CD8L-
4H11 scFv was fused to the human CD8 hinge and transmembrane domains (to generate the 4H11z
CAR), or alternatively to the CD28 transmembrane and cytoplasmic signaling domains (10 generate the
4H11-28z CAR), fused to the T cell receptor CD3-(, signaling domain (3, 9, 43). The resulting CAR
constructs were subsequently sub-cloned into the modified MMLV retroviral vector SFG (44). VSV-G
preudotyped retroviral supernatants derived from transduced gpg29 fibroblasts were used to construct
stable PG 13 gibbon ape leukemia virus (GaLV) envelope-pseudotyped retroviral producing cell lines
(41).

Retroviral gene transfer
Isolated healthy donor peripheral blood monenuclear cells (PBMCs) were activated with
phytohemagglutinin (PHA) at 2pg/m1 (Sigma. St. Louis, MO) and retrovirally transduced on
retronectin coated non-tissue culture plates (45). Briefly, six-well non-tissue culture plates (BD

Biosciences, San Jose, CA) were coated with RetroNectin® (RN) (Takara Biomedicals, Otsu, Japan)
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as per manufacturer’s instructions. Forty-eight hours after PHA activation, aliquots of 1x10% T cells

in 1 ml of supplemented RPMI medium were placed in each well of the RN-coated plates, along
with 1 mJ of SFG retroviral supernatant. T cells were cenirifuged daily for 3 consecutive days with
fresh retroviral supernatant added daily at 2000g at 30°C for 1hr (45). Gene fransfer was assessed
on day 7 by FACS.

In order to generate the relevant NIH-3T3 murine fibroblast artificial antigen presenting
cells, a MUC-CD construct encoding the retained extracellular, transmembrane and cytoplasmic
domains of the MUC-16 antigen was initially subcloned into SFG retroviral vector, SFGMMUC-
CD). 3T3(MUC-CD) AAPCs were generated by retroviral transduction of SFGIMUC-CD) into
wild-type NIH-3T3 fibrablasts, while 3T3(MUC-CD/B7.1) AAPCs were generated by refroviral
transduction of previously established 3T3(B7.1) fibroblasts (41, 46). Highly enriched cell lines
were isolated by FACS.

To generate the OV-CAR3(MUC-CD) and OV-CAR3(MUC-CD/GFP-FFLuc) cell lines,
we retrovirally transduced the WT OV-CAR3 human ovarian cancer cell line with SFG(GFP-
FFLuc) as described previously (47) and/or SFG(MUC-CD) VSV-G pseudotyped retroviral
supernatants derived from gpg29 fibroblasts as described elsewhere (44). Resulting tumor cells
were sorted by FACS for either MUC-CD expression alone for the OVCAR3(MUC-CD) cell line,
or dual MUC-CD and GFP expression for the OVCAR3MUC-CD/GFP-FFLuc) cell line. MUC-
CD expression by FACS was assessed using the 4H11 MAb.

In vitro analyses of CAR" human T cells

To assess in vitro expansion and cytokinc release upon stimulation, transduced T cells were
co-cultured for 7 days after retroviral transduction in 6-well tissue cuiture plates (BD Biosciences)
on confluent NIH 3T3 AAPCs in RPMI medium supplemented with 10% FBS in the absence of
supplemented cytokines. In order to generate sufficient sumbers of CAR-modified T cells for in
vivo studies, transduced T cells were co-cultured on B7.1* AAPCs (3T3(MUC-CD/B7.1)) in RPMI

medium supplemented with 20 TU IL-2/mL and 10 ng/mL IL-15 as described previously (3, 43).
Patients T cells were activated and expanded with human CD3/CD28 beads (DYNAL®,

[nvitrogen, Carlsbad, CA) following manufacturer’s recommendations.

Western Blot analysis of CAR expression
Western blot apalysis of T-cell lysates under reducing conditions with 0.1 mol/L DTT
(Sigma) was performed as previously described (46). Briefly, transduced T cells were washed in

PBS and resuspended in radioimmunoprecipitation assay (RTPA) buffer (Boston BioProducts,

53

CA 3002192 2018-04-19



15

20

25

30

=TT - T=rT g T e

84261056 (83513-53D1)

Worcester, MA) with mini complete protease inhibitor as per the manufacturer’s instructions (Roche
Diagnostics, Indianapolis, IN). Resulting proteins were separated on 12% SDS-PAGE mini gels (Bio-
Rad, Hercules, CA) after the addition of 6X reducing loading buffer (Boston BioProducts, Worcester,
MA) and heating at 100°C for 10 min. Separated proteins were subsequently transferred to Immobilon
membranes and probed using an anti-human CD3( chain monoclonal antibody (BD Biosciences).
Antibody binding was detected by probing the blot with goat anti-mouse horse radish peroxidase-
conjugated antibody followed by luminescent detection using Western Lighting® Chemiluminescence

Reagent Plus (Perkin-Elmer Life Sciences, Boston, MA) as per the manufacturer’s instructions.

Cyrotoxicity assays

In vitro modified T cell cytotoxicity was assessed using the DELFIA® EuTDA assay
(PerkinElmer LAS, Inc, Boston, MA) following manufacturer’s recommendations. Cytotoxocity was
assessed at 2 hours at effector T cell to target OV-CAR3(MUC-CD) or primary tumor cells (E:T) at

indicated ratios. Effector T cells in thesc assays represent the number of CD8” CAR* T cclls.

Cytokine detection assays

Cytokine assays were performed as per manufacturer’s specifications using a multiplex Human
Cytokine Detection assay to detect IL-2 and IFNy (Millipore Corporation, Billerica, MA) utilizing the
Luminex IS100 system. Cytokine concentrations werc asscssed using IS 2.3 software (Luminex Corp.,

Austin, TX).

In vivo SCID-Beige mouse tumor models

In all in vivo studies, 8-12 week-old FOX CHASE C.B.-17 (SCID-Beige micc) (Taconic,
Hudson, NY) were initially injected ip with either 3 x 10° OV-CAR3(MUC-CD), or for bioluminescent
imaging (BLI) studies 3 x 10° OV-CAR3(MUC-CD/GFP-FFLuc) tumor cells. Subsequently, 3x 10’
CAR* T cells were injected ip or iv on day 1 or 7 following tumor injection as indicated. Mice were
monitored for distress as assessed by increasing abdominal girth, ruffled fur, and decreased response to
stimuli. Distressed mice were euthanized. All murine studies were done in context of an Institutional

Animal Care and Use Commitiee-approved protocol (#00-05-065).

Bioluminescent imaging (BLI) of OVCARI(MUC-CD/GFP-FFLuc) tumor cells in SCID-Beige
mice
BLI was performed using Xenogen IVIS imaging system with Living Image software

(Xenogen; Alameda, CA). Briefly, OVCAR3(MUC-CD/GFP-FFLuc) tumor bearing mice were injected
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by ip with D-luciferin (150 mg/kg; Xenogen) suspended in 200ul PBS and imaged under 2% isoflurane
anesthesia after 10 min. Image acquisition was done on a 25-cm field of view at medium binning Jevel

for 0.5-min exposure time (3, 43).

Flow cytometry

All flow cytometric analyses of T cells and tumor cells was performed using a FACScan™
cytometer with Cellquest software (BD Biosciences). T cells were analyzed using CAR-specific
polyclonal goat Alexa Fluor 647 antibody (Molecular probes, Eugene, OR) phycoerythrin-labeled anti-
human CD4, CD8, B7.1 (Caltag Laboratories, Burlingame, CA), B7.2 (Invitrogen, Camarillo, CA), 4-
1BBL, and OX40 antibodies (Ancell Corporation, Bayport, MN). 3T3{MUC-CD) and OV-
CAR3(MUC-CD) cells were stained with Alexa Fluor® 647 labeled 4H11 antibody (generated and

labeled in the MSKCC monoclonal antibody core facility).

CFSE labeling of CARP T cells

CAR’ T cells were stained with CFSE using the CellTrace™ CFSE cell proliferation kit
following manufacturer’s recommendations (Molecular Probes, Eugene, OR). Proliferation of CFSE
labeled T cells was analyzed by FACS. For detection of CFSE labeling T cells in vivo, ovarian tumors
were macerated through 40 {im cell strainer (BD Falcon, Franklin Lakes, NJ) and washed twice with 2%

FBS/PBS before antibody staining and FACS analysis.

Statistics

Survival data assessed by log-rank analysis using GraphPad Prism sofiware (GraphPad Prism software,

San Diego, CA). Cytokine data were analyzed by Student’s one-tailed t-test.

RESULTS

We have constructed SFG retroviral vectors encoding first (4H11z) and second generation
(4H11-28z) CARs targeted to the MUC-CD antigen using the 4H11 hybridoma which gencrates a MAb
specific to the MUC-CD antigen (Figure 11A). We confirmed expression of appropriately sized CAR
proteins by Western blot analysis of resulting PG-13 retroviral producer cclls (SFG-4H1 [z and SFG-
4H11-287) probed with a {-chain specific antibody (data not shown).
In order to assess the function of the first generation 4H11z CAR, healthy donor T cells isolated from

peripheral blood were retrovirally transduced to express the 4H11z and control 19z1
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CARs (Figure 11B). Function of the 4H11z CAR was assessed by proliferation of 4H11z

transduced T cells following co-culture on 3T3(MUC-CD/B7.1) AAPCs. Results demonstrate
specific proliferation of 4H11z transduced T cells, when compared to 1921 modified T cells (Figure
11C). These data are consistent 4H11z CAR mediated specific binding to the MUC-CD antigen and
subsequent T cell activation.

Since most malignancies fail to express co-stitnulatory ligands, we further modified the
4H11z CAR to express the CD28 transmembrane and cytoplasmic co-stimulatory signaling
domains, constructing the second generation 4H11-282z CAR. (Figure 11A). To assess whether the
4H11-28z CAR, when expressed by human T cells, was capable of generating both a primary
activating signal (termed “signal 17"} through the { chain, as well as a co-stimulatory signal (termed
“signal 2”) through the CD28 cytoplasmic domain, which in turn allows for efficient T cell
proliferation in the absence of exogenous co-stimulatory ligands, we compared T cell proliferation
following co-culture on either 3T3(MUC-CD) or 3T3(MUC-CD/B7.1) AAPCs in the absence of
exogenous cytokines. As expected, the second generation 4H11-28z" T cells markedly expanded
when compared to 4H11z" T cells upon co-culture with 3T3(MUC-CD) AAPCs. Tn contrast, both
4H11z" and 4H11-282" T cells expanded similarly on 3T3(MUC-CD/B7.1) AAPCs (Figure 12A).
Co-stimulation mediated by the 4H11-282 CAR wag further verified by analysis of day 2 tissue
culture supernatants from co-culture experiments on 3T3(MUC-CD) AAPCs demonstrating
enhanced IL-2 secretion, a cytokine typically secreted in the context of T cell co-stimulation, when
compared to control 19z1" and 19-28z" T cells and first generation 4H11z" T cells (Figure 12B).
Secretion of IFNy was comparable between 41111z" and 4H11-28z" activated T cells.

We next assessed the ability of MUC-CD targeted T cells to expand following weekly re-
stimulations through co-culture on 3T3(MUC-CD/B7.1) AAPCs in the context of exogenous 1L-2
and IL-15 (3). Both 4H11z" and 4H11-28z" T cells expanded greater than 2 logs over 3 weeks
(Figure 12C). T cells transduced with the 4H11-28z were further analyzed by FACS for CAR
expression 7 days after initial activation on AAPCs and following two subsequent co-stimulations
on AAPCs demonstrating an expected enrichment of the CAR™ T cell fraction (Figure 12D).

Similar data was generated with expanded 4H11z" T cells (data not shown).

In vitro cytotoxicity and proliferation of MUC-CD targeted T cells following co-culture with
OV-CARI(MUC-CD)} and freshly isolated ascites derived ovarian tumor cells.

In order to assess the ability of 4H11z" and 4H11-282" T cells to target and lyse human
ovarian carcinoma tumors, we utilized the human OV-CAR3 cell line which was genetically

modified to express the MUC-CD antigen thereby better reflecting the majority of clinical ovarian
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tumor samples which express the 4H11-targeted MUC-CD antigen (48). We initially verified

specific ysis by MUC-CD targeted T cells demonstrating similar significant cytotoxic activity of
4H11z and 4H11-28z CAR modified T cells targeting OV-CAR3(MUC-CD) tumor cells when
compared control T cells expressing the irrelevant first and second generation CD19-targeted 1921
and 1928z CARs (Figure 13A). Healthy donor T cells modified to express the 4H11-28z CAR
similarly exhibited lysis of freshly isolated ascites derived MUC-CD" ovarian carcinoma cells
when compared to 19-28z transduced T cclls (Figure 13B). Moreover, patient’s peripheral blood T
cells modified to express the 4H11-28z CAR similarly lysed autclogous primary MUC-CD' tumor
cells derived from the same ascites sample when compared to T cells modified to express the
control 19-28z CAR (Figure 13C).

We further assessed the ability of 4H11z" and 41111-282" T cells from healthy donors to
proliferate following co-culture on OV-CAR3(MUC-CD) as assessed by FACS of CFSE labeled T
cells, as well as absolute T cells numbers over 7 days following co-culture with tamor (Figures 13D
and B). Surprisingly, we found that both 4H11z" and 4H11-282" T cells expanded equally well
following co-culture with OV-CAR3(MUC-CD) tumor cells suggesting the ability of this tumor
cell line to co-stimulate T cells through expression of a co-stimulatory ligand. To address this
possibility, we conducted further FACS analyses of OV-CAR3(MUC-CD) tumor cells
demonstrating expression of the co-stimulatory 4-1BBL ligand (Figure 13F), but not the B7.1,
B7.2, or OX-40L co-stimulatory ligands (data not shown).

In vivo anti-tumor activity of MUC-CD targeted T cells in SCID-Beige mice.

To assess the in vivo anti-tumor activity of 4H11z" and 4H11-282" T cells, we next
generated an orthotopic xenotransplant ovarian cancer tumor model by ip injection of OV-
CAR3(MUC-CD) tumor cells into SCID-Beige mice. If left untreated, these mice developed
marked ascites and multiple nodular peritoneal tumeors by 3 weeks following tumor cell injection
(Figure 14A). All unireated tumor bearing mice had to be euthanized by 7 weeks following tumor
cell injection due to evidence of distress.

To assess the in vivo anti-tumor efficacy of MUC-CD-targeted T cells, SCID-Beige mice
were injected ip with OV-CAR3(MUC-CD/GFP-FFLuc) tumor cells on day 1 followed by ip
injection of 4H11z" or 4H11-282" T cells on day 2. For negative controls, tumor bearing mice were
either untreated or treated with T cells modified to express the irrelevant CD19-targeted CAR.
Collectively, we found that 27% of all mice treated with MUC-CD targeted T cells (3/11 mice)
remained alive without clinical evidence of disease 120 days out from tumor injection with no

statistically significant difference in survival when comparing the 4H11z" and 4H11-282" T ccll
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treated cohorts (Figure 14B). In contrast, both MUC-CD-targeted T cell treated cohorts

demonstrated statistically significant enhanced survival when compared to untreated and 19z1" T
cell treated control cohorts. ,

To assess whether systemically infused MUC-CD-targeted T cells successfully traffic to ip
tumors, we next compared ip to iv infusion of 4H11-28z" T cells in SCID-Beige mice bearing ip
OV-CAR3(MUC-CD/GFP-FFLuc) tumors. Bothip and iv 4H11-28z" T cell treated mice exhibited
statistically enhanced survival when compared to untreated or 19-28z" T cell treated control cohorts
as assessed by overall survival (Figure 15A) as well as by BLI of tumor progression (Figure 15B).
Furthermore, we found overall survival between the ip and iv treated groups to be statistically
equivalent by log rank analysis. These data imply successful trafficking of iv infused 4H11-282" T
cells to peritoneal tumors. We further confirmed trafficking of iv infused CFSE labeled 4H11-287"
T cells to the peritoneum by FACS analysis of single cell suspensions of macerated OV-
CAR3(MUC-CD) tumors (Figure 15C).

Invivo anti-tumor activity of MUC-CD targeted T cells in SCID-Beige mice bearing well
established OV-CAR3(MUC-CD/GFP-FFLuc) tumors.

To further assess whether 4H11-28z" T cells were able to eradicate more clinically relevant
tumor burdens, we next treated SCID-Beige mice bearing well established ip OV-CAR3(MUC-
CD/GFP-FFLuc) tumor injected 7 days prior to adoptive T cell therapy. Once more, we found that
therapy with MUC-CD targeted T cells markedly eradicated BLI evident disease in all treated mice
(Figure 16A) with 5 of 8 treated mice eventually developing relapsed progressive disease, and >3
mice remaining disease free as assessed by BLI imaging (not shown) out to 120 days post-tumor
cell infusion (Figure 16B). These data demonstrate potent iz vivo anti-tumor activity mediated by
MUC-CD targeted T cells even in the setting of advanced disease.

DISCUSSION

Based on exiensive analyses of patient fumor samples, ovarian carcinomas appear to be
relatively immunogenic tumors. Specifically, researchers have found there to be a direct
correlation between prognosis following surgery and chemotherapy and the quantity of tumor
infiltrating effector T cells (TILs) in pretreatment tumor samples (25, 49, 50). Furthermore, others
have described an inverse correlation between prognosis following therapy and pre-treatment levels
of Tregs within the tumor, which in turn presumably inhibit the anti-tumor function of tumor
specific effector TILs (26, 28, 51). Both of these findings imply a role for an endogenous effector

T ccll response to tumor in controlling disease progression both prior to and following initial
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therapy and strongly support the contention that ovarian carcinomas may be susceptible to killing

by adoptive infusion of autologous T cells targeted to ovarian tumor cell antigens.

While endogenous effector TILs are one source for presumably tumor specific T cells, an
alternative approach to adoptive T cell therapy is to isolate autologous peripheral blood T cells
which in turn may be genetically modified ex vivo to target tumor cell antigens. One such genetic
approach is to retrovirally transduce patient T cells with CARs targeted to surface exposed antigens
either unique to or over-expressed by the tumor. To this end, promising preclinical studies utilizing
this approach in other malignancies have recently been translated into the clinical setting {6, 16, 19,
52). Similarly, we have previously generated CARs targeted to the CD19 antigen expressed on
normal B cells as well as most B cell malignancies and are currently conducling clinical trials
treating patients with relapsed B cell chronic lymphocytic leukemia and acute lymphoblastic
leukemias with autologous T cell modified to express a CD19 specific CAR (53).

Application of this approach to ovarian carcinomas requires the identification to suitable

- target antigens expressed on the tumor cell surface. Significantly, other investigators have studied

this approach in both the pre-clinical and clinical setting (4, 11, 54-57). Specifically, several groups
have demonstrated significant anti-tumor responses to subcutaneous human ovarian carcinoma cell
line tumors in immune compromised mice following intratumoral and/or intravenous infusion of T
cells expressing CARs specific to the mesothelin and Lewis-Y antigens overexpressed on these
tumnor cell lines (56, 58, 59). Furthermore, Kershaw et al recently published the results of a phase I
clinical trial treating patients with relapsed ovarian carcinomas with autologous T cells modified to
express a CAR specific fo the alpha-folate receptor (6). The authors of this study found that
therapy with targeted T cells was well tolerated, but noted a lack of anti-tumor response in these
studies related to poor persistence of modified T cells over time as well as a yef undefined T cell
inhibitory factor in the serum of several treated patients.

In our studies, we have chosen to target the MUC-16 glycoprotein which is over-expressed
on a majority of ovarian carcinomas (1, 30, 32, 33). The utility of MUC-16 as a target antigen for
adoptive T cell therapy is compromised by the fact that most of the extracellular portion of this
molecule is cleaved by the tumor ccll, scereted, and may be detected in the serum as the CA-125
tumor marker. However, following cleavage of this secreted fraction of MUC-16, there remains 2
residual extracellular fraction of the glycoprotein, termed MUC-CD, which is retained on the tumor
surface and is therefore an attractive target for immune-based therapies. To this end, we utilized a
series of murine hybridomas generated to the MUC-CD antigen to construct CARs specific to
MUC-CD. Ofthese CARs, we identified a CAR generated from the 4H11 murine hybridoma

termed 4H11z, which, when expressed in human T cells, following co-culture on 3T3(MUC-
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CD/B7.1) AAPCs, resulted in rapid destruction of AAPC monolayers as well as marked modified T

cell expansion. Significantly, the antigen to the 4H11 antibody is highly expressed on a majority of
pre-treatment ovarian carcinoma surgical tumor samples obtained from patients treated at our
institution as assessed by immuno-histochemistry (48).

Optimal T cell activation requires both a primary T cell receptor mediated signal, “signal
1,” along with a co.stimulatory “signal 2.”” Clagsically, this co-stimulatory signal may be provided
by ligation of either B7.1 (CD80) or B7.2 (CD86) on the target cell with the T cell co-stimulatory
receptor CD28. Alternatively, co-stimulation may be geperated by ligation of 4-1BBL or OX-40L
on the target cell with the respective 4-1BB or OX40 co-stimulatory receptors on the T cell (12, 60,
61). Since most tumor cells fail to express co-stimulatory ligands, we and others have previously
demonstrated that second generation CARs further incorporating the cytoplasmic signaling
domains the co-stimulatory receptors CD28, 4-1BB, and/or OX40 resulted in CARs capable of
providing both signal 1 and signal 2 to the T cell upon binding to cognate antigen in the absence of
exogenous co-stimulatory ligands (7-10, 12, 13, 15, 16, 62-65). To this end, we constructed a
second generation CAR from the 4H11z CAR incorporating the transmembrane and cytoplasmic
signaling domain of CD28 as described elsewhere (3, 9, 43). Consistent with previous studies, we
found that T cells transduced to express the resulting 4H11-28z CAR, but not the first gencration
4H11z CAR, efficiently expanded upon co-culture with 3T3(MUC-CD) fibroblasts in the absence
of exogenous co-stimulation consistent with the ability of the 4H11-28z CAR to deliver both signal
1 and signal 2 to the T cell. This conclusion is further supported by the finding that 4H11-282z" T
cells secreted significantly higher levels of IL-2, a cytokine indicative of T cell co-stimulation,
upon co-culture on 3T3(MUC-CD) fibroblasts when compared to T cells transduced to express the
first generation 4H11z CAR.

We next assessed the ability of 4H11z" and 4H11-282" T cclls to target and lyse human
ovarian carcinoma tumor cells. To this end, we initially utilized the OV-CAR3 human ovarian
cancer cell line. Since the OV-CAR3 tumor cell line binds the 4H11 antibody weakly, we further
genetically modified the cell line to express MUC-CD (OV-CAR3(MUC-CD)) to better mimic the
clinical sctting wherein a majority of clinical ovarian carcinoma tumor specimens highly express
the 4H11 MUC-CD antigen (48). We demonstrated that human T cells modified to express either
4H11z or 4H11-28z eradicated OV-CAR3(MUC-CD) tumor cells ix vitro, and surprisingly
observed that both 4H11z" and 4H11-282" T cells expanded following co-culture with tumor in
vitro. To define the etiology of this unanticipated 4H11z" T cell expansion, we further assessed
whether OV-CAR3(MUC-CD) tumor cells expressed co-stimulatory ligands, and found that this

tumor cell line expressed 4-1BBL, consistent with our cxpetimental findings as well as with
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previously published reports demonstrating 4-1BBL expression by a variety of carcinoma cell lines

(66-68). In order to further validate the clinical relevance of these findings, we subsequently
demonstrated specific in vitro lysis of primary ascites-derived tumor cells isolated from untreated
ovarian carcinoma patients by both healthy donor allogeneic 4H11-287" T cells as well as more
significantly autologous 4H11-28z" patient peripheral blood T cells. These data strongly support
the contention that treatment with autologous 4H11-based CAR" T cells have promise in future
clinical applications.

In order to assess the in vivo relevance of our in vitro findings, we next generated a murine
orthotopic OV-CAR3(MUC-CD) tumor model in SCID-Beige mice. We injected mice i.p. with
OV-CAR3(MUC-CD) tumor cells and the following day infused 4H11z", 4H11-28z", and control
1921* T cells 1.p. This treatment approach resulted in a significant but similar dclay to tumor
progression and long-term survival in both the 4H11z" and 4H11-28z" T cell treated cohorts when
compared to untreated mice or mice treated with control T cells targeted to the irrelevant CD19
antigen. We next compared ip to iv treatment with 4H11-282" T cells of orthotopic OV-
CAR3(MUC-CD/GFP-FFLuc) bearing mice, and found similar statistically significant survivals of
mice over time with either direct 1p infusion of T cells or systemic iv infusion of targeted T cells.
Significantly, iv treated mice by day 1 following treatment, exhibited successful trafficking of
targeted T cells to the peritoneum. These data suggests that adoptive therapy with targeted T cells
may be equally efficacious following cither a direct infusion into the peritoneum or through
systemic iv infusion. These findings further support the future clinical potential of this approach in
treating patients both with local rclapse of disease as well as metastatic relapse to sites outside of
the peritoneum.

Finally, we assessed the ability of 4H11-28z T cells to eradicate more established disease
by delaying modified T cell ip infusion by 7 days, when mice had greater established tumor
burdens as assessed by bioluminescent imaging. This experimental setting better reflects the initial
clinical setting wherein this adoptive T cell approach would be utilized. Significantly, despite the
setting of markedly established disease, 4H11-28z" 1" cells retained the ability to lyse larger tumor
burdens, delay relapse of tumor, and in a significant percentage of micc, fully cradicate diseasc.

In the studies presented here, we have consistently utilized mixed populations of CD4" and
CDS8" CAR" T cells to assess both in vitro and in vivo anti-tumor activity. To this end, ongoing
studies will address the role of isolated CD4" and CD8" CAR" T cell subsets in the successful
eradication of disease in this SCID-Beige OV-CAR3(MUC-CD) tumor model. The results of these
studies may have implications to translating this thérapeutic approach to the clinical setting.

Furthermore, we acknowledge the Limitations associated with the presented SCID-Beige tumor
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model. Namely, this is a xenotransplant model in an immune compromised mouse. To this end,

ongoing studies in or laboratory are focused on generating a more clinically relevant syngeneic
immune competent tumor model to better define the biology and anti-tumor etficacy of MUC-CD
targeted CAR-modified T cells in the contcxt of an intact immune systom.

In conclusion, herein we present the first published data demonstrating the feasibility of
targeting MUC-16, an antigen over-expressed on a majority of ovarian carcinomas, through
adoptive therapy with genetically modified T cells targeted to the retained MUC-CD portion of the
MUC-16 antigen. Further, this report is the first to demonstrate efficient targeting of T cells in an
orthotopic, clinically relevant, murine model of ovarian cancer, demonstrating efficacy both by ip
and iv infusion of modified T cells. Finally, these data support the further translation of this
approach to the clinical setting in the form of a phase [ clinical trial in paticnts with persistent or

relapsed ovarian carcinomas following injtial therapy with surgery and chemotherapy. iin

EXAMPLE 5

Raising Mouse MUC16 monoclonal antibodies in mice and hamsters.

We selected 3 different regions of mouse MUC16 genome for which monoclonal antibodies were
generated in mouse and hamster. The selected regions of the mouse MUC16 are Peptide | (SEQ ID
NO:21, ecto region of cytoplasmic domain), Peptide 2 (SEQ ID NO:22, first cysteine loop) and
Peptide 3 (SEQ ID NO:23, second cysteine loop) (Figure 20A) and its comparison with human
MUCI16is shown in Figure 20B. A cysteine was added to the peptide sequence at the N terminus
of Peptide 1 (SEQ ID NO:21) and Peptide 3 (SEQ ID NO:23) for better conjugation with KLH.
Individual peptides were conjugated to KLH using Promega kit. These 3 conjugated peptides were
pooled and immunized into 5 mice and 4 hamsters. 5 immunizations with a 3 week interval for
each immunization were administered. Sera from these animals were tested by ELISA for their
specific reactivity with individual peptides (SEQ ID NO:21, 22 and 23). Positive selected animals
were allowed to rest for a month and then i.v. boosted with pooled peptides immunogen (SEQ ID
NQO:21, 22 and 23) and harvested the spleens after 4 days. Splenocytes were mixed with hybridoma
partners and plated into microtiter plates at various clonal densities. Plates were cultured at 37°C
5% CO; for 10 days and then selected the clones. Supernatants from these selected clones were
tested by ELISA for their specific reactivity with individual peptides (SEQ ID NO:21, 22 and 23).
Positive clonal sups were tested by FACS, western blot and imagjng using 2 mouse cell lines (ID8
and BR5-FVB1) and a human cell line (OVCAR-3).
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Table 4 shows the summary of mouse and hamster monoclonal antibodies against mouse MUC16

peptide antigens Peptide 1 (SEQ ID NO:21), Peptide 2 (SEQ ID NO:22), and Peptide 3 (SEQ ID
NO:23). A very strong antigenic response was seen with Peptide 1 (SEQ ID NO:21).

5 Table4
Mouse Mouse
MUCI16 mAbs Frozen Mouse mAb
16 (3-1gGl; 8-IgG2b; 1-
Peptide 1 46 [gM; 4-Unkown isotype)
Animals not iv
boosted with
Peptide 2 0 0 peptide 2
Peptide 3 6 6 (4-1gG1; 2-1gM)
Peptide 1,2,3 0 0
Peptide 1,2 0 0
Peptide 2,3 0 0
No Peptide 0 0
Mouse Hamster
MUC16 mAbs Frozen Hamster mAb
Peptide 1 69 2]
Peptide 2 6 6
Peptide 3 7 7
Peptide 1,2,3 2 1
Peptide 1,2 1 1
Peptide 2,3 1 0
No Peptide 10 2
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5  Details of mouse and hamster mAbs against Peptide 1 (SEQ ID NO:21), Peptide 2 (SEQ ID
NO:22), and Peptide 3 (SEQ ID NO:23 are listed in Table 5 and Table 6 respectively.

Table 5:

isotype

PEPTIDE

Fusion
Well

Cloned

Clones

01D01

09F07

16A09

21A07

24G10

10C04

17F02

01A08

01FO8

12B10

17H10

18D05

23B12

25E09

16F12

04A06

05D01

21B08

21E01

08A02

13E05

no
success

yes
yes

yes

no
success

no
success

yes

yes

10C4-3H5
17¥2-3GS

12B10-3F7

25E9-3

21B8-1H11
21E1-1E3

10C4-1F2
17F2-3F6

10C4-2H8  10C4-1G7
17F2-2F9 17F2-1E11

12B16-3G10  12B10-2F6 12B10-2F10

25E9-5

21B8-3G6
21E1-1G9

25ES9-13 235E9-16

21B8-3H9  21B8-1G8
21E1-2G7  21E1-3G12
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Table 6;
Hamster
Peptide Cloned

1

1

3 4H1-2E1 | 4H1-2E3 4H1-3E1 4H1-3H3
1

1

3

2

3

1

1

1

1

2

15A8- 15A8-

1 2E2 15A8-2E10 2E11 15A8-3D2
3

1

3

22B5- 22B5- y

2 1F6 22B5-3G9% 2G8 22B5-3F11
3

1

1
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Hamster antibody 22B05 recognizes mouse (SEQ ID NO:22) and also the corresponding

human sequence (SEQ ID NO:15).

Western blot analysis using mouse ID8 and BR5-FVBI1 cell extracts were also performed
for all the sclected monoclonal antibodies as shown in Figure 21 and Figure 22 respectively.

Among the mouse MUC16 monoclonal antibodies, we selected 12B10-3G10 subclone
mouse mAb for further screening. Similarly, hamster monoclonal antibodies, 15A8-2E10, 22B5-
2G8 and 4H1-2E1 subclones were selected for further screening,

Immunohistochemical analysis was performed with paraffin and cryosections of ID8
(mouse), OVCAR-3 (human), BRS-FVBI (mouse) cell lines and 13.5 days of Embryo. Paraffin or
cryosections were probed with mouse 12B10 mAb, hamster 15A8, hamster 22B5 and hamster 4E1
mADbs to see the early devclopment of mouse MUC16 (Figure 23)

12B10-3G10 sub clone were further analyzed for single chain Fv fragments. Figure 24
shows 12B10-3G10 Vg and Vi DNA and Amino Acids sequences. Bioreactive supernatants and
purified 12B10-3G10 were generated for animal studies and other characterization studies. FACS
analysis was performed with purified 12B10-3G10 on ID8, OVCARS3 and BR5-FVB1 cells
showing over 90% positivity to both mouse and human MUCI6 ecto-domain fragment (Figure 25).
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The scope of the invention as defined by the attached claims should not be limited
by the specific embodiments set forth in the examples, but should be given the broadest

interpretation consistent with the specification as a whole.

SEQUENCE LISTING IN ELECTRONIC FORMAT

This description contains a sequence listing in electronic form in ASCII text format, A copy
of the sequence listing in electronic form is available from the Canadian Intellectual Property
Office.
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CLAIMS:

1. A monoclonal antibody or an antigen-binding fragment thereof, that specifically
binds to a MUC16 polypeptide or to an antigenic portion thereof, wherein the amino acid

sequence of the MUC16 polypeptide is:

CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:3).

2. The antibody or antigen-binding fragment thereof of claim 1, wherein the antibody is

a chimeric antibody.

3. The antibody or antigen-binding fragment thereof of claim 1, wherein the antibody is

a humanized antibody.

4. The antibody or antigen-binding fragment thereof of claim 3, wherein substantially
all of the framework region residues of the humanized antibody are those of a human
immunoglobulin sequence, and wherein one or more residues of the framework region are

replaced by corresponding nonhuman residues.

5. The antibody or antigen-binding fragment thereof of any one of claims 1 to 4,
wherein the antigen-binding fragment thereof is a Fab fragment, a F(ab')2 fragment, or a Fv

fragment.

6. The antibody or antigen-binding fragment thereof of any one of claims 1 to 5,

wherein the antibody lacks specific binding to a glycosylated MUC16 extracellular domain.

7. The antibody or antigen-binding fragment thereof of any one of claims 1 to 6,
wherein the antibody, or antigen-binding fragment thereof, is covalently linked to a cytotoxic

agent or a prodrug of a cytotoxic agent.

8. The antibody or antigen-binding fragment thereof of any one of claims 1 to 7,

wherein the antibody internalizes into a cell.

9. The antibody or antigen-binding fragment thereof of any one of claims 1 to 8,

wherein the antibody is an IgG.
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10. A single chain variable fragment (scFv) comprising a variable heavy (VH) chain
and a variable light (VL) chain, wherein the VH chain and the VL chain are of a monoclonal
antibody that specifically binds to a MUC16 polypeptide or to an antigenic portion thereof,
wherein the amino acid sequence of the MUC16 polypeptide is
CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03).

11. The scFv of claim 10 which is covalently linked to a cytotoxic agent or a prodrug

of a cytotoxic agent.

12. A composition comprising (a) an antibody, or antigen-binding fragment thereof, of

any one of claims 1 to 9, and (b) a pharmaceutically acceptable carrier.

13. A hybridoma cell that produces an antibody that specifically binds to a MUC16
polypeptide or to an antigenic portion thereof, wherein the amino acid sequence of the MUC16

polypeptide is CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03).

14. Use of the antibody or antigen-binding fragment thereof of any one of claims 1 to

9, for identifying a subject as having a cancer in which MUC16 is expressed.

15. The use of claim 14, wherein the antibody or antigen binding fragment thereof is
for administration to the subject to determine the presence and location of the antibody in the

subject, wherein the antibody is labeled.
16. The use of claim 14 or 15, wherein the cancer is ovarian cancer or breast cancer.

17. The antibody or antigen binding fragment thereof of any one of claims 1 to 9, for

use in identifying a subject as having a cancer in which MUCI16 is expressed.

18. The antibody or antigen binding fragment thereof for use of claim 17, wherein the
antibody is for administration to the subject to determine the presence and location of the

antibody in the subject, wherein the antibody is labeled.

19. The antibody or antigen binding fragment thereof for use of claim 17 or 18,

wherein the cancer is ovarian cancer or breast cancer.
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20. An ex vivo method for identifying a subject as having a cancer in which MUC16 is

expressed, wherein said method comprises:

(a) contacting a sample obtained from the subject with the antibody or antigen binding

fragment thereof, of any one of claims 1 to 9; and

(b) detecting an increased level of binding of the antibody or antigen binding fragment
thereof to the sample as compared to a control sample lacking the cancer in which MUC16 is

expressed.

21. The ex vivo method of claim 20, wherein the cancer is ovarian cancer or breast

cancer.

22. The ex vivo method of claim 20 or 21, wherein the detecting is selected from the
group consisting of immunohistochemistry, enzyme-linked immunosorbent assay (ELISA),
fluorescence-activated cell sorting (FACS), Western blot, immunoprecipitation, and

radiographic imaging.

23. Use of a polypeptide of the sequence:
CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03);

for producing an antibody or antigen binding fragment thereof that specifically binds to
a MUCI16 polypeptide or to an antigenic portion thereof.

24. Use of an antibody or antigen binding fragment thereof as defined in any one of

claims 1 to 9, for treating a cancer.

25. Use of an antibody or antigen binding fragment thereof as defined in any one of

claims 1 to 9, for formulating a medicament for treating cancer.
26. Use of a scFv, as defined in claim 10 or 11, for treating a cancer.

27. Use of a scFv, as defined in claim 10 or 11, for formulating a medicament for

treating a cancer.
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28. The use according to any one of claims 24 to 27, wherein the cancer is ovarian

cancer or breast cancer.
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Peptide 1 near Cleavage Site:
NFSPLARRVDRVAIYEE (SEQ ID NO:01)

Peptide 2 before Transmembrane:
TLDRSSVLVDGYSPNRNE (SEQ ID NO:02).

Peptide 3 inside Transmembrane:
CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03)
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(A) 4A5 VH (SEQ ID NO:04)
gtgaagctggaggagtcagggggaggcttegtgaagecctggagggteecteaaaatctectgtgecageetetggatteac
tttecagaaactatgecatgtectgggttegectgagtcocggagatgaggctggagtgggtegeaaceattageagtgoty
gtggttacatcttctattetgacagtgtgcagggacgattcaccatttecagagacaatgecaagaacaccctccactty
caaatgggcagtctgaggtctggggacacggccatgtattactgtgcaaggcagggatttggtaactacggtgattacta
tgctatggactactggggecaagggaccacggtcaccgtetectea

(B) 4A5 VL (SEQ ID NO:05)
gacattgagctcacccagtctecatcctecectggetgtgtcagraggagagaaggtcactatgagetgecaaatecagtca
gagtctgctcaacagtagaaceccgaaagaaccagttggettggtaccagcaaaaaacaggacagtectectgaactgetga
tectactgggcatccacteggcaatetggggtecctgatcgettcacaggcagtggatctgggacagatttcactctecace
atcagcagtgtgecaggctgaagacctggeagtttattactgecagecaatecttataatetactecacgtteggtecectgggac
caagctggagatcaaacgg :

(C) 4H11 VH (SEQ ID NO:06)
gtgaagctgcaggagtcagggggaggettecgtgaagectggagggtocctcaaagtetectgtgecagectetggatteac
tttcagtagctatgccatgtecctgggttegectgagtccggagatgaggetggagtgggtegeaaccattagecagtgetg
gtggttacatecttcectattetgacagtgtgcagggacgattcaccatttccagagacaatgecaagaacacectgeracctg
caaatgggcagtctgaggtctggggacacggecatgtattactgtgeaaggecagggatttggtaactacggtgattacta
tgctatggactactggggccaagggaccacggtcaccgtetectea

(D) 4H11 VL (SEQ ID NO:07)
gacattgagctcacccagtctocatectecctggetgtgteageaggagagaaggtcactatgagetgcaaateccagtca
gagtctgctcaacagtagaaccecgaaagaaccagttggcecttggtaccageaaaaaccaggacagtetecctgaactgetga
tetactgggecatccactaggcaatctggagtecctgategottcacaggcagtggatctgggacagatttcactcteace
atcagcagtgtgcaggctgaagacctggcagtttattactgecagecaatettataatctactcacgtteggtectgggac
caagctggaggtcaaacgg

(B} 9B11 VH (SEQ ID NO:08)

gtgaagctggaggagtcagggggagacttggtgaagecetggagggtcectgaaactetectgtgecagtetetggattcac
tttcagtagccattecatgtettggattegtcagacteccagagaagaggctagagtgggtegeatecegtgagtagtggtyg
gtaggatctactattecggacagtgtgaagggeccgattcaccgtcaccagagaaaatgacaggaacaceetgtatttgtta

atgagtagtctgaggtctgaggacacggecatgtattattgtggaagaggacaggtattttatgetttggacaattgggg
ccaagggaccacggtcacegtetectea

(F) 9B11 VL.A {(SEQ ID NO:09)
gacattgagctcacccagtctccatcctécctggctgtgtcagcaggagagaaggtcactatgagctgcaaatccagtca
gagtctgctcaacagtagaacccgaaagaaccagttggettggtaccagcaaaaaccaggacagteteetgaactgetga
tctactgggcatccactaggcaatctggagtecctgategettcacaggecagtggatectgggacagatttecacteteace
atcagcagtgtgcaggectgaagacctggeagtttattactgecagcaatcttataatcetactecacgtteggtectgggac
caagctggaggtcaaacgg :

(G) 9B11 VL.B (SEQ ID NO:10)
gacattgagctcacccagtetecaaagetectgatetacaaggtttecaacegattttetggggtececagacaggtteag
tggcagtggatcagggacagatttcacactcaagateagecagagtggaggetgaggatetgggagtttattactgettte
aaggttcacatgtteccgtggacgtteggtggagggaccaagectggagatcaaacgg

FIGURE 8 (1 of 2)

CA 3002192 2018-04-19



WO 2011/119979 PCT/US2011/030025
29/65

(H) 24B3-VH (SEQ ID NO:11)
GAGGTGAAGCTGGAGGAGTCAGCGACCTGAACTGGTCGAAGCCTCEGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTA
CTCATTTACTGGCTACTTTATGAACTGGGTGAAGCAGACCCATCGGAAAGAGCCTTGAGTGGATTGGACGTATTAATCCTT
ACAATGGTGCTACTTTCTACAATCAGAAGTTCACGGGCAAGGCCACAATGACTGTAGACARATCCTCTACCACAGCCCAC
ATGGAGCTCCTGAGCCTGACATCTCGAGGACTCTACAGTCTATTATTGTEGARRGGGGAATTACTACGGCCCCTTTGATTA
CTGGGGCCAAGGBACCACGGTCACCGTCTCCTCA

(I) 24B3-VL {SEQ ID NO:12)
GACATTGAGCTCACCCAGTCTCCATCTTATCTTGCTGCATCTCCTGAAGARACCATTACTATTAATTGCAGGGCARGTAA
GAGCATTAGCAAATATTTAGCCTGETATCAAAAGARACCTGGGAARACTAATARGCTTCTTATCTACTCTGGATCCACTT
TGCAATCTGGAATTCCATCAAGGTTCAGTGGCAGTGGATCTGGTACAGATTTCACTCTCACCAT CAGTAGCCTGGAGCCT
GAAGATTTTGCAATGTATTACTGTCAACAGCATAATGAATACCCGTGGACGTTCGGTGGAGGCGACCAAGCTGGAGATCAA
ACGGGCGGCCGCA

FIGURE 8 (2 of 2)
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gvspttilrt
rtsynhrswi
titnlgyeed
avdaicthrp
stpgtstvdv
vlggllkplf
elskltndie
maagpllvpf
rltslrsekd
yvngfthrts
mhrpgsrkfn
dpkspgvdre
gsgtpsslps
ntsvgplysg
lgpytldrns
ftitnlgyee
tgmdaicshr
tatpgtstvd
rvliggllgpl
wglsqmtngi

fpdvpettss
sepdttaswv
altplvtisg
slatspgaet
hpeagtssai
tsptvpwtts
ttipiltlsp
iltfslgepe
gepettpsma
psmatshgae
tshgveassa
misaiptlav
ptltvstgep
ispgipgvlit
sepdttpsia
tttsfityse
glihpaetnt
pssgtdtstt
gvdtrsgvpt
gftvpirtvp
vlttispgap
vipgvsetta
sthpgtetst
kpgtvtswnt
tmveatnlat
sttssynrry
mrhpgsrkfn
dpedlgldre
gtsgtpsssp
kntsvgplys
elgpytldrn
tinftitnlg
gaatgvdaic
vptastpgts
ttervlgtll
glywelsqglt
pttagpllvp
critllrsek
lyvngfthgt
dmhhpgsrkf
ldpkspglnr
1gtsgtpssl
fknasvgply
kelgpytldr

FIGURE 9 (page 5 of 6)
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latslgaets
ihpaetiptv
tdtsttfptl
gsaipimtvs
ptstispavs
iffhsksdtt
gepettpsma
ttpsmatshg
tshgaeasst
assavptptv
vitvspevpg
sptvgglvts
ftnislvthp
slvtssgrdi
tspgaeatsd
thtssaiptl
mvprttpkis
fptlsetpye
ttippsipgv
ssepdtmasw
emvtsgitss
sltirpgaet
miptstlslg
etspsvtsvy
tgssptvakt
wtpatstpvt
aterelggll
rlywelsnlt
spttagpllm
gerltllrpe
slyvngfthg
ygedmghpgs
ihhldpkspg
tvdlgtsgtp
gpmfkntsvyg
ngikelgpyt
ftinftitnl
dgaatgvdai
sapntstpgt
nttervliggl
eqlywelsql
pspttavpll
sgcerlislrs
nslyvngfth

talprttpes
skttpnffk
tksphetet
pgaedlvte
rlvtsmvte
psmttshga
tshgeeass
teagsavpt
vptvspevgp
spgvsgvvt
mvtslvtss
lvtssgset
aessstlpr
satfptvpe
fptitvspd
pvspgaskm
hsksdttlp
pettatwlt
vEsgvtssa
vthppgtst
gaatsttvp
stalptgtt
llettglla
ppefsrtvt
tttfntlag
stfspgist
kplfrnssl
ngigelgpy
pftinftit
kdgaatgvd
ssvsttstp
rkfnttexrv
Inrerlywe
fslpspata
llysgerit
ldrnslyvn
kyeedmhcp
cthrldpks
stvdlgtsg
lgpmfknts
thgikelgp
vpftlnfti
ekdgaatgwv
rssglttst;
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13141
13201
13261
13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041
14101
14161
14221
14281
14341
14401
14461

(B)
14394

wtstvdlgts
gllkplfkst
glthsitelg
vllpftinft
rpekdgaatr
thgssmtttr
srkfntterv
gldreqlywe
pvskpgpsaa
gplysgerlt
aldndslfvn
nlryeenmwp
icthrpdptg
vseepftlinf
lrsvkngaet
ynepgpdepp
stegvlghll
glywelsqglt
seyitllrdi
fldktlinast
pgttnygrnk
rvdrvaiyee

gtpspvpspt
svgplysgcr
pytldrdsly
itnlgyeedm
vdavethrpd
tpdtstmhla
lggllxrpvtk
lsglthsite
spllvlftln
llrpekdgta
gfthrassvst
gsrkfntter
pgldreglyl
tinnlrymad
rvdllctylg
ttpkpattfl
rplfgkssmg
hgvtglgfyv
adkvttlykg
hwlgstyqglv
rniedalnqgl
flrmtingtg

agllgvitecl iegvlvttrr

"Peptide 1

14410

nfsplar rvdrvaiyee (SEQ

(<)

14425

Peptide 2

14442

35765

ttgpllvpft
1tllrpekdg
vngftgrssv
rrpgsrkfnt
pkspgldrer
tsrtpaslsg
ntsvgplysg
lgpytldrds
ftitnlryee
tgvdaicthh
tatpgtptvy
vliggllrplf
elsglthsit
mgapgslkfn
plsgpglpik
pplseattam
pfylgcqglis
ldrdslfing
sqlhdtfric
dihvtemess
frnssiksyf
lgnftldrss

rkkegeynvg

ID NO:01)

Inftitnlqy
vatrvdaict
pttetpgtft
tervliggllm
lywklsglth
pmtaspllivl
crltllrpkk
lyvwngftgrs
nmghpgsrkf
pdpksprldr
lgasktpasi
kntsvgplys
elgpytldrd
itdnvmghll
gvthelsqqgt
gyhlktltln
lrpekdgaat
yapgnlsirg
lvtnltmdsv
vygptsssst
sdcgvstfrs
vivdgyspnr
qgcpgyyash

tldrss vlvdgyspnr ne (SEQ ID NO:02)

(D)
14472

(B)
14452

Peptide 3

14492
cgvlvttrr rkkegeynvg ggq (SEQ ID NO:03)

Transmembrane Region:

14475

fwaviligl agllgvitcl icgvl (SEQ ID NO:14)

(F)
14367

PCT/US2011/030025

eenmghpgsr
hrpdpkipgl
vgpetsetps
plfkntsvss
gitelgpytl
ftinftitnl
dgaatkvdai
svpttsipgt
nttervlggl
eglywelsqgl
fgpsaashll
gerltllrpe
slyvngfthr
splfqgrsalg
hgitrlgpys
ftisnlgysp
gvdttctyhp
eyginfhivn
lvtvkalfss
ghfylnftit
vpnrhhtgvd
nepltgnsdl
ldledlqg

Peptide containing the cysteine loop peptide:
14398

ksyf sdcqvstfrs vpnrhhtgvd slenfspl (SEQ ID NO:15)

CA 3002192 2018-04-19
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kfnitesvl
drgglywel
slpgptatg
lysgcrltl
drhslyvng
ryeenmhhp
ctyrpdpks
ptvdlgtsg
lrslfksts
thnitelgp
ilftinfti
kdgeatgvd
ssvpttistg
arytgervi
ldkdslyln
dmgkgsatf
dpvgpgldi
wnlsnpdpt
nldpslveqg
nlpysgdka
slcnfspla

pfwavilig
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CDB leader sequence
ATGGCTC TCCCAGTGAC TGCCCTACTG CTTCCCCTAG CGCTTCTCCT GCATGCAGAG (SEQ ID
NO:32)

CD3 zeta chain intracellular domain

AGAGT GAAGTTCAGC AGGAGCGCAG AGCCCCCCGC GTACCAGCAG GGCCAGAACC AGCTCTATAA
CGAGCTCAAT CTAGGACGAA GAGAGGAGTA CGATGTTTTG GACAAGAGAC GTGGCCGGGA CCCTGAGATG
GGGGGAAAGC CGAGAAGGAA GAACCCTCAG GAAGGCCTGT ACAATGAACT GCAGAARAGAT AAGATGGCGG
AGGCCTACAG TGAGATTGGG ATGAAAGGCG AGCGCCGGAG GGGCAAGGGG CACGATGGCC TTTACCAGGG
TCTCAGTACA GCCACCAAGG ACACCTACGA CGCCCTTCAC ATGCAGGCCC

TGCCCCCTCG (SEQ ID NO:33)

(G4S)3 serine-glycine linker
GGTG GAGGTGGATC AGGTGGAGGT GGATCTGGTGGAGGTGGATC T (SEQ ID NO:34)

CD8 transmembrane domain

GCGGCCGCAC CCACCACGAC GCCAGCGCCG CGACCACCAA CCCCGGCGCC CACGATCGCG TCGCAGCCCC
TGTCCCTGCG CCCAGAGGCG TGCCGGCCAG CGGCGGGGGG CGCAGTGCAC ACGAGGGGGC TGGACTTCGC
CTGTGATATCTACATCTGGG CGCCCTTGGC CGGGACTTGT GGGGTCCTTC TCCTGTCACT GGTTATCACC

CTTTACTGCA ACCAC (SEQ ID NO:35)

CD28 transmembrane + intracellular domains (-STOP)

CAA TTGAAGTTAT GTATCCTCCT CCTTACCTAG ACAATGAGAA GAGCAATGGA ACCATTATCC
ATGTGAAAGG GAAACACCTT TGTCCAAGTC CCCTATTTCC CGGACCTTCT AAGCCCTTTT GGGTGCTGGT
GGTGGTTGGT GGAGTCCTGG CTTGCTATAG CTTGCTAGTA ACAGTGGCCT TTATTATTTT CTGGGTGAGG
AGTAAGAGGA GCAGGCTCCT (SEQ ID NO:36)

FIGURE 17
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POVVYYYOYD OVYDDOVVYYY IODDODVVVY VVOODYYIVY DOODOYOVDS SYWVIHILLIOY VIVDIOVIVD IDLIIDDLIILILI IOVVIVILVLI IDWYSIVILL
OBLILLLIOLO OLIODOLLLL YOPDOOLILL ILLODOLLIVLIYL OD0O0IHIDD JLLILYIVYOL IVIOVOIVID YHVIDDYYVY YDLIVLVYLY VOLILODLYYY
VIDVOOOLIV LIHLOIDYLYD VOODOVIVOV IVILIOVYIO LVILIVOVVY YYIVVVOVVYY IVPDODLIOD DOBOVYOVILILL DODJOYVYWD LOODVYIDISV
LYDIDDOVVYL YYOVHAYDLYD IODIDIVIOL YIVYWDLIVYD VIVVYIOLLIL JIILVIILOLILLI WIDIDOVVOD DDOHIOIVYV DHDHIODLIILY ¥ODDIDDYOX
OBLIIVYOVY VODVLLVLLY LDVYIOVOVLI VYDDIVIVVY VYIVODDOLIV IDVOSYDODD DLILODLIYI JDOHDPLIID SDIOVIOVID BIOYYYYOIDL
DHOVBYLIIDIL IDDIVYIVYL VOIVDLAIVY LIDOYLVILL IIVIOODOHOVL VYOLODIOOOO HYWVOIVYHLY DOPIOIVEYVD JOVOLYDLIOND DVOLLLLODY
DIOVOVOVIO DUODIOOODD YDYOEPIOVD ¥ODLIDIOLO IVVODDOVLIS DDPPOVDOYD YOVVDIOODL DVYOODI00SI JVOIDOOLOL LODIDDDLIOL
HYDIOLOHLYD DLODYODOOD LOIODIVDHLD IOHVYOVAYD VLLOHDOLYD HOIODIODLD IOLIODSONOY DIDOOHINOY DIODDOIVIY WODODDOVYIV
00DPODIO0D IIVYDIVIDD DOOVIONDVD OYOVIIOIND IOVOVDLIODY DDVYIVIOODD IOIDYVYVIVD DODYOVOVIO DHIVYDOYSY YVVINDODOY
DODOODVODD VYHALLOVIVOD DOHIVRIOIO HDIDIVVOVIO VOIOILOVOPL PRIVYLVYDEDD VDVOLIIUVID DODIOLIILVD DOVIILODIDL IIIYIDDDDL
EQVROLNOOY LLISJOVLLD ¥OODIOOOOV YOIOLLDDOY VDPOOOVLOD DIOOPOODDI DIIDDOLYLL VYXHDOYODILD DOOYVYYDDDD DYIHIHDIOD
WOLIODODDL VEHDDHINND LODHYOODHL IHVOVVYDIOIDL IDIDDDLVED DVDHIDODHY HVVODOVIVY LODODLIOVD DHRLLIDODD DIWYDHVDD
YVDDODVIIV YOLIOHDINY ODOOVHOOLL LIOODVRIOV DDYDOLIHLIY YYVOOVOOHID DVHIHVVLLD OVYHOIVYDL HYVYOYOIOL HIOIOVYVYVY

. Iyooxy
QDOYEIIIOYD YDOIOYOODD HYDOOLIDOD IDLOYDIYOD VIVOUVIVIL LLIILOYDVYD WDOVYOWOVDYD YOVDVDVOVD VIVOVONOYD VOVOVONOVD
POLIODOVYOLD LOOYOILODDD JLOODYYDDO YHVYDIEVIOO IVIDLIVIVY VYWYDIOLLO IDIOLOLOIO IDLOXOLDLD LOLDLOLOID LDIOIDIDLOD
YOWOVRLOYL YOVOVIVOYD YOVYHIOVOUD VOVOUDYDVWL HOVYIYDYOVD YOYDYOYOYSD IOVOTOVYOVD VOYLYOYIVD YOVYOVLILOWD YOVOYDOOVL
LOLOIOVOLY LOILODIYIOLY IDIDYOIONID INIODIPIHIY DDLOIOLOLD IHIOIOIOLD VOIOLOLOLD IOIVIOHIVID IOLOLVYDLO 1OIDIODDLY
YOVOVDVLLIL LOVOVOLOYD YOVOYOUVYD VOYVIOVOVD WOVOVOVOVI OYVWLOWVIOVY VIOWWLOVVI WIVOOWYVVYY LOVIVOIIDY IYODIOIVVL
IOIDIOIVVY YDIOIOVDLD IOIOIOLLLO LOIIVOIOID IOIDIDIOLY HLIVOLIVOL LYDHILVOLIV ILYIOOLLLLI VOIVIODYOL VIDOVOVIIV
DLINDVYIOLD DOYYHDOIVYY YYOUWSOUODD IYODOVIOVD ILOVVDDIDV DDIOLIDODLIY JVYOVHIVODL WYIVOLOLYD DIIOVYDIVY ¥SIDIVOOVL
DYYIDIYOVD DOLIODOVLL LIDIODIODS VIODOIVOIP VYDLIODYHLI £LHYIDOWNI SLDLOVIOOY LIVIDVOVID OVYOILOVIY IOVOVIODIY
DLLIYVYYVYY VVVLIVYIOV YOOVYOOVVYD YYYDTYYDYY WOVVYOVVYOVY YOWVOVYDYW VIODVVOUOV DVDDYOWIVY YYYUNIVEVY OVVVYVRLVD
PYVVLIILLLL LILVVIIOOI IODLIOOLLO LLIIDLLIOLEL LOLLIOIIOL IDLIDLIOLL IVODLLIIOL DIJDLOIILYL LLLLIVLLIL DLLLLLOVLI
YVVEOOUVLO PYDVIVOIVI ODLIVVVVILY PYVVLIWLLIV LDVDYOVILD IAVYIVOLOD VIDLIIVILL OVVOOVYODD VYYIDIVVYOLL IVVDIYOIVI
LLLODHLIYD DIDIYIOVIV SVWILLIVVL DLIIVIVYYL YOIDLDIVYD VOLLVLIOVDD IVOYYVIVVY DLIODLIIDD LIVOVILOVYY VLLOYLOVIV
DOODVILIVY IOIYYVIVDL LYVDVVYVYY VYODVVVLIIV VIILIOVIVD YIDDIPDVIO IDIDYVYOYD DDDOOPDIOYD DODIVDIOVY LOVDIIVOVD
DOPPIVVVLL ¥DVILIVIOV VLLOLLLLLYL LIOOLLIVYI IVVVYDIVLIO IVIOVIDIND VDVIILILIOLY POOODOYIID DODVIOVDIL ¥HLOVOIDLD
OVYOYIDILOD JVEODVVOIVD DOYOVOOVOY VOIDDHVLOD YVYDIODVVOV POOLLIVILE HYIVOVONDD LVODIHHODD VYILIVBLDOYY IODDOVDDVYDL
DIDIDOONDD HILIDDLIOLD PILOIOOIOL IOVPIDINVDD ILIDVODLILIL DIDVVVILVYD DIVIOLDIDD YIODHOOD00D IOVDIOVDLL VOIILODIHY
HOOH0ODIHY DISYEHOHLI HIOOOOIOIL LIVLIOVOOL DOSOOYDOYD YYDOHIODOV YOVDYYDDOV OVVDODYVOL OVIIODLIVD LIOVVYIVYD
DODODODOOL DYILIDIOVY DYDIIHVOVY WYIYVDIODY DOIDDIINID IIDPOODHDE LOIDILIODOL DILIOOILDY DIVVDIVYLD YVYDLLIVILD
DIVOYOEHID VIIIOVODLD DIIDDOOIVD DDIDOVVEOV IDIHVIODIL DIDIVDVEVD IDOIOVHODD IODVONOOYI DIOODOVOIV IOLOLIJLED
DOIHIINOIVEO IVVVOIIDOVD HVVYODDODLD PDOVODLLIDL YOYOIVOIVY HYHVIDLLIO VOOWIIDODD WIDIDDOOLY HYODDIIODL WBWOVVYOVVD
PO0DLOYDDD ODODOVHOVY DIOHOIIEIDY DVDVINIOOL DLIIDDIDOY IVLIOVODLO 1IODVIDIDL LILLOOODIL HSYODDIDDOD UDOWVDIOOL
DOHOYILONH DOODHIDOLI HYODVEIONL HIOLYIVOOY DYVVODODOL YIVVDIDOYD VVSOIYIVOV YOVVODIOHHY DIDDDIDIDND LIDLIOVIOY
IVOOYDOVDYL WIDDIDILID DIJPVIVLILD VOIIOLLOOVY IDIOLLODLD VOIIIDYIOL HYVOLIDIOL YILIDIDYOLL VIDIVLLLIL DOYIBIODLLO
YIPOIDIDIV IVODVOVVYD DHODIVINYD IDOVOYVDOS YOVOYVDPVD IPHOVVDIVOV OLIDVVDVYDY IVYOVDIOVV IVOVIVYVYY HDLYODOVWVD
OVVVYIODOD LIVDIIVVDD IVODIIOOOVY YVOOIVOVOD IOPPDIDIIL JVLIODDDDD LLLIIDLODY DVOLVYVIVY YYIDILIIYL ILLLVIDLVLD
DILIIYODDD YRIDVVIIDD YIOPVVDIODL LIODYIOIOD YOODOVOUWY DIVVEDDDDD YYYYVOVOOL DIDVYLIIVLI IIVOWVVVIVY VYVIVOVIVD
DOIIPINDLD IVIVOOIILD VOOIODIOVLI VAIOLIDVOL JVVVVIIYOY DODIODYOIY DIHVIVIOOIL OIDLIIVVDY YVIIODYOIV VYIOOBDVIDOD
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VYODOLILYYD IVOPOVOLIDLY IVDDLLIOVO DOVVODVHIO HIDDIDIYYY IYOYUIVOLLI SVOLDOIIDD JILIOOYYIIY DSIDILOLLIIOY OYIILDOVIIVY
LOSVIOLLIY IDIVLILLLIY IILVIVOLYD DLIIODLYYD V¥HOOYVIVILD DVDDVYLIOVL HOYOVILOVY YOODIIVIOV VYYIVVYVVOV LOLOLOOVLIL
¥DOIODIYYVIL ¥YOVIVYYEVI VYVIVIDVID ODVWVOOVLID IIDLIVIVYD DIDHIVYDLY DHIOIVVYOLIL LDODVYVLVYOL LIVLLLLIOL WOYOVDOLIYVY
IVVYYIDONY LIVYDVILLYL YY¥VLOLLYYY YYVYVODIDOD ILIVDOLIODD JODBJJD0DI ¥DODIVIVOY VOVVYOIOVYY LODILLIVIVI YILLOVOILL
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Figure 20A

1. Mouse MUC16-CD Peptide 1 (SEQ ID NO:21):
TLDRKSVFVDGYSQNRDD

2. Mouse 1% Cysteine Loop peptide 2 (SEQ ID NO:22):

KSYFSDEQVLAFRSVSNNNNHTGVDSLENFSPL

3. Mouse 2™ Cysteine Loop peptide 3 (SEQ ID NO:23):

SLYSNBRLASLRPKKNGTATGVNAIESYHQN
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Figure 20B

Alignment of mouse MUC16 (SEQ ID NO:24) and human MUC16 (SEQ ID NO:25)
amino acid sequences
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Figure 21

Mouse MUC16 CD Peptide 1
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Mouse MUC16 CL Pepride 3
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Figure 22

Mcuse MUC16 CD Peptide 1
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Figure 23
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Figure 24

A. Nucleotide sequence encoding 12B10.3G10-V4 (SEQ ID NO:26)

GAGGTGARCCTGGAGGAGTCAGGTGGAGEAT IGGTCGCAGCCCTAARGGATCAT TGARACTCTCATGTGCTGCETOT
GCT'.I.’TCACC'I TCARTACCTATGCCETGCNCTEEETCCGCCAGECTCCAGGRRAGGG TATGGARTGGGT TGCTCGC
ATARGAAGTAABAGTGGAARTTATGCARCATATTATGCCAAT TCAGTGARAGACAGATTCAGCATCTCCAGARAT
GATTGACAGAGCATGCTICTATCTGCARATGARCAACOTEARAAC TGAGGACACABCCATATATTACTGTGTGAGA
GCGRGTARCARCEGEGCCTTICCTTACTEGEGCCARGGGACCACGSTCACCETC TCCT A

B. 12B10.3G10-Vy Amino Acid sequence (SEQ ID NO:27)

EVK.LEESGGGL’VQPKGSLKLSCAASG FTENTYAVHWVRQAPGKGMEWVARIRSKSGNYAT
YYADSVKDRFTISRNDSQSMLYLQMNNLKTEDTATY YCVRAGNNGAFPYWGQGTTVTVSS

C. Nucleotide sequence encoding 12B10.3G10-V, (SEQ ID NO:28)

Note the VL has an optional NotI site added by the primer for
cloning.
GACATTGAGCTCACCCAGTETCEATCCTCACTGTCTGCATCTCTGAGAGGEAGAGTCACCATCACTTGUARGGCT,
AGCCRAGRTATTARGARGTATATAGE TTGGTACCARCACARGCCTEGARARAL TCCTCGACTACTCATACATTTC
ACATCTACATTACAGACAGGCATCCCATCAAGE T TCAG TGGACETEGGTC TEREAGAGACTAT TCCTTCAGTATC
AGCAACCTGGAGTCTGABGATAT TGUARCTTATTAT TS TCTACAGTAT GATAGTGTGTACACE TTCEGAGEGGHY
ACCAAGCTGGAGATCARACGGGUGGCOGCA

D. 12B10.3G10-V, Amino Acid séquence (SEQ ID NQ:29)

DIELTQSPSSLSASLGGRVITTCKASQDIKK YIAWYQHKPGKTPRLLIMFISTLQTGIPS
RFSGRGSGRDYSFSISNLESEDIATYYCLQYDSLYTFGGGTKLEIKRAAA
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Figure 25
D8 OVCAR-3 BR5-FVB1
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Peptide 1 near Cleavage Site:
NFSPLARRVDRVAIYEE (SEQ ID NO:01)

Peptide 2 before Transmembrane:
TLDRSSVLVDGYSPNRNE (SEQ ID NO:02)

Peptide 3 inside Transmembrane:
CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03)



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DESCRIPTION
	Page 76 - DESCRIPTION
	Page 77 - DESCRIPTION
	Page 78 - DESCRIPTION
	Page 79 - DESCRIPTION
	Page 80 - DESCRIPTION
	Page 81 - DESCRIPTION
	Page 82 - CLAIMS
	Page 83 - CLAIMS
	Page 84 - CLAIMS
	Page 85 - CLAIMS
	Page 86 - DRAWINGS
	Page 87 - DRAWINGS
	Page 88 - DRAWINGS
	Page 89 - DRAWINGS
	Page 90 - DRAWINGS
	Page 91 - DRAWINGS
	Page 92 - DRAWINGS
	Page 93 - DRAWINGS
	Page 94 - DRAWINGS
	Page 95 - DRAWINGS
	Page 96 - DRAWINGS
	Page 97 - DRAWINGS
	Page 98 - DRAWINGS
	Page 99 - DRAWINGS
	Page 100 - DRAWINGS
	Page 101 - DRAWINGS
	Page 102 - DRAWINGS
	Page 103 - DRAWINGS
	Page 104 - DRAWINGS
	Page 105 - DRAWINGS
	Page 106 - DRAWINGS
	Page 107 - DRAWINGS
	Page 108 - DRAWINGS
	Page 109 - DRAWINGS
	Page 110 - DRAWINGS
	Page 111 - DRAWINGS
	Page 112 - DRAWINGS
	Page 113 - DRAWINGS
	Page 114 - DRAWINGS
	Page 115 - DRAWINGS
	Page 116 - DRAWINGS
	Page 117 - DRAWINGS
	Page 118 - DRAWINGS
	Page 119 - DRAWINGS
	Page 120 - DRAWINGS
	Page 121 - DRAWINGS
	Page 122 - DRAWINGS
	Page 123 - DRAWINGS
	Page 124 - DRAWINGS
	Page 125 - DRAWINGS
	Page 126 - DRAWINGS
	Page 127 - DRAWINGS
	Page 128 - DRAWINGS
	Page 129 - DRAWINGS
	Page 130 - DRAWINGS
	Page 131 - DRAWINGS
	Page 132 - DRAWINGS
	Page 133 - DRAWINGS
	Page 134 - DRAWINGS
	Page 135 - DRAWINGS
	Page 136 - DRAWINGS
	Page 137 - DRAWINGS
	Page 138 - DRAWINGS
	Page 139 - DRAWINGS
	Page 140 - DRAWINGS
	Page 141 - DRAWINGS
	Page 142 - DRAWINGS
	Page 143 - DRAWINGS
	Page 144 - DRAWINGS
	Page 145 - DRAWINGS
	Page 146 - DRAWINGS
	Page 147 - DRAWINGS
	Page 148 - DRAWINGS
	Page 149 - DRAWINGS
	Page 150 - DRAWINGS
	Page 151 - REPRESENTATIVE_DRAWING

