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Description

[0001] This application claims priority to co-pending U.S. provisional Application Serial No. 61/317,964, filed on March
26, 2010, which is herein incorporated by reference in its entirety for all purposes.

[0002] This invention was made with government support under PO1-CA52477-16 awarded by the United States
Public Health Service (US PHS). The government has certain rights in the invention.

FIELD OF THE INVENTION

[0003] Theinvention 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) MUC16 ectodomain polypeptide, b) MUC16
cytoplasmic domain polypeptide, and ¢c) MUC16 extracellular domain polypeptide that contains a cysteine loop polypep-
tide. 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.

BACKGROUND OF THE INVENTION

[0004] 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 Lloyd and Yin. The full-length gene describes a complex
tethered mucin protein present primarily in a variety of gynecologic tissues, especially neoplasms. OC125 and other
related antibodies react with glycosylation-dependent antigens present exclusively in the cleaved portion of the molecule.
[0005] 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 cancer screening (5-6).
A variety 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 to develop serum 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 detect the proximal residual MUC16 protein fragment after cleavage. This
has limited their diagnostic and therapeutic applications.

[0006] Forexample, OC125, M11, and most other antibodies prepared against ovarian cancer cell extracts are directed
at complex, glycosylation-dependent antigens. These 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.

[0007] 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 MUC16 is expressed and/or
overexpressed.

SUMMARY OF THE INVENTION

[0008] The invention provides an antibody, or an antigen-binding fragment thereof, that specifically binds to a polypep-
tide, or antigenic portion thereof, wherein the polypeptide is selected from the group of a) MUC16 ectodomain polypeptide,
b) MUC16 cytoplasmic domain polypeptide, and ¢) MUC16 extracellular domain polypeptide that contains a cysteine
loop polypeptide CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19). In one embodiment, the antibody internalizes into
a cell. While not intending to limit the invention to a particular sequence of MUC 16 ectodomain, in one embodiment,
the MUC16 ectodomain polypeptide comprises a polypeptide selected from the group of Polypeptide 1 NFSPLARRVDR-
VAIYEE (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
comprises a variable heavy (V},) chain encoded by SEQ ID NO:06, and a variable light (V| ) chain encoded by SEQ ID
NO:07. In yet another alternative 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 (V) chain encoded by SEQ
ID NO:04, and a variable light (V) chain encoded by SEQ ID NO:05. In a further embodiment, the antibody specifically
binds to the Polypeptide 1 (SEQ ID NO:01) of the MUC16 ectodomain polypeptide, and wherein the antibody comprises
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a variable heavy (V}) chain encoded by SEQ ID NO:08, and a variable light (V| ) chain encoded by at least one of SEQ
ID NO:09 and SEQ ID NO:10. In one embodiment, the MUC16 cytoplasmic domain polypeptide comprises VTTRR
RKKEGEYNVQ QQ (SEQ ID NO:18). More preferably, but without limitation, the MUC16 cytoplasmic domain polypeptide
comprises Polypeptide 3 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 MUC16 extracellular domain polypeptide comprises Polypep-
tide 4 KSYF SDCQVSTFRS VPNRHHTGVD SLCNFSPL (SEQ ID NO:15). In yet another alternative embodiment, the
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 (V) 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, a monoclonal antibody, a recombinant antibody, an antigen-binding fragment of a recombinant antibody, a
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. In a preferred embodiment, the antibody is a monoclonal antibody produced by a hybridoma cell line.
[0009] 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 polypeptide is selected from the group of a) MUC 16 ectodomain polypeptide, b) MUC16 cytoplasmic domain polypep-
tide, and c) MUC16 extracellular domain polypeptide that contains a cysteine loop polypeptide CQVSTFRSVPNRHHT-
GVDSLC (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 alternative
embodiment, the MUC16 ectodomain polypeptide comprises Polypeptide 2 (SEQ ID NO:02), and wherein the antibody
is selected from the group of 4H11.2.5, 13H1, 29G9, 9C9.21.5.13, 28F8, 23G12, 9C7.6, 11B6, 25G4, 5C2.17, 4C7,
26B2, 4A5.37, 4A2, 25H3, and 28F7.18.10. In yet a further embodiment, the MUC16 cytoplasmic domain polypeptide
comprises Polypeptide 3 CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03), and wherein the antibody is selected from
the group of 31A3.5.1, 19D1, 10F6, 22E10, 22F 1, 3H8, 22F11, 4D7, 24G12, 19G4, 9A5, 4C2, 31C8, 27G4, and 6H2.
In another alternative embodiment, the MUC16 extracellular domain polypeptide comprises Polypeptide 4 KSYF SDC-
QVSTFRS VPNRHHTGVD SLCNFSPL (SEQ ID NO:15), and wherein the antibody is selected from the group of 24B3
and 9C7.

[0010] 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 pharmaceutically acceptable carrier.

[0011] 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) MUC16 extracellular domain polypeptide that contains a cysteine loop
polypeptide CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19).

[0012] The invention additionally provides a method for detecting a disease that comprises overexpression of MUC16
in a subject, comprising a) providing i) a sample from a subject, and ii) 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 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 embod-
iment, the disease is cancer. In a preferred embodiment, the cancer is selected 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 isimmunohistochemical, enzyme-linked immunosorbent assay (ELISA), fluorescence-activated cell sorting
(FACS), Western blot, immunoprecipitation, and/or radiographic imaging.

[0013] 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 described herein. In one embodiment, the disease is cancer, as exemplified
by ovarian cancer and breast cancer.

[0014] 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 NO:21), b) KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID
NO:22), c) SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23), d) KSYFSDCQVNNFRS, e) TLDRSSV-
LVDGYSQNRDD, 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 anti-
body, a humanized antibody, and an 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, 21B8-3H9, 21B8-1G8, 21E1-1E3, 21E1-1G9, 21E1-2G7,
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21E1-3G12, 4H1-2E1, 4H1-2E3, 4H1-3E1, 4H1-3H3, 15A8-2E2, 15A8-2E10, 15A8-2E11, 15A8-3D2, 22B5-1F6,
22B5-3G9, 22B5-2G8, and 22B5-3F11. In a particular embodiment, the MUC16 polypeptide is TLDRKSVFVDGY SQN-
RDD (SEQ ID NO:21), and the antibody comprises a variable heavy (V},) chain sequence SEQ ID NO:27, and a variable
light (V) 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. In a 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.

[0015] The invention also provides a composition comprising (a) any one or more of the invention’s antibodies and/or
antigen-binding fragments thereof, and (b) a pharmaceutically acceptable carrier.

[0016] 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 MUC 16 polypeptide
is selected from the group of a) TLDRKSVFVDGYSQNRDD (SEQ ID NO:21), b) KSYFSDCQVLAFRSVSNNNNHTGVD-
SLCNFSPL (SEQ ID NO:22), c) SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23), d) KSYFSDCQVN-
NFRS, e) TLDRSSVLVDGYSQNRDD, and f) TLDRSSVLVDGYSQNRDD.

[0017] The invention also provides an isolated nucleotide sequence comprising a polynucleotide that encodes at least
one of a variable heavy (V}) chain sequence and the variable light (V| ) chain sequence of an antibody that specifically
binds to a MUC16 polypeptide, wherein the MUC16 polypeptide is selected from the group of a) TLDRKSVFVDGYSQN-
RDD (SEQ ID NO:21), b) KSYFSDCQVLAFRSVYSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), c) SLYSNCRLASLRP-
KKNGTATGVNAICSYHQN (SEQ ID NO:23), d) KSYFSDCQVNNFRS, e) TLDRSSVLVDGYSQNRDD, and f) TLDRSS-
VLVDGYSQNRDD. In one embodiment, the MUC16 polypeptide is TLDRKSVFVDGYSQNRDD (SEQ ID NO:21) and
the polynucleotide encoding the variable heavy (V) chain sequence comprises SEQ ID NO:26, and wherein the poly-
nucleotide encoding the variable light (V| ) chain sequence comprises SEQ ID NO:28.

[0018] The invention also provides a method for producing an antibody that specifically binds to a MUC16 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) TLDRKSVFVDGYSQNRDD (SEQ ID NO:21), b) KSYFSDCQVLAFRS-
VSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), c) SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23), d)
KSYFSDCQVNNFRS, e) TLDRSSVLVDGYSQNRDD, and f) TLDRSSVLVDGYSQNRDD.

[0019] Theinvention 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
detecting 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-acti-
vated cell sorting (FACS), Western blot, immunoprecipitation, and radiographic imaging.

[0020] 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 more 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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

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)

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: OC125 (Score 0); Figure 3B: OC125 (Score 1); Figure 3C: OC125 (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 3J: 4H11 (Score 3); Figure 3K: 4H11 (Score 4);
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Figure 3L: 4H11 (Score 5).

Figure 4: Western blot analysis. Figure 4A: Western blot analysis of GST-AMUC16¢! 14 fusion protein with monoclonal
antibodies 9C9.21.5.13 and 4H11.2.5. Figure 4B: Western blot analysis of SKOV3-phrGFP-AMUC16¢114 and
SKOV3-phrGFP-AMUC16¢334 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 OVCARS3 cells (Panels A-D). Figure
5B: Internalization of radio-labeled 4H11 and OC125 monoclonal antibodies on SKOV3-phrGFP-AMUC16¢334 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), lung (2B, discordant), breast (2C, discordant), and pancreas
(2D, discordant).

Figure 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¢114 and SKOV3-
phrGFP-AMUC16¢334 stable transfected cell lines.

Figure 8: Nucleotide sequence encoding antibody variable heavy (V) chain and antibody variable light (V| ) chain.
(A) 4A5 V| (SEQ ID NO:04), (B) 4A5 V| (SEQ ID NO:05), (C) 4H11 V4 (SEQ ID NO:06), (D) 4H11 VL (SEQ ID
NO:07), (E) 9B11 V (SEQ ID NO:08), (F) 9B11 V| A (SEQ ID NO:09), (G) 9B11 Vg (SEQ ID NO:10), (H) 24B3
Vy (SEQ ID NO:11), (1) 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:0O1),
(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 ID NO:19).

Figure 10: Schematic of MUC16 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. 4H11scFv: MUC16 specific scFv derived from the heavy
(V) and light (V| ) chain variable regions of the monoclonal antibody 4H11; CD8: CD8 hinge and transmembrane
domains; CD28: CD28 transmembrane and cytoplasmic signaling domains; £ chain: T cell receptor ¢ chain cyto-
plasmic signaling domain; LTR: long terminal repeat; black box: CD8 leader sequence; grey box: (Gly,Ser); linker;
arrows indicate start of transcription. (B) FACS analysis of human T cells retrovirally transduced to express either
the 4H11z or 19z1 CAR. (C) 4H11z*- but not 19z1*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 108 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 4H11z CAR to T cells modified to
express the second generation co-stimulatory 4H11-28z CAR. (A) CAR* T cells 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 4H11z* T cells upon
co-culture with 3T3(MUC-CD) AAPCs, **p=0.0023 (4H11z compared to 4H11-28z). In contrast, both 4H11z* and
4H11-28z* T cells expanded similarly on 3T3(MUC-CD/B7.1) AAPCs, p=0.09, (4H11z compared to 4H11-28z).
Control 19-28z* T cells did not proliferate on 3T3(MUC-CD), **p=0.0056 (19-28z compared to 4H11z), **p=0.0011
(19-28z compared to 4H11-28z), or on 3T3(MUC-CD/B7.1), **p=0.0026 (19-28z compared to 4H11z), **p=0.0087
(19-28z compared to 4H11-28z). (B) 4H11-28z*but not 4H11z* T cells secrete IL-2 upon co-culture with 3T3(MUC-
CD) AAPCs. Tissue culture supernatants at day 2 following activation on 3T3(MUC-CD) AAPCs were analyzed for
cytokine secretion. 4H11-28z* 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 (19z1 or 19-28z compared
to 4H11z), **p=0.0026 (1921 or 19-28z compared to 4H11-28z), **p=0.0046 (4H11z compared to 4H11-28z). Fur-
thermore, both 4H11-28z* 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 4Hllz),
**p=0.036 (19-28z compared to 4H11z), ***p=0.0008 (19-28z compared to 4H11-28z). (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
4H11-28z* T cells increased following each weekly cycle of stimulation. (I) FACS following initial transduction, (ll)
FACS at 7 days following first stimulation on AAPCs, (lll) 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 pop-
ulations, 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 4H11-28z*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
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T cells modified to express the first and second generation CD19-targeted 19z1 and 19-28z CARs failed to dem-
onstrate significant lysis of target tumor cells. (B) Healthy donor T cells modified to express the 4H11-28z CAR
equally lyse primary patient ascites-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, exhibit 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 4H11-28z* T cells but not
control 19-28z* T cells. (E) CFSE results were further confirmed by absolute T cell numbers 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.
Figure 14. Eradication of OV-CAR3(MUC-CD) tumors after intra-peritoneal treatment with firstand 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 3x108 OV-CAR3(MUC-CD) cells. At 5 weeks post intraperitoneal injection of OV-CAR3(MUC-CD) tumor cells
mice developed ascities as evidenced by a distended abdomen (center panel) when compared to a tumor free
mouse (left panel). Post mortem visualization of the peritoneum demonstrates nodular tumor masses (arrows) within
the abdominal cavity (right panel). (B) Intraperitoneal injection of 4H11z* and 4H11-28z* T cells either delay 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 3x108 OV-CAR3(MUC-CD) tumor
cells on day 1 followed by 3x107 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 4H11-28z* 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 4H11-28z* T cells. Tumor eradication is enhanced after either
ip oriv infusion of 4H11-28z* T cells when compared to control treated mice. Both ip and iv4H11-28z* 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 4H11-28z* T cell cohorts was
not statistically significant (p=0.22). (B) BLI of tumor progression of representative ip and iv 4H11-28z* T cell treated
mice with ultimately progressive disease following treatment compared to BLI of tumor progression in a representative
control 19-28z* T cell treated mouse. (C) Systemically injected CFSE stained 4H11-28z* T cells traffic to advanced
ip OV-CAR(MUC-CD) tumors. Presence of ivinjected CFSE labeled 19-28z* control T cells (leftpanel) and 4H11-28z*
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 19-28z* 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 4H11-28z* T
cells. SCID-Beige mice were injected ip with 3x108 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
row) or eradicated disease (bottom row) compared to a representative 19-28z* T cell treated control mouse. (B)
Kaplan-Meier survival curve of SCID-Beige mice with advanced OV-CAR3(MUC-CD/GFP-FFLuc) tumors treated
ip with 4H11-28z* T cells. All 4H11-28z* 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, (G4S)3 serine-glycine linker se-
quence, CD8 transmembrane domain sequence, and CD28 transmembrane + intracellular domains (-STOP) se-
quence.

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)
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and human MUC16 (SEQ ID NO:25) amino acid sequences. A cysteine was added to the peptide sequence at the
N terminus of Peptide 1 and Peptide 3 for better conjugation with KLH.

Figure 21: ID8 extract with 1:10 dilution of Mouse MUC16 monoclonal Primary Supernatants.

Figure 22: BR5-FVB1 extract with 1:10 dilution of Mouse MUC16 monoclonal Primary Supernatants

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-V,; Amino Acid
sequence (SEQ ID NO:27), (C) Nucleotide sequence encoding 12B10-3G10-V| (SEQ ID NO:28) (Note the VL has
an optional Notl 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

[0022] To facilitate understanding of the invention, a number of terms are defined below.

[0023] 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, efc.)
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 100%, and from 90% to 100%. Thus purification results in an "enrichment," i.e., an increase
in the amount of a desirable component cell, protein, nucleic acid sequence, carbohydrate, efc.).

[0024] The term "antibody" refers to an immunoglobulin (e.g., 1gG, IgM, IgA, IgE, I1gD, efc.). 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.

[0025] 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 "F,, region" and is the most important region for
binding to antigens. More specifically, variable loops, three each on the light (V| ) and heavy (VH) chains are responsible
for binding to the antigen. These loops are referred to as the "complementarity determining regions" ("CDRs" and
"idiotypes.")

[0026] 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.

[0027] Light chains are classified as either (1) or kappa (k). A light chain has two successive domains: one constant
domain ("C") 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.

[0028] Each heavy chain has two regions, the constant region and the variable region. The There are five types of
mammalian Ig heavy denoted a q, §, ¢, v, and .. The type of heavy chain present defines the class of antibody; these
chains are found in IgA, IgD, IgE, 1gG, and IgM antibodies, respectively. Distinct heavy chains differ in size and compo-
sition; a. 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 ("V") region. The constant region (Cp) is identical
in all antibodies of the same isotype, but differs in antibodies of different isotypes. Heavy chains y, o and & have a
constant region composed of three tandem (in a line) Ig domains, and a hinge region for added flexibility. Heavy chains
w and ¢ have a constant region composed of fourimmunoglobulin domains. The variable region (V}) 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.

[0029] The term "specifically binds" and "specific binding" when made in reference to the binding of two molecules
(e.g. antibody to an antigen, etc.) 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 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.

[0030] The term "capable of binding" when made in reference to the interaction between a first molecule (such as
antibody, polypeptide, glycoprotein, nucleic acid sequence, efc.) 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 routine and/or commercially available methods

[0031] The terms "antigen," "immunogen," "antigenic," "immunogenic," "antigenically active," "immunologic," and "im-
munologically 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
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(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).

[0032] 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.

[0033] 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.
[0034] Asused hereintheterms "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.

[0035] A"subject"thatmay benefitfromthe invention’s methods includes any multicellular animal, preferably amammal.
Mammalian subjects include humans, non-human primates, murines, ovines, bovines, ruminants, lagomorphs, porcines,
caprines, equines, canines, felines, aves, efc.). 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 of exhibiting one or more symptoms of the disease.
For Example, subjects may be at risk based on family history, genetic factors, environmental factors, etc. This term
includes animal models of the disease. Thus, administering a composition (which reduces a disease and/or which
reduces one or more symptoms of a disease) to a subject in need of reducing the disease 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 expressing 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, efc.), or due to other factors
(e.g., environmental conditions, exposures to detrimental compounds, including carcinogens, present in the environment,
efc.). 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.

[0036] "Cancer cell" refers to a cell undergoing early, intermediate or advanced stages of multistep neoplastic pro-
gression as previously described (Pitot et 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.

[0037] "Metastatic" cancer cell refers to a cancer cell that is translocated from a primary cancer site (i.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.

[0038] "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,
efc.), 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 macula, vitreous humor cancer, efc.), joint
cancer (such as synovium cancer), glioblastoma, lymphoma, and leukemia.

[0039] "Sample" and "specimen" as used herein 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 immunohisto-
chemical 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.

[0040] "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
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cell, etc.).

[0041] ‘Internalize" when in reference to a cell refers to entry from the extracellular medium into the cell membrane
and/or cytoplasm.

[0042] "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 one or more saccharides.

[0043] "Pharmaceutical" and "physiologically tolerable " composition refers to a composition that contains pharma-
ceutical 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.

[0044] “"Immunogenically effective" and "antigenically effective" amount of a 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 immune response (including eliciting a cytotoxic T-lymphocyte (CTL) response).
[0045] "Treating" a disease refers to reducing one or more symptoms (such as objective, subjective, pathological,
clinical, sub-clinical, efc.) of the disease.

[0046] Theterms"reduce,""inhibit,""diminish,""suppress,""decrease," and grammatical equivalents (including "lower,"
"smaller," etc.) when in reference to the level of any molecule (e.g., amino acid sequence, and nucleic acid sequence,
antibody, efc.), 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, efc.) 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 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 embodiment, 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% 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 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 alternative embodiment, the second subject is exemplified by, but not limited to, a
subject 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 second 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 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.

[0047] The terms "increase," "elevate," "raise," and grammatical equivalents (including "higher," "greater," etc.) when
in reference to the level of any molecule (e.g., amino acid sequence, and nucleic acid sequence, antibody, efc.), 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, 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 subject) 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, at least 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 limited to, a subject that has
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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 alternative embodiment, the second subject is exemplified by, but not limited to, a subject 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 second
subjects may be the same individual, such as where the effect of different regimens (e.g., of dosages, duration, route
of administration, efc.) 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.

[0048] The terms "alter" and "modify" when in reference to the level of any molecule and/or phenomenon refer to an
increase or decrease.

[0049] Reference hereinto 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, 50.9, etc. 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, 49.5, 49.4,
49.3, 49.2, 49.1, 49.0, etc. In yet 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 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, etc.

DESCRIPTION OF THE INVENTION

[0050] Theinvention provides antibodies, and antigen-binding fragments thereof, that specifically bind to a polypeptide,
or antigenic portion thereof, wherein the polypeptide is selected from a) MUC16 ectodomain polypeptide, b) MUC16
cytoplasmic domain polypeptide, and ¢c) MUC16 extracellular domain polypeptide that contains a cysteine loop polypep-
tide. 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.

[0051] 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 fluores-
cence-activated cell-sorting analysis, enzyme-linked immunoassay, Western blot analysis, and immunohistochemistry.
Each of the selected monoclonal antibodies was reactive against recombinant GST-AMUC16¢114 protein and the MUC16
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. Immu-
nohistochemical 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.

[0052] The invention’s compositions and methods are useful for diagnostic and therapeutic applications, as well as
biologic studies such as membrane receptor trafficking and intracellular events. Diagnostic applications include, for
example, detection of cancer using immunohistochemical, radiographic imaging, enzyme-linked immunosorbent assay
(ELISA), fluorescence-activated cell sorting (FACS), Western blot, and/or immunoprecipitation detection.

[0053] 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 Mucl6 Portions And Diagnostic Applications, and (G) Therapeutic Applications.

A. MUC16

[0054] "MUC16," "MUC-16" and "Mucin 16" interchangeably refer to a type | membrane protein that is part of a family
of tethered mucins. A schematic of Mucl6 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.

[0055] 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
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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.

[0056] The MUC16 protein is part of a family of tethered mucins that includes both MUC1 and MUC4 (13). MUC1 is
presentin 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 MUCA4 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 tissues and overexpressed in Mullerian 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 MUC16 peptide backbone.

[0057] Thus, "MUC16" protein contains (a) a "cytoplasmic domain," (b)a "transmembrane domain," and (c) a "extra-
cellular domain." The MUC16 extracellular domain contains a cleavage site between a non-glycosylated ectodomain
and a large glycosylated ectodomain of tandem repeats.

[0058] 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 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).

[0059] 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).

[0060] The terms "ectodomain" and "extracellular 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. Methods for determining the ectodomain of a protein are known in the art (Singer (1990) Annu. Rev. Cell Biol.
6:247-296 and High et al. (1993) J. Cell Biol. 121:743-750, and McVector software, Oxford Molecular).

[0061] The exemplary Mucl6 of Figure 9 contains (a) a "MUC16 cytoplasmic domain" from amino acid 14476 to 14507,
vttrr rkkegeynvq qqcpgyygsh Idlediq (SEQ ID NO:16), that interacts with the intracellular signal transduction machinery;
(b) a "MUC16 transmembrane domain" from amino acid 14452 to 14475, fwaviligl agllgvitcl 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 "MUC16 ectodomain" is exemplified by nfsplar rvdrvaiyee flrmtrngtq Ignftldrss vivdgyspnr nepltgnsdl p
(SEQ ID NO:17) from amino acid 14394 to 14451 of SEQ ID NO:13 of Figure 9A.

[0062] 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 vivdgyspnr 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 NO:03) is from amino acid 14472 to 14492 of SEQ ID NO:13, and
contains both a transmembrane domain portion (cgvl) and a cytoplasmic domain portion (vttrr rkkegeynvq qq (SEQ ID
NO:18)). Thus, the CGVL is optional in SEQ ID NO:03, as it is part of the transmembrane domain.

[0063] Polypeptide 4 (ksyf sdcqvstfrs vpnrhhtgvd slenfspl (SEQ ID NO:15), is located in a non-glycosylated portion of
the Mucl6 extracellular domain, is from amino acid 14367 to 14398 of SEQ ID NO:13, and contains a cysteine loop
polypeptide cqvstfrsvpnrhhtgvdsic (SEQ ID NO:13).

B. Prior Art Antibodies

[0064] 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 MUC16, 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 0-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).

[0065] 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 immunohistochemical stains routinely performed for diagnostic purposes. The epitope specificity of 26 anti-
bodies 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 OC125-like, M11-like, or OV197-like
and all of the known antibodies recognized CA125 epitopes in the repeating, glycosylated elements in the external
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domain of the tethered mucin MUC16, distal to the putative cleavage site.

[0066] 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

[0067] In order to better explore the biology of human MUC16, the inventors have derived monoclonal antibodies
against the extracellular portion of the MUC16-carboxy terminus, proximal to the putative cleavage site, as well as one
monoclonal antibody against the internal cytoplasmic domain. In contrast to prior antibodies, these are derived against
the peptide backbone of MUC16 and are 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 de-
veloped against the MUC16 peptide backbone.

[0068] 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 lines and in paraffin-
fixed tissues from human ovarian cancer surgical specimens. The antibodies show high affinity and are readily internalized
by ovarian cancer cells when bound to the ectodomain of MUC16. This suggests that the proximal portion of MUC16
has an independent biology from the more distal, cleaved portion of the mucin. It 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.

[0069] 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 extensive 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 the
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 tumors 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.

[0070] Thus, in one embodiment, the invention provides an isolated antibody, or an antigen-binding fragment thereof,
that specifically binds to a polypeptide, or antigenic portion thereof, wherein the polypeptide is exemplified by a) MUC16
ectodomain polypeptide (exemplified by NFSPLAR RVDRVAIYEE FLRMTRNGTQ LQNFTLDRSS VLVDGYSPNR
NEPLTGNSDL P (SEQ ID NO:17)), b) MUC16 cytoplasmic domain polypeptide (exemplified by VTTRR RKKEGEYNVQ
QQ (SEQ D NO:18), which is contained within each of CGVLVTTRR RKKEGEYNVQ QQ (SEQ ID NO:03) and LVTTRR
RKKEGEYNVQ QQ (SEQ ID NO:20)), and c) MUC16 extracellular domain polypeptide that contains a cysteine loop
polypeptide CQVSTFRSVPNRHHTGVDSLC (SEQ ID NO:19).

[0071] 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 molecule that is
internalized by a cell refers to passage of the 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).

[0072] In one embodiment, the invention’s antibodies specifically bind to MUC16 ectodomain polypeptide that com-
prises a polypeptide selected from the group consisting of Polypeptide 1 NFSPLARRVDRVAIYEE (SEQ ID NO:01) and
Polypeptide 2 TLDRSSVLVDGYSPNRNE (SEQ ID NO:02). Data herein show that the invention’s antibodies specifically
bind to GST-AMUC16¢114 (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-4MUC16¢114 purified protein or cell lysates
of the SKOV3-phrGFP-AMUC6¢114 cell line (Example 2, Figure 2).

[0073] In a further embodiment, the invention’s antibodies lack specific binding to a glycosylated MUC16 extracellular
domain, exemplified by the cleaved CA-125 described in Payne et al., U.S. Pat. No. 7,202,346.

[0074] While not intending to limit the sequence of the V| and V regions of the invention’s antibodies, in one embod-
iment, the antibody specifically binds to the Polypeptide 2 (SEQ ID NO:02) of the MUC16 ectodomain polypeptide,
wherein the antibody comprises a variable heavy (V) chain encoded by SEQ ID NO:06 (i.e., the antibody 4H11 variable
heavy (V) chain amino acid sequence of Figure 8), and a variable light (V| ) chain encoded by SEQ ID NO:07 (i.e., the
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antibody 4H11 variable light (V) chain amino acid sequence of Figure 8). In a particular embodiment, the antibody is
chimeric, wherein at least one of the V|_and V chains is fused to a human immunoglobulin constant region.

[0075] Also without intending to limit the sequence of the V| and V| 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 (V},) chain encoded by SEQ ID NO:04 (i.e., the antibody 4A5 variable
heavy (Vi) chain nucleotide sequence of Figure 8), and a variable light (V) 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 V|_and V| chains is covalently linked to a human immunoglobulin constant region.
[0076] Still without intending to limit the sequence of the V| and V| 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.e., the antibody 9B11 variable
heavy (Vi) chain nucleotide sequence of Figure 8), and a variable light (V) chain encoded by at least one of SEQ ID
NO:09 (i.e., antibody 9B11 variable light (V|_,) chain nucleotide sequence of Figure 8), and SEQ ID NO:10 (i.e., the
antibody 9B11 variable light (V|_g) chain nucleotide sequence of Figure 8). In a particular embodiment, the antibody is
chimeric wherein at least one of the V|_and V| chains is covalently linked to a human immunoglobulin constant region.
[0077] While notintending 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¢114 (Example 2).

[0078] 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 VTTRR
RKKEGEYNVQ QQ (SEQ ID NO:18). In a particular embodiment, the MUC 16 cytoplasmic domain polypeptide comprises
Polypeptide 3 CGVLVTTRRRKKEGEYNVQQQ (SEQ ID 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¢114 (Example 2). In a particular embodiment, the cell is permeabilized
to facilitate internalization of the antibody into the cell so that it comes into contact with its cytoplasmic antigen.

[0079] 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). In a more preferred embodiment, the MUC16 extracellular domain
polypeptide comprises Polypeptide 4 KSYF SDCQVSTFRS VPNRHHTGVD SLCNFSPL (SEQ ID NO:15).

[0080] Still without intending to limit the sequence of the V| and V| regions of the invention’s antibodies, in one
embodiment, the antibody specifically binds to Polypeptide 4 (SEQ ID NO: 15) of the MUC16 extracellular domain polypep-
tide, wherein the antibody comprises a variable heavy (V) chain encoded by SEQ ID NO:11 (i.e., the antibody 24B3
variable heavy (V) chain amino acid sequence of Figure 8), and a variable light (V| ) chain encoded by SEQ ID NO:12
(i.e., the antibody 24B3 variable light (V| ) chain amino acid sequence of Figure 8).

[0081] The invention contemplates chimeric antibodies (see U.S. Pat. No. 7,662,387), monoclonal antibodies, recom-
binant 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, such antigen-binding fragments include, but are not limited to, the Fab region, F(ab’)2 fragment, pFc’
fragment, and Fab’ fragments.

[0082] The "Fab region" and "fragment, antigen binding region," interchangeably refer to portion of the antibody arms
of the immunoglobulin "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 et 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 Fc 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 fragment
can be split into two "Fab’ fragments" by mild reduction.

[0083] The invention also contemplates a "single-chain antibody" fragment, i.e., 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 scale in prokaryotic cells, 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
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the size of the Fab fragment, yet retains the original specificity of the parent immunoglobulin.

[0084] The "Fcregion" and "Fragment, crystallizable region" interchangeably refer to portion of the base of the immu-
noglobulin "Y" that function in role in modulating immune cell activity. The Fc region 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 generates 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 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.

[0085] The invention contemplates polyclonal antibodies 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 originally developed by
Kéhler and Milstein (Kéhler 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 e.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 anti-
bodies.

[0086] 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 least one disulfide bridge. A polyvalent
chimeric antibody can also be produced, for example, by employing a Hc region that aggregates (e.g., IgM H chain).
[0087] The invention also contemplates "humanized antibodies," i.e., 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 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 instances, 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 substantially all of the FR residues are those of a human immunoglobulin sequence.
The humanized antibody may also comprise at least a portion of an immunoglobulin constant region (Fc), typically that
of a human immunoglobulin. Humanized antibodies may be generated using methods known in the art, e.g., U.S. Pat.
No. 5,225,539 to Winter et al., including 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 et al., in Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, pp. 77-96 (1985)). Additional methods include, for example, 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. Nos. 5,545,806;
5,569,825 and 5,625,126). Humanized antibodies may also be made by substituting the complementarity determining
regions of, for example, a mouse antibody, into a human framework domain (PCT Pub. No. W092/22653).

[0088] Importantly, early methods for humanizing antibodies often resulted in antibodies with lower affinity than 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, hereby incorporated by reference. In
some embodiments, the invention’s humanized antibodies contain an optimized heteromeric variable region (e.g. that
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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 heteromeric 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 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).

[0089] Chimeric antibodies containing amino acid sequences that are fused to constant regions from human antibodies,
ortotoxins 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).

[0090] 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 herein. 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), Western blots, precipitation reactions, agglutination assays (e.g., gel
agglutination assays, hemagglutination assays, etc.), complement fixation assays, immunofluorescence assays, protein
A assays, and immunoelectrophoresis assays, efc.

[0091] In one embodiment, antibody binding is detected by detecting a label on the primary antibody. In another
embodiment, the primary antibody is detected by detecting binding of a secondary antibody or reagent to the primary
antibody. In a further embodiment, 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 presentinvention. 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.

[0092] 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 MUC16 ectodomain polypeptide that com-
prises Polypeptide 1 (SEQ ID NO:01), as exemplified by the antibody selected from the group consisting of 9B11.20.16,
10A2, 2F4, 23D3, 30B 1, and 31B2 (Tables 1 and 2). In a preferred embodiment, the antibody is 9B 11.

[0093] 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, 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.
[0094] Inafurtherembodiment, the monoclonal antibody specifically binds toa MUC16 cytoplasmic domain polypeptide
that comprises Polypeptide 3 CGVLVTTRRRKKEGEYNVQQQ (SEQ ID NO:03), wherein the antibody is exemplified by
31A3.5.1, 19D1, 10F6, 22E10, 22F1, 3H8, 22F 11, 4D7, 24G12, 19G4, 9A5, 4C2, 31C8, 27G4, and 6H2 (Tables 1 and
2). In a preferred embodiment, the antibody is 31A3.5.1.

[0095] Inanotherembodiment, the monoclonal antibody specifically binds toa 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).

[0096] The invention’s antibodies and methods for their use (both diagnostic and therapeutic) are disease specific.
"Specificity" of a method and/or molecule 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 calculated according to the following equation:

Specificity = number of true negatives / (number of true negatives + number of false positives).

[0097] 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%, 74%, 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.e., not predicting anyone from the healthy group as having cancer, it is not
necessary. Data herein demonstrate the invention’s cancer specificity (Table 3).

[0098] In alternative 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,
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there is usually a trade-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 "ROC curve" refer to a plot of the true positive rate (AKA
sensitivity) versus true negative rate (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
(each 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 control (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 value 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.

[0099] 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, etc.) 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).
Sensitivity may be calculated according to the following equation; Sensitivity = number of true positives / (number of
true positives + number of false negatives).

[0100] 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%,
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% sensitivity is most desirable (i.e., predicting all subjects from the cancer
group as having cancer), it is not necessary.

[0101] 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 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%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%,
46%, 47%, 48%, and 49%.

[0102] In some embodiments, sensitivity is expressed (together with specificity) as a statistical measure of the per-
formance of a binary classification test, such as using AUC of a ROC curve, as discussed above with respect to specificity.

D. Hybridoma Cell Lines

[0103] 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).

[0104] 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 a) MUC16
ectodomain polypeptide (e.g., NFSPLAR RVDRVAIYEE FLRMTRNGTQ LQNFTLDRSS VLVDGYSPNR NEPLTGNSDL
P (SEQ ID NO:17)), b) MUC16 cytoplasmic domain polypeptide (e.g., VTTRR RKKEGEYNVQ QQ (SEQ ID NO:18)),
and c) MUC 16 extracellular domain polypeptide that contains a cysteine loop polypeptide CQVSTFRSVPNRHHTGVD-
SLC (SEQ NO:19). The MUC16 polypeptide SEQ ID NO:18 is contained within LVTTRR 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
MUC16 polypeptide SEQ ID NO:18 is also contained within CGVLVTTRR RKKEGEYNVQ QQ (SEQ ID NO:03). Thus,
SEQ ID NO:03 contains both a transmembrane domain portion (CGVL) and a cytoplasmic domain portion VTTRR
RKKEGEYNVQ QQ (SEQ 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

[0105] 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.

[0106] "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.

[0107] Thecovalentlinkage betweenthe 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.

[0108] 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 maytansinoid, an analog of a maytansinoid, a prodrug of a maytansinoid, or
a prodrug of an analog of a 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.S. Pat. Nos. 6,340,701 & 6,372,738 & 7,202,346) or
CC-1065 analog (see U.S. Pat. Nos. 5,846,545; 5,585,499; 5,475,092 & 7,202,346).

[0109] 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).

[0110] 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-phe-
nylenediamine (AFP), dovaline-valine-dolaisoleunine-dolaproine-phenylalanine (MMAF), and monomethyl auristatin E
(MAE) (U.S. Pat. No. 7,662,387).

[0111] Inan additional embodimentthe toxic agentis 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 212Bi, 213Bi, and 211At, or a beta-emitter selected from the group consisting of 186 Re and
90Y, or a gamma-emitter 1311 (U.S. Pat. No. 7,666,425).

[0112] 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).

[0113] 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 mus-
tard, adriamycin, bleomycin, cytosine arabinoside or Cyclophosphamide (U.S. Pat. No. 5,057,13).

F. Detecting Mucl6 Portions And Diagnostic Applications

[0114] Theinvention provides a method for detecting a disease that comprises overexpression of MUC16 in a subject,
wherein the method comprises a) providing i) 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 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. Generic methods for detecting disease using antibodies are known
in the art (Payne et 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.

[0115] Theinvention’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 moiety, such as radioisotope (e.g., 3H, 14C, 32P, 35S 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).

[0116] Methods for conjugating antibodies to a detectable moiety are known in the art (e.g., Hunter, et al., Nature
144:945 (1962); David, e at., Biochemistry 13:1014 (1974); Pain, et al., J. Immunol. Meth. 40:219 (1981); and Nygren,
J. Histochem. and Cytochem. 30:407 (1982).

[0117] Thus, the invention’s antibodies 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.

[0118] 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 extracellular portions of the MUC16 glycoprotein.

[0119] 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
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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.

[0120] 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

[0121] 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 are also applicable to primary cancer, metastatic cancer, and recurrent cancer.

[0122] Theterm "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 prophylac-
tically (i.e., before the observation of disease symptoms) and/or therapeutically (i.e., 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, concomitantly with, and/or
after administration of another type of drug or therapeutic procedure (e.g., surgery). Methods of administering the in-
vention’s compositions include, without limitation, administration in parenteral, oral, intraperitoneal, intranasal, topical
and sublingual forms. Parenteral routes of administration include, for example, subcutaneous, intravenous, intramuscular,
intrastemal injection, and infusion routes.

[0123] In one embodiment, the invention’s compositions comprise a lipid for delivery as liposomes. Methods for gen-
erating 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).

[0124] Antibody treatment of human 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.

[0125] 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/ml human serum albumin, (2) 0.9% saline (0.9% w/v NaCl), and (3)
5% (w/v) dextrose.

[0126] 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 torefer to an amountthatis 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.

[0127] 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.

[0128] When presentinan 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.

[0129] Depending on the type and severity of the disease, about 0.015 to 15 mg of antibody/kg of patient weight is an
initial candidate dosage for administration to the patient, whether, for example, 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.

[0130] The methods of the present invention can be practiced in vitro, in vivo, or ex vivo.
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EXPERIMENTAL

[0131] 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

[0132] The following is a brief description of the exemplary materials and methods used in the subsequent Examples.
Cell Cultures:

[0133] OVCARS3, 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 MUC16+ 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
AMUC16¢114 transfectants have cell surface expression of MUC16 protein from the putative cleavage site to the car-
boxyterminus (AA 1776 to 1890) (12).

Monoclonal Preparation:

[0134] Using the MUC16 sequence, peptide sequences encoding elements of the AMUC16¢114 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 serum 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 10 days of fusion, supernatants were selected and screened for reactivity
by ELISA against the individual synthetic peptides.

ELISA:

[0135] Sandwich ELISA was performed to see the positivity of the antibodies to individual peptides and GST-
AMUC16¢114 fusion protein following routine core facility protocol for ELISA assay.

FACS Analyses:

[0136] Adherent target cells were removed by 0.05% Trypsin and 0.1% EDTA, washed, and counted by a hemocy-
tometer. Cells were distributed into multiple Eppendorf tubes with at least 0.5-1 x 108 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 Bio-
Sciences, 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 g/tube of bioreactive supernatants of mouse
MUC16 monoclonals for 30 minutes on ice. For surface FACS staining, cells were incubated either without (for second
antibody control) or with 1 ng/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 M11 (M3520) (DakoCytomation, Dako North America
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 pg/tube of non-specific isotype matched
control mouse antibodies (13C4 for IgG1 and 4E11 for IgG2b monoclonals obtained from MSKCC Monoclonal 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 IgG2b-PE for 30 minutes on ice and then washed three
times with FACS buffer. The cells were analyzed by a FACS Calibur machine atthe MSKCC Flow Cytometry Core Facility.
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Western Blot Analysis:

[0137] 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 Na3V0O4; 1 mM PMSF; 1 mM DTT; 10 pg/ml leupeptin; and 10 wg/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 dodecyl
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 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 1gG Horse Radish Peroxidase (HRP) linked whole antibody from sheep (GE Healthcare,
UK) (1:5000 dilution), for 1 hr at room temperature. Membranes were washed three times with PBST and developed
with a Western Lightning® chemiluminescence reagent (ECL, Perkin Elmer, Waltham, MA) for 1-5 minutes at room
temperature, and the signals were developed on Kodak BioMax Film.

[0138] Binding and internalization studies with monoclonal antibodies and OVCAR3 and SKOV 3 stable transfectants:
[0139] Purified monoclonal antibodies were labeled with 1311 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 membrane 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 unmodified antibody. The data were analyzed
with a least squares regression method (Origin, Microcal, Software Inc., Northampton, MA) to determine the K4 and
Bnax Values, and a Scatchard transformation was performed.

[0140] Antibody cell internalization studies were performed with 1311-4H11 and 131-OC125 monoclonal antibodies and
SKOV3-phrGFP-AMUC16¢334 stable transfected cells. Briefly, radiolabeled antibody (370 MBg/mg, 100 kcpm) 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 1M 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 5% TCA to determine unbound 131].

Tissue microarray (TMA):

[0141] Tissue microarrays were either constructed within our institution or bought from a commercial laboratory if not
available internally. Briefly, core-needle biopsies of pre-existing paraffin-embedded tissue were obtained from the so-
called donor blocks and then relocated into a recipient paraffin-arrayed "master" block by using the techniques by
Kononen et al. and subsequently modified by Hedvat et al (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 to avoid edging effects. The specific composition of each tissue
microarray is delineated below. Slides of tissue microarrays for ovarian cancer, prostate cancer, adenocarcinoma 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). OVCARS cells were used as positive controls.

Immunohistochemistry:

[0142] 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 Super-
frost/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
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washed in distilled water for 1 minute, transferred to a bath of phosphate buffered saline (PBS), pH 7.2, for two changes
of 5 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/PBS and incubated for a minimum of 10 minutes at room
temperature in a humidity chamber. The serum was then suctioned off without allowing the sections to dry, and approx-
imately 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° C in a humidity chamber. Primary antibody was washed off using three changes of
PBS for 10 minutes each. Secondary antibody, biotinylated a-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 humidity chamber.
The antibody was washed off again using three changes of PBS as above. Slides were 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.

Immunohistochemistry scoring:

[0143] Commercially available antibodies, such as OC125 and M11, target complex glycosylation-dependent epitopes.
Our hypothesis is that glycosylation may be tissue specific; therefore, 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 OVCARS 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 back-
ground staining and, therefore, was optimized for use in human tissues in the pathology core facility.

[0144] 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.

[0145] 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 mem-
branous 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 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
0OC125 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

[0146] MUC16-directed monoclonal antibodies were isolated by ELISA-based screening using both the individual
peptides and recombinant GST-AMUC16¢114 protein followed by sequential subcloning for single cell clones. Tables

1A and 1B: MUC16-carboxyterminus monoclonal antibodies showing their reactivity to GST-AMUC16¢114 western,
FACS analysis on OVCARS3 wild type cells
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Table 2: Antibodies specific for exemplary portions of MUC16

1. Muc16 Polypeptide 1:

14394 14410 (MUC16 sequence)
NFSPLARRVDRVAIYEE (SEQ ID NO:01) 17 aa
Mouse monoclonals which are specific to this peptide are:
9B11.20.16 (IgG1)
10A2 (IgG1, IgM)
2F4 (IgG1, IgM)
23D3 (IgG1, IgG2b)
30B1 (IgG1)
31B2 (IgM)
2. Muc16 Polypeptide 2:
14425 14442 (MUC16 sequence)
TLDRSSVLVDGYSPNRNE (SEQ ID NO:02) 18 aa
Mouse monoclonals which are specific to this peptide are:
4H11.2.5 (IgG2b) 13H1 (IgG1) 2909 (IgG1)
9C9.21.5.13 (IgG2b) 28F8 (IgG1, IgM) 23G12 (IgG1, IgG2a)
9C7.6 (IgG1) 11B6 (IgM) 25G4 (IgG1, IgM)
SC2.17 (IgG1) 4G7 (I1gG1) 26B2 (IgG1, IgG2b, IgM)
4A5.37 (IgG1) 4A2 (1gG1) 25H3 (IgG1, IgM)
28F7.18.10 (IgG1)
3. Muc16 Polypeptide 3 (SEQ ID NO:03)
14472 14492 (MUC16 sequence)
CGVLVTTRRRKKEGEYNVQQQ 21 aa
Mouse monoclonals which are specific to this peptide are:
31A3.5.1 (IgG1) 19D1 (IgG2b) 10F6 (IgG1)
2.2E10 (IgG2b) 22F1 (IgG2b, IgM) 3H8 (IgG1, IgM)
22F11 (IgM) 4D7 (IgG3) 24G12 (IgG1, IgM)
19G4 (IgG1, IgM) 9A5 (IgM)
4C2 (IgG1, IgM) 31C8 (IgG2b)
27G4 (IgM) 6H2 (IgG1, IgM)
14452 14475
FWAVILIGLAGLLGLITCLICGVL (SEX ID NO:14) is Transmembrane regions 24 aa
4. Muc16 Polypeptide 4 (SEQ ID NO:15) containing a cysteine loop polypeptide (SEQ NO:19)
14367 14398 (MUC16 sequence)
32 aa

l

e e

Mouse monoclonals which are specific to this peptide are:

SPL (SEG 10 NO:T5)

24B3 (IgM)
9C7(IgM)
4F12 IgM kappa
6H6 IgM kappa
25C2 IgM kappa
6E8 IgM kappa
2A3 IgM, 1gG1, IgG2b, kappa
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(continued)

3. Muc16 Polypeptide 3 (SEQ ID NO:03)

2G4

4C8

2A6

24G12

1505

6E2

7E6

7G11

20C3

9A3

15B6

1903

5H6

24A12

2D10

5B2

8B6

5A11

7D11

9F10

15D10

18D2

13A11
1A9

3B2

24F6

24E4

5A1

7B9

22F4

IgM 1gG1, kappa
IgM, kappa
19G1 kappa
19G1 kappa
1I9G1 kappa
IgM, 1gG1, IgG3, 1IgG2a, kappa
IgM, kappa, lambda
IgM kappa
1gG1, IgG2b
IgM kappa
IgM kappa
IgM kappa
IgM, 1gG1, IgG2b, kappa
IgM kappa

1gG3, IgM kappa
IgM, IgG3, IgG2b, IgG2a, IgG1, kappa

IlgG2a, 1IgG3. kappa
IgM, kappa
light kappa only
IgM, kappa
IgM, kappa
IgM, kappa

IgM, kappa
IgM, kappa

IgM, kappa
IgM, kappa
IgM, kappa
IgG2a, IgM, kappa
IgM, kappa
IgM, kappa

[0147] The identified monoclonal antibodies are listed in Table 1A and Table 2. Each of the selected monoclonal
antibodies was reactive against GST-AMUC16¢!14. The commercial MUC16-directed antibodies (OC125, M11, or VK8)
did not bind to GST-AMUC16¢114 in ELISA or Western blotting. The clones were tested in FACS against OVCAR3 ovarian
cancer cells and in Western blot analysis against GST-AMUC16¢114 (Table 1B), and selected purified monoclonal anti-

bodies were isolated.

[0148] The inventors used the OVCAR3 wild type and the SKOV3 cells transduced with phrGFP-AMUC16¢114 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 to the OVCARS3 cells but not to the SKOV3-phrGFP-
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AMUC16¢114 cell line. The antibodies against Polypeptide 3 required permeabilization since it is an internal epitope
(Figure 7).

[0149] Western blot analysis using the GST-AMUC16¢114 purified protein showed strong binding with 4H11 and 9C9
antibodies (Figure 4A), while the other selected antibodies showed less binding. The SKOV3-phrGFP-AMUC16¢114
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¢114 purified protein or cell lysates of the SKOV3-phrGFP-
AMUC16¢114 cell line.

[0150] The binding of six monoclonal antibodies against OVCAR3 MUC16 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 OVCARS 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 OVCARS cells. The inventors also examined the internalization of antibody bound
to cell surface MUC16 protein. The inventors examined internalization in the transfected SKOV3-phrGFP-AMUC16¢334
cell line which bears the carboxy 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 VK8 all bind to the cell
surface of this transduced cell line. The 13'l-labeled 4H11 showed rapid internalization at a high level, whereas 131I-
labeled OC125 antibody was internalized at a much lower rate (Figure 5B).

EXAMPLE 3
Immunohistochemistry results:

[0151] Given their highly specific binding affinities, the antibodies 9C9, 4A5, and 4H11 were characterized for utility
in immunohistochemistry using OVCARS 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

[0152] Two high-stage, high-grade ovarian serous carcinoma tissue microarray slides composed of 419 cores, rep-
resenting primary, metastatic and recurrent tumors from 40 patients were stained with both OC125 and 4H11 monoclonal
antibodies (Figure 2). The OC125 tissue microarrays showed 279 (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 discordantin 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 OC125. 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. Dis-
cordant cases demonstrated higher levels of 4H11 than other cases.

B. Breast Cancer

[0153] 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 unavailable), 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
0C125 stain. 4H11 showed a more diffuse cytoplasmic blush without membranous accentuation.

[0154] In contrast, the invasive lobular breast carcinoma tissue microarray (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 0C125, 5 (3%) showed 1-2 staining, and only 6 (3%) showed a staining intensity of 3. 4H11
staining was different in its distribution pattern, 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 5. The staining pattern
was of cytoplasmic, 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 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.
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C. Lung, pancreatic and prostatic adenocarcinomas

[0155] 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 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

0OC125 vs. 4H11 staining intensity score (%)
Site 1-2 3-5
0C125 4H11 0C125 41111 0C125 41111

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 98 88 2 10 0 2
Prostate adenocarcinoma 0 0 0 0 0 0

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

strong 5: 100% -ong

D. Normal Tissues

[0156] There was no staining with OC125 or 4H11 in normal adult colon, rectum, ectocervix, small intestine, ovary,
liver, pancreatic ducts, spleen, kidney, and skin. OC125 and 4H11 both stained endocervical glands (OC125 luminal,
4H11 weak cytoplasmic), esophageal glands (luminal), bronchial epithelium (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.

[0157] 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 adoptive transfer
of T cells genetically targeted to the MUC16 antigen.

[0158] 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 patient’s 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.

[0159] Experimental design: We have generated several 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 tumor cell line and primary patient tumor cells.
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Finally, we assess the in vivo anti-tumor efficacy of MUC-CD targeted T cells in a SCID-Beige orthotopic, xenogeneic
OV-CAR3(MUC-CD) murine tumor model.

[0160] Exemplary sequences used in this work are in Figure 17-19.

[0161] 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.
[0162] 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

[0163] 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.
[0164] 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 one 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
engineering 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, OX-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 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 | trials (6, 19-21). These genetic approaches offer a means to enhance immune
recognition and elimination of cancer cells.

[0165] Ovarian carcinomas appear to be relatively immunogenic tumors capable of inducing an endogenous immune
response based 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+*CD25hi 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 thatitis the ratio of Tregs to effector T cells within the tumor microenvironment 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 cells ex vivo which
are subsequently infused back into the patient, may in turn skew the Treg to effector T cell ratio to one more favorable
to eradicating the disease.

[0166] Mucins 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). MUC16 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, MUC16 is a potentially attractive target forimmune-based therapies.
[0167] 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 MUC16 as a target for adoptive cellular
immunotherapy. To this end, we have previously generated a series of murine MAbs specific to the retained MUC-CD
extracellular domain (38). Utilizing a hybridoma which expresses one such MAb, 4H11, we have successfully constructed
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several CARs specific to the MUC-CD antigen. This invention provides a nucleic acid encoding a chimeric T 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.
[0168] 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 in 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 4H11-28z* patient’s T cells and healthy
donor’s T cells targeting primary ascites-derived ovarian carcinoma cells from cancer patients.

[0169] To our knowledge this is the first report wherein T cells genetically targeted to the MUC16 antigen demonstrate
marked anti-tumor efficacy against MUC16* tumors either in vitro or in vivo. These data serve as a rationale for proposing
future clinical trials utilizing this approach in patients with high risk ovarian carcinomas.

MATERIALS AND METHODS
Cell lines and T cells

[0170] The OV-CARS3 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 blood of healthy donors under IRB approved
protocol #95-054, in BD Vacutainer CPT tubes (Becton Dickinson, Franklin Lakes, NJ) as per the manufacturer’s in-
structions. All media were supplemented with 2 mmol/L L-glutamine (Invitrogen), 100 units/mL penicillin, and 100 pwg/mL
streptomycin (Invitrogen). T cells were cultured RPMI 1640 media as above supplemented with 20 IU/ml IL-2 (Novartis
Pharmaceuticals, East Hanover, 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

[0171] 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

[0172] 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 V| 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 V and V| fragments were subcloned into the
TopoTA PCR 2.1 cloning vector (Invitrogen) and sequenced. The Vi and V| fragments were subsequently ligated to a
(Gly,Ser); spacer domain, generating the 4H11 scFv and fused to the human CD8 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 (to 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 PG13 gibbon ape leukemia virus (GaLV) envelope-pseudotyped retroviral producing cell lines
(41).

Retroviral gene transfer

[0173] Isolated healthy donor peripheral blood mononuclear cells (PBMCs) were activated with phytohemagglutinin

29



10

15

20

25

30

35

40

45

50

55

EP 3 222 632 A1

(PHA) at 2j.g/ml (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) as per manufacturer’s instructions. Forty-eight hours after PHA activation, aliquots of 1x106
T cells in 1 ml of supplemented RPMI medium were placed in each well of the RN-coated plates, along with 1 ml of SFG
retroviral supernatant. T cells were centrifuged daily for 3 consecutive days with fresh retroviral supernatant added daily
at 2000g at 30°C for 1hr (45). Gene transfer was assessed on day 7 by FACS.

[0174] In order to generate the relevant NIH-3T3 murine fibroblast artificial antigen presenting cells, a MUC-CD con-
struct encoding the retained extracellular, transmembrane and cytoplasmic domains of the MUC-16 antigen was initially
subcloned into SFG retroviral vector, SFG(MUC-CD). 3T3(MUC-CD) AAPCs were generated by retroviral transduction
of SFG(MUC-CD) into wild-type NIH-3T3 fibroblasts, while 3T3(MUC-CD/B7.1) AAPCs were generated by retroviral
transduction of previously established 3T3(B7.1) fibroblasts (41, 46). Highly enriched cell lines were isolated by FACS.
[0175] To generate the OV-CAR3(MUC-CD) and OV-CAR3(MUC-CD/GFP-FFLuc) cell lines, we retrovirally trans-
duced 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 OVCAR3(MUC-CD/GFP-FFLuc) cell line. MUC-CD expression by
FACS was assessed using the 4H11 MAb.

In vitro analyses of CAR* human T cells

[0176] To assess in vitro expansion and cytokine release upon stimulation, transduced T cells were co-cultured for 7
days after retroviral transduction in 6-well tissue culture 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 numbers
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 U 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®, Invitrogen, Carlsbad, CA) following manufac-
turer’s recommendations.

Western Blot analysis of CAR expression

[0177] Western blot analysis 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 radioimmunoprecip-
itation assay (RIPA) buffer (Boston BioProducts, Worcester, MA) with mini complete protease inhibitor as per the man-
ufacturer’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 manu-
facturer’s instructions.

Cytotoxicity assays

[0178] 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) atindicated ratios. Effector T cells in these assays representthe number
of CD8* CAR* T cells.

Cytokine detection assays

[0179] Cytokine assays were performed as per manufacturer’s specifications using a multiplex Human Cytokine De-
tection assay to detect IL-2 and IFNy (Millipore Corporation, Billerica, MA) utilizing the Luminex 1IS100 system. Cytokine
concentrations were assessed using IS 2.3 software (Luminex Corp., Austin, TX).

In vivo SCID-Beige mouse tumor models

[0180] In all in vivo studies, 8-12 week-old FOX CHASE C.B.-17 (SCID-Beige mice) (Taconic, Hudson, NY) were
initially injected ip with either 3 x 108 OV-CAR3(MUC-CD), or for bioluminescent imaging (BLI) studies 3 x 106 OV-
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CAR3(MUC-CD/GFP-FFLuc) tumor cells. Subsequently, 3x107 CAR* T cells were injected ip oriv 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 Committee-approved protocol (#00-05-065).

Bioluminescent imaging (BLI) of OVCAR3(MUC-CD/GFP-FFLuc) tumor cells in SCID-Beige mice

[0181] 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 by ip with D-luciferin (150 mg/kg; Xenogen)
suspended in 200pl PBS and imaged under 2% isoflurane anesthesia after 10 min. Image acquisition was done on a
25-cm field of view at medium binning level for 0.5-min exposure time (3, 43).

Flow cytometry

[0182] Allflow 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

[0183] 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

[0184] Survival data assessed by log-rank analysis using GraphPad Prism software (GraphPad Prism software, San
Diego, CA). Cytokine data were analyzed by Student’s one-tailed t-test.

RESULTS

[0185] 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 generates 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 cells (SFG-4H11z and SFG-4H11-28z) probed with a {-chain specific antibody (data not shown).
[0186] 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 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 19z1 modified T cells (Figure
11C). These data are consistent 4H11z CAR mediated specific binding to the MUC-CD antigen and subsequent T cell
activation.

[0187] Since most malignancies fail to express co-stimulatory ligands, we further modified the 4H11z CAR to express
the CD28 transmembrane and cytoplasmic co-stimulatory signaling domains, constructing the second generation
4H11-28z 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 1") 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.
In contrast, both 4H11z* and 4H11-28z* T cells expanded similarly on 3T3(MUC-CD/B7.1) AAPCs (Figure 12A). Co-
stimulation mediated by the 4H11-28z CAR was 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 4H11z* and 4H11-28z activated T cells.
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[0188] 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 IL-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).

[0189] In vitro cytotoxicity and proliferation of MUC-CD targeted T cells following co-culture with OV-CAR3(MUC-CD)
and freshly isolated ascites derived ovarian tumor cells.

[0190] In order to assess the ability of 4H11z* and 4H11-28z T cells to target and lyse human ovarian carcinoma
tumors, we utilized the human OV-CARS cell line which was genetically modified to express the MUC-CD antigen thereby
better reflecting the majority of clinical ovarian tumor samples which express the 4H11-targeted MUC-CD antigen (48).
We initially verified specific lysis 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 19z1 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 cells (Figure 13B). Moreover, patient’s peripheral blood T cells
modified to express the 4H11-28z CAR similarly lysed autologous 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).

[0191] We further assessed the ability of 4H11z* and 4H11-28z* 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 tumor (Figures 13D and E). Surprisingly, we found that both 4H11z* and 4H11-28z
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).

[0192] In vivo anti-tumor activity of MUC-CD targeted T cells in SCID-Beige mice.

[0193] To assess the in vivo anti-tumor activity of 4H11z* and 4H11-28z* 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 tumors by 3 weeks following tumor
cellinjection (Figure 14A). All untreated tumor bearing mice had to be euthanized by 7 weeks following tumor cell injection
due to evidence of distress.

[0194] 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 4H11-28z" 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 4H11-28z* T cell 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.

[0195] 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.
Both ip 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 4H11-28z* T cells to peritoneal tumors. We
further confirmed trafficking of iv infused CFSE labeled 4H11-28z T cells to the peritoneum by FACS analysis of single
cell suspensions of macerated OV-CAR3(MUC-CD) tumors (Figure 15C).

[0196] In vivo anti-tumor activity of MUC-CD targeted T cells in SCID-Beige mice bearing well established OV-
CAR3(MUC-CDIGFP-FFLuc) tumors.

[0197] 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 in vivo anti-tumor activity mediated by MUC-CD targeted T cells
even in the setting of advanced disease.

32



10

15

20

25

30

35

40

45

50

55

EP 3 222 632 A1
DISCUSSION

[0198] Basedonextensive analyses of patienttumor samples, ovarian carcinomas appear to be relativelyimmunogenic
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 cell response to tumor in controlling disease
progression both prior to and following initial 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.

[0199] 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 conducting clinical trials treating patients with relapsed B cell chronic lym-
phocytic leukemia and acute lymphoblastic leukemias with autologous T cell modified to express a CD19 specific CAR
(53).

[0200] Application of this approach to ovarian carcinomas requires the identification to suitable target antigens ex-
pressed 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 tumor cell lines (56, 58, 59). Furthermore, Kershaw et al recently published the results of a phase | clinical trial
treating patients with relapsed ovarian carcinomas with autologous T cells modified to express a CAR specific to 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 yet
undefined T cell inhibitory factor in the serum of several treated patients.

[0201] 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 cell, secreted, 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 a 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. Of these 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-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).

[0202] Optimal T cell activation requires both a primary T cell receptor mediated signal, "signal 1," along with a co-
stimulatory "signal 2." Classically, 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 generated
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 generation 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 4H11-28z*
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.

[0203] We next assessed the ability of 4H11z* and 4H11-28z* T cells 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
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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 setting 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 in vitro, and surprisingly observed that both 4H11z* and 4H11-28z
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 experimental findings as well as with 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 4H11-28z* 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.

[0204] 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 19z1* T cells i.p. This treatment approach resulted in a significant
but similar delay 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 4H11-28z* 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 ip 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 either 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 relapse of disease as well as
metastatic relapse to sites outside of the peritoneum.

[0205] 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* T cells retained the ability to lyse larger
tumor burdens, delay relapse of tumor, and in a significant percentage of mice, fully eradicate disease.

[0206] In the studies presented here, we have consistently utilized mixed populations of CD4* and CDS* 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 therapeutic approach to the clinical setting.
Furthermore, we acknowledge the limitations associated with the presented SCID-Beige tumor 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 efficacy of MUC-CD targeted CAR-modified T cells in the context of an intact immune system.

[0207] 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 patients with persistent or relapsed ovarian carcinomas following initial
therapy with surgery and chemotherapy. [jfl]

EXAMPLE 5
Raising Mouse MUC16 monoclonal antibodies in mice and hamsters.

[0208] 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 1 (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 MUC16 is 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

34



10

15

20

25

30

35

40

45

50

55

NO: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?2 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 imaging using 2
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mouse cell lines (ID8 and BR5-FVB1) and a human cell line (OVCAR-3).

[0209] 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).

Table 4
Mouse
MUC16 Mouse mAbs Frozen Mouse mAb

16 (3-1Ig9G1; 8-1gG2b; 1-IgM; 4-Unkown
peptide 1 46 isotype)
Animals not iv boosted with

Peptide 2 0 0 peptide 2
peptide 3 6 6 (4-1gG1; 2-IgM)
Peptide 1,2,3 0 0
Peptide 1,2 0 0
peptide 2,3 0 0
No Peptide 0 0
Mouse
MUC16 Hamster mAbs Frozen Hamster mAb
peptide 1 69 21
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

[0210] 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.

35




10

15

20

25

30

35

40

45

50

55

Table 5

EP 3 222 632 A1

isotype Fusion

Well

PEPTIDE

Cloned

Clones

]
—

oipm

f
—

(19F07

16A09

oy
[7
—=

21A07

24G10

10C04

17F02

DEAOS

¢
2
ki o [y -y o ot

DLFO8

12810

1TH10

18D45

23612

1 25E09

_16F12

1N
SUCCeSs

¥es

na
SULCess

na
SRecess

¥es

¥es

10C4-3HS
17F2-34:5

12B10-3F7

25E9-3

21B&-1H11
21EI-1E3

10C4-1F2
17F2-3F6

12B10-3G10

25EY-8

21BR-3GH
21E1-1G9

10C4-2HE
17F2-2F9

12B10-2F6

25E9.-13

21BE-3H9
21EL-2G7

10C4-1G7
17F2-1E11

12B10-2F10

25EN-10

21B8-1GE
21E1-3G12
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[0211] Hamster antibody 22B05 recognizes mouse (SEQ ID NO:22) and also the corresponding human sequence
(SEQ ID NO:15).

[0212] Western blot analysis using mouse IDS and BR5-FVB1 cell extracts were also performed for all the selected
monoclonal antibodies as shown in Figure 21 and Figure 22 respectively.

[0213] 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.

[0214] Immunohistochemical analysis was performed with paraffin and cryosections of ID8 (mouse), OVCAR-3 (hu-
man), BR5-FVB1 (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 mAbs to see the early development of mouse MUC16 (Figure 23)
[0215] 12B10-3G10 sub clone were further analyzed for single chain Fv fragments. Figure 24 shows 12B10-3G10 V4
and V| DNA and Amino Acids sequences. Bioreactive supernatants and purified 12B10-3G 10 were generated for animal
studies and other characterization studies. FACS analysis was performed with purified 12B10-3G10 on ID8, OVCAR3
and BR5-FVB1 cells showing over 90% positivity to both mouse and human MUC16 ecto-domain fragment (Figure 25).
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[0218] Each and every publication and patent mentioned in the above specification is herein incorporated by reference
in its entirety for all purposes. Various modifications and variations of the described methods and system of the invention
will be apparent to those skilled in the art without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific embodiments, the invention as claimed should not be unduly
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limited to such specific embodiments. Indeed, various modifications of the described modes for carrying out the invention
which are obvious to those skilled in the art and in fields related thereto are intended to be within the scope of the
following claims.

[0219] The present invention will now be further defined by way of the following numbered clauses:

1. 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 consisting of

a) TLDRKSVFVDGYSQNRDD (SEQ ID NO:21),

b) KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), and

¢) SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23).
2. The antibody of Clause 1, wherein the antibody is selected from the group consisting of a monoclonal antibody,
a chimeric antibody, a recombinant antibody, an antigen-binding fragment of a recombinant antibody, a humanized
antibody, and an antibody displayed upon the surface of a phage.
3. The antibody of Clause 2, wherein the antibody is a monoclonal antibody.
4. The antibody of Clause 3, wherein the monoclonal antibody is prodticed by hybridoma cells selected from the
group consisting of 12B10-3G10, 10C4-3H5, 10C4-1F2, 10C4-2H8, 10C4-1G7, 17F2-3G5, 17F2-3F6, 17F2-2F9,
17F2-1E11, 12B10-3F7, 12B10-2F6, 12B10-2F10, 25E9-3, 25E9-5, 25E9-1, 25E9-16, 21B8-1H11, 21B8-3G6,
21B8-3H9, 21B8-1G8, 21E1-1E3, 21E1-1G9, 21E1-2G7, 21E1-3G12, 4H1-2E1, 4H1-2E3, 4H1-3E1, 4H1-3H3,
15A8-2E2, 15A8-2E10, 15A8-2E11, 15A8-3D2, 22B5-1 F6, 22B5-3G9, 22B5-2G8, and 22B5-3F11.
5. The antibody of Clause 1, wherein the MUC16 polypeptide is TLDRKSVFVDGYSQNRDD (SEQ ID NO-.21).

6. The antibody of Clause 5, wherein the antibody comprises a variable heavy (VH) chain sequence SEQ ID NO:27,
and a variable light (V| ) chain sequence SEQ ID NO:29.

7. The antibody of Clause 6, wherein the antibody is a monoclonal antibody produced by hybridoma cell 12B10-3G10.

8. The antibody of Clause 1, wherein the antigen-binding fragment is selected from the group consisting of a Fab
fragment, a F(ab’)2 fragment, and a Fv fragment.

9. The antibody of Clause 1, wherein the antibody, or antigen-binding fragment thereof, is covalently linked to a
cytotoxic agent or a prodrug of a cytotoxic agent.

10. The antibody of Clause 1, wherein the antibody specifically binds to human MUC16 (SEQ ID NO:25).
11. The antibody of Clause 1, wherein the antibody internalizes into a cell.

12. The antibody of Clause 1, wherein the antibody lacks specific binding to a glycosylated MUC16 extracellular
domain.

13. A composition comprising (a) the antibody, or antigen-binding fragment thereof, of Clause 1, and (b) a pharma-
ceutically acceptable carrier.

14. 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
consisting of

a) TLDRKSVFVDGYSQNRDD (SEQ ID NO:21),

b) KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), and

¢) SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ TD NO:23).
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15. An isolated nucleotide sequence comprising a polynucleotide 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 selected from the group consisting of
a) TLDRKSVFVDGYSQNRDD (SEQ ID NO:21),
b) KSYFSDCQVLAFRSVSNNNNHTGVDSLCNFSPL (SEQ ID NO:22), and
¢) SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23).

16. The nucleotide sequence of Clause 15, wherein the MUC16 polypeptide is TLDRKSVFVDGYSQNRDD (SEQ
ID NO:21).

17. The nucleotide sequence of Clause 16, wherein the polynucleotide encoding the variable heavy (VH) chain
sequence comprises SEQ ID NO:26, and wherein the polynucleotide encoding the variable light (VL) chain sequence
comprises SEQ I'U NO:28.
18. A method for producing an antibody that specifically binds to a MUC16 polypeptide or to an antigenic portion
thereof, comprising administering to a subject animmunologically effective amount of a MUC16 polypeptide selected
from the group consisting of

a) TLDRKS VFVDGYS QNRDD (SEQ ID NO:21),

b) KSYFSDCQVLAFRSVSNN NHTGVDSLCNFSPL (SEQ ID NO:22), and

¢) SLYSNCRLASLRPKKNGTATGVNAICSYHQN (SEQ ID NO:23).
19. A method for identifying a subject as having disease, comprising determining the level, in a sample from the
subject, of specific binding of the antibody of Clause 1 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.

20. The method of Clause 19, wherein the disease is cancer.

21. The method of Clause 20, wherein the cancer is selected from the group consisting of ovarian cancer and breast
cancer.

22. The method of Clause 19, further comprising detecting an altered level of binding of the antibody to the sample
compared to a control sample.

23. The method of Clause 19, wherein the detecting is selected from the group consisting of immunohistochemistry,
enzyme-linked immunosorbent assay (ELISA), fluorescence-activated cell sorting (FACS), Western blot, immuno-

precipitation, and radiographic imaging.

24. A method for reducing one or more symptoms of disease comprising administering to a subject in need thereof
a therapeutically effective amount of the antibody of Clause 1.

25. The method of Clause 24, wherein the disease is cancer.

26. The method of Clause 25, wherein the cancer is selected from the group consisting of ovarian cancer and breast
cancer.

27. The method of Clause 24, further comprising detecting a reduction in one or more symptoms of the disease
after the administration.
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SEQUENCE LISTING
<110> MEMORIAL SLOAN-KETTERING CANCER CENTER
Spriggs, David
Thapi, Dharmarao
<120> Antibodies to MUC1l6 and Methods of Use Thereof
<130> PC/PES55419EPA

<140> 11760326.6
<141> 2011-03-25

<150> PCT/US11/30025
<151> 2011-03-25

<150> US 61/317,964
<151> 2010-03-26

<160> 40

<170> PatentIn version 3.5

<210> 1
<211> 17
<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 1

Asn Phe Ser Pro Leu Ala Arg Arg Val Asp Arg Val Ala Ile Tyr Glu
1 5 10 15

Glu

<210> 2

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 2

Thr Leu Asp Arg Ser Ser Val Leu Val Asp Gly Tyr Ser Pro Asn Arg

1 5 10 15
Asn Glu

<210> 3

<211> 21

<212> PRT

<213> Artificial Sequence
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Synthetic

3

Cys Gly Val Leu Val Thr Thr Arg Arg Arg Lys Lys Glu Gly Glu Tyr

1

5

Asn Val Gln Gln Gln

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

<220>
<223>

<400>

20

4

366

DNA

Artificial Sequence

Synthetic

4

gtgaagctgg aggagtcagg gggaggcttc

tgtgcagecet ctggattcac tttcagaaac

gagatgaggc tggagtgggt cgcaaccatt

gacagtgtgce agggacgatt caccatttcce

caaatgggca gtctgaggtc tggggacacg

ggtaactacg gtgattacta tgctatggac

tcecteca

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

<220>
<223>

<400>

5

339

DNA

Artificial Sequence

Synthetic

5

gacattgagc tcacccagtc tccatcctcce

atgagctgca aatccagtca gagtctgetce

tggtaccagc aaaaaacagg acagtctcct

caatctgggg tccctgateg cttcacagge

atcagcagtg tgcaggctga agacctggca

ctcacgttcg gtcctgggac caagctggag

<210>
<211>
<212>

6
366
DNA

10

gtgaagcctg
tatgccatgt
agcagtgctg
agagacaatg
gccatgtatt

tactggggcce

ctggctgtgt
aacagtagaa
gaactgctga
agtggatctg
gtttattact

atcaaacgg

45

gagggtccct
cctgggtteg
gtggttacat
ccaagaacac
actgtgcaag

aagggaccac

cagcaggaga
cccgaaagaa
tctactgggce
ggacagattt

gccagcaatce

15

caaaatctcc
cctgagteeg
cttctattct
cctccacttg
gcagggattt

ggtcaccgtc

gaaggtcact
ccagttggcet
atccactcgg
cactctcacc

ttataatcta

60

120

180

240

300

360

366

60

120

180

240

300

339
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<213>

<220>
<223>

<400> 6
gtgaagctgce

tgtgcagcecet
gagatgaggc
gacagtgtgce
caaatgggca
ggtaactacg
tcctea
<210> 7
<211> 339
<212> DNA

<213>

<220>
<223>

<400> 7
gacattgagce

atgagctgca
tggtaccagc
caatctggag
atcagcagtg
ctcacgttcg
<210> 8

<211> 348
<212> DNA

<213>

<220>
<223>

<400> 8
gtgaagctgg

tgtgcagtcet
gagaagaggc
agtgtgaagg
atgagtagtc

tatgetttgg

Synthetic

aggagtcagg
ctggattcac
tggagtgggt
agggacgatt
gtectgaggte

gtgattacta

Synthetic

tcacccagtce
aatccagtca
aaaaaccagg
tcectgateg
tgcaggctga

gtecctgggac

Synthetic

aggagtcagg
ctggattcac
tagagtgggt
gccgattcac
tgaggtctga

acaattgggg

EP 3 222 632 A1

Artificial Sequence

gggaggette

tttcagtagce
cgcaaccatt
caccatttece

tggggacacg

tgctatggac

Artificial Sequence

tccatcctee
gagtctgcetce
acagtctcct
cttcacagge
agacctggca

caagctggag

Artificial Sequence

gggagacttg

tttcagtagce
cgcatecegtyg
cgtcaccaga

ggacacggcece

ccaagggacc

gtgaagccectg
tatgccatgt
agcagtgctg
agagacaatg
gccatgtatt

tactggggcce

ctggectgtgt
aacagtagaa
gaactgctga
agtggatctg
gtttattact

gtcaaacgg

gtgaagcctg
cattccatgt
agtagtggtg
gaaaatgaca
atgtattatt

acggtcaccg

46

gagggtccct
cctgggttceg
gtggttacat
ccaagaacac
actgtgcaag

aagggaccac

cagcaggaga
cccgaaagaa
tctactgggce
ggacagattt

gccagcaatce

gagggtccct
cttggattcg
gtaggatcta
ggaacaccct
gtggaagagg

tctectea

caaagtctcce
cctgagtceccg
cttctattct
cctgecacctg
gcagggattt

ggtcaccgtc

gaaggtcact
ccagttggct
atccactagg
cactctcacc

ttataatcta

gaaactctcc
tcagactcca
ctattcggac
gtatttgtta

acaggtattt

60

120

180

240

300

360

366

60

120

180

240

300

339

60

120

180

240

300

348
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EP 3 222 632 A1

<210> 9

<211> 339

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic

<400> 9

gacattgagc tcacccagtc tccatcctcece
atgagctgca aatccagtca gagtctgetce
tggtaccagc aaaaaccagg acagtctcct
caatctggag tccctgatcg cttcacagge
atcagcagtg tgcaggctga agacctggca
ctcacgttcg gtcctgggac caagctggag
<210> 10

<211> 216

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic

<400> 10

gacattgagc tcacccagtc tccaaagcetce

ggggtcccag acaggttcag tggcagtgga

agagtggagg ctgaggatct gggagtttat

acgttcggtg gagggaccaa gctggagatc

<210> 11

<211> 354
<212> DNA
<213>

<220>
<223>

<400> 11
gaggtgaagc

tcctgcaagg
catggaaaga
aatcagaagt
atggagctcc

tactacggcce

Synthetic

tggaggagtc
cttctggtta
gccttgagtg
tcacgggcaa
tgagcctgac

cctttgatta

Artificial Sequence

aggacctgaa
ctcatttact
gattggacgt
ggccacaatg
atctgaggac

ctggggccaa

ctggctgtgt
aacagtagaa
gaactgctga
agtggatctg
gtttattact

gtcaaacgg

cagcaggaga
cccgaaagaa
tctactgggce
ggacagattt

gccagcaatc

gaaggtcact
ccagttggct
atccactagg
cactctcacc

ttataatcta

ctgatctaca aggtttccaa ccgattttct

tcagggacag atttcacact caagatcagc

tactgectttc aaggttcaca tgttcegtgg

aaacgg

ctggtgaagc
ggctacttta
attaatcctt
actgtagaca
tctgcagtcet

gggaccacgg

47

ctggggctte
tgaactgggt
acaatggtgc
aatcctctac
attattgtgg

tcaccgtctce

agtgaagata
gaagcagacc
tactttctac
cacagcccac
aaaggggaat

ctca

60

120

180

240

300

339

60

120

180

216

60

120

180

240

300

354
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<210> 12
<211> 333
<212> DNA
<213>

<220>

<223> Synt
<400> 12
gacattgagce
attaattgca
gggaaaacta
aggttcagtg
gaagattttg
gggaccaagc
<210> 13
<211> 1450
<212> PRT
<213> Homo
<400> 13

Met Leu Lys
1

Leu Met Thr

Thr
35

Gly Leu

Val Vval

50

Thr

Ala
65

Ser Pro

Val Met Ser

Ser Glu Gln

Pro Ser Arg

115

Pro Arg Thr

hetic

tcacccagtce
gggcaagtaa
ataagcttct
gcagtggatc
caatgtatta

tggagatcaa

7

sapiens

Pro Ser

Gly
20

Gly Ala

Glu His

Thr Ser

Ser Ala
85

Arg Thr

100

Asn Tyr

Arg Thr

Gly

Ser Arg

Thr

Thr

Ser

70

Leu

Ser

Pro

Ser

EP 3 222 632 A1

Artificial Sequence

tccatcttat
gagcattagc
tatctactct
tggtacagat

ctgtcaacag

acgggcggcc

Leu Pro

Thr

Ser

Ser
40

Leu

Leu Pro

55

Val Vval

Glu

Pro

Ser

Pro

Thr
120

Ala

Ser Thr

cttgctgecat
aaatatttag
ggatccactt
ttcactctca
cataatgaat

gca

Ser Ser

10

Gly

Lys Ala Thr

25

Pro Lys Thr

Phe Thr Ser

Thr
75

Gly Arg

Thr
20

Ser Ser

Leu Ser Pro

105

Ser Met Val

Glu Gly Asn

48

ctecctgaaga
cctggtatca
tgcaatctgg
ccatcagtag

accegtggac

Ser Pro Thr

Glu Met

30

Pro

Thr
45

Ser Gly

Pro
60

Asp Lys

Thr Gln Ser

Arg Gly Met

Gln Val Asn

110

Ser Gly Leu

125

Phe Thr Lys

aaccattact
aaagaaacct
aattccatca
cctggagect

gtteggtgga

Arg Ser

15

Asp Ser

Ala Ile
Thr Leu
Leu

Gly

Thr
95

His
Gly Thr
Ser

Ser

Glu Ala

60

120

180

240

300

333
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Ser

145

Lys

Glu

Met

Ser

Arg

225

Ser

Ile

Ala

Ser

Ser

305

Thr

Glu

Pro

Ala

130

Thr

Tyr

Thr

Lys

Met

210

Thr

Pro

Leu

Gly

Val

290

Leu

Met

Thr

Ser

Phe
370

Tyr

Thr

Pro

Thr

195

Thr

Asn

Lys

Ser

His

275

Leu

Thr

Pro

Ser

Ile

355

Ala

Thr

Val

Trp

180

Phe

Pro

Pro

Gly

Thr

260

Ser

Asp

Ser

Asn

Ala

340

Ser

Glu

Leu

Pro

165

Asp

Ala

Ala

Ser

Thr

245

Thr

Arg

Asn

Pro

Ser

325

Glu

Thr

Thr

Thr

150

Thr

Thr

Asp

Glu

Phe

230

Pro

Gly

Ile

Lys

Leu

310

Ala

Arg

Lys

Met

EP 3 222 632 A1

135

Val

Glu

Arg

Ser

Thr

215

Gly

Asn

Tyr

Ser

Ile

295

Ser

Ile

Val

Gln

Asp
375

Glu

Thr

Tyr

Thr

200

Thr

Thr

Ser

Pro

Thr

280

Ser

Pro

Pro

Arg

Thr

360

Ile

Thr

Ser

Ile

185

Ala

Val

Leu

Arg

Phe

265

Ser

Glu

Gly

Phe

Ser

345

Ala

Pro

49

Thr

Thr

170

Pro

Ser

Thr

Tyr

Gly

250

Ser

Ala

Thr

Val

Ser

330

Thr

Glu

Ser

Ser

155

Thr

vVal

Lys

Asp

Ser

235

Glu

Ser

Pro

Ser

Pro

315

Met

Ile

Thr

Thr

140

Gly

Glu

Lys

Glu

Ser

220

Ser

Thr

Pro

Leu

Ile

300

Glu

Thr

Ser

Ile

His
380

Pro

Gly

Ile

Asn

205

His

Phe

Ser

Glu

Ser

285

Phe

Ala

Leu

Ser

Leu

365

Ile

Val

Asp

Thr

190

Ala

Thr

Leu

Leu

Pro

270

Ser

Ser

Arg

Ser

Leu

350

Thr

Ala

Thr

Ser

175

Ser

Pro

Pro

Asp

Glu

255

Gly

Ser

Gly

Ala

Asn

335

Gly

Phe

Lys

Glu

160

Thr

Pro

Val

Gly

Leu

240

Leu

Ser

Ala

Gln

Ser

320

Ala

Thr

His

Thr



10

15

20

25

30

35

40

45

50

55

Leu

385

Thr

Glu

Leu

Ser

Asp

465

Arg

Thr

Thr

Ser

Thr

545

Ser

Thr

Glu

Ile

His
625

Ala

Ser

Thr

Asn

Glu

450

Ser

Glu

Ala

Ser

Glu

530

Glu

Val

Lys

Ser

Ser

610

Leu

Ser

Ala

Asn

Thr

435

Met

Lys

Leu

Ala

Lys

515

Pro

Arg

Pro

Gly

Thr

595

Met

Leu

Glu

Leu

Thr

420

Ser

Thr

Ile

Arg

His

500

Ala

Gln

Pro

Ser

Ile

580

Ala

Thr

Thr

Trp

Thr

405

His

Met

Ala

Arg

Thr

485

Gly

Ser

His

Pro

val

565

Trp

Gly

Gly

Arg

Leu

390

Thr

His

Thr

Thr

Ser

470

Thr

Ser

Ser

Thr

Ala

550

Val

Leu

Pro

Gly

Ala
630

EP 3 222 632 A1

Gly

Thr

Ser

Pro

Leu

455

Pro

Gly

Ser

Trp

Gln

535

Ser

Ser

Glu

Thr

Ser

615

Thr

Ser

Ser

Thr

Leu

440

val

Ser

Ser

Asp

Thr

520

Trp

Thr

Gly

Glu

Thr

600

Ser

Ala

Pro

Pro

Ser

425

Glu

Pro

Gln

Thr

Ile

505

Ser

Val

Ser

Phe

Thr

585

His

Thr

Ser

50

Gly

Ser

410

Gly

Thr

Thr

Val

Ser

490

Leu

Glu

Glu

Val

Thr

570

Ser

Gln

Arg

Ser

Thr

395

Thr

Lys

Ser

Leu

Ser

475

Gly

Arg

Ser

Thr

Ala

555

Thr

Ala

Phe

Gly

Glu
635

Leu

Thr

Glu

Ala

Gly

460

Ser

Arg

Ala

Thr

Ser

540

Ala

Leu

Asp

Ala

Ser

620

Thr

Gly

Leu

Thr

Pro

445

Phe

Ser

Gln

Thr

Ala

525

Pro

Pro

Lys

Thr

Val

605

Gln

Ser

Gly

Val

Glu

430

Gly

Thr

His

Ser

Thr

510

Gln

Ser

Ile

Thr

Leu

590

Pro

Gly

Ala

Thr

Ser

415

Gly

Glu

Thr

Pro

Ser

495

Ser

Gln

Met

Thr

Ser

575

Ile

Thr

Thr

Asp

Ser

400

Glu

Thr

Glu

Leu

Thr

480

Ser

Ser

Phe

Lys

Thr

560

Ser

Gly

Gly

Thr

Leu
640
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Thr

Lys

Thr

Ala

His

705

Ser

Val

Thr

Vval

Val

785

Glu

Asp

Glu

Thr

Glu

865

Val

Leu

Thr

Met

Phe

690

Pro

Thr

Ser

Thr

Leu

770

Arg

Thr

Ser

Ser

Phe

850

Thr

Ser

Ala

Ala

val

675

Arg

Phe

Ser

Ala

Gly

755

Ser

Asn

Ala

Pro

Pro

835

Ser

Glu

Arg

Thr

Ala

660

Ser

Glu

Ser

Ile

Thr

740

Thr

Ser

Ala

Gly

Asn

820

Ser

Ser

Glu

val

Asn

645

Gly

Ser

Gly

Ser

Pro

725

Ser

Pro

Met

Thr

Ser

805

Ile

Thr

Ser

Thr

Arg
885

Gly

Ser

Val

Thr

Pro

710

Leu

Thr

Glu

Thr

Ser

790

Val

His

Leu

Thr

Ser

870

Thr

EP 3 222 632 A1

Val

Ser

Ile

Ser

695

Glu

Leu

Phe

Ile

Leu

775

Pro

Leu

Pro

Ser

Pro

855

Asn

Thr

Pro

Pro

Pro

680

Leu

Pro

Ser

Ser

Ser

760

Ser

Leu

Thr

Thr

Leu

840

Ser

Pro

Leu

Val

Pro

665

Glu

Gly

Asp

Ser

His

745

Thr

Asn

Thr

Leu

Gly

825

Pro

Thr

Ser

Ala

51

Ser

650

Gly

Thr

Leu

Ser

Ala

730

His

Lys

Ala

His

Ser

810

Thr

Ser

His

vVal

Ser
890

Val

Gly

Ser

Thr

Ala

715

Ser

Lys

Thr

Ala

Pro

795

Thr

Leu

Val

Leu

Ser

875

Thr

Ser

Thr

Ser

Pro

700

Gly

Val

Ala

Lys

Thr

780

Ser

Ser

Thr

Ser

Phe

860

Gln

Ser

Pro

Lys

Leu

685

Leu

His

Leu

Thr

Pro

765

Ser

Pro

Ala

Ser

Gly

845

Thr

Pro

Val

Ala

Pro

670

Gln

Asn

Thr

Glu

Ser

750

Ser

Pro

Ser

Glu

Glu

830

Val

Ser

Glu

Pro

Val

655

Ser

Ser

Thr

Lys

Asp

735

Ser

Ser

Glu

Gly

Thr

815

Ser

Lys

Gly

Thr

Thr
895

Ser

Tyr

Ser

Arg

Ile

720

Lys

Ile

Ala

Arg

Glu

800

Thr

Ser

Thr

Glu

Ser

880

Pro
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Val Phe Pro Thr Met Asp Thr Trp Pro Thr Arg Ser Ala Gln Phe Ser
900 905 910

Ser Ser His Leu Val Ser Glu Leu Arg Ala Thr Ser Ser Thr Ser Val
915 920 925

Thr Asn Ser Thr Gly Ser Ala Leu Pro Lys Ile Ser His Leu Thr Gly
930 935 940

Thr Ala Thr Met Ser Gln Thr Asn Arg Asp Thr Phe Asn Asp Ser Ala
945 950 955 960

Ala Pro Gln Ser Thr Thr Trp Pro Glu Thr Ser Pro Arg Phe Lys Thr
965 970 975

Gly Leu Pro Ser Ala Thr Thr Thr Val Ser Thr Ser Ala Thr Ser Leu
980 985 990

Ser Ala Thr Val Met Val Ser Lys Phe Thr Ser Pro Ala Thr Ser Ser
995 1000 1005

Met Glu Ala Thr Ser Ile Arg Glu Pro Ser Thr Thr Ile Leu Thr
1010 1015 1020

Thr Glu Thr Thr Asn Gly Pro Gly Ser Met Ala Val Ala Ser Thr
1025 1030 1035

Asn Ile Pro Ile Gly Lys Gly Tyr Ile Thr Glu Gly Arg Leu Asp
1040 1045 1050

Thr Ser His Leu Pro Ile Gly Thr Thr Ala Ser Ser Glu Thr Ser
1055 1060 1065

Met Asp Phe Thr Met Ala Lys Glu Ser Val Ser Met Ser Val Ser
1070 1075 1080

Pro Ser Gln Ser Met Asp Ala Ala Gly Ser Ser Thr Pro Gly Arg
1085 1090 1095

Thr Ser Gln Phe Val Asp Thr Phe Ser Asp Asp Val Tyr His Leu
1100 1105 1110

Thr Ser Arg Glu Ile Thr Ile Pro Arg Asp Gly Thr Ser Ser Ala
1115 1120 1125

Leu Thr Pro Gln Met Thr Ala Thr His Pro Pro Ser Pro Asp Pro

52
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Gly

Ser

Gln

Arg

Ser

Pro

Gly

Pro

Thr

Thr

Thr

Ala

Tyr

Ser

Pro

1130

Ser
1145

Ser
1160

Arg
1175

Trp
1190

Asn
1205

Leu
1220

Gly
1235

Ser
1250

Ile
1265

Pro
1280

Ala
1295

Pro
1310

Ile
1325

Thr
1340

Lys
1355

Ala

Pro

Val

Asn

Ile

Asp

Leu

Ile

Lys

Leu

Arg

Gly

Thr

Pro

Thr

Arg

Thr

Thr

Met

Pro

Thr

Pro

His

Leu

Thr

Met

Glu

Thr

His

Glu

Ser

Pro

Thr

Pro

Thr

Pro

Thr

Leu

Thr

Phe

Ala

Thr

Thr

Ser

Ser

Thr

Lys

Ser

Asn

Ser

Ser

Leu

Gly

Met

Pro

Tyr

Asn

Asp

Val

Ala

EP 3 222 632 A1

1135

Trp
1150

Val
1165

Met
1180

Leu
1195

Gly
1210

Pro
1225

Ser
1240

Ala
1255

Ala
1270

Ser
1285

Ser
1300

Thr
1315

Pro
1330

Arg
1345

Thr
1360

Leu

Thr

Ile

Pro

Ala

Ala

Thr

His

Ser

Ile

Ser

Gly

Lys

Thr

Pro

53

Gly

Met

Met

Ser

Ile

Thr

Tyr

Ala

Val

Glu

Gly

Ser

Asp

Leu

Ala

Ile

Ser

Asp

Thr

Gly

Ser

Pro

Ser

Val

Thr

Ser

Thr

Thr

Arg

Ala

Leu

Ser

Thr

Thr

Lys

Leu

Glu

Ser

Lys

His

Ser

Trp

Ser

Thr

Tyr

1140

Ser
1155

Thr
1170

Val
1185

Ser
1200

Ser
1215

Glu
1230

Ser
1245

Glu
1260

Pro
1275

Ile
1290

Pro
1305

Asp
1320

Ser
1335

Thr
1350

Ser
1365

Ser

Phe

Glu

Leu

Thr

Ala

Thr

Ser

Gly

His

Glu

Pro

Ala

Glu

Gly

Ser

Ser

Thr

Thr

Leu

Ser

Asn

Pro

Ser

Val

Met

Thr

Gln

Asn

Ser

Pro

Thr

Ser

Pro

Val

Glu

Thr

Ser

Tyr

Ser

Thr

Thr

Val

His

Pro
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Lys

Trp

Thr

Pro

Ser

Val

Thr

Leu

Phe

Ala

Gln

Thr

Glu

Pro

Ala

Gly

Ile
1370

Thr
1385

Lys
1400

Gly
1415

Ser
1430

Leu
1445

Trp
1460

Asp
1475

Pro
1490

Asp
1505

His
1520

Val
1535

His
1550

Thr
1565

Ser
1580

Thr
1595

Ser

Ile

Leu

Pro

Thr

Ala

Leu

Ile

Pro

Thr

Leu

Pro

Ser

His

Ala

Gln

Ser

Thr

Ala

Val

Leu

Pro

Ser

Ser

Met

Ser

Gly

Ile

Thr

Val

Ser

Gly

Ser

Asp

Glu

Ser

Glu

Ser

Thr

Ser

Ser

Ala

Ile

Thr

Gln

Thr

Pro

Arg

Pro

Thr

Lys

val

Leu

Glu

Ser

Pro

Thr

Ile

Arg

Pro

Ala

Gln

Ser

Ser

EP 3 222 632 A1
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Ser

Thr

Ser

Gly

Thr

Pro

Pro

Ser

Ile

Glu

Ser

78

Leu

Leu

Arg

Asn

Ser

Ser

Thr

Pro

Lys

Ala

Ser

Met

Thr

Ser

Thr

Ile

Asp

Thr

Gly

Pro

Pro

Pro

Thr

Pro

Asp

Ala

Ser

Phe

Pro

Ser

Ser

Gly

Thr

Gln

Pro

Ser

Pro

Leu

Asp

Lys

Thr

Ser

Ala

Ile

His

Leu

Ser

Ala

Ser
7050

Arg
7065

Gly
7080

Ser
7095

Pro
7110

Pro
7125

Met
7140

Leu
7155

Thr
7170

Asn
7185

Leu
7200

Thr
7215

Phe
7230

Ser
7245

Ala
7260

Thr
7275

Thr

Phe

Asp

Leu

Ile

Val

Leu

Ser

Asn

vVal

Ala

Ser

Leu

Pro

Ile

Thr

Thr

Pro

Met

Pro

Ser

Thr

His

His

Thr

Glu

Asp

Thr

Glu

Lys

Glu

Glu

Lys

His

Ser

Ser

Ser

Ser

Thr

Thr

Glu

Ile

Ser

Gln

Thr

Leu

Thr

Ile
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Ser

Ser

Ile

Met

Ser

Thr

Thr

Leu

Ser

Ser

Gly

Glu

Leu

Phe

His

Ala

Arg
7280

Ala
7295

Ile
7310

Thr
7325

Thr
7340

His
7355

Leu
7370

Pro
7385

Ala
7400

Ser
7415

Gln
7430

Thr
7445

Ala
7460

Ser
7475

Glu
7490

Thr
7505

Thr

Glu

Lys

Ile

Phe

Ser

Val

Val

Met

His

Val

Ser

Thr

Asn

Ser

Ser

Glu

Ser

Phe

Lys

Thr

Thr

Ser

Glu

Ile

Ser

Lys

Ser

Ser

Thr

Pro

Ala

Val

Thr

Pro

Thr

Leu

Met

Arg

Glu

Ser

Ser

Thr

Pro

Glu

Ala

Ser

Met

Thr

Met

Thr

Gln

Asp

Thr

Gly

Thr

Pro

Ser

Thr

Pro

Val

vVal

Ser

Gly
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Ser
7285

Leu
7300

Ser
7315

Thr
7330

Thr
7345

Gln
7360

Ala
7375

Ser
7390

Ser
7405

Ala
7420

Glu
7435

Ser
7450

Thr
7465

Thr
7480

vVal
7495

Thr
7510

Ser

Pro

Pro

Ser

Ser

Arg

Gly

Pro

Pro

Ser

Val

Leu

Thr

Lys

Leu

Ile
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Ser

Glu

Ile

Pro

Thr

Leu

Asp

Pro

Val

val

Leu

Ser

Asp

Val

Pro

Ser

Arg

Ile

Leu

Pro

Thr

Pro

vVal

Ser

Ser

Thr

Asp

Ser

Thr

Gly

Asp

Ile

Thr

Ser

Ala

Gly

Pro

His

Pro

Ser

Ser

Ser

Ala

Thr

Glu

Thr

Ser

Met

Ser
7290

Thr
7305

Glu
7320

Ser
7335

Ser
7350

Ser
7365

Arg
7380

Gln
7395

Thr
7410

Leu
7425

Ser
7440

Ser
7455

Lys
7470

Ser
7485

Glu
7500

Gly
7515

Ile

Thr

Ser

Thr

Leu

Glu

Pro

Leu

Leu

Leu

Ala

Val

Ile

Ser

Thr

Asp

Ser

Arg

Ser

Ser

Val

Ile

Ser

Ser

Pro

Thr

Glu

Glu

His

Ser

Thr

Thr

Gly

Lys

Glu

Glu

Ile

Thr

Ser

Leu

Ala

Pro

Pro

Ile

Pro

Gly

Lys

Ser
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Val

Ser

Thr

Ser

Ala

Thr

Ala

Gln

Asn

Ile

Gly

Thr

Pro

Pro

Thr

Ser

Ser
7520

Glu
7535

Ser
7550

Lys
7565

Ile
7580

Met
7595

Ser
7610

Thr
7625

Thr
7640

Gln
7655

Pro
7670

Ser
7685

His
7700

Leu
7715

Asp
7730

Ser

Thr

Pro

Glu

Val

Ser

Ser

Ser

Gly

Ala

Gly

Gly

Pro

Pro

Pro

Ile

Leu

Leu

Ala

Glu

Ser

Phe

Gln

vVal

Pro

Thr

Phe

Gly

Pro

vVal

vVal

Leu

Ser

Thr

Ser

Thr

Thr

Ser

Asp

Leu

Ser

Thr

Pro

Val

Ser

Ser

Thr

Gly

Thr

Pro

Ser

Ser

Gly

Arg

Ile

Thr

Glu

Pro

His

Ser

Ser

Thr

Ser

Thr

Thr
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Ala Leu Ser

7525

Leu
7540

Leu
7555

Ala
7570

Thr
7585

Ser
7600

Glu
7615

Ser
7630

Ser
7645

Pro
7660

Trp
7675

Pro
7690

Thr
7705

Leu
7720

Ser
7735

Ser

Thr

Ala

Thr

Ser

Ile

Ser

Thr

Trp

Glu

Pro

Leu

Phe

Leu

Thr

His

80

Thr

Thr

Thr

Met

Gly

Ala

Leu

val

Met

Ser

Ser

Leu

Thr

Glu

Glu

Asn

Arg

Glu

Glu

Ser

Thr

Lys

Glu

Glu

Thr

Pro

Leu

Ala

Ser

Pro

Arg

Thr

Leu

Ala

Val

Gly

Ile

Met

Ser

Thr

Thr

Pro

Pro

His

Gly

Gly

Leu

Arg
7530

Arg
7545

Asn
7560

Ser
7575

Pro
7590

Pro
7605

Thr
7620

Thr
7635

His
7650

Ser
7665

Phe
7680

Ala
7695

Ile
7710

Pro
7725

Thr
7740

Thr

Lys

Glu

Thr

Arg

Glu

Arg

Ile

Leu

Ser

Met

vVal

Val

Pro

Ala

Ser

Thr

Ile

Thr

Val

Thr

Gln

Ile

Thr

Asn

Ile

Gly

Lys

Thr

Pro

Thr

Ser

Tyr

Gln

Ser

Leu

Glu

Ser

Ser

Thr

Leu

Val

Arg

Glu

Ser

Ser

Thr

Ser

Lys
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Asp

Gly

Ser

Gly

Arg

Arg

Ser

Ser

Ile

Ser

Thr

Thr

Gln

Pro

Arg

7745

Thr
7760

Thr
7775

Val
7790

Asp
7805

Arg
7820

Glu
7835

Thr
7850

Lys
7865

Ser
7880

Pro
7895

Ser
7910

Ser
7925

Gly
7940

Glu
7955

Pro
7970

Ala

Asn

Leu

Thr

Ile

Ser

Val

Glu

Pro

Val

Pro

Ser

Phe

Asp

Ser

His

Vval

Ala

Ser

Gln

Ser

Leu

Asp

Asp

Met

Leu

Thr

Ser

Val

Phe

Thr

Ala

Asp

Val

Thr

Gly

Ser

Vval

Ile

Thr

Gly

Thr

His

Ser

Ser

Glu

Thr

Ser

Leu

Glu

Ser

Lys

Thr

Ser

Glu

Ala

Ser

Ser

Trp

Leu
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7750

Ala
7765

Thr
7780

Ser
7795

Thr
7810

Leu
7825

Glu
7840

Val
7855

Ser
7870

Thr
7885

Ser
7900

Thr
7915

Leu
7930

Gln
7945

Met
7960

Met
7975

vVal

Ser

Pro

Ser

Ala

Gly

Pro

Ile

Arg

Ala

Thr

Thr

Met

Ser

Ser

81

His

Ser

Met

Thr

Ser

Thr

Thr

Pro

Thr

Glu

Gln

Met

Ser

Pro

Ser

Pro

Gly

Cys

Pro

Ser

Ser

Gly

Gly

Val

Ile

Gly

Thr

Thr

Pro

Pro

Ser

Tyr

Thr

Ala

Leu

Ser

Ala

Pro

Ser

Thr

Thr

His

Leu

Leu

Ala

7755

Thr
7770

Lys
7785

Thr
7800

Phe
7815

Thr
7830

Gly
7845

Thr
7860

Ala
7875

Trp
7890

Met
7905

Ser
7920

Ser
7935

Met
7950

Leu
7965

Thr
7980

Asn

Ser

Ser

Leu

Pro

Thr

Thr

Gln

Phe

Asn

Thr

Thr

Arg

Glu

Thr

Thr

Gln

Thr

Glu

Gly

Lys

Glu

Ser

Ser

Thr

Leu

Ile

Arg

Lys

Ser

Gly

Ser

Met

Thr

Leu

Met

Ile

Thr

Thr

His

Asp

Ser

Gly

Thr

Pro
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Ser

Leu

Asp

Asn

Thr

Thr

Val

Ile

Gly

Leu

Leu

Ala

Thr

Ser

Glu

Ser

Pro
7985

Pro
8000

Met
8015

Leu
8030

Thr
8045

Asp
8060

Leu
8075

Thr
8090

Phe
8105

Thr
8120

Ala
8135

Thr
8150

Ser
8165

Thr
8180

Ser
8195

Thr
8210

Val

Val

Leu

Ser

Asp

Val

Ala

Ser

Phe

Leu

Thr

Ala

Tle

Glu

Ala

Pro

Ser

Thr

His

Ser

Thr

Gly

Asp

Thr

Glu

Gly

Glu

Glu

Ser

Thr

Glu

Glu

Ser

Ser

Lys

Thr

Glu

Thr

Ser

Met

Thr

Leu

Met

Val

Gly

Ile

Met

Ser

Thr

Leu

Ser

Ser

Lys

Ser

Gln

Glu

Ser

Arg

Ser

Ser

Phe

Thr

Met

Thr
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Leu Pro Glu

7990

Leu
8005

Ser
8020

Val
8035

Thr
8050

Ser
8065

Thr
8080

Asp
8095

Arg
8110

Lys
8125

Thr
8140

Arg
8155

Ala
8170

Arg
8185

Ile
8200

His
8215

Thr

Glu

Glu

His

Ser

Ser

Thr

Ile

Thr

vVal

Thr

Gln

Leu

Lys

Thr

82

Ser

Pro

Ile

Pro

Gly

Lys

Ser

Gln

Ser

Leu

Glu

Leu

Pro

Thr

Val

Ser

Gly

val

Leu

Ser

His

Val

Val

Thr

Ser

Ser

val

Thr

Thr

Gln

Asp

Ile

Leu

Thr

Ala

Ser

Glu

Thr

Ser

Glu

Ser

Gly

Thr

Val

Ser

Thr

Ile

Ser
7995

Ala
8010

Asn
8025

Thr
8040

Asn
8055

Ser
8070

Ser
8085

Thr
8100

Pro
8115

Glu
8130

Val
8145

Ser
8160

Ser
8175

Ser
8190

Asp
8205

Ser
8220

Ser

Lys

Ser

Ser

Arg

Thr

Pro

Ser

Thr

Gly

Pro

Ser

Pro

Ile

Pro

Thr

Ser

Thr

Pro

Glu

Thr

Ser

Met

Thr

Ser

Thr

Thr

Ser

Glu

Met

Pro

Thr

Pro

Thr

Ala

Val

Val

Phe

Val

Pro

Ser

Ser

Gly

Arg

Thr

Thr

Gly

Pro
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Asn

Ser

Trp

Leu

Thr

Leu

Ser

Ser

Asp

Ser

Glu

Gly

Ser

Arg

Ser

Ser

Trp
8225

Glu
8240

Pro
8255

Leu
8270

Leu
8285

Leu
8300

Arg
8315

His
8330

Met
8345

Ile
8360

Thr
8375

Glu
8390

Arg
8405

Glu
8420

Thr
8435

Arg
8450

Val

Met

Ser

Ser

Val

Asn

Glu

Glu

Gln

Ser

Pro

Thr

Tle

Thr

Val

Thr

Glu

Thr

Gln

Leu

Glu

Pro

Pro

Arg

Pro

Gly

Lys

Ser

Gln

Ser

Leu

Glu

Thr

Thr

Ser

Pro

Asp

Gly

Gly

Leu

Ser

His

Ala

Val

Tle

Ser

Ser

val

His

Leu

Ser

Ala

Phe

Leu

Thr

Thr

Thr

Glu

Thr

Ser

Glu

Ser

Glu

Ile
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Ser
8230

Val
8245

val
8260

Thr
8275

Pro
8290

Val
8305

Ser
8320

Thr
8335

His
8350

Ser
8365

Ser
8380

Ile
8395

Pro
8410

Glu
8425

vVal
8440

Ser
8455

Thr

Ser

Glu

Thr

Ser

Ile

Ser

Leu

Thr

Gln

Pro

Ser

Thr

Arg

Pro

Ser

83

Val

Arg

Glu

Ser

Ala

Thr

Thr

Glu

Ala

Ser

Met

Thr

Ser

Ile

Ser

Arg

Thr

Ser

Thr

Pro

Ser

Thr

Ser

Asp

val

Ser

Gly

Ser

Ser

Ser

Gly

Gly

Gln

Pro

Ser

Ser

Leu

Asp

Asn

Thr

Thr

val

Thr

Asp

Leu

Ser

Ala

Thr

Arg
8235

Gly
8250

Ser
8265

Pro
8280

Pro
8295

Arg
8310

Leu
8325

Val
8340

Asn
8355

Leu
8370

Thr
8385

Phe
8400

Thr
8415

Ala
8430

Thr
8445

Ser
8460

Phe

Asp

Ala

val

vVal

Met

Ser

Asp

vVal

Ser

Tyr

Phe

Ser

Thr

Thr

Met

Ser

Met

Ser

Ser

Thr

Gly

Ser

Thr

Arg

Asp

Thr

Glu

Gly

Glu

Glu

Ser

His

Leu

Ser

Ser

Ser

Ile

Thr

Glu

Thr

Ser

Met

Thr

Leu

Gly

Val

Gly
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Pro

Thr

Ala

Thr

His

Leu

Ser

Ala

Ser

Val

Ser

Thr

Asn

Ser

Ser

Thr

Asp
8465

Arg
8480

Ile
8495

Leu
8510

Ser
8525

Met
8540

Val
8555

Met
8570

Ser
8585

Lys
8600

Ser
8615

Ser
8630

Thr
8645

Pro
8660

Pro
8675

Ser

Gln

Leu

Thr

Thr

Thr

Ser

Glu

Thr

Ser

Thr

Pro

Glu

Pro

Ser

Met

Thr

Phe

Ser

Ile

Leu

Ala

Arg

Glu

Ser

Pro

Thr

Pro

Val

Val

Ser

Ala

Pro

Thr

Thr

Glu

Asp

Ser

Thr

Ala

Thr

His

Asp

Asn

Thr

Val

Val

Thr

Ala

Ile

Ser

Thr

Thr

Pro

Pro

Ser

Ser

Pro

Met

Leu

Lys

Asn

Leu

Thr

Phe
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Ser
8470

Pro
8485

Gly
8500

Ser
8515

Gly
8530

Gly
8545

Ser
8560

Phe
8575

vVal
8590

Leu
8605

Ser
8620

Asp
8635

Val
8650

Ala
8665

Ser
8680

Pro

Pro

Ile

Ser

Thr

Phe

Asp

vVal

Phe

Thr

Arg

Ser

Arg

Gly

Asp

Thr

Glu

84

Asp

Met

Pro

Thr

Ser

Val

Ser

Ser

Ala

Thr

Thr

Glu

Thr

Leu

Leu

Thr

Ile

Thr

Gly

Thr

His

Pro

Ser

Thr

Leu

Ser

Ser

Lys

vVal

Val

Gly

Met

Ser

Glu

Ala

Phe

Ser

Trp

Ser

Leu

Leu

Ser

Ala

Ile

Ile

Thr

Asn

Met

Thr
8475

Ser
8490

Thr
8505

Trp
8520

Glu
8535

Pro
8550

Leu
8565

Pro
8580

Thr
8595

Glu
8610

Glu
8625

His
8640

Tyr
8655

Thr
8670

Thr
8685

Thr

Glu

Ala

Ser

Ser

Met

Ser

Ser

Glu

Leu

Pro

Ile

Pro

Lys

Lys

Ser

Gln

Ala

Glu

Glu

Gly

Thr

Leu

Ser

Ser

Gly

Glu

Leu

Ser

His

Pro

Val

Pro

Ile

Ser

Gly

Thr

Thr

Pro

Pro

Ile

Pro

Thr

Ala

Ser

Leu

Thr

Ser

Thr
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Ser

Thr

Thr

Gly

Glu

Thr

Ser

Arg

Pro

Val

Ser

Tyr

Thr

Asp

Ile

8690

Ser
8705

Ser
8720

Gly
8735

Arg
8750

Ile
8765

Thr
8780

Gly
8795

Ala
8810

His
8825

Ser
8840

Ser
8855

Ser
8870

Ser
8885

Thr
8900

Thr
8915

Leu

Ser

Ala

Thr

Ser

Gly

Ala

Ser

Ser

Trp

Leu

Thr

Leu

Ser

Ser

Thr

Ala

Thr

Ser

Thr

Ser

Ser

Trp

Gly

Pro

Val

Pro

Phe

Leu

Asp

Ser

Thr

Thr

Thr

Glu

Ala

Ser

Pro

Met

Ser

Ser

Ser

Thr

Glu

Glu

Gly

Glu

Lys

Pro

Thr

Glu

Gln

Gly

Thr

Arg

Leu

Glu

Pro

Pro

Ser
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8695

Leu
8710

Arg
8725

Val
8740

Gly
8755

Ile
8770

Met
8785

Gly
8800

Thr
8815

Thr
8830

Pro
8845

Ser
8860

Ser
8875

Val
8890

Val
8905

Leu
8920

Arg

Ser

Ser

Pro

Thr

Thr

Thr

His

Pro

Ser

Ala

Ser

Met

Thr

Ala

85

Glu

Ala

Arg

Ala

Arg

Ile

Phe

Ser

Met

Val

Val

His

Met

Thr

Thr

Ile

Ser

Thr

Gln

Ile

Thr

Thr

Ala

Ser

Glu

Thr

Ser

Lys

Ser

Ser

Ser

Leu

Glu

Ser

Ser

Pro

Leu

Ala

Arg

Lys

Ser

Ser

Thr

Pro

Lys

8700

Thr
8715

Ser
8730

Ala
8745

Thr
8760

Thr
8775

Lys
8790

Asp
8805

Thr
8820

Gly
8835

Thr
8850

Pro
8865

Pro
8880

Thr
8895

Pro
8910

Ala
8925

Ser

Gly

Leu

Tle

Pro

Thr

Thr

His

Pro

Ser

Ser

Leu

Asp

Ser

Thr

Gln

Met

Ser

Ser

Leu

Gly

Ser

Arg

Glu

Pro

Pro

Arg

Met

Met

Met

Glu

Pro

Leu

Pro

Thr

His

Ser

Ser

Asp

Pro

Leu

Val

Leu

Asn

Glu
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Thr

Gly

Leu

Thr

Ile

Pro

Pro

Asp

Asp

Arg

Ile

Leu

Thr

Ser

Glu

Thr

Glu
8930

Thr
8945

Pro
8960

Ile
8975

Thr
8990

Arg
9005

Ser
9020

Ser
9035

Gln
9050

Leu
9065

Thr
9080

Thr
9095

Ala
9110

Arg
9125

Glu
9140

Ser
9155

Ala

Ile

Glu

Lys

Arg

Glu

Thr

Met

Ser

Ser

Thr

Leu

Ser

Thr

Ala

Ser

Ile

Ser

Pro

Asp

Ile

Thr

Val

Thr

Thr

Thr

Gln

Asp

Gln

Pro

Ser

Ser

Gln

Ala

Ser

Ile

Glu

Ser

Pro

Gln

Met

Ser

Thr

Thr

Gly

Gly

Ser

Pro

Leu

Arg

Lys

val

Met

Thr

Tyr

Val

Ser

Pro

Gly

Ser

Phe

Asp

Ala

val
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Ser
8935

Gln
8950

val
8965

Ser
8980

Glu
8995

Ser
9010

Lys
9025

Met
9040

Gln
9055

Ile
9070

Ser
9085

Thr
9100

Ser
9115

Val
9130

Ser
9145

Ser
9160

Glu

Glu

Thr

Thr

Ser

Gln

Ala

Ser

Asp

Lys

Pro

Thr

His

Pro

Phe

Ser

86

Asn

Phe

Ser

Thr

Thr

Glu

Leu

Ser
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Thr
11075

Val
11090

Ser
11105

Ser
11120

Val
11135

Gly
11150

Thr
11165

Thr
11180

Ile
11195

Ser
11210

Leu
11225

Ala
11240

Val
11255

Pro
11270

Ser
11285

Ile

Ser

Ser

Arg

Ser

Glu

Met

Thr

Thr

Pro

Leu

Thr

His

Ser

Ala

His

Leu

His

Pro

Ala

Glu

Ala

Val

Ile

Ser

Thr

Val

Val

Pro

Thr

Glu

Ser

Ser

Gly

Gly

val

Pro

Ser

Thr

Pro

Leu

Leu

Thr

Ala

Gly

Gly

Ser

Glu

Pro

Ala

Val

Thr

Glu

Ser

Ser

Thr

Val

Ala

Ser

Ser

Thr

Glu

Ser

Leu
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Gly
11065

Glu
11080

Ser
11095

Ser
11110

Thr
11125

Ala
11140

Leu
11155

Leu
11170

Thr
11185

val
11200

Ser
11215

Ser
11230

Glu
11245

Pro
11260

Ser
11275

Asp
11290

Glu

Ala

Gly

Thr

Thr

Val

Val

Thr

His

Ser

Gly

Gln

Ala

Phe

Thr

Thr
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Leu

Ser

vVal

Thr

Pro

Leu

Thr

Ile

Ser

Pro

Ser

Pro

Ser

Thr

Leu

Met

Glu

Ser

val

Ile

Ser

Thr

Ser

Ser

Glu

Thr

Glu

Glu

Ser

Asn

Pro

Pro

Thr

Ala

Thr

Pro

Met

Val

Ser

Ser

Ala

val

Thr

Thr

Val

Ile

Arg

Ser

Thr
11070

Val
11085

Pro
11100

Ile
11115

Ala
11130

Ser
11145

Arg
11160

Asp
11175

Lys
11190

Gln
11205

Ser
11220

Ile
11235

Vval
11250

Ser
11265

Thr
11280

Thr
11295

Pro

Pro

Leu

Leu

Thr

Pro

Ala

Glu

Met

Gly

Ala

Asp

Pro

Leu

Thr

Val

Ser

Thr

Val

Thr

Ser

Glu

Val

Pro

Ile

Leu

Phe

Ser

Thr

Val

Ser

Thr

Met

Pro

Thr

Leu

His

Val

Thr

Glu

Ser

val

Ser

Trp

Leu

Thr

Arg

Ser
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Pro

Gly

Asp

Ser

Thr

Asp

Ser

Val

Ile

Ser

Thr

vVal

Thr

His

Phe

Ser

Glu
11300

Ile
11315

Ile
11330

Glu
11345

Thr
11360

Thr
11375

Asp
11390

Thr
11405

Pro
11420

Phe
11435

Leu
11450

Ile
11465

Glu
11480

Pro
11495

Ser
11510

Pro

Ala

Pro

Ser

Ala

Val

Thr

Phe

Ser

Thr

Ile

Pro

Ser

Thr

Ala

His

Gly

Glu

Gly

Ala

Thr

Pro

Pro

Pro

Gln

Leu

Thr

Val

Ser

Pro

Glu

Ser

Pro

Ser

Val

Thr

Ala

Arg

Ser

Thr

Val

Thr

Tyr

Ser

Gly

Tyr

Thr

Lys

Glu

Ser

Leu

Phe

Ser

Thr

Ile

Ile

Thr

Leu

Ser

Pro

Thr

Glu

Asn

Ser

Ala
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Ser
11305

Thr
11320

Pro
11335

Trp
11350

Thr
11365

Ala
11380

Thr
11395

Ser
11410

Ser
11425

Glu
11440

Gly
11455

Asp
11470

Pro
11485

Thr
11500

Asp
11515

Ser

Ala

Ser

Thr

Val

Pro

Thr

val

Ser

Ser

Thr

Ala

Ser

Glu

Met

Thr

Ser
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Ile

Leu

Val

Thr

Asn

Ser

Ser

Gly

Gly

His

Ser

Thr

Thr

Val

Thr

Ala

Ser

Val

Pro

His

Tyr

Pro

Pro

Thr

Glu

Thr

Lys

Thr

Thr

Pro

Leu

val

Thr

Thr

Glu

Pro

Ser

Gly

Asp

Asp

Pro

Ser

Met

Thr

Ala

Arg

Pro

Ser

Thr
11310

Ser
11325

Ser
11340

Ala
11355

His
11370

Ala
11385

Val
11400

Thr
11415

Glu
11430

Ser
11445

Leu
11460

Phe
11475

Ile
11490

Thr
11505

Val
11520

Thr

Ile

Ser

Pro

Val

Ser

Glu

Pro

Ser

Thr

Ala

Thr

Pro

Gln

Thr

Ala

Thr

Ser

Gly

His

Thr

Glu

Ala

Asp

Ile

Thr

Ile

Ser

Thr

Leu

Pro

Ile

Thr

Pro

Arg

Glu

Ser

Pro

Thr

Met

Thr

Thr

Pro

Leu

Leu

Ile

Lys

Thr

Ile
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Ser

Gly

Tyr

Thr

Gly

Thr

Gly

Thr

Thr

Val

Ser

Thr

Met

Thr

Ser

11525

Pro
11540

Thr
11555

Glu
11570

Ser
11585

Ser
11600

Arg
11615

Val
11630

Ala
11645

Ala
11660

Pro
11675

Trp
11690

Thr
11705

Ala
11720

Ile
11735

Ser
11750

Asp

Asp

Pro

Thr

Asp

Ser

Val

Ile

Ser

Ile

Val

Ser

Thr

Ser

Gly

Met

Thr

Glu

Thr

Thr

Gly

Thr

Pro

Ser

Arg

Thr

Ser

Ser

Pro

Ala

Ser

Ser

Thr

Val

Ala

Val

Ser

Thr

Ala

Thr

His

Phe

Pro

Gly

Ala

Asp

Thr

Thr

Ser

Pro

Pro

Gln

Leu

Thr

Val

Pro

Ser

Arg

Ala

Thr
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11530

Leu
11545

Thr
11560

Ala
11575

Gly
11590

Ser
11605

Thr
11620

Val
11635

Thr
11650

His
11665

Pro
11680

Pro
11695

His
11710

Thr
11725

Pro
11740

Ser
11755

val

Phe

Thr

Thr

Met

Thr

Thr

Pro

Pro

Ser

Gln

Ser

Glu

Glu

Thr
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Thr

Pro

Trp

Tle

Val

Thr

Ser

Ser

Gly

Ser

Thr

Ser

Ala

Met

Thr

Ser

Thr

Leu

Pro

Thr

Ile

Ser

Pro

Thr

Glu

Ser

Pro

Ser

Val

Val

Leu

Leu

Thr

Asn

Ser

Pro

Ala

Gly

Gln

Pro

Thr

Asp

Ser

Thr

Pro

11535

Val
11550

Ser
11565

His
11580

Phe
11595

Pro
11610

Pro
11625

Thr
11640

Glu
11655

Thr
11670

Asp
11685

Pro
11700

Ala
11715

Ala
11730

Ser
11745

Thr
11760

Pro

Glu

Pro

Ser

Gly

Ser

Asp

Pro

Gly

Thr

Val

Thr

Val

Gln

Leu

Ser

Thr

Ala

His

Val

Ile

Thr

Glu

Phe

Met

Ser

Pro

Leu

Ile

Thr

Ser

Pro

Glu

Arg

Asp

Pro

Ser

Thr

Thr

Ala

Arg

Val

Thr

Thr

His
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Ser

Arg

Gln

Glu

Thr

Ala

Pro

Leu

Ala

Val

Thr

Val

Thr

Gly

Glu

Lys

Pro
11765

Thr
11780

val
11795

Thr
11810

Leu
11825

Ser
11840

Gly
11855

Gly
11870

Glu
11885

Ser
11900

Val
11915

Gly
11930

Leu
11945

Glu
11960

Ala
11975

Thr
11990

Gly

Glu

Ser

Ser

Leu

Pro

Thr

Leu

Thr

Gly

Thr

Pro

Ile

Gly

Thr

Thr

Met

Thr

Glu

Thr

val

Gly

Glu

Leu

Ser

Leu

Ser

Pro

Pro

Val

Asn

Thr

Pro

Ser

Thr

Ala

Thr

Val

Thr

Glu

Thr

Ser

Trp

Glu

Ser

Ser

Leu

Thr

Glu

Lys

Thr

Leu

Gly

Ser

Ser

Thr

Ser

Ser

Asn

Phe

Glu

Pro

Ala

Phe
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Thr
11770

Thr
11785

Ala
11800

Pro
11815

Thr
11830

Ala
11845

Thr
11860

Thr
11875

Thr
11890

Ala
11905

Thr
11920

Ser
11935

Met
11950

Thr
11965

Thr
11980

Asn
11995

Thr

Phe

Ser

Thr

Ser

Lys

Met

Gly

Leu

Ser

Glu

Arg

Pro

Thr

Thr

Thr
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Ala

Pro

Leu

Gln

Arg

Thr

Ile

Leu

Thr

Ile

Thr

Thr

Thr

Ile

Gly

Leu

Leu

Ala

Thr

Thr

val

Ala

Pro

Leu

Leu

Thr

Ser

Val

Pro

Leu

Ser

Ala

Leu

Ser

Ile

Thr

Asp

Pro

Thr

Ala

Thr

Thr

Pro

Thr

Pro

Arg

Ser

Gly

Ser
11775

Thr
11790

Arg
11805

Ser
11820

Leu
11835

Leu
11850

Ser
11865

Thr
11880

val
11895

Asp
11910

Ser
11925

Gly
11940

Lys
11955

Thr
11970

Pro
11985

Ser
12000

Thr

Val

Pro

Ser

Ser

Ser

Thr

Ser

Ser

Lys

Val

Thr

Thr

Thr

Thr

Leu

His

Phe

Gly

Leu

Pro

Thr

Leu

Ser

Pro

Pro

Thr

Thr

Ser

Met

Val

Phe

Pro

Pro

Ala

Phe

Thr

His

Ser

Ser

Ala

Gln

Ser

Met

His

Val

Ala

Thr
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Pro

Thr

Ser

Val

Ser

Asn

Pro

Leu

Ser

Ala

Asp

Leu

Asn

Thr

Gly

Leu

Leu
12005

Ser
12020

Ser
12035

Thr
12050

Ser
12065

Phe
12080

Gly
12095

Leu
12110

Gly
12125

Thr
12140

Leu
12155

Thr
12170

Ser
12185

Thr
12200

Thr
12215

Met
12230

Thr

Arg

Tyr

Ser

Thr

Thr

Ser

Lys

Cys

Ala

Gly

Asn

Leu

Ser

Pro

Pro

Thr

Thr

Asn

Thr

Ala

Ile

Arg

Pro

Arg

val

Leu

Gly

Tyr

Thr

Ser

Phe

Pro

Ser

Arg

Phe

Ala

Thr

Lys

Leu

Leu

Asp

Asp

Ile

val

Pro

Ser

Thr

Gly

Tyr

Arg

Ser

Thr

Asn

Phe

Phe

Ala

Ala

Arg

Gln

Asn

Gly

Ser

Leu
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Met
12010

Asn
12025

Tyr
12040

Pro
12055

vVal
12070

Leu
12085

Asn
12100

Arg
12115

Ser
12130

Ile
12145

Glu
12160

Glu
12175

Gly
12190

Thr
12205

Pro
12220

Asn
12235

Ser

His

Trp

Gly

Pro

Gln

Ala

Asn

Leu

Cys

Arg

Leu

Phe

Ser

Ser

Phe
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Thr

Arg

Thr

Ile

Phe

Tyr

Thr

Ser

Arg

Thr

Leu

Gly

Thr

Thr

Pro

Thr

Leu

Ser

Pro

Ser

Met

Glu

Glu

Ser

Pro

His

Tyr

Pro

His

val

Thr

Ile

Ala

Trp

Ala

Thr

val

Glu

Arg

Leu

Glu

Arg

Trp

Tyr

Arg

Asp

Thr

Thr

Ser
12015

Ile
12030

Thr
12045

Ser
12060

Pro
12075

Asp
12090

Glu
12105

Glu
12120

Lys
12135

Pro
12150

Glu
12165

Thr
12180

Ser
12185

val
12210

Ala
12225

Asn
12240

Glu

Ser

Ser

Ser

Phe

Met

Leu

Tyr

Asp

Asp

Leu

Leu

Ser

Gly

Gly

Leu

Ser

Thr

Thr

Ile

Thr

Arg

Gln

Leu

Ser

Pro

Ser

Asp

Met

Thr

Pro

Gln

Val

Thr

Pro

Pro

Leu

His

Gly

Tyr

Ser

Glu

Asn

Arg

Pro

Ser

Leu

Tyr
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Glu

Glu

Ser

Pro

His

Tyr

Pro

His

Val

Thr

Phe

Gly

Leu

Gly

Thr

Pro

Glu
12245

Ser
12260

Val
12275

Glu
12290

Arg
12305

Trp
12320

Tyr
12335

Gln
12350

Asp
12365

Ile
12380

Thr
12395

Ser
12410

Gly
12425

Cys
12440

Gly
12455

Gly

Asp

Val

Gly

Lys

Leu

Glu

Thr

Ser

Leu

Met

Ile

Arg

Pro

Arg

Val

Leu

Met

Leu

Pro

Asp

Asp

Leu

Leu

Ser

Arg

Ala

Thr

Lys

Ile

Leu

Asp

Asn

Arg

Gln

Leu

Gly

Pro

Ser

Asp

Val

Thr

Ala

Asn

Phe

Phe

Thr

Ala

Arg

Arg

Gly

Tyr

Ala

Lys

Lys

Arg

Ser

Ser

Gly

Leu

Asn

Lys

Ser

Ile

Glu
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Thr
12250

Leu
12265

Ser
12280

Ala
12295

Ser
12310

Leu
12325

Asn
12340

Thr
12355

Gly
12370

Pro
12385

Gln
12400

Thr
12415

Asn
12430

Leu
12445

Cys
12460

Arg

Gly

Leu

Gly

Thr

Pro

Thr

Ser

Thr

Thr

Leu

Tyr

Thr

Thr

Arg

Ile

Leu
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Ser

Lys

Cys

Gly

Gly

Asn

Leu

Ser

Pro

Leu

Gly

Glu

Ser

Ser

His

Tyr

Arg

Pro

Arg

Val

Leu

Asp

Tyr

Thr

Ser

Val

Glu

Arg

Val

Glu

His

Trp

Lys

Leu

Leu

Asp

Asn

Ile

Val

Pro

Ser

Pro

Asp

Val

Gly

Lys

Leu

Glu

Phe
12255

Phe
12270

Thr
12285

Ala
12300

Arg
12315

Glu
12330

Asn
12345

Gly
12360

Leu
12375

Phe
12390

Met
12405

Leu
12420

Pro
12435

Asp
12450

Asp
12465

Leu

Asn

Lys

Leu

Ile

Glu

Glu

Gly

Thr

Ser

Thr

Gly

Gln

Leu

Gly

Pro

Ser

Thr

Asn

Leu

Cys

Gln

Leu

Phe

Ser

Ser

Leu

His

Gly

Tyr

Ala

Lys

Gln

Met

Thr

Arg

Thr

Leu

Gly

Thr

Thr

Pro

Asn

Pro

Leu

Ser

Ala

Ser

Leu
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Thr

Ser

Ser

Thr

Val

Glu

Arg

val

Glu

Arg

Trp

Tyr

Trp

Asp

Ala

12470

Asn
12485

Leu
12500

Ser
12515

Pro
12530

Leu
12545

Asp
12560

Val
12575

Gly
12590

Lys
12605

Leu
12620

Glu
12635

Thr
12650

Ile
12665

Leu
12680

Gly
12695

Gly

Tyr

Thr

Phe

Phe

Met

Leu

Leu

Asp

Asp

Leu

Leu

Pro

Gly

Pro

Ile

Val

Pro

Ser

Thr

His

Gln

Leu

Gly

Pro

Ser

Asp

Val

Ser

Leu

Lys

Asn

Gly

Leu

Leu

Arg

Thr

Tyr

Ala

Lys

Gln

Arg

Pro

Gly

Leu

Glu

Gly

Thr

Pro

Asn

Pro

Leu

Ser

Ala

Ser

Leu

Asn

Thr

Thr

Val
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12475

Leu
12490

Phe
12505

Ser
12520

Ser
12535

Phe
12550

Gly
12565

Leu
12580

Gly
12595

Thr
12610

Pro
12625

Thr
12640

Ser
12655

Ser
12670

Pro
12685

Pro
12700

Gly

Thr

Thr

Pro

Thr

Ser

Gly

Cys

Gly

Gly

Asn

Leu

Ser

Ser

Phe

101

Pro

His

Val

Ala

Ile

Arg

Pro

Arg

Val

Val

Gly

Tyr

Thr

Ser

Thr

Tyr

Arg

Asp

Thr

Thr

Lys

Met

Leu

Asp

Asp

Ile

Vval

Pro

Leu

Leu

Thr

Thr

Leu

Ala

Asn

Phe

Phe

Thr

Ala

Arg

Lys

Asn

Gly

Pro

Asn

12480

Leu
12495

Ser
12510

Gly
12525

Gly
12540

Leu
12555

Asn
12570

Lys
12585

Leu
12600

Ile
12615

Glu
12630

Glu
12645

Gly
12660

Thr
12675

Ser
12690

Phe
12705

Asp

Val

Thr

Pro

Lys

Thr

Asn

Leu

Cys

Gln

Leu

Phe

Ser

Pro

Thr

Arg

Pro

Ser

Leu

Tyr

Thr

Thr

Arg

Thr

Leu

Gly

Thr

Thr

Thr

Ile

Asn

Thr

Gly

Leu

Glu

Glu

Ser

Ser

His

Tyr

Pro

His

Val

Thr

Thr
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Asn

Phe

Phe

Thr

Ala

Arg

Lys

Asn

Gly

Leu

Leu

His

Gly

Tyr

Ala

Lys

Leu
12710

Asn
12725

Lys
12740

Leu
12755

Ile
12770

Glu
12785

Glu
12800

Gly
12815

Thr
12830

Pro
12845

Asn
12860

Pro
12875

Leu
12890

Ser
12905

Ala
12920

Ser
12935

Lys

Thr

Asn

Leu

Cys

Gln

Leu

Phe

Ser

Ser

Phe

Gly

Leu

Gly

Thr

Pro

Tyr

Thr

Thr

Arg

Thr

Leu

Gly

Thr

Thr

Pro

Thr

Ser

Gly

Cys

Gly

Gly

Glu

Glu

Ser

Ser

His

Tyr

Pro

His

Val

Thr

Ile

Arg

Pro

Arg

Met

Leu

Glu

Arg

Val

Glu

Arg

Trp

Tyr

Gln

Asp

Ser

Thr

Lys

Met

Leu

Asp

Asn
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Asp
12715

Val
12730

Gly
12745

Lys
12760

Leu
12775

Glu
12790

Thr
12805

Thr
12820

Leu
12835

Ala
12850

Asn
12865

Phe
12880

Phe
12895

Thr
12910

Ala
12925

Arg
12940

Met

Leu

Pro

Asp

Asp

Leu

Leu

Ser

Gly

Gly

Leu

Asn

Lys

Leu

Ile

Glu

102

His

Gln

Leu

Gly

Pro

Ser

Asp

Ala

Thr

Pro

Gln

Thr

Asn

Leu

Cys

Gln

Cys

Ser

Tyr

Ala

Lys

Gln

Arg

Pro

Ser

Leu

Tyr

Thr

Thr

Arg

Ser

Leu

Pro

Leu

Ser

Ala

Ser

Leu

Asn

Asn

Gly

Leu

Glu

Glu

Ser

Pro

His

Tyr

Gly
12720

Leu
12735

Gly
12750

Thr
12765

Pro
12780

Thr
12795

Ser
12810

Thr
12825

Thr
12840

val
12855

Glu
12870

Arg
12885

val
12900

Glu
12915

Arg
12930

Trp
12945

Ser

Gly

Cys

Gly

Gly

Asn

Leu

Ser

Pro

Pro

Asp

Val

Gly

Lys

Leu

Glu

Arg

Pro

Arg

val

val

Gly

Tyr

Thr

Ser

Phe

Met

Leu

Leu

Asn

Asp

Leu

Lys

Met

Leu

Asp

Asp

Ile

Val

Pro

Ser

Thr

His

Gln

Leu

Gly

Pro

Ser
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Gln

Arg

Ala

Ser

Leu

Tyr

Thr

Ser

Arg

Thr

Leu

Gly

Thr

Thr

Pro

Thr

Leu
12950

Asn
12965

Pro
12980

Gly
12995

Leu
13010

Gly
13025

Glu
13040

Ser
13055

Ser
13070

His
13085

Tyr
13100

Pro
13115

His
13130

Val
13145

Thr
13160

Ile
13175

Thr

Ser

Thr

Thr

vVal

Glu

Arg

Val

Glu

His

Trp

Tyr

Arg

Asp

Thr

Thr

His

Leu

Ser

Pro

Pro

Asp

Val

Gly

Lys

Leu

Gln

Thr

Ser

Leu

Thr

Asn

Gly

Tyr

Thr

Ser

Phe

Met

Leu

Pro

Asp

Asn

Leu

Leu

Ser

Gly

Gly

Leu

Ile

val

Pro

Ser

Thr

Arg

Gln

Leu

Gly

Pro

Ser

Asp

Gly

Thr

Pro

Gln

EP 3 222 632 A1

Lys
12955

Asn
12970

Gly
12985

Leu
13000

Leu
13015

His
13030

Gly
13045

Tyr
13060

Ala
13075

Gln
13090

Gln
13105

Arg
13120

Leu
13135

Ser
13150

Leu
13165

Tyr
13180

Glu

Gly

Thr

Pro

Asn

Pro

Leu

Ser

Ala

Ser

Met

Asn

Thr

Gly

Leu

Glu

103

Leu

Phe

Ser

Ser

Phe

Gly

Leu

Gly

Thr

Pro

Thr

Ser

Thr

Thr

Val

Glu

Gly

Thr

Thr

Pro

Thr

Ser

Gly

Cys

Gly

Gly

Asn

Leu

Ser

Pro

Pro

Asn

Pro

His

Vval

Thr

Ile

Arg

Pro

Arg

Val

Leu

Gly

Tyr

Thr

Ser

Phe

Met

Tyr
12960

Arg
12975

Asp
12990

Thr
13005

Thr
13020

Lys
13035

Leu
13050

Leu
13065

Asp
13080

Asp
13095

Ile
13110

val
13125

Pro
13140

Pro
13155

Thr
13170

Gly
13185

Thr

Ser

Leu

Ala

Asn

Phe

Phe

Ile

Ala

Arg

Lys

Asn

Trp

Val

Leu

His

Leu

Ser

Gly

val

Leu

Asn

Lys

Ser

Ile

Glu

Glu

Gly

Thr

Pro

Asn

Pro

Asp

Val

Thr

Pro

Gln

Thr

Asn

Leu

Cys

Gln

Leu

Phe

Ser

Ser

Phe

Gly
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Ser

Lys

Cys

Arg

Gly

His

Leu

Ser

Pro

Pro

Asp

vVal

Ser

Lys

Pro

Lys

Arg
13190

Pro
13205

Arg
13220

Val
13235

Leu
13250

Ser
13265

Tyr
13280

Thr
13295

Ser
13310

Phe
13325

Met
13340

Leu
13355

Ser
13370

Asp
13385

Asp
13400

Leu

Lys

Leu

Leu

Asp

Asp

Ile

Val

Pro

Ser

Thr

Arg

Gln

Leu

Gly

Pro

Ser

Phe

Phe

Thr

Ala

Arg

Thr

Asn

Gly

Leu

Leu

Arg

Gly

Tyr

Ala

Lys

Gln

Asn

Lys

Leu

Ile

Gln

Glu

Gly

Thr

Pro

Asn

Pro

Leu

Ser

Ala

Ser

Leu

Ile

Ser

Leu

Cys

Gln

Leu

Phe

Phe

Gly

Phe

Gly

Leu

Gly

Thr

Pro

Thr
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Thr
13195

Thr
13210

Arg
13225

Thr
13240

Leu
13255

Gly
13270

Thr
13285

Thr
13300

Pro
13315

Thr
13330

Ser
13345

Met
13360

Cys
13375

Arg
13390

Gly
13405

His

Glu

Ser

Pro

His

Tyr

Pro

Gln

Val

Thr

Ile

Arg

Pro

Arg

Val

Leu

Gly

104

Ser

Val

Glu

Arg

Trp

Tyr

Arg

Gln

Ala

Thr

Lys

Leu

Leu

Asp

Asp

Ile

Val

Gly

Lys

Pro

Glu

Thr

Ser

Pro

Thr

Asn

Phe

Phe

Thr

Ala

Arg

Thr

Leu

Pro

Asp

Asp

Leu

Leu

Ser

Glu

Gly

Leu

Asn

Lys

Leu

Val

Glu

Glu

Gln
13200

Leu
13215

Gly
13230

Pro
13245

Ser
13260

Asp
13275

Val
13290

Thr
13305

Pro
13320

Gln
13335

Thr
13350

Asn
13365

Leu
13380

Cys
13395

Arg
13410

Leu

Gly

Tyr

Val

Lys

Gln

Arg

Pro

Ser

Val

Tyr

Thr

Thr

Arg

Thr

Leu

Gly

Leu

Ser

Ala

Ile

Leu

Asp

Thr

Glu

Leu

Glu

Glu

Ser

Pro

His

Tyr

Pro

Leu

Gly

Thr

Pro

Thr

Ser

Thr

Thr

Leu

Glu

Arg

Val

Glu

Arg

Trp

Tyr
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Thr

Ser

Leu

Ala

Asn

Phe

Phe

Thr

Ala

Arg

Thr

Asn

Gly

Lys

Leu

13415

Leu
13430

Ser
13445

Ala
13460

Ser
13475

Leu
13490

Asn
13505

Lys
13520

Leu
13535

Ile
13550

Glu
13565

Glu
13580

Gly
13595

Thr
13610

Pro
13625

Asn
13640

Asp

Met

Thr

Pro

Arg

Thr

Asn

Leu

Cys

Gln

Leu

Phe

Pro

Gly

Phe

Arg

Thr

Ser

Leu

Tyr

Thr

Thr

Arg

Thr

Leu

Gly

Thr

Thr

Pro

Thr

His

Thr

Arg

Leu

Glu

Glu

Ser

Pro

Tyr

Tyr

Pro

Gln

Val

Ser

Ile

Ser

Thr

Thr

Val

Glu

Arg

Val

Lys

Arg

Trp

Tyr

Arg

Asp

Ala

Thr
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13420

Leu
13435

Arg
13450

Pro
13465

Leu
13480

Asn
13495

val
13510

Gly
13525

Lys
13540

Pro
13555

Glu
13570

Thr
13585

Ser
13600

Leu
13615

Ala
13630

Asn
13645

Tyr

Thr

Ala

Phe

Met

Leu

Pro

Asp

Asp

Leu

Leu

Ser

Gly

Ser

Leu

105

Vval

Pro

Ser

Thr

His

Gln

Leu

Gly

Pro

Ser

Asp

Val

Thr

Pro

Arg

Asn

Asp

Leu

Ile

His

Gly

Tyr

Ala

Lys

Gln

Arg

Pro

Ser

Leu

Tyr

Gly

Thr

Ser

Asn

Pro

Leu

Ser

Ala

Ser

Leu

Asp

Thr

Gly

Leu

Glu

13425

Phe
13440

Ser
13455

Gly
13470

Phe
13485

Gly
13500

Leu
13515

Gly
13530

Thr
13545

Pro
13560

Thr
13575

Ser
13590

Thr
13605

Thr
13620

Val
13635

Glu
13650

Thr

Thr

Pro

Thr

Ser

Arg

Cys

Lys

Gly

His

Leu

Ser

Pro

Leu

Asn

His

Met

Met

Tle

Arg

Pro

Arg

val

Leu

Ser

Tyr

Ile

vVal

Phe

Met

Gln

His

Thr

Thr

Lys

Val

Leu

Asp

Asp

Ile

Val

Pro

Ser

Thr

Gln
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His

Gly

Tyr

Thr

Lys

Gln

Asn

Ser

Ser

Leu

Tyr

Glu

Ser

Pro

His

Tyr

Pro
13655

Leu
13670

Ser
13685

Ala
13700

Ser
13715

Leu
13730

Asp
13745

Thr
13760

Lys
13775

Leu
13790

Glu
13805

Arg
13820

Val
13835

Glu
13850

Arg
13865

Leu
13880

Gly

Leu

Gly

Thr

Pro

Thr

Ser

Thr

Thr

Ile

Glu

Val

Gly

Lys

Pro

Glu

Ser

Arg

Cys

Gly

Arg

His

Leu

Ser

Pro

Leu

Asn

Leu

Pro

Asp

Asp

Leu

Arg

Ser

Arg

val

Leu

Asn

Phe

Thr

Ala

Phe

Met

Gln

Leu

Gly

Pro

Ser

Lys

Leu

Leu

Asp

Asp

Ile

Val

Pro

Ser

Thr

Trp

Gly

Tyr

Glu

Thr

Gln
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Phe
13660

Phe
13675

Thr
13690

Ala
13705

Arg
13720

Thr
13735

Asn
13750

Gly
13765

Ile
13780

Leu
13795

Pro
13810

Leu
13825

Ser
13840

Ala
13855

Gly
13870

Leu
13885

Asn

Lys

Leu

Ile

Glu

Glu

Gly

Thr

Phe

Asn

Gly

Leu

Gly

Thr

Pro

Thr

106

Thr

Ser

Leu

Cys

Gln

Leu

Phe

Pro

Gly

Phe

Ser

Arg

Cys

Gly

Gly

His

Thr

Thr

Arg

Thr

Leu

Gly

Thr

Thr

Pro

Thr

Arg

Pro

Arg

val

Leu

Ser

Glu

Ser

Pro

His

Tyr

Pro

His

Val

Ser

Ile

Lys

Leu

Leu

Asp

Asp

Ile

Arg
13665

Val
13680

Glu
13695

His
13710

Trp
13725

Tyr
13740

Arg
13755

Tyr
13770

Ala
13785

Thr
13800

Phe
13815

Phe
13830

Thr
13845

Ala
13860

Arg
13875

Thr
138390

Val

Gly

Lys

Pro

Glu

Ala

Ser

Leu

Ala

Asn

Asn

Lys

Leu

Ile

Glu

Glu

Leu

Pro

Asp

Asp

Leu

Leu

Ser

Gly

Ser

Leu

Thr

Asn

Leu

Cys

Gln

Leu

Gln

Leu

Gly

Pro

Ser

Asp

Val

Ala

His

Arg

Thr

Thr

Arg

Thr

Leu

Gly
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Pro

His

Glu

Ala

Asn

Leu

Val

Leu

His

Tyr

Pro

Phe

Leu

Ser

Gly

Met

Tyr
13895

Arg
13910

Pro
13925

Asp
13940

val
13955

Gly
13970

Lys
13985

Gln
14000

Glu
14015

Ser
14030

Gly
14045

Leu
14060

Lys
14075

Pro
14090

Val
14105

Gly
14120

Thr

Ser

Phe

Met

Met

Ala

Asn

Pro

Leu

Leu

Pro

Pro

Thr

Asp

Leu

Pro

Leu

Ser

Thr

Gly

Gln

Arg

Gly

Leu

Ser

Asp

Asp

Pro

Leu

Met

Gln

Phe

Asp

Val

Leu

Gln

His

Tyr

Ala

Ser

Gln

Lys

Glu

Leu

Thr

Gly

His

Tyr

Arg

Pro

Asn

Pro

Leu

Thr

Glu

Gly

Gln

Asp

Pro

Ser

Leu

Lys

Leu

Leu
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Asp
13900

Thr
13915

Phe
13930

Gly
13945

Leu
13960

Gly
13975

Thr
13990

Pro
14005

Thr
14020

Ser
14035

Pro
14050

Glu
14065

Asn
14080

Gly
14095

Leu
14110

Gly
14125

Ser

Thr

Thr

Ser

Ser

Cys

Arg

Gly

His

Leu

Thr

Ala

Phe

Ser

Arg

Cys

107

Leu

Ser

Ile

Leu

Pro

Arg

Val

Leu

Gly

Tyr

Thr

Thr

Thr

Ala

Pro

Gln

Tyr

Thr

Asn

Lys

Leu

Val

Asp

Pro

Ile

Leu

Pro

Thr

Tle

Thr

Leu

Leu

Val

Gly

Asn

Phe

Phe

Ile

Leu

Ile

Thr

Asn

Lys

Ala

Ser

Phe

Phe

Ile

Asn
13905

Vval
13920

Leu
13935

Asn
13950

Gln
13965

Ala
13980

Leu
13995

Lys
14010

Arg
14025

Gly
14040

Pro
14055

Met
14070

Asn
14085

Asn
14100

Gln
14115

Ser
14130

Gly

Val

Arg

Ile

Arg

Leu

Cys

Gln

Leu

Tyr

Ala

Gly

Leu

Ser

Lys

Leu

Phe

Ser

Tyr

Thr

Ser

Arg

Thr

Val

Gly

Asn

Thr

Tyr

Gln

Thr

Ser

Arg

Thr

Glu

Met

Asp

Ser

Ser

Tyr

Phe

Pro

Glu

Thr

His

Tyr

Glu

Ser

Pro
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Glu

His

Trp

Tyr

Gln

Val

Ile

Lys

Asn

Ser

Lys

Leu

Pro

Ile

Thr

Gln

Lys
14135

Pro
14150

Glu
14165

val
14180

Asn
14195

Asn
14210

Thr
14225

Gly
14240

Leu
14255

Ser
14270

Thr
14285

Val
14300

Thr
14315

Thr
14330

Asn
14345

Leu

Asp

Asp

Leu

Leu

Leu

Trp

Leu

Ser

Thr

Asn

Leu

Asp

Ser

Asn

Tyr

Phe

Gly

Pro

Ser

Asp

Ser

Asn

Leu

Gln

Met

Leu

Asn

Ile

Ser

Leu

Gln

Arg

Ala

Val

Gln

Arg

Ile

Leu

Arg

Leu

Asp

Asp

Ala

His

Ser

Pro

Arg

Asn

Ala

Gly

Leu

Asp

Arg

Ser

Asp

His

Ser

Pro

Ser

Val

Ser

Tyr

Asn

Ser
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Thr
14140

Pro
14155

Thr
14170

Ser
14185

Gly
14200

Asn
14215

Ile
14230

Asp
14245

val
14260

Ser
14275

Phe
14290

Thr
14305

Thr
14320

Ser
14335

Lys
14350

Ser

Gly

Gly

His

Leu

Glu

Pro

Gln

Thr

Leu

Leu

His

Glu

Gln

Gln

Arg

Ile

108

Val

Leu

Gly

Phe

Tyr

Asp

Asp

Phe

val

Val

Trp

Met

His

Asp

Asn

Lys

Asp

Asp

val

Ile

Gln

Pro

Lys

Arg

Thr

Glu

Leu

Glu

Phe

Lys

Ile

Ser

Thr

Ile

Thr

Asn

Ile

Thr

val

Phe

val

Gln

Gly

Ser

Tyr

Ala

Glu

Tyr

Thr
14145

Gln
14160

Gln
14175

Gly
14190

Asn
14205

Ser
14220

Thr
14235

Cys
14250

Lys
14265

Val
14280

Ser
14295

Ser
14310

Leu
14325

Gln
14340

Asp
14355

Phe

Cys

Gln

Leu

Tyr

Phe

Ser

Thr

Leu

Ala

Phe

Thr

Val

Asn

Pro

Ala

Ser

Thr

Leu

Gly

Ala

His

Glu

Leu

Val

Leu

Leu

Tyr

Tyr

Phe

Gly

Leu

Asp

Tyr

Tyr

Phe

Pro

Ile

Tyr

Tyr

Thr

Phe

Asp

Gln

Gln

Thr

Thr

Asn

Cys
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14360

Gln Val
14375

Val Asp
14390

Arg Val
14405

Thr Gln
14420

Asp Gly
14435

Asp Leu
14450

Leu Gly
14465

Arg Arg
14480

Pro Gly
14495

<210> 14
<211> 24
<212> PRT
<213>

<220>
<223>

<400> 14

Ser

Ser

Ala

Leu

Tyr

Pro

Val

Arg

Tyr

Thr

Leu

Ile

Gln

Ser

Phe

Ile

Lys

Tyr

Artificial

Synthetic

Phe

Cys

Tyr

Asn

Pro

Trp

Thr

Lys

Gln

Sequence

Arg

Asn

Glu

Phe

Asn

Ala

Cys

Glu

Ser

EP 3 222 632 A1

14365

Ser
14380

Phe
14395

Glu
14410

Thr
14425

Arg
14440

val
14455

Leu
14470

Gly
14485

His
14500

Val

Ser

Phe

Leu

Asn

Ile

Ile

Glu

Leu

Pro

Pro

Leu

Asp

Glu

Leu

Cys

Tyr

Asp

Asn

Leu

Arg

Arg

Pro

Ile

Gly

Asn

Leu

Arg

Ala

Met

Ser

Leu

Gly

vVal

Val

Glu

14370

His
14385

Arg
14400

Thr
14415

Ser
14430

Thr
14445

Leu
14460

Leu
14475

Gln
14490

Asp
14505

His

Arg

Arg

val

Gly

Ala

Val

Gln

Leu

Thr

val

Asn

Leu

Asn

Gly

Thr

Gln

Gln

Gly

Asp

Gly

val

Ser

Leu

Thr

Cys

Phe Trp Ala Val Ile Leu Ile Gly Leu Ala Gly Leu Leu Gly Leu Ile

1

5

Thr Cys Leu Ile Cys Gly Val Leu

<210> 15
<211> 32
<212> PRT
<213>

<220>

20

Artificial Sequence

109

10

15
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<223> Synthetic
<400> 15

Lys Ser Tyr Phe Ser Asp Cys Gln Val Ser Thr Phe Arg Ser Val Pro
1 5 10 15

Asn Arg His His Thr Gly Val Asp Ser Leu Cys Asn Phe Ser Pro Leu

20 25 30
<210> 16
<211> 32
<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 16
Val Thr Thr Arg Arg Arg Lys Lys Glu Gly Glu Tyr Asn Val Gln Gln

1 5 10 15

Gln Cys Pro Gly Tyr Tyr Gln Ser His Leu Asp Leu Glu Asp Leu Gln

20 25 30
<210> 17
<211> 58
<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 17
Asn Phe Ser Pro Leu Ala Arg Arg Val Asp Arg Val Ala Ile Tyr Glu

1 5 10 15

Glu Phe Leu Arg Met Thr Arg Asn Gly Thr Gln Leu Gln Asn Phe Thr
20 25 30

Leu Asp Arg Ser Ser Val Leu Val Asp Gly Tyr Ser Pro Asn Arg Asn
35 40 45

Glu Pro Leu Thr Gly Asn Ser Asp Leu Pro

50 55
<210> 18
<211> 17
<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

110



10

15

20

25

30

35

40

45

50

55

EP 3 222 632 A1

<400> 18

Val Thr Thr Arg Arg Arg Lys Lys Glu Gly Glu Tyr Asn Val Gln Gln
1 5 10 15

Gln

<210> 19

<211> 21

<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic

<400> 19

Cys Gln Val Ser Thr Phe Arg Ser Val Pro Asn Arg His His Thr Gly
1 5 10 15

Val Asp Ser Leu Cys
20

<210> 20

<211> 18

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic

<400> 20

Leu Val Thr Thr Arg Arg Arg Lys Lys Glu Gly Glu Tyr Asn Val Gln
1 5 10 15

Gln Gln

<210> 21

<211> 18

<212> PRT

<213> Mus musculus

<400> 21

Thr Leu Asp Arg Lys Ser Val Phe Val Asp Gly Tyr Ser Gln Asn Arg
1 5 10 15

Asp Asp

<210> 22

111
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<211>
<212>
<213>

<400>

33
PRT

Mus musculus

22

EP 3 222 632 A1

Lys Ser Tyr Phe Ser Asp Cys Gln Val Leu Ala Phe Arg Ser Val Ser

1

5

10

15

Asn Asn Asn Asn His Thr Gly Val Asp Ser Leu Cys Asn Phe Ser Pro

Leu

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

<400>

20

23
31
PRT

Mus musculus

23

Ser Leu Tyr Ser Asn

1

5

Gly Thr Ala Thr Gly

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

<400>

His Leu

Arg Leu

Asn Ala

Thr Gln
50

Gln Leu
65

Tyr Val

20

24
402
PRT

Mus musculus

24

Ile Arg

Ala Ser
20

Ile Cys

35

Glu Leu

Gly Ser

Pro Leu

Pro

Leu

Ser

Tyr

Tyr

Asn
85

25

30

Cys Arg Leu Ala Ser Leu Arg Pro Lys Lys Asn

10

15

Val Asn Ala Ile Cys Ser Tyr His Gln Asn

Leu

Arg

Tyr

Thr

Met

70

Ile

Val

Pro

His

Lys

55

Leu

Thr

Gln

Lys

Gln

40

Leu

Asp

Ile

25

Asn

Lys

25

Asn

Thr

Gln

Gln

112

Glu

10

Asn

Pro

Gln

Asn

Gly
90

Ser

Gly

Asp

Leu

Ser

75

Lys

Leu

Thr

His

Thr

60

Ile

Tyr

Tyr

Ala

Pro

45

Gln

Tyr

Gln

30

Ser

Thr

30

Glu

Gly

Val

Leu

Asn

15

Gly

Leu

val

Asn

Asn
95

Cys

Val

Asp

Thr

Gly

Phe
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Cys

Tyr

Thr

Met

145

His

Asn

His

Thr

Asn

225

Gln

Asn

Arg

Asn

Glu

305

Leu

Asp

Ile

Ile

Gly

130

Thr

Leu

Ala

Val

Thr

210

Leu

Gln

Ser

Ser

Phe

290

Phe

Asp

Asp

Ile

Thr

115

Ser

Ser

Asp

Ser

Ile

195

Ser

Pro

Thr

Ser

Val

275

Ser

Leu

Arg

val

Asn

100

Leu

Gln

Gly

Pro

Ser

180

Asp

Ser

Tyr

Lys

Ile

260

Ser

Pro

Arg

Lys

Met
340

Trp

Glu

Leu

Ser

Asn

165

His

Met

Ser

Ser

Arg

245

Lys

Asn

Leu

Met

Ser

325

Lys

Asn

Arg

Lys

Thr

150

Leu

Trp

Lys

Ser

Gln

230

Ser

Ser

Asn

Ala

Thr

310

Val

Asn

EP 3 222 632 A1

Leu

Asp

Glu

135

vVal

vVal

Leu

Thr

Gln

215

Asp

Ile

Tyr

Asn

Arg

295

His

Phe

Ser

Asn

Ile

120

Val

Val

Lys

Gly

Ser

200

His

Ile

Glu

Phe

Asn

280

Arg

Asn

Val

Gly

Asn

105

Glu

Phe

Thr

Gln

Ala

185

Ile

Phe

Ala

Asn

Ser

265

His

Val

Gly

Asp

Leu
345

113

Thr

Asp

Gln

Leu

val

170

Thr

Leu

Asn

Gln

Ala

250

Asp

Thr

Asp

Thr

Gly

330

Pro

Asp

Lys

Ser

Glu

155

Phe

Tyr

Leu

Leu

Pro

235

Leu

Cys

Gly

Arg

Gln

315

Tyr

Phe

Pro

Val

Cys

140

Ala

Leu

Gln

Pro

Asn

220

Ser

Asn

Gln

Val

Val

300

Leu

Ser

Trp

Thr

Thr

125

Leu

Leu

Asn

Leu

Ala

205

Phe

Thr

Gln

Val

Asp

285

Ala

Leu

Gln

Ala

Ser

110

Thr

val

Phe

Lys

Lys

190

Glu

Thr

Thr

Leu

Leu

270

Ser

Ile

Asn

Asn

Ile
350

Ser

Leu

Thr

Ser

Thr

175

Asp

Ile

Ile

Lys

Phe

255

Ala

Leu

Tyr

Phe

Arg

335

Ile

Glu

Tyr

Asn

Ser

160

Leu

Leu

Pro

Thr

Tyr

240

Arg

Phe

Cys

Glu

Thr

320

Asp

Leu
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Ile

Phe

Gln

385

Leu

Cys

Leu

370

Arg

Gln

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

<400>

Leu
355

Val

His

25
400
PRT
Homo

25

His Leu Leu

1

Leu

Thr

Gly

Gly

65

Ile

Ile

Ser

Thr

Val
145

Gly

Gly

Leu

50

Val

Asn

Asn

Ser

Leu

130

Thr

Cys

Val

35

Asp

Thr

Gly

Phe

Glu

115

Tyr

Asn

Ala

Thr

Arg

vVal

Val

Leu

sapiens

Arg

Gln

20

Asp

Ile

Gln

Tyr

His

100

Tyr

Lys

Leu

Pro

Leu

Thr

Gln

Leu

Ala

85

Ile

Ile

Gly

Thr

Leu

Cys

Ala
390

Leu

Ile

Thr

Gln

Gly

70

Pro

Val

Thr

Ser

Met
150

EP 3 222 632 A1

Leu

Arg

375

Tyr

Phe

Ser

Cys

Leu

55

Phe

Gln

Asn

Leu

Gln

135

Asp

Val Leu Ile Thr Cys

360

Arg Lys Lys Glu Gly

Tyr Leu Ser His

Gln

Leu

Thr

40

Tyr

Tyr

Asn

Trp

Leu

120

Leu

Ser

Lys

Arg

25

Tyr

Trp

Val

Leu

Asn

105

Arg

His

Val

114

Ser

10

Pro

His

Glu

Leu

Ser

90

Leu

Asp

Asp

Leu

395

Ser

Glu

Pro

Leu

Asp

75

Ile

Ser

Ile

Thr

Val
155

380

Leu

Met

Lys

Asp

Ser

Arg

Arg

Asn

Gln

Phe

140

Thr

Leu
365

Asp

Asp

Gly

Asp

Pro

45

Gln

Asp

Gly

Pro

Asp

125

Arg

Val

Met

Tyr

Leu

Pro

Gly

30

Val

Leu

Ser

Glu

Asp

110

Lys

Phe

Lys

Cys

Gln

Arg

Phe

15

Ala

Gly

Thr

Leu

Tyr

95

Pro

Val

Cys

Ala

Cys

val

Lys
400

Tyr

Ala

Pro

His

Phe

80

Gln

Thr

Thr

Leu

Leu
160
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Phe

Lys

Val

Ser

Leu

225

Arg

Ser

Ser

Ser

Leu

305

Arg

Leu

Leu

Val

Gln
385

Ser

Thr

Asp

Ser

210

Pro

Asn

Ser

Val

Pro

290

Arg

Ser

Thr

Ala

Thr

370

Cys

<210>

Ser

Leu

Ile

195

Ser

Tyr

Lys

Ile

Pro

275

Leu

Met

Ser

Gly

Gly

355

Thr

Pro

26

Asn

Asn

180

His

Ser

Ser

Arg

Lys

260

Asn

Ala

Thr

Val

Asn

340

Leu

Arg

Gly

Leu

165

Ala

Val

Thr

Gln

Asn

245

Ser

Arg

Arg

Arg

Leu

325

Ser

Leu

Arg

Tyr

Asp

Ser

Thr

Gln

Asp

230

Ile

Tyr

His

Arg

Asn

310

Val

Asp

Gly

Arg

Tyr
390

EP 3 222 632 A1

Pro

Phe

Glu

His

215

Lys

Glu

Phe

His

val

295

Gly

Asp

Leu

Val

Lys

375

Gln

Ser

His

Met

200

Phe

Ala

Asp

Ser

Thr

280

Asp

Thr

Gly

Pro

Ile

360

Lys

Ser

Leu

Trp

185

Glu

Tyr

Gln

Ala

Asp

265

Gly

Arg

Gln

Tyr

Phe

345

Thr

Glu

His

115

Val

170

Leu

Ser

Leu

Pro

Leu

250

Cys

Val

val

Leu

Ser

330

Trp

Cys

Gly

Leu

Glu

Gly

Ser

Asn

Gly

235

Asn

Gln

Asp

Ala

Gln

315

Pro

Ala

Leu

Glu

Asp
395

Gln

Ser

Vval

Phe

220

Thr

Gln

Val

Ser

Ile

300

Asn

Asn

Val

Ile

Tyr

380

Leu

Val

Thr

Tyr

205

Thr

Thr

Leu

Ser

Leu

285

Tyr

Phe

Arg

Ile

Cys

365

Asn

Glu

Phe

Tyr

190

Gln

Ile

Asn

Phe

Thr

270

Cys

Glu

Thr

Asn

Leu

350

Gly

vVal

Asp

Leu

175

Gln

Pro

Thr

Tyr

Arg

255

Phe

Asn

Glu

Leu

Glu

335

Ile

Val

Gln

Leu

Asp

Leu

Thr

Asn

Gln

240

Asn

Arg

Phe

Phe

Asp

320

Pro

Gly

Leu

Gln

Gln
400
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EP 3 222 632 A1

<211> 360
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthetic
<400> 26
gaggtgaagc tggaggagtc aggtggagga ttggtgcage
tcatgtgceg cctcectggttt caccttcaat acctatgceccg
ccaggaaagg gtatggaatg ggttgctcgec ataagaagta
tattatgccg attcagtgaa agacagattc accatctcca
ctctatctge aaatgaacaa cctgaaaact gaggacacag
gcgggtaaca acggggcctt tccttactgg ggccaaggga
<210> 27
<211> 120
<212> PRT
<213> Artificial Sequence
<220>
<223> Synthetic
<400> 27
Glu Val Lys Leu Glu Glu Ser Gly Gly Gly Leu
1 5 10
Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe
20 25
Ala Val His Trp Val Arg Gln Ala Pro Gly Lys
35 40

Ala Arg Ile Arg Ser Lys Ser Gly Asn Tyr Ala

50 55
Ser Val Lys Asp Arg Phe Thr Ile Ser Arg Asn
65 70 75
Leu Tyr Leu Gln Met Asn Asn Leu Lys Thr Glu

85 S0
Tyr Cys Val Arg Ala Gly Asn Asn Gly Ala Phe
100 105
Gly Thr Thr Val Thr Val Ser Ser
115 120

116

ctaaaggatc
tgcactgggt
aaagtggaaa
gaaatgattc
ccatatatta

ccacggtcac

Val Gln Pro

Thr Phe Asn

30

Gly Met
45

Glu

Thr
60

Tyr Tyr

Asp Ser Gln

Asp Thr Ala

Pro Tyr Trp

110

attgaaactce
ccgccaggcet
ttatgcaaca
acagagcatg
ctgtgtgaga

cgtctcectcea

Lys
15

Gly

Thr

Tyr

Trp Val

Ala Asp

Ser Met

80

Ile
95

Tyr

Gly Gln

60

120

180

240

300

360
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<210> 28
<211> 330
<212> DNA
<213>

<220>

<223> Synt
<400> 28
gacattgagce
atcacttgca
ggaaaaactc
aggttcagtg
gaagatattg
accaagctgg
<210> 29
<211> 110
<212> PRT
<213>

<220>

<223> sSynt
<400> 29

Asp Ile Glu
1

Gly Arg Val
Ile Ala

Trp

Phe
50

His Thr

Arg Gly
65

Ser

Glu Asp Ile

Phe Gly Gly

<210> 30
<211> 14
<212> PRT

hetic

tcacccagtce
aggctagcca
ctcgactact
gacgtgggtce
caacttatta

agatcaaacg

hetic

Leu

Thr
20

Ile

Tyr Gln His

Ser

Gly Arg Asp
70

Ala Thr

85

Gly
100

Thr Gln

Thr Cys

Thr Leu Gln

Tyr

Thr Lys

EP 3 222 632 A1

Artificial Sequence

tccatcctca
agatattaag
catacatttc
tgggagagac
ttgtctacag

ggcggccgca

Artificial Sequence

Ser Pro

Pro
40

Lys

Thr
55

Tyr Ser

Tyr Cys

Leu Glu

Ser

Lys Ala

25

Gly Lys

Gly

Phe

Leu Gln

Ile
105

ctgtctgeat
aagtatatag
acatctacat
tattccttca

tatgatagtc

Ser Leu
10

Ser Gln

Thr

Ile

Pro

Ile
75

Ser

Tyr

90

Lys Arg

117

ctctgggagg
cttggtacca
tacagacagg
gcatcagcaa

tgtacacgtt

Ser Ala Ser

Asp Ile Lys

30

Pro Arg Leu
45

Ser Arg Phe
60

Ser Asn Leu
Ser Leu

Asp

Ala Ala Ala
110

cagagtcacc
acacaagcct
catcccatca

cctggagtcet

cggagggggy

Leu Gly
15

Lys Tyr

Leu Ile

Ser Gly

Glu Ser

80

Tyr Thr

95

60

120

180

240

300

330
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<213>

<220>
<223>

<400> 30

Lys Ser Tyr Phe Ser Asp Cys Gln Val Asn Asn Phe Arg Ser

1

<210> 31
<211> 18
<212> PRT
<213>

<220>
<223>

<400> 31

Synthetic

5

Synthetic

EP 3 222 632 A1

Artificial Sequence

Artificial Sequence

10

Thr Leu Asp Arg Ser Ser Val Leu Val Asp Gly Tyr Ser Gln Asn Arg

1

Asp Asp

<210> 32
<211> 57
<212> DNA
<213>

<220>
<223>

<400> 32

5

Artificial Sequence

CD8 leader sequence

10

15

atggctctcee cagtgactge cctactgett ccecctagege ttetectgea tgecagag

<210> 33
<211> 335
<212> DNA
<213>
<220>
<223>
<400> 33
agagtgaagt
tataacgagc
cgggaccctg
gaactgcaga
cggaggggca
tacgacgccc
<210> 34
<211> 45

tcagcaggag
tcaatctagg
agatgggggg
aagataagat

aggggcacga

ttcacatgca

Artificial Sequence

cgcagagccce
acgaagagag
aaagccgaga
ggcggaggcec
tggcctttac

ggccctgecce

CD3 zeta chain intracellular domain

cccgcgtace agcagggcca
gagtacgatg ttttggacaa
aggaagaacc ctcaggaagg
tacagtgaga ttgggatgaa
cagggtctca gtacagccac

cctcg

118

gaaccagctce
gagacgtggce
cctgtacaat
aggcgagcgc

caaggacacc

57

60

120

180

240

300

335
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<212> DNA

<213> Artificial Sequence

<220>

<223> (G4S)3 serine—-glycine linker
<400> 34

ggtggaggtg gatcaggtgg aggtggatct ggtggaggtg gatct

CD8 transmembrane domain

<210> 35

<211> 225

<212> DNA

<213> Artificial Sequence
<220>

<223>

<400> 35

gcggecgeac ccaccacgac gccagcogecg cgaccaccaa

tcgecageccee tgtecectgeg ceccagaggeg tgecggecag

acgagggggc tggacttcgc ctgtgatatc tacatctggg

ggggtccttc tcctgtcact ggttatcacc ctttactgceca

cctecttacce
ctttgtccaa
ggtggagtcc

aggagtaaga

SFG_4Hllz forward sequence

<210> 36

<211> 223

<212> DNA

<213> Artificial Sequence
<220>

<223>

<400> 36

caattgaagt tatgtatcct
tccatgtgaa agggaaacac
tttgggtget ggtggtggtt
cctttattat tttetgggtg
<210> 37

<211> 7726

<212> DNA

<213> Artificial Sequence
<220>

<223>

<400> 37

tagacaatga
gtccectatt
tggcttgeta

ggagcaggct

ggatccggat tagtccaatt tgttaaagac aggatatcag

actcaacaat atcaccagct gaagcctata gagtacgage

ttatttagtc tccagaaaaa ggggggaatg aaagacccca

gcttaagtaa cgccattttg caaggcatgg aaaaatacat

119

ccceggegee cacgatcegeg
cggcgggggg cgcagtgcac
cgeccttgge cgggacttgt

accac

CD28 transmembrane + intracellular domains (-STOP)

gaagagcaat ggaaccatta
tccecggaccet tctaagecct
tagcttgeta gtaacagtgg

cct

tggtccagge tctagttttg
catagataaa ataaaagatt
cctgtaggtt tggcaagcta

aactgagaat agagaagttc

45

60

120

180

225

60

120

180

223

60

120

180

240
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agatcaaggt
agcagttcct
aggatatctg
atgceggtcca
gacctgaaat
tcgegegett
agtcctcega
gcatccgact
gtcagcgggg
agtatttaca
ggagtattca
ctactttttce
ttgtttgttt
ctagactatt
ttageccttce
tgattgattg
atgggtgtgt
atgtgtgtgt
gtgtgtgtgt
cggctcaggt
gccgtegttt
gcagcacatc
tcccaacagt
catectgtgeg
gcatagttaa
ctgctceegg
aggttttcac
tttataggtt
aaatgtgcgce
catgagacaa
tcaacatttc

tcacccagaa

caggaacaga
gcececeggcete
tggtaagcag
gcectcagea
gaccctgtge
ctgctcececg
ttgactgagt
tgtggtcteg
gtctttcaca
ttaaatggcc
gaatgtgtca
ttttattttt
gttggttggt
agctactctg
cacatctaag
atgtgtgtgt
gtgaatgtgt
gtgtgactgt
gtgtgtgtgt
gtcaggttgg
tacaacgtcg
cccetttege
tgcgcagect
gtatttcaca
gccagccecg
catccgctta
cgtcatcacce
aatgtcatga
ggaaccccta
taaccctgat
cgtgtegececce

acgctggtga

EP 3 222 632 A1

tggaacagct
agggccaaga
ttectgeeee
gtttectagag
cttatttgaa
agctcaataa
cgececgggta
ctgtteettg
catgcagcat
atagtactta
taaatatttc
ttttgtecte
tggttaattt
taacccaggg
attacaggta
gtgtgattgt
gtatgtatgt
gtctatgtgt
gttgtgaaaa
tttttgagac
tgactgggaa
cagctggcgt
gaatggcgaa
ccgecatatgg
acacccgcca
cagacaagct
gaaacgcgeg
taataatggt
tttgtttatt
aaatgcttca
ttattccectt

aagtaaaaga

gaatatgggce
acagatggaa
ggctcagggce
aaccatcaga
ctaaccaatc
aagagcccac
ccegtgtate
ggagggtcte
gtatcaaaat
aagttacatt
taattttaag
tgtettceat
ttttttaaag
tgaccttgaa
tgagctatca
gtttgtgtgt
gtgtgtgtga
atgactgtgt
aatattctat
agagtecttte
aaccctggceg
aatagcgaag
tggcgectga
tgcactctea
acacccgetg
gtgaccgtct
atgacgaaag
ttcttagacg
tttctaaata
ataatattga
ttttgeggea

tgctgaagat

120

caaacaggat
cagctgaata
caagaacaga
tgtttecagg
agttcgette
aacccctcecac
caataaaccc
ctctgagtga
taatttggtt
ggcttccttg
atagtatctc
ttgttgttgt
atcctacact
gtcatgggta
tttttggtat
gtgactgtga
gtgtgtgtgt
gtgtgtgtgt
ggtagtgaga
acttagcettg
ttacccaact
aggcccgcac
tgcggtattt
gtacaatctg
acgcgccctg
ccgggagetg
ggcctegtga
tcaggtggca
cattcaaata
aaaaggaaga

ttttgectte

cagttgggtg

atctgtggta
tgggccaaac
tggtccccag
gtgccccaag
tcgettetgt
tcggggcgec
tcttgecagtt
ttgactaccce
ttttttctta
aaataaacat
cattggcttt
tgttgtttgt
atagttcaag
gcctgetgtt
attgattgat
aaatgtgtgt
gtgtgtgtge
gtgtgtgtgt
gccaacgctce
gaattcactg
taatcgectt
cgatcgccect
tctecttacg
ctctgatgec
acgggcttgt
catgtgtcag
tacgcectatt
cttttegggg
tgtatceget
gtatgagtat
ctgtttttge

cacgagtggg

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160
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ttacatcgaa
ttttccaatg
cgccgggcaa
ctcaccagtc
tgccataacce
gaaggagcta
ggaaccggag
aatggcaaca
acaattaata
tceggetgge
cattgcagca
gagtcaggca
taagcattgg
tcatttttaa
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgecagt
taaggcgecag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggcc
tgcgttatce
tcgcecgecage
aatacgcaaa
gtttcececgac

ttaggcaccce

ctggatctca
atgagcactt
gagcaactcg
acagaaaagc
atgagtgata
accgettttt
ctgaatgaag
acgttgegea
gactggatgg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
gagttttecgt
ccttttttte
gtttgtttge
gcgcagatac
tctgtagcac
ggcgataagt
cggtcggget
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
cecgectetec
tggaaagcgg

caggctttac

EP 3 222 632 A1

acagcggtaa
ttaaagttct
gtcgccgeat
atcttacgga
acactgecggce
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa
tccactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggggyg
acctacagcg
atccggtaag
cctggtatct
gatgctcgtce
tcectggecett
tggataaccg
agcgcagcga
ccgegegttg
gcagtgagcg

actttatgcect

gatccttgag
gctatgtggce
acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagcgt
tggcgaacta
agttgcagga
tggagceggt
ctcecegtatce
acagatcgct
ctcatatata
gatccttttt
gtcagacccc
ctgctgettg
gctaccaact
ccttetagtg
cctcgetectg
cgggttggac
ttegtgcaca
tgagcattga
cggcagggte
ttatagtcct
aggggggcgyg
ttgctggecet
tattaccgcce
gtcagtgagc
gccgattecat
caacgcaatt

tcecggetegt

121

agttttcgcece
gcggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgce
gacaccacga
cttactctag
ccacttctge
gagcgtgggt
gtagttatct
gagataggtg
ctttagattg
gataatctca
gtagaaaaga
caaacaaaaa
ctttttccga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccagcet
gaaagcgcca
ggaacaggag
gtcgggttte
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcgg
taatgcagcet
aatgtgagtt

atgttgtgtg

ccgaagaacg
cccgtattga
tggttgagta
tatgcagtgce
tecggaggacce
ttgatcgttg
tgcctgtage
cttececeggea
gctecggecct
ctecgeggtat
acacgacggg
cctcactgat
atttaaaact
tgaccaaaat
tcaaaggatc
aaccaccgcet
aggtaactgg
taggccacca
taccagtggc
agttaccgga
tggagcgaac
cgctteceega
agcgcacgag
gccacctctg
aaaacgccag
tgttctttee
ctgataccgce
aagagcgccce
ggcacgacag
agctcactca

gaattgtgag

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020
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cggataacaa
ggagtttcct
agggggcggg
aatgcacaga
gttaccaaag
attaacgttt
ctgtcaggat
ttatttttga
aagtaacgcc
caaggtcagg
gttecctgece
tatectgtggt
ggtccagccc
tgaaatgacc
gcgcttatge
ctcecgattga
ccgacttgtg
gcgggggtct
gacccaccac
gtctatgact
gcggacccgt
cagggacttc
gactctttgg
taaaacagtt
cgcgtettgt
tgtctgaaaa
actggaaaga
gggttacctt
cctttaaccg
gacacccaga
cctgggtcaa

ctcteeccect

tttcacacag
aatacatccc
gggaagctaa
tgtttttatt
ctagtataaa
ccttectceag
caatttccca
catatacatg
attttgcaag
aacagatgga
cggctcaggg
aagcagttcc
tcagcagttt
ctgtgcctta
tccececgaget
ctgagtcgece
gtctegetgt
ttcatttggg
cgggaggtaa
gattttatge
ggtggaactg

gggggccgtt
tgcacccecece
cccgecteceg
ctgctgcage
tatgggccceg
tgtecgagegg
ctgectcetgea
agacctcatc
ccaggtceccc
gcecetttgta

tgaacctecct

EP 3 222 632 A1

gaaacagcta
aaactcaaat
gccagetttt
tcataagggt
taaaaataga
ttgacaacat
ttatgccagt
tgaatgaaag
gcatggaaaa
acagctgaat
ccaagaacag
tgcecececgget
ctagagaacc
tttgaactaa
caataaaaga
cgggtacceg
tcecttgggag
ggctcgtcceg
gctggccage
gcetgegteg
acgagttcgg
tttgtggccce
ttagaggagg
tctgaatttt
atcgttctgt
ggctagactg
atcgctcaca
gaatggccaa
acccaggtta
tacatcgtga
caccctaagce

cgttegacce

tgaccatgat
atataaagca
tttaacattt
ttcaatgtge
taaacgtgga
aaatgcgcetg
catattaatt
accccacctg
atacataact
atgggccaaa
atggaacagc
cagggccaag
atcagatgtt
ccaatcagtt
gcccacaacce
tgtatccaat
ggtctcctet
ggatcgggag
aacttatctg
gtactagtta
aacacccggce
gacctgagtc
gatatgtggt
tgecttteggt
gttgtctctg
ttaccactcc
accagtcggt
cctttaacgt
agatcaaggt
cctgggaagce
ctecegectee

cgectegate

122

tacgccaagce
tttgacttgt
aaaatgttaa
atgaatgcectg
aattacttag
ctgagcaagc
actagtcaat
taggtttgge
gagaatagaa
caggatatct
tgaatatggg
aacagatggt
tccagggtge
cgcttetege
cctcactcgg
aaaccctcett
gagtgattga
acccctgcecce
tgtctgteceg
gctaactagce
cgcaaccctg
ctaaaatccc
tctggtagga
ttgggaccga
tctgactgtg
cttaagtttg
agatgtcaag
cggatggccg
cttttcacct
cttggetttt
tcttecteca

ctceccetttat

tttgctcetta
tctatgcecect
ttccatttta
caatattcct
agtttctgte
cagtttgcat
tagttgattt
aagctagett
aagttcagat
gtggtaagca
ccaaacagga
ccccagatge
cccaaggacc
ttctgttcge
ggcgccagte
gcagttgcat
ctacccgtca
agggaccacc
attgtctagt
tctgtatcectg
ggagacgtcc
gatcgtttag
gacgagaacc
agccgegecg
tttctgtatt
accttaggtc
aagagacgtt
cgagacggca
ggcccgeatg
gaccccecte
tecegeceegt

ccagccctea

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940
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ctccttetcet
ttgtaaactt
acttacaggce
aagaacaact
tcecgecgaca
tgaccaccce
tgaaggctgce
tgccctactg
gggaggcttc
tttcagtagc
cgcaaccatt
caccatttcc
tggggacacg
tgctatggac
aggtggaggt
cctggetgtg
caacagtaga
tgaactgctg
cagtggatct
agtttattac
gatcaaacgg
cacgatcgeg
cgcagtgcac
cgggacttgt
gaagttcage
cgagctcaat
ccctgagatg
gcagaaagat
gggcaagggyg

cgececttcecac

<210> 38

aggcgccccece
ccctgaccct
tctctactta
ggaccgaccg
ccagactaag
caccgcececte
cgaccccggg
cttccectag
gtgaagcctg
tatgccatgt
agcagtgctg
agagacaatg
gccatgtatt
tactggggcce
ggatctggtg
tcagcaggag
acccgaaaga
atctactggg
gggacagatt
tgccagcaat
gcggccgcac
tcgecageccee
acgagggggc
ggggtcctte
aggagcgcag
ctaggacgaa
gggggaaagc
aagatggcgg
cacgatggcce

atgcaggccce

EP 3 222 632 A1

atatggccat
gacatgacaa
gtccagcacg
gtggtaccte
aacctagaac
aaagtagacg
ggtggaccat
cgcttectect
gagggtccct
cctgggttcg
gtggttacat
ccaagaacac
actgtgcaag
aagggaccac
gaggtggatc
agaaggtcac
accagttggce
catccactag
tcactctcac
cttataatct
ccaccacgac
tgtcecctgeg
tggacttcgce
tecctgtcecact
agcccccecge
gagaggagta
cgagaaggaa
aggcctacag
tttaccaggg

tgcceccteg

atgagatctt
gagttactaa
aagtctggag
acccttaccg
ctegetggaa
gcatcgcage
cctctagact
gcatgcagag
caaagtctcce
cctgagtcceg
cttctattcet
cctgcacctg
gcagggattt
ggtcacecgte
tgacattgag
tatgagctge
ttggtaccag
gcaatctgga
catcagcagt
actcacgttc
gccagcgcecyg
cccagaggcg
ctgtgatatc
ggttatcacc
gtaccagcag
cgatgttttg
gaaccctcag
tgagattggg
tctcagtaca

ctaacagcca

123

atatggggca
cagcccectet
acctctggeg
agtcggcgac
aggaccttac
ttggatacac
gccatggctce
gtgaagctge
tgtgcagcect
gagatgaggc
gacagtgtge
caaatgggca
ggtaactacg
tecetcaggtg
ctcacccagt
aaatccagtc
caaaaaccag
gtccctgatce
gtgcaggetg
ggtcctggga
cgaccaccaa
tgcecggecag
tacatctggg
ctttactgea
ggccagaacc
gacaagagac
gaaggcctgt
atgaaaggcg
gccaccaagg

ctcgag

ccceegecee
ctccaagcecte
gcagcctace
acagtgtggg
acagtcctge
gccgeccacg
tcccagtgac
aggagtcagg
ctggattcac
tggagtgggt
agggacgatt
gtctgaggtc
gtgattacta
gaggtggatc
ctccatccte
agagtctgcet
gacagtctcce
gcttcacagg
aagacctggce
ccaagctgga
ccccggegece
Cggcgggogyg
cgcccttgge
accacagagt
agctctataa
gtggccggga
acaatgaact
agcgccggag

acacctacga

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7726
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<211>
<212>
<213>

7726
DNA

<220>
<223>

<400> 38
cctaggcecta

tgagttgtta
aataaatcag
cgaattcatt
tctagttcca
tcgtcaagga
tcctatagac
tacgccaggt
ctggacttta
agcgcgcgaa
tcaggaggct
cgtaggectga
cagtcgccce
tcataaatgt
cctcataagt
gatgaaaaag
aacaaacaaa
gatctgataa
aatcggaagg
actaactaac
tacccacaca
tacacacaca
cacacacaca
gccgagtceca
cggcagcaaa
cgtegtgtag
agggttgtca

gtagacacgce

atcaggttaa
tagtggtcga
aggtcttttt
gcggtaaaac
gtccttgtct
cggggccgag
accattcgtc
cgggagtcgt
ctgggacacg
gacgaggggc
aactgactca
acaccagagc
cagaaagtgt
aatttaccgg
cttacacagt
aaaataaaaa
caaccaacca
tcgatgagac
gtgtagattc
tacacacaca
cacttacaca
cacactgaca
cacacacaca
cagtccaacc
atgttgcagce
ggggaaagcg
acgegtcegga

cataaagtgt

EP 3 222 632 A1

Artificial Sequence

SFG_4Hllz reverse sequence

acaatttctg
cttcggatat
ccceccttac
gttecegtace
accttgtcga
tceceggttcet
aaggacgggg
caaagatctc
gaataaactt
tcgagttatt
gcgggceccat
gacaaggaac
gtacgtcgta
tatcatgaat
atttataaag
aaaacaggag
accaattaaa
attgggtccc
taatgtccat
cacactaaca
catacataca
cagatacaca
caacactttt
aaaaactctg
actgaccctt
gtcgaccgea
cttacecgett

ggcgtatacc

tcctatagtce
ctcatgctcg
tttetggggt
tttttatgta
cttataccceg
tgtctacctt
ccgagtccecg
ttggtagtct
gattggttag
ttctecgggtg
gggcacatag
ccteccagag
catagtttta
ttcaatgtaa
attaaaattc
acagaaggta
aaaaaatttc
actggaactt
actcgatagt
caaacacaca
cacacacact
tactgacaca
ttataagata
tctcagaaag
ttgggaccge
ttatcgette
accgecggact

acgtgagagt

124

accaggtccg
gtatctattt
ggacatccaa
ttgactctta
gtttgtccta
gtcgacttat
gttcttgtcet
acaaaggtcc
tcaagcgaag
ttggggagtg
gttatttggg
gagactcact
attaaaccaa
ccgaaggaac
tatcatagag
aacaacaaca
taggatgtga
cagtacccat
aaaaaccata
cactgacact
cacacacaca
cacacacaca
ccatcactct
tgaatcgaac
aatgggttga
tcegggegtyg
acgccataaa

catgttagac

agatcaaaac
tattttctaa
accgttegat
tctettecaag
tagacaccat
acccggtttg
accaggggtc
cacggggttce
agcgaagaca
agccccgegg
agaacgtcaa
aactgatggg
aaaaaagaat
tttatttgta
gtaaccgaaa
acaacaaaca
tatcaagttc
cggacgacaa
taactaacta
tttacacaca
cacacacacg
cacacacaca
cggttgcgag
cttaagtgac
attagcggaa
gctagcggga
agaggaatgc

gagactacgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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cgtatcaatt
gacgagggcec
tccaaaagtg
aaatatccaa
tttacacgeg
gtactctgtt
agttgtaaag
agtgggtctt
aatgtagctt
aaaaggttac
gcggeccecgtt
gagtggtcag
acggtattgg
cttecctcegat
ccttggecte
ttaccgttgt
tgttaattat
aggccgaccg
gtaacgtcgt
ctcagtcegt
attecgtaacc
agtaaaaatt
gggaattgca
aagaactcta
tggtcgccac
gaagtcgtct
gaagttcttg
acgacggtca
attcecgegte
ctggatgtgg

tcecetettte

cggtcgggge
gtaggcgaat
gcagtagtgg
ttacagtact
ccttggggat
attgggacta
gcacagcggyg
tgcgaccact
gacctagagt
tactcgtgaa
ctcgttgagce
tgtctttteg
tactcactat
tggcgaaaaa
gacttacttc
tgcaacgcegt
ctgacctacc
accaaataac
gacccecggtce
tgatacctac
attgacagtc
aaattttcct
ctcaaaagca
ggaaaaaaag
caaacaaacg
cgcgtctatg
agacatcgtg
ccgctattceca
gccagcccga
cttgactcta

cgcetgteca

EP 3 222 632 A1

tgtgggeggt
gtctgttecga
ctttgcgege
attattacca
aaacaaataa
tttacgaagt
aataagggaa
ttcattttet
tgtcgcecatt
aatttcaaga
cagcggcgta
tagaatgcct
tgtgacgceg
acgtgttgta
ggtatggttt
ttgataattg
tcecgectatt
gactatttag
taccattcgg
ttgctttatce
tggttcaaat
agatccactt
aggtgactcg
acgcgcatta
gcctagttet
gtttatgaca
gcggatgtat
gcacagaatg
cttgeececece
tggatgtcge

taggccattc

tgtgggcgac
cactggcaga
tactgctttc
aagaatctgc
aaagatttat
tattataact
aaaacgccgt
acgacttcta
ctaggaactc
cgatacaccg
tgtgataaga
accgtactgt
gttgaatgaa
ccccctagta
gctgctcgea
accgcttgat
tcaacgtcct
acctcggeca
gagggcatag
tgtctagecga
gagtatatat
ctaggaaaaa
cagtctgggg
gacgacgaac
cgatggttga
ggaagatcac
ggagcgagac
gcccaacctg
aagcacgtgt
actcgtaact

gccgteccag

125

tgcgecgggac
ggccctegac
ccggagcact
agtccaccegt
gtaagtttat
ttttececttet
aaaacggaag
gtcaacccac
tcaaaagcgg
cgccataata
gtcttactga
cattctctta
gactgttget
cattgagcgg
ctgtggtgcect
gaatgagatc
ggtgaagacg
ctcgcaccca
catcaataga
ctctatccac
gaaatctaac
ctattagagt
catcttttct
gtttgttttt
gaaaaaggct
atcggcatca
gattaggaca
agttctgcta
gtcgggtega
ctttcgeggt

ccttgtecte

tgcccgaaca
gtacacagtc
atgcggataa
gaaaagcccc
acataggcga
catactcata
gacaaaaacg
gtgctcacce
ggcttcttge
gggcataact
accaactcat
atacgtcacg
agcctectgg
aactagcaac
acggacatcg
gaagggccgt
cgagccggga
gagcgccata
tgtgctgccc
ggagtgacta
taaattttga
actggtttta
agtttcctag
ttggtggcga
tccattgacc
atccggtggt
atggtcaccg
tcaatggcct
acctecgettg
gcgaagggcet

tcgegtgete

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540
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cctecgaaggt
tgaactcgca
gttgegeegg
acgcaatagg
agcggcgteg
ttatgcgttt
caaagggctg
aatcegtggg
gcctattgtt
cctcaaagga
tceceecgecece
ttacgtgtcet
caatggtttc
taattgcaaa
gacagtccta
aataaaaact
ttcattgecgg
gttccagtcc
caaggacggg
atagacacca
ccaggtcggg
actttactgg
cgcgaatacg
gaggctaact
ggctgaacac
cgcccccaga
ctgggtggtg
cagatactga
cgcctgggceca
gtccctgaag
ctgagaaacc

attttgtcaa

cccectttge
gctaaaaaca
aaaaatgcca
ggactaagac
gcttgetgge
ggcggagagg
acctttegece
gtccgaaatg
aaagtgtgtc
ttatgtaggg
ccettegatt
acaaaaataa
gatcatattt
ggaaggagtc
gttaaagggt
gtatatgtac
taaaacgttc
ttgtctacct
gccgagtecece
ttegtcaagg
agtcgtcaaa
gacacggaat
aggggctcga
gactcagcgg
cagagcgaca
aagtaaaccc
gcecctcecatt
ctaaaatacg
ccaccttgac
ccecceggcaa
acgtgggggg

gggcggaggce

EP 3 222 632 A1

ggaccataga
ctacgagcag
aggaccggaa
acctattgge
tcgegteget
ggcgcgcaac
cgtcactecge
tgaaatacga
ctttgtcgat
tttgagttta
cggtcgaaaa
agtattccca
atttttatct
aactgttgta
aatacggtca
acttactttce
cgtacctttt
tgtcgactta
ggttecttgte
acggggccga
gatctcttgg
aaacttgatt
gttattttct
gcccatggge
aggaaccctce
ccgagcaggc
cgaccggteg
cggacgcagc
tgctcaagcece
aaacaccggg
aatctcctee

agacttaaaa

aatatcagga
tccececcgece
aacgaccgga
ataatggcgg
cagtcactcg
cggctaagta
gttgcgttaa
aggccgagca
actggtacta
tatatttcgt
aaattgtaaa
aagttacacg
atttgcacct
tttacgcgac
gtataattaa
tggggtggac
tatgtattga
tacccggttt
taccttgtceg
gtececeggtte
tagtctacaa
ggttagtcaa
cgggtgttgg
acataggtta
ccagaggaga
cctagecccte
ttgaatagac
catgatcaat
ttgtgggccg
ctggactcag
ctatacacca

acgaaagcca

126

cagcccaaag
tcggatacct
aaacgagtgt
aaactcactc
ctccttegee
attacgtcga
ttacactcaa
tacaacacac
atgcggttcg
aaactgaaca
ttttacaatt
tacttacgac
ttaatgaatc
gactcgttcg
tgatcagtta
atccaaaccg
ctcttatctt
gtcctataga
acttataccc
ttgtctacca
aggtcccacg
gcgaagagcg
ggagtgagcc
tttgggagaa
ctcactaact
tggggacggg
acagacaggc
cgattgatcg
gcgttgggac
gattttaggg
agaccatcct

aaccctgget

cggtggagac
ttttgcggtc
acaagaaagg
gactatggeg
ttetegeggg
ccgtgetgte
tcgagtgagt
cttaacactc
aaacgagaat
agatacggga
aaggtaaaat
gttataagga
tcaaagacag
gtcaaacgta
atcaactaaa
ttecgatcgaa
ttcaagtcta
caccattcgt
ggtttgtcct
ggggtctacg
gggttcctgg
aagacaagcg
ccgeggteag
cgtcaacgta
gatgggcagt
tccectggtag
taacagatca
agacatagac
cctcectgcagg
ctagcaaatc

ctgetettgg

teggegegge

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460
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gcgcagaaca
acagactttt
tgacctttct
cccaatggaa
ggaaattggce
ctgtgggtcet
ggacccagtt
gagaggggga
gaggaagaga
aacatttgaa
tgaatgtccg
ttcttgttga
aggcggctgt
actggtgggg
acttccgacg
acgggatgac
ccctecgaag
aaagtcatcg
gcgttggtaa
gtggtaaagg
acccctgtge
acgatacctg
tccacctcca
ggaccgacac
gttgtcatct
acttgacgac
gtcacctaga
tcaaataatg
ctagtttgee
gtgctagege

gcgtcacgtg

gacgacgtcg
atacccgggce
acagctcgcece
gacgagacgt
tctggagtag
ggtccagggg
cgggaaacat
acttggagga
tcecgeggggg
gggactggga
agagatgaat
cctggectgge
ggtctgattce
gtggecgggag
gctggggece
gaaggggatc
cacttcggac
atacggtaca
tcgtcacgac
tctetgttac
cggtacataa
atgacccecgg
cctagaccac
agtcgtcctce
tgggctttcet
tagatgaccc
ccctgtctaa
acggtcgtta
cgeeggegtg
agcgtcegggg

tgctceceeceg

EP 3 222 632 A1

tagcaagaca
ccgatctgac
tagcgagtgt
cttaccggtt
tgggtccaat
atgtagcact
gtgggattcg
gcaagctggg
tataccggta
ctgtactgtt
caggtcgtgc
caccatggag
ttggatcttg
tttcatctge
ccacctggta
gcgaagagga
ctcccaggga
ggacccaagc
caccaatgta
ggttcttgtg
tgacacgttce
ttcectggtg
ctccacctag
tctteccagtg
tggtcaaccg
gtaggtgatc
agtgagagtg
gaatattaga
ggtggtgctg
acagggacgc

acctgaagcg

caacagagac
aatggtgagg
tggtcagcca
ggaaattgca
tctagttcecca
ggaccctteg
gaggcggagg
gcggagctag
tactctagaa
ctcaatgatt
ttcagacctc
tgggaatggce
gagcgacctt
cgtagcgtceg
ggagatctga
cgtacgtcte
gtttcagagg
ggactcaggc
gaagataaga
ggacgtggac
cgtcecctaaa
ccagtggcag
actgtaactc
atactcgacg
aaccatggtc
cgttagacct
gtagtcgtca
tgagtgcaag
cggtegegge
gggtctcege

gacactatag

127

agactgacac
gaattcaaac
tctacagttc
gcctacegge
gaaaagtgga
gaaccgaaaa
agaaggaggt
gagggaaata
tatacccegt
gtcggggaga
tggagaccge
tcagccgetg
tcctggaatg
aacctatgtg
cggtaccgag
cacttcgacg
acacgtcgga
ctctactececg
ctgtcacacg
gtttaccegt
ccattgatgce
aggagtccac
gagtgggtca
tttaggtcag
gtttttggtc
cagggactag
cacgtccgac
ccaggaccct
gctggtggtt
acggccggtce

atgtagaccc

aaagacataa
tggaatccag
ttctctgcaa
gctetgeegt
ccgggegtac
ctggggggag
aggcggggca
ggtcgggagt
g9999cgggg
gaggttcgag
cgtcggatgg
tgtcacaccc
tgtcaggacg
cggcgggtge
agggtcactg
tecctcagtee
gacctaagtg
acctcaccca
tccectgectaa
cagactccag
cactaatgat
ctccacctag
gaggtaggag
tctcagacga
ctgtcagagg
cgaagtgtcc
ttctggaccg
ggttcgacct
ggggccgegg

gcecgeccece

gcgggaaccg

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320
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gcecctgaaca
cttcaagtcg
gctcgagtta
gggactctac
cgtctttcta
ccegttecee
gcgggaagtg
<210> 39

<211>

<212>
<213>

DNA
<220>
<223>

<400> 39
ggatccggat

actcaacaat
ttatttagtc
gcttaagtaa
agatcaaggt
agcagttcct
aggatatctg
atgecggtcca
gacctgaaat
tcgegegett
agtcctccecga
gcatccgact
gtcagcgggg
agtatttaca
ggagtattca
ctacttttte
ttgtttgttt
ctagactatt
ttagccttcee

tgattgattg

7831

ccccaggaag
tcectegegte
gatcctgett
cccecttteg
ttctaccgece
gtgctaccgg

tacgtccaggg

tagtccaatt
atcaccagct
tccagaaaaa
cgccattttg
caggaacaga
gccceggcetce
tggtaagcag
gcectcagea
gaccctgtge
ctgctccceeg
ttgactgagt
tgtggtcteg
gtctttcaca
ttaaatggcc
gaatgtgtca
ttttattttt
gttggttggt
agctactctg

cacatctaag

atgtgtgtgt

EP 3 222 632 A1

aggacagtga
tcggggggcyg
ctctecteat
gctettecett
tceggatgtce
aaatggtccc

acgggggagce

Artificial Sequence

tgttaaagac
gaagcctata
ggggggaatg
caaggcatgg
tggaacagct
agggccaaga
ttectgeecece
gtttctagag
cttatttgaa
agctcaataa
cgececcgggta
ctgttecettg
catgcagcat
atagtactta
taaatatttce
ttttgtecte
tggttaattt
taacccaggg
attacaggta

gtgtgattgt

ccaatagtgg
catggtcgtc
gctacaaaac
cttgggagte
actctaaccc
agagtcatgt

gattgtcggt

SFG_4H11-28z forward sequence

aggatatcag
gagtacgagc
aaagacccca
aaaaatacat
gaatatgggc
acagatggaa
ggctcagggce
aaccatcaga
ctaaccaatc
aagagcccac
ccegtgtate
ggagggtcte
gtatcaaaat
aagttacatt
taattttaag
tgtcttecat
ttttttaaag
tgaccttgaa
tgagctatca

gtttgtgtgt

128

gaaatgacgt
ccggtettgg
ctgttctetg
ctteccggaca
tactttccege
cggtggttcce

gagctce

tggtccagge
catagataaa
cctgtaggtt
aactgagaat
caaacaggat
cagctgaata
caagaacaga
tgtttecagg
agttcgettce
aacccctcac
caataaaccc
ctctgagtga
taatttggtt
ggcttccttg
atagtatcte
ttgttgttgt
atcctacact
gtcatgggta
tttttggtat

gtgactgtga

tggtgtctca
tcgagatatt
caccggccct
tgttacttga
tcgeggecte

tgtggatgct

tctagttttg
ataaaagatt
tggcaagcta
agagaagttc
atctgtggta
tgggccaaac
tggtccccag
gtgccceccaag
tcgettcetgt
tcggggcgec
tcttgeagtt
ttgactaccce
ttttttctta
aaataaacat
cattggettt
tgttgtttgt
atagttcaag
gcectgetgtt
attgattgat

aaatgtgtgt

7380

7440

7500

7560

7620

7680

7726

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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atgggtgtgt
atgtgtgtgt
gtgtgtgtgt
cggctcaggt
gcegtegttt
gcagcacatc
tcccaacagt
catctgtgeg
gcatagttaa
ctgctecegg
aggttttcac
tttataggtt
aaatgtgcge
catgagacaa
tcaacatttc
tcacccagaa
ttacatcgaa
ttttccaatg
cgccgggcaa
ctcaccagtc
tgccataacce
gaaggagcta
ggaaccggag
aatggcaaca
acaattaata
tceggetgge
cattgcagca
gagtcaggca
taagcattgg
tcatttttaa

cccttaacgt

gtgaatgtgt
gtgtgactgt
gtgtgtgtgt
gtcaggttgg
tacaacgtcg
cccetttege
tgcgcagect
gtatttcaca
gccagccccg
catccgetta
cgtcatcacc
aatgtcatga
ggaaccccta
taaccctgat
cgtgtcgecce
acgctggtga
ctggatctca
atgagcactt
gagcaactcg
acagaaaagc
atgagtgata
accgettttt
ctgaatgaag
acgttgegea
gactggatgg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga

gagttttcgt

EP 3 222 632 A1

gtatgtatgt
gtctatgtgt
gttgtgaaaa
tttttgagac
tgactgggaa
cagctggegt
gaatggcgaa
ccgcatatgg
acacccgcca
cagacaagct
gaaacgcgcg
taataatggt
tttgtttatt
aaatgcttca
ttattcccectt
aagtaaaaga
acagcggtaa
ttaaagttct
gtcgccgcecat
atcttacgga
acactgecggce
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa

tccactgagce

gtgtgtgtga
atgactgtgt
aatattctat
agagtcttte
aaccctggeg
aatagcgaag
tggcgectga
tgcactctca
acacccgctg
gtgaccgtcet
atgacgaaag
ttcttagacg
tttctaaata
ataatattga
ttttgcggeca
tgctgaagat
gatccttgag
gctatgtgge
acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagcgt
tggcgaacta
agttgcagga
tggagccggt
ctccegtatce
acagatcgct
ctcatatata
gatccttttt

gtcagacccce

129

gtgtgtgtgt
gtgtgtgtgt
ggtagtgaga
acttagcttg
ttacccaact
aggcccgcac
tgcggtattt
gtacaatctg
acgcgcecctg
ccgggagctg
ggcctcgtga
tcaggtggca
cattcaaata
aaaaggaaga
ttttgeectte
cagttgggtg
agttttcgcee
gcggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgce
gacaccacga
cttactctag
ccacttctge
gagcgtgggt
gtagttatct
gagataggtg
ctttagattg
gataatctca

gtagaaaaga

gtgtgtgtge
gtgtgtgtgt
gccaacgctce
gaattcactg
taatcgectt
cgatcgececet
tctecttacg
ctectgatgece
acgggcttgt
catgtgtcag
tacgcctatt
cttttcgggg
tgtatcecget
gtatgagtat
ctgtttttge
cacgagtggg
ccgaagaacg
cccegtattga
tggttgagta
tatgcagtgce
tecggaggacce
ttgatcgttg
tgcctgtage
cttceceggea
gctecggecct
ctcgeggtat
acacgacggg
cctcactgat
atttaaaact
tgaccaaaat

tcaaaggatc

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060
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ttecttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgecagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggcec
tgegttatce
tecgecegecage
aatacgcaaa
gtttcececgac
ttaggcaccc
cggataacaa
ggagtttcct
agggggcggg
aatgcacaga
gttaccaaag
attaacgttt
ctgtcaggat
ttatttttga
aagtaacgcc
caaggtcagg
gtteectgece
tatectgtggt
ggtccagecce
tgaaatgacc
gcgcettatge

ctccgattga

ccttttttte
gtttgtttgce
gcgcagatac
tctgtageac
ggcgataagt
cggtcgggcet
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
ccgectetece
tggaaagcgg
caggctttac
tttcacacag
aatacatccc
gggaagctaa
tgtttttatt
ctagtataaa
ccttectcag
caatttccca
catatacatg
attttgcaag
aacagatgga
cggctcaggg
aagcagttcc
tcagcagttt
ctgtgectta
tcececgaget

ctgagtcgece

EP 3 222 632 A1

tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggggg
acctacagecg
atcecggtaag
cctggtatct
gatgctcgtc
tecectggectt
tggataaccg
agcgcagcga
ccgegegttg
gcagtgagcg
actttatget
gaaacagcta
aaactcaaat
gccagetttt
tcataagggt
taaaaataga
ttgacaacat
ttatgccagt
tgaatgaaag
gcatggaaaa
acagctgaat
ccaagaacag
tgcececegget
ctagagaacc
tttgaactaa
caataaaaga

cgggtacceg

ctgetgettg
gctaccaact
ccttctagtg
cctegetetg
cgggttggac
ttcgtgcaca
tgagcattga
cggcagggtc
ttatagtcct
a4ggggggcgg
ttgctggect
tattaccgec
gtcagtgagc
gccgattcat
caacgcaatt
tceggetegt
tgaccatgat
atataaagca
tttaacattt
ttcaatgtge
taaacgtgga
aaatgcgctg
catattaatt
accccacctg
atacataact
atgggccaaa
atggaacagc
cagggccaag
atcagatgtt
ccaatcagtt
gcccacaacce

tgtatccaat

130

caaacaaaaa
ctttttccga
tagccgtagt
ctaatcectgt
tcaagacgat
cagcccagct
gaaagcgcca
ggaacaggag
gtegggttte
agcctatgga
tttgectcaca
tttgagtgag
gaggaagcgg
taatgcagct
aatgtgagtt
atgttgtgtg
tacgccaagce
tttgacttgt
aaaatgttaa
atgaatgcectg
aattacttag
ctgagcaagc
actagtcaat
taggtttgge
gagaatagaa
caggatatct
tgaatatggg
aacagatggt
tccagggtge
cgcttetege
cctcactegg

aaaccctcett

aaccaccgcet
aggtaactgg
taggccacca
taccagtgge
agttaccgga
tggagcgaac
cgcttececega
agcgcacgag
gccacctctg
aaaacgccag
tgttctttce
ctgataccge
aagagcgccce
ggcacgacag
agctcactca
gaattgtgag
tttgctcetta
tctatgccect
ttccatttta
caatattcct
agtttctgtce
cagtttgcat
tagttgattt
aagctagett
aagttcagat
gtggtaagca
ccaaacagga
ccccagatge
cccaaggacc
ttectgttege
ggcgcecagte

gcagttgcat

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980
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ccgacttgtg
gcgggggtet
gacccaccac
gtctatgact
gcggaccegt
cagggacttc
gactctttgg
taaaacagtt
cgegtettgt
tgtctgaaaa
actggaaaga
gggttacctt
cctttaacceg
gacacccaga
cctgggtcaa
ctctceccect
cteccttcetet
ttgtaaactt
acttacaggc
aagaacaact
tcecgecgaca
tgaccaccce
tgaaggctgce
tgcectactg
gggaggctte
tttcagtage
cgcaaccatt
caccatttcc
tggggacacg

tgctatggac

aggtggaggt

gtctcgetgt
ttcatttggg
cgggaggtaa
gattttatgce
ggtggaactg

gggggcegtt

tgcaccceccece
cccegecteeg
ctgctgecage
tatgggcccg
tgtcgagcgg
ctgctctgea
agacctcatc
ccaggtcccce
gccetttgta
tgaacctcct
aggcgccecce
ccctgaccect
tctctactta
ggaccgaccg
ccagactaag
caccgceccecte
cgaccccggg
cttcecectag
gtgaagcctg
tatgccatgt
agcagtgctg
agagacaatg
gccatgtatt

tactggggcc

ggatctggtg

EP 3 222 632 A1

tcecttgggag
ggctecgteeg
gctggccage
gcetgegteg
acgagttcgg
tttgtggcece
ttagaggagg
tctgaatttt
atcgttctgt
ggctagactg
atcgctcaca
gaatggccaa
acccaggtta
tacatcgtga
caccctaagce
cgttcgacce
atatggccat
gacatgacaa
gtccagcacg
gtggtacctc
aacctagaac
aaagtagacg
ggtggaccat
cgcttctect
gagggtccct
cctgggtteg
gtggttacat
ccaagaacac
actgtgcaag
aagggaccac

gaggtggatc

ggtctcctet
ggatcgggag
aacttatctg
gtactagtta
aacacccggce
gacctgagtc
gatatgtggt
tgecttteggt
gttgtctctg
ttaccactcc
accagtcggt
cctttaacgt
agatcaaggt
cctgggaagc
ctcecgectee
cgcctcgate
atgagatctt
gagttactaa
aagtctggag
acccttaccg
ctegetggaa
gcatcgcagce
cctctagact
gcatgcagag
caaagtctcc
cctgagtecg
cttctattct
cctgcacctg
gcagggattt

ggtcaccgtc

tgacattgag

131

gagtgattga
acccctgece
tgtctgtccg
gctaactagce
cgcaaccctg
ctaaaatccc
tctggtagga
ttgggaccga
tctgactgtg
cttaagtttg
agatgtcaag
cggatggccg
cttttcacct
cttggetttt
tctteccteca
ctceccectttat
atatggggca
cagcccectcet
acctctggcg
agtcggcgac
aggaccttac
ttggatacac
gccatggcectce
gtgaagctgce
tgtgcagcct
gagatgaggc
gacagtgtgc
caaatgggca
ggtaactacg
tcctcaggtg

ctcacccagt

ctacccgtceca
agggaccacc
attgtctagt
tctgtatcectg
ggagacgtcce
gatcgtttag
gacgagaacc
agccgegecg
tttctgtatt
accttaggtce
aagagacgtt
cgagacggca
ggcccgcatg
gacccccecte
tcegeccecegt
ccagccctca
cccecgecee
ctccaagetce
gcagcctacc
acagtgtggg
acagtcctge
gccgceccacg
tcccagtgac
aggagtcagg
ctggattcac
tggagtgggt
agggacgatt
gtctgaggtc
gtgattacta
gaggtggatc

ctccatccecte

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840
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cctggcetgtg
caacagtaga
tgaactgctg
cagtggatct
agtttattac
gatcaaacgg
gagcaatgga
cggaccttcet
cttgctagta
gcacagtgac
gccctatgee
cgcagagccc
acgaagagag
aaagccgaga
ggcggaggec
tggcctttac
ggccctgecce
<210> 40

<211>

<212>
<213>

DNA
<220>
<223>

<400> 40
cctaggceccta

tgagttgtta
aataaatcag
cgaattcatt
tctagttcecceca
tecgtcaagga
tcctatagac
tacgccaggt
ctggacttta

agcgcgegaa

7831

tcagcaggag
acccgaaaga
atctactggg
gggacagatt
tgccagcaat
gcggccgcaa
accattatcc
aagccectttt
acagtggcct
tacatgaaca
ccaccacgceg
cccgegtace
gagtacgatg
aggaagaacc
tacagtgaga
cagggtctca

cctcegcectaac

atcaggttaa
tagtggtecga
aggtcttttt
gcggtaaaac
gtecettgtet
cggggccgag
accattcgtce
cgggagtcgt
ctgggacacg

gacgaggggc

EP 3 222 632 A1

agaaggtcac
accagttggc
catccactag
tcactctcac
cttataatct
ttgaagttat
atgtgaaagg
gggtgctggt
ttattatttt
tgactcceceg
acttcgcage
agcagggcca
ttttggacaa
ctcaggaagg
ttgggatgaa
gtacagccecac

agccactcga

Artificial Sequence

acaatttctg
ctteggatat
ccccccttac
gttcecgtace
accttgtcga
tceceggttet
aaggacgggg
caaagatctc
gaataaactt

tcgagttatt

tatgagctge
ttggtaccag
gcaatctgga
catcagcagt
actcacgttce
gtatccteccect
gaaacacctt
ggtggttggt
ctgggtgagg
ccgeccccggg
ctatcgctee
gaaccagctce
gagacgtggc
cctgtacaat
aggcgagcgce
caaggacacc

g

SFG_4H11-28z reverse sequence

tecctatagtce
ctcatgeteg
tttctggggt
tttttatgta
cttatacceg
tgtctaccett
ccgagtceeg
ttggtagtct
gattggttag

ttctegggtg

132

aaatccagtce
caaaaaccag
gtccctgatc
gtgcaggcetg
ggtcctggga
ccttacctag
tgtccaagtc
ggagtcctgg
agtaagagga
cccacccgca
agagtgaagt
tataacgagc
cgggaccctg
gaactgcaga
cggaggggca

tacgacgceccce

accaggtccg
gtatctattt
ggacatccaa
ttgactctta
gtttgtccta
gtcgacttat
gttcttgtct
acaaaggtcc
tcaagcgaag

ttggggagtg

agagtctget
gacagtctcc
gcttcacagg
aagacctggce
ccaagctgga
acaatgagaa
ccctatttec
cttgctatag
gcaggctect
agcattacca
tcagcaggag
tcaatctagg
agatgggggg

aagataagat

aggggcacga

ttcacatgca

agatcaaaac
tattttctaa
accgttcgat
tctcttcaag
tagacaccat
acceggtttg
accaggggtc
cacggggttce
agcgaagaca

agccecegegg

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7831

60

120

180

240

300

360

420

480

540

600
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tcaggaggct
cgtaggectga
cagtcgccecce
tcataaatgt
cctecataagt
gatgaaaaag
aacaaacaaa
gatctgataa
aatcggaagg
actaactaac
tacccacaca
tacacacaca
cacacacaca
gccgagtcca
cggcagcaaa
cgtcegtgtag
agggttgtca
gtagacacgce
cgtatcaatt
gacgagggcec
tccaaaagtg
aaatatccaa
tttacacgcg
gtactctgtt
agttgtaaag
agtgggtctt
aatgtagctt
aaaaggttac
gcggececgtt
gagtggtcag

acggtattgg

aactgactca
acaccagagc
cagaaagtgt
aatttaccgg
cttacacagt
aaaataaaaa
caaccaacca
tcgatgagac
gtgtagattc
tacacacaca
cacttacaca
cacactgaca
cacacacaca
cagtccaacc
atgttgcagc
ggggaaagcg
acgcgtcgga
cataaagtgt
cggtcggggce
gtaggcgaat
gcagtagtgg
ttacagtact
ccttggggat
attgggacta
gcacagcggyg
tgcgaccact
gacctagagt
tactcgtgaa
ctegttgage
tgtctttteg

tactcactat

EP 3 222 632 A1

gcgggceccat
gacaaggaac
gtacgtcgta
tatcatgaat
atttataaag
aaaacaggag
accaattaaa
attgggtccce
taatgtccat
cacactaaca
catacataca
cagatacaca
caacactttt
aaaaactctg
actgaccctt
gtcgaccgeca
cttaccgett
ggcgtatacce
tgtgggcggt
gtctgttcga
ctttgegege
attattacca
aaacaaataa
tttacgaagt
aataagggaa
ttcattttct
tgtcgccatt
aatttcaaga
cagcggcgta
tagaatgcct

tgtgacgccg

gggcacatag
cctccecagag
catagtttta
ttcaatgtaa
attaaaattce
acagaaggta
aaaaaatttc
actggaactt
actcgatagt
caaacacaca
cacacacact
tactgacaca
ttataagata
tctcagaaag
ttgggaccgce
ttatcgette
accgcggact
acgtgagagt
tgtgggcgac
cactggcaga
tactgcettte
aagaatctgc
aaagatttat
tattataact
aaaacgccgt
acgacttcta
ctaggaactc
cgatacaccg
tgtgataaga
accgtactgt

gttgaatgaa
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gttatttggg
gagactcact
attaaaccaa
ccgaaggaac
tatcatagag
aacaacaaca
taggatgtga
cagtacccat
aaaaaccata
cactgacact
cacacacaca
cacacacaca
ccatcactct
tgaatcgaac
aatgggttga
tccegggegtg
acgccataaa
catgttagac
tgcgcgggac
ggccctegac
ccggagceact
agtccaccgt
gtaagtttat
ttttcettet
aaaacggaag
gtcaacccac
tcaaaagcgg
cgccataata
gtcttactga
cattctctta

gactgttgcet

agaacgtcaa
aactgatggg
aaaaaagaat
tttatttgta
gtaaccgaaa
acaacaaaca
tatcaagttc
cggacgacaa
taactaacta
tttacacaca
cacacacacg
cacacacaca
cggttgcgag
cttaagtgac
attagcggaa
gctagcggga
agaggaatgc
gagactacgg
tgcccgaaca
gtacacagtc
atgcggataa
gaaaagcccc
acataggcga
catactcata
gacaaaaacg
gtgctcacce
ggcttcttge
gggcataact
accaactcat
atacgtcacg

agcctectgg
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cttectcegat
ccttggectce
ttaccgttgt
tgttaattat
aggccgaccg
gtaacgtcgt
ctcagtcegt
attecgtaacc
agtaaaaatt
gggaattgca
aagaactcta
tggtcgecac
gaagtcgtct
gaagttcttg
acgacggtca
attececgegte
ctggatgtgg
tcecctetttce
cctcgaaggt
tgaactcgcea
gttgcgeegg
acgcaatagg
agcggegteg
ttatgegttt
caaagggctg
aatccgtggg
gcctattgtt
cctcaaagga
tcceecgece
ttacgtgtct
caatggtttce

taattgcaaa

tggcgaaaaa
gacttacttc
tgcaacgcgt
ctgacctacce
accaaataac
gaccccggtce
tgatacctac
attgacagtc
aaattttcct
ctcaaaagca
ggaaaaaaag
caaacaaacg
cgcgtctatg
agacatcgtg
ccgctattca
gccagcccga
cttgactcta
cgcctgtcca
cccectttge
gctaaaaaca
aaaaatgcca
ggactaagac
gcttgectgge
ggcggagagyg
acctttcgece
gtccgaaatg
aaagtgtgtce
ttatgtaggg
ccettegatt
acaaaaataa

gatcatattt

ggaaggagtc
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acgtgttgta
ggtatggttt
ttgataattg
tcegectatt
gactatttag
taccattcgg
ttgetttate
tggttcaaat
agatccactt
aggtgactcg
acgcgcatta
gcctagttet
gtttatgaca
gcggatgtat
gcacagaatg
cttgeccecee
tggatgtecge
taggccattc
ggaccataga
ctacgagcag
aggaccggaa
acctattggc
tecgegteget
ggcgcgcaac
cgtcactcge
tgaaatacga
ctttgtegat
tttgagttta
cggtcgaaaa
agtattccca
atttttatct

aactgttgta

cccectagta
gctgctcgea
accgcttgat
tcaacgtect
acctcggceca
gagggcatag
tgtctagcga
gagtatatat
ctaggaaaaa
cagtctgggg
gacgacgaac
cgatggttga
ggaagatcac
ggagcgagac
gcccaacctg
aagcacgtgt
actcgtaact
gccgtcccag
aatatcagga
tcecececgee
aacgaccgga
ataatggcgg
cagtcactcg
cggctaagta
gttgcgttaa
aggccgagca
actggtacta
tatatttegt
aaattgtaaa
aagttacacg
atttgcacct

tttacgegac
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cattgagcgg
ctgtggtgct
gaatgagatc
ggtgaagacg
ctcgcaccca
catcaataga
ctctatccac
gaaatctaac
ctattagagt
catcttttct
gtttgttttt
gaaaaaggct
atcggcatca
gattaggaca
agttctgcta
gtegggtcga
ctttcgeggt
ccttgtectce
cagcccaaag
tcggataccet
aaacgagtgt
aaactcactc
ctecttegee
attacgtcga
ttacactcaa
tacaacacac
atgcggttceg
aaactgaaca
ttttacaatt
tacttacgac
ttaatgaatc

gactcgttceg

aactagcaac
acggacatcg
gaagggccgt
cgagccggga
gagcgccata
tgtgctgceccecce
ggagtgacta
taaattttga
actggtttta
agtttcctag
ttggtggcga
tccattgacce
atcecggtggt
atggtcaccg
tcaatggecct
acctcgettg
gcgaagggct
tcgegtgetce
cggtggagac
ttttgeggte
acaagaaagg
gactatggcg
ttctegeggg
ccgtgetgte
tcgagtgagt
cttaacactc
aaacgagaat
agatacggga
aaggtaaaat
gttataagga
tcaaagacag

gtcaaacgta
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gacagtccta
aataaaaact
ttcattgecgg
gttccagtce
caaggacggg
atagacacca
ccaggtcggg
actttactgg
cgcgaatacg
gaggctaact
ggctgaacac
cgcccccaga
ctgggtggtg
cagatactga
cgectgggea
gtcecctgaag
ctgagaaacc
attttgtcaa
gcgcagaaca
acagactttt
tgacctttet
cccaatggaa
ggaaattggce
ctgtgggtct
ggacccagtt
gagaggggga
gaggaagaga
aacatttgaa
tgaatgtccg
ttcttgttga

aggcggcetgt

gttaaagggt
gtatatgtac
taaaacgttc
ttgtctacct
gccgagtcecce
ttcgtcaagg
agtcgtcaaa
gacacggaat
aggggctcga
gactcagcgg
cagagcgaca
aagtaaaccc
gccctcecatt
ctaaaatacg
ccaccttgac
cccccggcaa
acgtgggggyg
gggcggaggce
gacgacgtcg
atacccggge
acagctcgece
gacgagacgt
tctggagtag
ggtccagggg
cgggaaacat
acttggagga
tccgeggggg
gggactggga
agagatgaat
cctggetgge

ggtctgattc
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aatacggtca
acttactttc
cgtacctttt
tgtcgactta
ggttcttgte
acggggccga
gatctcttgg
aaacttgatt
gttattttet
gcccatggge
aggaaccctc
ccgagcaggc
cgaccggtceg
cggacgcagce
tgctcaagce
aaacaccggg
aatctcctce
agacttaaaa
tagcaagaca
ccgatctgac
tagcgagtgt
cttaccggtt
tgggtccaat
atgtagcact
gtgggattcg
gcaagctggg
tataccggta
ctgtactgtt
caggtcgtge
caccatggag

ttggatcttg

gtataattaa
tggggtggac
tatgtattga
tacccggttt
taccttgteg
gtceceggtte
tagtctacaa
ggttagtcaa
cgggtgttgg
acataggtta
ccagaggaga
cctagcectce
ttgaatagac
catgatcaat
ttgtgggccg
ctggactcag
ctatacacca
acgaaagcca
caacagagac
aatggtgagg
tggtcagcca
ggaaattgca
tctagttcca
ggaccctteg
gaggcggagg
gcggagctag
tactctagaa
ctcaatgatt
ttcagacctce

tgggaatggc

gagcgacctt
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tgatcagtta
atccaaaccg
ctcttatctt
gtcctataga
acttataccce
ttgtctacca
aggtcccacg
gcgaagagceg
ggagtgagcc
tttgggagaa
ctcactaact
tggggacggg
acagacaggc
cgattgatcg
gcgttgggac
gattttaggg
agaccatcct
aaccctggcet
agactgacac
gaattcaaac
tctacagtte
gcctacecgge
gaaaagtgga
gaaccgaaaa
agaaggaggt
gagggaaata
tatacccegt
gtcggggaga
tggagaccge
tcagccgetg

tcctggaatg

atcaactaaa
ttcgatcgaa
ttcaagtcta
caccattcegt
ggtttgteccet
ggggtctacg
gggttectgg
aagacaagcg
ccgeggtecag
cgtcaacgta
gatgggcagt
tcecetggtgg
taacagatca
agacatagac
cctectgecagg
ctagcaaatc
ctgctettgg
tcggegegge
aaagacataa
tggaatccag
ttctetgeaa
gctctgeegt
ccgggcegtac
ctggggggag
aggcggggca
ggtcgggagt
g99999cgggg
gaggttcgag
cgtecggatgg
tgtcacaccc

tgtcaggacg
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actggtgggg

acttccgacg
acgggatgac
cccteccgaag
aaagtcatcg
gcgttggtaa
gtggtaaagg
acccctgtge
acgatacctg
tccacctcca
ggaccgacac
gttgtcatct
acttgacgac
gtcacctaga
tcaaataatg
ctagtttgce
ctcgttacct
gcctggaaga
gaacgatcat
cgtgtcactg
cgggatacgg

gcgtcteggg

tgcttctete
tttcggetet
ccgecteegg

accggaaatg

ccgggacggg

Claims

1.

A single chain variable fragment (scFv) comprising the CDRs of a VH chain sequence encoded by SEQ ID NO:06

gtggcgggag
gctggggecce

gaaggggatc

cacttcggac
atacggtaca
tcgtcacgac
tctctgttac
cggtacataa
atgacccegg
cctagaccac
agtcgtcctce
tgggctttet
tagatgaccc
ccectgtctaa
acggtcgtta
cgeccggegtt
tggtaatagg
ttcgggaaaa
tgtcaccgga
atgtacttgt
ggtggtgcge
gggcgeatgg
ctcatgctac
tcettettgg
atgtcactct
gtcccagagt

ggagcgattg
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tttcatctge
ccacctggta
gcgaagagga
ctccecaggga
ggacccaagc
caccaatgta
ggttcttgtg
tgacacgttc
ttcecectggtg
ctccacctag
tctteccagtg
tggtcaaccg
gtaggtgatc
agtgagagtg
gaatattaga
aacttcaata
tacactttcc
cccacgacca
aataataaaa
actgaggggc
tgaagcgtcg
tcgteceggt
aaaacctgtt
gagtccttcce
aaccctactt
catgtcggtg

tcggtgagcet

cgtagegteg
ggagatctga
cgtacgtctce
gtttcagagg
ggactcaggc
gaagataaga
ggacgtggac
cgtcecctaaa
ccagtggcag
actgtaactc
atactcgacg
aaccatggtc
cgttagacct
gtagtcgtca
tgagtgcaag
cataggagga
ctttgtggaa
ccaccaacca

gacccactce

ggcggggccce
gatagcgagg
cttggtcgag
ctctgecaccg
ggacatgtta
tcegetegeg
gttcctgtgg

Cc

and of a VL chain sequence encoded by SEQ ID NO:07.

aacctatgtg
cggtaccgag
cacttcgacg
acacgtcgga
ctctactceceg
ctgtcacacg
gtttaccecgt
ccattgatgce
aggagtccac
gagtgggtca
tttaggtcag
gtttttggtc
cagggactag
cacgtccgac
ccaggaccct
ggaatggatc
acaggttcag
cctcaggacce
tcattctcct
gggtgggcgt
tctcacttca
atattgctcg
gccctgggac
cttgacgtct

gccteceecegt

atgctgcggg

cggegggtge
agggtcactg
tcctcagtcece
gacctaagtg
acctcaccca
tcecetgetaa
cagactccag
cactaatgat
ctccacctag
gaggtaggag
tctcagacga
ctgtcagagg
cgaagtgtcc
ttectggaccg
ggttcgacct
tgttactctt
gggataaagg
gaacgatatc
cgtcecgagga
tcgtaatggt
agtcgtcctce
agttagatcc
tctaccccce
ttctattcta
tceceegtget

aagtgtacgt

2. A scFv comprising a variable heavy ("VH") chain and a variable light ("VL") chain, wherein
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10.

1.

12.

13.

14.

15.

16.
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(a) all or substantially all of the hypervariable loops of the VH chain and VL chain correspond to those of a
nonhuman immunoglobulin, wherein the nonhuman immunoglobulin comprises a VH chain sequence encoded
by SEQ ID NO: 06 and a VL chain sequence encoded by SEQ ID NO: 07; and

(b) all or substantially all of the framework region residues of the VH chain and VL chain are those of a human
immunoglobulin sequence.

A scFv comprising a VH chain sequence encoded by SEQ ID NO:06 and a VL chain sequence encoded by SEQ
ID NO:07.

The scFv of claim 2, 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 comple-
mentarity determining regions of an antibody comprising a VH chain sequence encoded by SEQ ID NO:06 and a
VL chain sequence encoded by SEQ ID NO:07 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.

The scFv of claim 1, further comprising human framework domain residues.

The scFv of claim 5, wherein the scFv comprises a framework domain in which human framework domain residues
are replaced by corresponding nonhuman residues.

The scFv of any one of claims 1 to 6, wherein the scFv specifically binds to the MUC16 polypeptide of SEQ ID
NO:02 or to an antigenic portion thereof.

A chimeric antigen receptor (CAR) comprising the scFv of any one of claims 1 to 7.

The CAR of claim 8, further comprising a transmembrane domain and a T cell receptor ¢ chain cytoplasmic signaling
domain.

The CAR of claim 9, wherein the scFv is fused to the transmembrane domain, and wherein the transmembrane
domain is fused to the T cell receptor { chain cytoplasmic signaling domain.

The CAR of claim 9 or 10, further comprising a cytoplasmic signaling domain of a co-stimulatory receptor, wherein
the co-stimulatory receptor comprises CD28, 4-1BB or OX40.

The CAR of any one of claims 8 to 11, comprising in amino- to carboxy-terminal order, the scFv, a human CD28
transmembrane domain and cytoplasmic signaling domain, and a CD3-zeta signaling domain.

The CAR of any one of claims 8 to 12, comprising in amino- to carboxy-terminal order: a human CD8 leader peptide,
the scFv comprising the VH chain sequence encoded by SEQ ID NO:06 and the VL chain sequence encoded by
SEQ ID NO:07, a human CD8 hinge domain, a human CD8 transmembrane domain, and a CD3-zeta signaling
domain.

The CAR of any one of claims 8 to 12, consisting essentially of, in amino- to carboxy-terminal order: a human CD8
leader peptide, the scFv comprising the VH chain sequence encoded by SEQ ID NO:06 and the VL chain sequence
encoded by SEQ ID NO:07, a human CD8 hinge domain, a human CD8 transmembrane domain, and a CD3-zeta
signaling domain.

The CAR of any one of claims 8 to 12, comprising in amino- to carboxy-terminal order: a human CD8 leader peptide,
the scFv comprising the VH chain sequence encoded by SEQ ID NO:06 and the VL chain sequence encoded by
SEQ ID NO:07, a human CD28 transmembrane domain, a human CD28 intracellular domain, and a CD3-zeta
signaling domain.

The CAR of any one of claims 8 to 12, consisting essentially of, in amino- to carboxy-terminal order: a human CD8
leader peptide, the scFv comprising the VH chain sequence encoded by SEQ ID NO:06 and the VL chain sequence
encoded by SEQ ID NO:07, a human CD28 transmembrane domain, a human CD28 intracellular domain, and a
CD3-zeta signaling domain.
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17.

18.

19.

20.

21.

22.

EP 3 222 632 A1
The CAR of any one of claims 8 to 12, comprising in amino- to carboxy-terminal order: a human CD8 leader peptide,
a VH chain sequence encoded by SEQ ID NO:06, a spacer encoded by SEQ ID NO:34, a VL chain sequence
encoded by SEQ ID NO:07, a human CD8 hinge domain, a human CD8 transmembrane domain, and a CD3-zeta
signaling domain.
The CAR of any one of claims 8 to 12, comprising in amino- to carboxy-terminal order: a human CD8 leader peptide,
a VH chain sequence encoded by SEQ ID NO:06, a spacer encoded by SEQ ID NO:34, a VL chain sequence
encoded by SEQ ID NO:07, a human CD28 transmembrane domain, a human CD28 intracellular domain, and a
CD3-zeta signaling domain.
AT cell expressing the CAR of any one of claims 8 to 18.
The T cell of claim 19 for use in treating a cancer in which MUC16 is expressed.

The T cell for use of claim 20, wherein the T cell is for administration to the subject intraperitoneally or intravenously.

The T cell for use of claim 20 or 21, wherein the cancer is ovarian 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)

FIGURE 1
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FIGURE 3A
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FIGURE 3B
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FIGURE 3C
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FIGURE 3D
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FIGURE 3E
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FIGURE 3G
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FIGURE 3H
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FIGURE 3L
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FIGURE 6B
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FIGURE 6C
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FIGURE 6D
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{A) 4A5 VH (SEQ ID NO:04)

gtgaagetggaggagtoagggggaggettegtyaagectggagggtoccteaaaatetectgtgeagectetggattcac
ttteagaaactatgceatgtectgggttegectgagtbecggagatgaggetggagtgggtegeaaceattageagtgety
ygtggttacatctbctattebgacagtgtgeagggacgattoaccatttecagagacaatgedaagaacaceckoecactty
caaatgggcagtctgaggtctggggacacggcc&tgtattactgtgcaaggcagggatttggtaactacggtgattacta

tgetatggactactygggecaagggaccacggteacegtetoctea

(B) 4A5 VL. (SEQ ID NO:05)}

gacattgagcetcacccagtetecatecteectggetgtgtcagraggagagaaggtcactatgagetgeaaatecagtea
gagtctgcteaacagtagaaccegaaagaaccagtbtggettggtaccagcaaaaaacaggacagtctectgaactgetga
tetactgggeatcocacteggeaatoctggggteoootgategettecacagycagtggatetgggacagatttecacteteace
atcagcagtgtgcaggctgaagacctggcagtttattactgccagcaatcttataatctactcacgttcggtcctgggac

caagctggagatcaaacgy

(@) 4H11 VH (SEQ ID NO:06}
gtgaagctgcaggagtcagggggaggettoegtgaagectggagggteccteaaagtetectgtgeagectotggattcac
ttteagtagetatgecabgtectgagttegectgagtecggagatgaggetggagtgggtegeaaccattageagtgety
gtggttacatettotattetgactagtgtgeagggacgattecaccattteccagagacaatgocaagaacacectgeaccty
caaatgggcagtctgaggtcoctggggacacggecatgtattactgtgecaaggeagygatttggtaactacggtgattacta
tgctatggactactggggecaagggaccacggteacegtetectca

(D) 4H11 VL (SEQ ID N0:07}

gacattgagetcacccagtetecatoctaocctggetgigtcageaggagagaaggteactatgagetgeaaatecagtea
gagtctgeteaacagtagaacocegaaagaaccagttggettggtaccageaaaaaccaggacagtetectgaacktgatyga
tetactgggeatecactaggeaatetggagteoctgategottcacaggcagtggatetgggacagatttcactetoace
atcagecagtgtgcaggectgaagacetggeagtitattactgecagecaatettataatetactecacgtteygtectgggac

caagctggaggtcaaacgg

(B} 9B11 VH (SEQ ID NO:08)
gtgaagetggaggagteagggggagacttggtgaageetggagggtecctganactetectytgragtotetggatteac
tttcagtagecattecatgtottggattogteagactecagagaagaggctagagtgggtcgoateegtgagtagtgatyg
gtaggatctactattcggacagtgtgaagggccgattcaccgtcaccagagaaaatgacaggaacaccctgtatttgtta
atgagtagtctgaggtetgagygacacggocatgtattatigtggaagaggacaggtattttatgettbggacaatigggg
ccaagggaccacggteoacegtetoctea ’

(F) 9B11 VL.A (SEQ ID NO:09)

gacattgagctcacccagtctccatcctécctggctgtgtcagcaggagagaaggtcactatgagctgcaaatccagtca
gagtcetgeteaacagtagaacscoegaaagaaccagttggettggtacecagcaaaaaccaggacagtetectgaactgetga
tctactgggeatceactaggcaatetggagtecctgategettoacaggecagtggat ctgggacagatttecactetoace
atcagcagtgtgcaggctgaagacctggcagtttattactgccagcaatcttataatctactcacgttcggtcctgggac

caagctggaggtcaaacgg
(@) SBil VL.B (SEQ ID NO:10)}
gacattgagctcacccagtecteccaaagetectgatetacaaggttiecaaccgattttetggggtoccagacaggtteag

tggcagtggatcagggacagatticacacheaagatcageagagtggaggetgaggatotgggagtttattactgotteo
aaggttcacatgttecgtggacgtteggtggagggaccaagectggagatcaaacgy
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(H) 24B3-VH (SEQ ID NO:11)
GAGGTGARGCTCECAGGAGTCAGGACCTGAACTGETEGAAGCCTECGECTTCAGTGAAGATATCCTACAAGGCTTCTEETTA

CTCATTTACTGECTACTTTATGAACTCCOTEAAGCAGACCCATEGARAGAGCCTIGAGTGGATTGGACETATTAATCCTT
ACAATGETECTACTTTCTACAATCAGARGTTCACGGECAAGCCCACAATGACTETAGRCARATCCTCTACCACRGCCCAC
ATGGAGCTCCTGAGCCTEACATCTGAGGACTCTGCAGTCTATTAT TG TGGAAAGGGGAATTACTACGECCCCTTIGATTA

CTEGEECCARGGEEACCACAGTCACCETCTCCTCA

{I) 24B3-VL (SEQ ID NO:12}
GACATTGAGCTCACCCAGTCTCCATCTTATCTTGCTGCATCTCCTGAAGAAACCATTACTATTAATTGCAGGGCAAGTAA

GAGCATTAGCAAATATTTAGCCTGGTATCAARAGARACCTEGEAAAACTAATARGCTTCTTATCTACTCTGGATCCACTT
TECAATCTEGEAATTCCATCAAGGTTCAGTAGCAGTGEATCTEGETACAGATTTCACTCTCACCAT CAGTAGCOTAGAGCCT
GAAGATTTTGCAATGTATTACTGTCARCAGCATAATGAATACCCGTGEACGT TCGETECAGUCACCARGCTEEGAGATCAN

ACAGGCGGECCGECA

FIGURE 8 (2 0f2)
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(a)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
S 961
1021
1081
1141
1201
1261
1321
1381
1441
i501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
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Homo sapiens MUCIN-16 (GenBank

mnlkpaglpgs
dktlasptes
swvaglsspr
dtryipvkit
spkgtpnsrg
faggeltepl
agtiltfhaf
hhstsgkete
relrttgsts
pamkterppa
hgfavptgis
gssppggtkp
gtaipllessa
gpervrnats
psvagvktt£
mdtwptrsag
apgsttwpet
ilttettngp
svspsgsmda
pdpgsarstw
ltpsniptag
gpstikltma
peEtyitttdp
tkawtitdtt
eplvlapseq
kseadtsair
tmgpthvtgs
gptnigstpp
mgllvteapyg
egagmstaip
gatentgkek
tdrslntgvt
Etltstpgnr
egstgplhav
tigrrnaits
akgrnpetet
sestanpslg
vnsagppgls
theltsrvtp
veldnettvk
aggspslfas
tggallawsr
ktepageahs

ssptrelmtg
vvgrttgslg
trtasgtegnf
gpmktfadst
etglelilst
spgvpearas
aetmdipsth
gtlntsmEpl
grgssstaah
stavaapitt
mtggsstrgs
sytmvsevip
svledkvsat
plthpspsge
asstpathlf
fagshlvsel
gaprfktglps
gemavagtni
agggtpgrts
lgilasespses
aigkstlvpl
svvkpgeytp
kdtesagvset
ehatglhytk
ttitlpmatw
ntdsttldgh
lkdgtsipas
mdntttgsss
rsiggslgrv
ltsspttpdv
lrtasmdlps
ragrlengsd
ailsltlpfss
agekvavqgbtyg
wlwdlttslp
hgpgntaast
tassagtklt
tvasdvidtp
ipgdwmessam
tadildarkt
drpgvptstt
pvrtfgtmvs
llastiepat

gretkatpem
vmagzalpest
tkeastytlt
azkenapvsam
tgypfsspep
tmpnsaipfs
iaktlasewl
etsapgeese
gsgdilratt
svpsvvegft
ggtthlltra
etaslgzsaf
gtfshhkats
etagsvltls
tsgeeteeats
ratgstsvin
atttvstsat
pilgkgyiteg
gfvdtfsddv
ptpkvimsst
dtpspatsle
ltfpeiethi
phevrtlrtt
laeckssgfet
lstalteema
lgirslgrtyg
aspshltevy
agvtlgiahl
sgvlsestte
efiggstfwt
ptpsmevipw
teskslamgn
ipveevistg
stpyvnsvav
tttwpstsls
Intdassvtg
rtislptses
sdgaesiptv
gtkptgasps
nelpsdssss
etntatapsv
tdtasgenpt
aftphlsaav

NEB_078966)

dsglbgatls
gsrgmthsegr
vettagpvte
tpaettvtds
ggagharist
mtlsnaetsa
gspgtlggts
mtatlvptlg
gstekasswt
tlktastkgl
tagsetsadl
regtslgltp
gittgtpeis
tgaettdspn
npavsgpets
atgsalpkis
sleatvmvak
rldtshlpig
vhltgsreiti
fstgrvttsm
agegglptls
hvstarmays
enhpktesat
gsapgpvavv
stdldissps
dlttvpitpl
pelgtggras
pigtsapaet
gvtdeskgss
kevttvmtsd
isltlsnapn
gthtsmtyte
itsgpdinza
gagpthenav
ealssghagv
lgetpvgasi
lvgfrmmkdp
gfepspdtev
itlgerrtit
sdlinteias
sgntyesldgg
gsnsvvitsvp
vigssatsea
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(SEQ ID NO

pktstgaivv
tapalepgvn
kytvptetst
htpgrtnpsf
gsaplsssagv
ervrstissl
tgalttteps
fetldskirs
sestagqgfae
wleetsadtl
tlatngvpvs
Intrhpfasp
tktkpasavl
ihptgtltse
vsrvrttlas
hltgtatmag
ftepatsame
ttassetsmd
prdgtssalt
imdtvetsrw
typestntps
sgsapemtap
paavsgspki
ipteptigss
spmatfaifp
tttwtevieh
seattfwkps
gtnmalerrs
prlantggnta
iskssartes
ttdeldlshg
ksevsgsihp
pumthspitpp
ssgsstsapy
anpsstttef
gssevplpmal
wtvaiplgsh
ttishfpekt
gaapttspiv
stmdvtktag
snvggtpstl
apgtwtevgs
sllttseska

;13)-

tehtlpfts
gtpsroypa
tegdstetp
gtlyssfld
ldnkisets
gtpsistkqg
ttlvseseetn
psgvssshp
paghtguwvet
igegtagpt
vspavekta
epdeaghtk
gamtlsnaa
ssespstls
tavptpvip
tnrdtfnds
atsirepst
ftmakegvs
pgmtathpp
nmpnlpstt
ihlgahass
getntgstw
gsgpnlisp
tleltasdvp
pmstpahel
stgagdtls
tdtlsreie
gtatvsmag
lssslepsy
ssatimsta
vhtasagtl
rpetsapga
tivwtstgt
ssaslesgld
plfsaasts
taradvsgl
pttntetsi
thsfrtias
ltasgftets
isptsisgm
ppftithpv
ttdlpamgf
ihgspgtpt



2581
2641
2701
2761
2821
2881
2941
3001
30861
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3861
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4821
4981
5041
5101
5161

pteganwetsa
ptllpdtpai
tvsnpdrgip
fagssenset
mnpgevtams
ptwgipgstl
mmtstkaisa
sgamtetela
margpnilvh
ptellpvsaep
wpapaeetgs
tvepvtigst
pggtrgslat
slstssnile
eaysstasws
ktssassvts
tittmgtnsi
lkvarspgti
rtlspadtta
pntplstflf
ghitsavtpa
htaktpdatf
savlirtintl
ehashstipa
spymdtastt
nfpamtesgg
gpedtsgpsp
gkttdmgris
pipghtkpsk
atetstvith
egagvtittg
wtesppavaekb
mepvtnspgn
pstatspmvp
ilsnvevgai
tgtgssgats
easspssgap
pgsmentldd
nvttstmedt
tgattevsrt
hgatsgdtft
ssfisspant
sdkilatskd
gdpapstsmp

atpesllvvt
pltateptas
gitiggvtes
talvdasagl
eittnrlitat
tfefgevpsl
sesfgstgfte
sklttlfstg
lgtsaltlsp
teptarrkss
spagtspgsp
algsgstsig
masvalespt
dpvtapnsvs
dgtegsditl
psigletlra
stttpnpevy
stmhttafla
stpistfsrv
dslstldwdt
amarssgvtf
grgggtaltt
dinleggtte
hsasgskltep
gtsiisspgs
milamgtapp
psveetasss
lepgtslppn
atsplvtshi
vgsgdatthv
tgptgaatqgy
sypsaltpfl
Innpsneila
assmgdalas
teatkmevps
kiplaldtst
vivttlpasv
igvtgaattd
tisrsipkss
dvtesgataf
mdpsnttpga
tpslisstlp
skdtkeifps
vhgssettni
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etadttlisk
latsfdstpl
plhpsstsps
eragvmpltt
gstapkgipv
dtksasliptp
tpegsaspsm
gaarsgesss
taetlnmsgee
petwasgiagv
emsttlkims
hlptgttapt
arsitgtggqg
sltdkskhkt
gaspdvtntl
nvsavksdia
mstmdstpat
gateldamst
grmsisvpdi
grslasatat
srpdptskka
earatsdswn
spswksspye
vvttstrega
taitkgprte
gatsloaptl
slvpihatts
lastageals
mgditsstav
tktgatfseg
pylldtstmp
vttippatet
tlaattdiet
lgipgsettd
fdatfiptpa
letsagtpsv
aftpgwhsts
ietthpsint
kttrtetett
papdgstvsl
gihgamthgf
edklssputa
inteetnvka
kreptyfltp

ilvtdtilfs
vtiasdslgt
kivaprntty
gsqgmassgg
kptsaesgll
ggslntipds
agheprvpts
pislsteket
ppeltssqgti
paktslvett
gkepsigpei
ksptenmiat
sspelvsktt
etwvsttaip
yitstagtts
ptaghlsqgts
errttgtehp
phgritvigt
lstswtpsst
tsapggattp
egtstglptt
ekekstpgap
riapsesttd
ivemstttwp
itgskrisgs
dteataswtyg
penilltsqg
tyeasrdtka
fgasetteie
tsissphgfi
yvitetplavt
lggghtsspv
ihpsinkavt
iegeptseslt
gstkipdifs
vtegfahski
spvsmssvlit
vvtnvgttgs
gsltpklret
distetntrl
sgldvttlms
1lltsglvkit
nnsgheshsp
rlretstages
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tvstppskfp
vpettltmse
egsitvalst
iragsthstg
tpvseasssps
dagtasssls
gtgdpryase
sflsptasts
aseegttaet
dotlwvttikm
ratvrnspwk
ervalspspp
gme femwhas
gtvinnkima
lvalpsgdgg
spaevsildv
gtwestaasd
alvtpssdas
eaedvpvsmv
geltletmis
teahpggvpr
witemmnsvs
keaihpstnt
estrartepn
flagamrssd
tplattqrft
hspsstppvt
ihhsadgavt
tvsavngglg
cstntftdvs
pdfmgeektt
satevltsgl
nmgtagsahv
agrkenstlqg
vagsrlsnsp
ttamnndvkd
sglvktagkv
afeshstvea
giggeitsst
stapimtesa
ripgdvswts
dilrtrlepv
aladsetpka
gafptdtsfl

stgtlegas
tengdalvl
1pagttgsil
tktfaslpl
kafasltta
kspeknpra
smeypdpsk
rktaelflgp
gtltftpse
gsgaaggns
tpettvpme
eawtnlysg
tggttgdth
aeggtsrsv
itsltnpsg
ttaptpgis
swtvtdmts
avktetsts
gtdhastkt
patsqglpfs
gaattldvi
edtikevts
vettgwvits
sfltieird
spsgeaitrl
ysekttlfs
svflsetsg
nmeatssey
erstsgvas
tnpstelim
liskgpkdv
vikttdmlnt
lhstlpvss
emnsttesn
pmtisthut
veqtnppfg
dtsletvis
ypepskvts
etstvpyke
eitittgtyg
ppevdkiss
taslpnfas
ttgmvittt
laekvptgti



5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
. 5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
5961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801

evastgvnsg
hetlpldtst
spamtepepv
erpatykdta
dtesvststpn
rteigsarts
pwdtattlfq
spspvastap
vkdtahteam
ststpaffet
tesrttisgp

sstaswegth’

glygavsoggg
ntetihfgen
petknvdrds
mpagagstks
agtpsartqgd
gehsteslvs
tavanvgtts
tfaslifrlire
pdtstrsvtm
fagldlstlt
ltslptagiv
tsekesyssv
gtatsgdpiv
lpislgites
mnkdpeilasw
mttdtlgtap
gssvladsgek
nasfestdtesi
tmtesaemti
dmswgsspsl
lhtspelvtis
adsetskats
ietsavizev
ggemtiktqgt
passlpveets
aepetsgpps
ttkatgamgt
tvlskvatga
ittgtgpses
vketappssp
gsssslstts
gtmgdtevlt

skigtpdhdk
tlsgggthst
gatapgsips
hteaamhhget
isgtngigte
isdldrptia
ggthstvagg
egipssplpv
hasmhtntav
rigtestasl
dhskmapyis
spvtgriphs
ptesalpvtsl
taetnmgttn
tspltpelke
pdiapeasss
fvdgettavm
visvptptla
Bpnetfyftvs
tetsgkigss
Istfagitks
srvpeyisgt
kttdmlasva
payseppkvt
steksavlhk
gnmtiitrtg
tippsiekts
epttasppnl
tkatapmdtt
vilsevptgtt
ptgtgpsgst
enpaslpsll
gppklshtad
pnfitstged
gigatteisr
gppygstsest
Ppssglslsa
lgstaveila
isimgdtsvs
ttevarteail
tlestinlnt
lslpavtsph
herlttykdt
stpafletrr
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atvppdtftg
vigafpysev
gplpvtalpt
ntavtnvgts
ptaslsprlr
pdistgmitr
fpheseittlr
talltavivt
anvgtsisgh
ipglrdtrte
tetitrlstt
eetttmsrst
lesgrrktid
smhklhggva
dstalvmnst
hensppltis
mndIndvikt
kitdmdtnle
pdsdpykats
gdtstvidka
eertiatgtyg
gppsvektas
slppnlgsts
spmvtsfnir
lttgatetar
pplgstsqgt
fasslmpspa
ggtsheiltt
gstmghttvat
aevsrtevts
sgdtltldts
slpattsppp
erlttgkdtt
ttvalstpht
tevtassrts
ftldtettps
mispspvsst
tsevitdiek
tltpalentr
sfsrtsmegp
attpswveth
pvattflahi
ahteavhpst
iqgtelasgit

eiprvitsgi
ttlmgngpgn
gvlvtttdvl
geghksgsav
esstsektss
lftapimtks
srtpgdvawm
ttnvligttsep
eggesvpads
eeintvtets
pfvtgatema
kgvawgspps
mldthselvt
ihsqpsghtp
tesntvissv
thktiatgtyg
gspfosaceans
pvtrapgnlr
avvitstagd
ftaattever
phratsggtl
sssgllslpal
hkipttsedi
dtivstsmpg
tevassrrts
ftldtptisas
mtsppvsstl
dedttaieam
gmavesettk
agrtsipgps
ttkagakths
iggtlpviis
nteavhpstn
letsrigkes
isgsaestml
lvithetmtg
lpaashssaaga
ihpfantavt
kigesepassl
egstumsgdls
giviggiphp
ppsplpvtsl
ntggtnvatt
pglressgse
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ktkgaemtit
vawmttppve
gttapesvts

ladsetagkat-

ttetntafay
aemtvtEqgtt
ttppveetas
epvtgsppnl
htskatapmg
tvlsevpttt
itngtgpigt
veelsspssp
gslpsassfa
pkvtgsmmed
sldaatevsr
pagvitslggl
lssgapllvt
ntilatseatt
sivatsmprs
teltsgsrts
twdtsittsqg
tespspvpttl
kdtekmypst
sseitrieme
ipgpdhstes
ragthamatqg
pktihttpap
hpststaatn
ikrestyslt
gstvilpeist
tltgrfphse
ssplpvtell
taasnveips
isslapklre
peisttrkii
rlphgeittl
svislltpgg
kvgtsgsghe
ttrlretsts
lgtiprisas
emttangrgp
ltegpatttd
gsgyksgssv
gtssgtkmst

tgasppesa
etssveslm
sppnlasgit
pimsttstl
vptgaitga
tpgatsqggi
gfslmspam
ssptgerlt
itfamgdts
ttevertev
isgatltld
vplpaitsh
geiltegeas
ailvststpg
aevtyydpt
tldtstiat
tepepvtst
dthtwmhpsi
samkkiese
iggtekptm
agthsamth
pesrpsspv
niavtnvgt
gtfslahgl
pdistevip
efphsemtt
meslltpsl
vettasghg
pglretsis
rtmtrlfas
mttlmargp
tsapvtttd
sghegpsasa
tgsgvetss
kfptepila
vargagdvp
vkttevlda
spasvlpds
eetglatea
svitesakm
ggvswpspp
ilgtstepg
ladsspmct
vlskvptga



7861
7921
7981
8041
8101
816l
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
2301
9361
9421
5481
9541
9601
966l
9721
9781
9841
9901
2961
10021
10081
10141
10201
10281
10321
10381
10441

teiskedvts
tldtssttsl
tespspvasti
gevttdtekt
gtpgffetar
serteisgfa
ttpawveths
vegtlvedfp
dtedmapath
fetsriqiep
msgpdgftis
sgthstaspg
egisssphpv
pssntpvvawv
gptesltagl
igpeigteti
hraphsgmtt
lrvtslftpv
tamgtigarg
tptpretsta
vitrlstepi
almsrtpgdv
glvkttellg
vladsvttka
gatekstvls
estdnaitpk
wpeplevekn
slepettsap
eptkvispvy
stvlivkmpsg
tittgbgysl
vettrasssl
gssgpnlgsty
pemgitsavd
vptsattevs
sapgataqgst
sssllsglpvt
veilaasevt
etsistampa
tdftssakts
hlgtdllpsa
aeslpsstpv
tldtesgpgr
ahrgtirpvk

ipgpagstis
tmthstiagg
pesisgsplp
hpsgsnrtvtd
igteptsslt
gltvspetst
tvtqrishse
gaslpvtell
tavtnvriei
tessltsglre
pdisteaitr
fahsenttlm
talltlgpvk
gtviykhlsp
reistagets
trigtplttt
pmsrgpedvs
mmkttdmldt
efyssypglp
geihsatkps
ktestemtit
pwlshpsvee
tasepetasp
tasmgitypt
svptgattev
topsgatagy
sppsslvsss
nmnitsdesl
tassirdnmyv
atpevsrtev
ategqvtlplyg
talplttsls
velpatseim
dttvitsnpa
mteimasnri
ltlatttapl
tgpavagtlp
tdtekihpss
nfettgfeae
spdwppasqgy
etigtgtvmp
pfssstfttt
tssgspildtr
gpdtstspas
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pdistrtvew
feghagmstlm
vtelltagla
vgtegacghes
laglrktgsge
etitrlptss
mttlvsraspg
npglvittdr
ggheagssvl
tesserissa
lstapimtes
srtpgdvopwp
ttdmlrtsse
sgvladlvtt
satersasls
gsaemtitpk
wpsrpsvekt
slepvttspp
epskvtspvv
tvpvkaltsa
tgtgspgats
assasfslss
pnlsestsaeil
gdtnvltatp
srteaisssr
tftldgssta
svtspseplys
aaskattete
sttmpgasgil
mpssrtaipg
tesmtflagth
pvsstlldss
tdtekihpss
fsetrripte
hipdsdgstm
arthstvppr
geipasssfav
smavtnvgtt
pfshltsgfr
teipvdiitp
slgeamtsfa
dsetipalhe
mtegvelgtwv
pkglhtggtk

fatapvmtes
rrgpedvawn
kttdmlhkss
tefviadagt
gtslatemat
imtesaemmi
dmlwpsgasv
mglgrepgts
adsetpkats
tegstvlsev
aegsaitietg
glpsveeass
petasppnls
kptspmatts
gmptgattkv
tghegassgg
gppsslvsls
gmnitedesl
tastikdivs
tiedsmbgvm
rgtitldtet
pvintssspva
laitevttd:
afadtarigt
tsipgpagst
gwpgthsatt
tpsgsshasp
aihvfentaa
trieiesmas
pagstmsldi
stmagglsha
pssplpvtel
ntavakvrts
ptfaltpgfr
gpdiitevit
flhsemttlm
tslltpgmvk
gsghelygsv
ktnmaidtss
fnagpsgites
ttgvpraisg
iteesatpyr

tsayqvpsls
rmettttalk
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aeitmnthts
spplliektrp
epvinspanl
gkvigpuvit
vlisgvptgat
ktgtdppgst
eetgsassll
gtesnlasstsh
pgttytmge
psgattevsr
spgataegtl
vssglagpam
stsaeilats
tlgntevats
artealslgr
tftldtasra
avtspsplys
atskatmete
ttipasseit
ssergpapdg
tfmsgthsta
stlpdsihss
eklemtnvve
ksklsltpgl
mesdtsmeti
gripgsvvtt
vpvtalftsi
shvettdate
ltpglretrt
gsdevvirlst
emtnlmsrygp
iipglvktte
gsvheshssv
etstaeetts
rlssasmmse
srspenpawk
ttdtstepgt
gihsepskat
vtptntpssp
tgitafpesr
ggspfertes
vdtslgteas
tritrtdgim
ttttalktts

plgattggt
sfalmaspa
gatsveila
stmedtavs
aevartevt
pesthtvdi
slpattsps
erlttledt
tevaigtsd
tevissrgt
tldtstttf
tetaffstl
evtkdreki.
tpafpetmm
testpapaqs
swpgthsaa
tpsesshss:
aiglsenta
riemestst.
stmeqgdist:
sggfshsgm
slpvtallt:
sgythesps;
metsisest:
tristplty:
pmasrgpedv:
mnkatdmldi
elysgspgt:
sqgditsste
spimtesae:
eslawtapr:
vidtagsepki
ladsettit:
itetgavly:
stgntittygl
gsalfvekts:
slspnlagt,
ypvgtpgam:
gsthllgssl
Etmsvtestl]
gpgdatlst:
ttegrlvmv:
ehitkipne:
ratlttavyt



16501
10561
10621
106681
10741
10801
10861
10521
10981
11041
lilo1
1l1el
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001
12061
12121
12181
12241
12301
12381
12421
12481
12541
12601
12661
12721
12781
12841
12901
12561
13021
‘13081

ptlgtltpln
fnresettas
eldtvsstat
ttwlthpaet
vtasgtdrnm
aaktattnra
sgsavptptv
iptptvapgv
lpevpgmvtsa
vvtalvtaas
lvtssravts
avtsttiptl
afsnltvasgs
tsrfshaeld
pheseatasw
pdmvtsgvts
telvigsgtd
aitepgpeas
paetsttvsg
dtstaiptlt
varttasfsh
ithspgmpet
glftllvegt
sgsaetstst
ttmtlipsem
1ftplttpygm
sipsataatv
ylysgcerlas
ldrnslyvng
lgyeedmrrt
icthridpks
tstvdlirteg
ggllgpifkn
sgltngikel
pliviftlinf
lrsekdgaat
Ethwipvpts
srkfntterv
gvdreglywe
psslpseptaa
gllysgcrit
tldrnslyvn
nlgygedmrh
aicthhlinpg

asmgmastip
lvgrsgaers
shgadvasal
gstiprtipn
tiptltlispg
ltnspgepat
stevpgvvep
pgvvtalvts
lvagsravts
gvnataiptl
ttipiltles
tizssdepett
gpetidswva
tmpstvtspe
vChpavtstt
sgtdtsitip
stttfptlte
savagtttisp
tipnfshrgs
pspgepetia
sspdatpvma
tallsthprt
srvdlsptas
ltltvepavs
ptppktshge
stlasesvts
pimvpfting
lrpekdssat
fthrssmptt
gerkintmes
pyglnreqglyw
tpaglsspti
tevgplysge
gpytldrnsl
titnlkyeed
gvdaicthrl
stpgtetvdl
lgallgpmfk
legltngike
gpllvpftla
llrpekngaa
gfthrssvap
pgsrkfntte
spgldreqly
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temmittpyv
pvigtldvas
ptnispseld
fehhesdatp
epktiaslvt
tvalvthpaqg
lvtesravis
gravtsttip
ttlptltisp
ilespgelett
gepettpsma
tslvtheeak
hpgteasavv
assssaistt
vprttpnysh
tltlasgeps
tpyepettai
dmedlvislv
dtapsmvtsp
ggathpgtgt
tsprteassa
etgktfpast
pgvesaktapl
glgsasittd
gvepttilrt
rtgynhrswi
titnigyeed
avdalethrp
stpgtstvdv
vlggllkpl£f
elgkltndie
maagpllvpE
rltalrsekd
yvngfthrts
mhrpgsrkin
dpkspgvdre
gsgtpsslps
ntsvagplysg
lgpytldxna
ftitnlqgyee
tgmdaicshr
tstpgtstvd
rviggllgpl
wglagmtngi

fpdvpettss
gsepdttaswv
altplvtisg
glatspgaet
hpeagtasal
tapbtvpwtts
ttipiltlisp
iltEslgepe
gepeltpsma
psmatshgae
tehgveassa
migaiptlav
ptltvstgep
ispgipgvlt
sepdttpsaia
tttasfityae
glihpaetnt
pssgtdtstt
gvdtragvpt
gitvplrtvp
vittispgap
vipgvesetta
athpgtetst
kpgtvteawnt
tmveatnlat
sttassynrry
mrhpgsrkfin
dpedlgldre
gtsgtpasap
kntsvgplys
elgpytldrn
tinftitnlg
gaatgvdaic
vptestpgts
ttervlgtll
glywelsglt
pttagpllvp
crltllirsek
lyvngfthgt
dmhhpgerkf
ldpkspglnr
lgtsgtpssl
fknssvgply
kelgpytldr
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latslgaets
ihpaetiptv
tdtsttfptl
gsalpimtvs
ptetisgpavs
iffhsksdtt
gepettpama
ttpsmatshg
tshgaeagst
assavptptv
vltvspevpy
sptvgglvts
ftnislvthp
alvtssgrdli
tspgaeatad
thtasaiptl
mvprttpkfs
fptlsetpye
ttippsipgv
sgepdtmasw
emvtggitss
sltirpgaet
miptstlselg
etapsvigvg
bgseptvakt
wtpatstpvt
aterelggll
rlywelsnlt
spttagpllm
gerltlirpe
glyvngftha
ygedmghpgs
ihhldpkspy
tvdlgtegtp
gpmfkntsvy
ngikelgpyt
ftlnfritnl
dgaatgvdai
sapntatpgt
ntterviggl
aglywelaqgl
pspttavpll
ggerlislrs
nslyvngfth

talprtips
skttpnffl
tkaphetet
pgaedlvts
rlvtamvte
pamttshga
teshgeeage
teagsavpt
vptvspeve
spgvegvvt
mvtalvtas
lvtsagset
acggstlpr

‘satfptvpe

fptitvspd
pvapgaskm
hgksdttlp
pettatwlt
vibsgviasa
vthppgtst
gaatsttvp
stalptgtt
llettgila
ppefsrtvt
tttfntlag
stfapgisgt
kplfrnssl
ngigelgpy
pftlnftit
kdgaatgvd
ggvsttstp
rkfntterv
lnrerlywe
fglpspata
llysgcrlt
ldrnslyvn
kyeedmhop
cthridpks:
stvdlgtag
lgpnfknte
thgikelgp
vpEtinfti
ekdgaatgv
rasglttst]



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

wtestvdligts
gllkplfkst
glthsitelg
viipftinft
rpekdgaatr
thgssmtttr
srkfntterv
gldreqlywe
pvekpgpsaa
gplysgerlt
aldndslfvn
niryeenmnwp
icthrpdptg
vaeepftlinf
lrgvkngaet
ynepgpdepp
stegvlghll
glywelsglt
seyitllrdi
fldktIinasf
pgttnygrnk
rvdrvaiyee
agllgvitel

gtpspvpspt
svgplysgox
pytldrdely
itnlgyeedm
vdavethrpd
tpdtatmhla
lggllrpvEk
lsglthaite
spllvlftln
1lrpekdgta
gfthrssvst
gasrkfntter
pgldreglvl
tinnlrymad
rvdlletylyg
ttpkpattfl
rplfgkssmg
hgvtgilgtyv
gdkvttlvkg
hwlgstyqglv
rniedalngl
flrmtrngtg
icgvlvitrr

"Peptide 1

14410

nfsplar rvdrvaiyee (SEQ

(C)
14425

(D)
14472

Peptide 2

Peptide 3

14442
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tbgpllvpft
1tllrpekdg
vagftgrasv
rrpgarkfnt
pkspgldrer
tartpaslsag
ntesvgplysg
lgpytldrds
ftitnlryee
tgvdaicthh
tgtpgtptvy
vlggllxplf
elsgltheit
mggpgslkin
plegpglpik
pplseattam
pfylgcglis
ldrdslfing
sqlhdtfric
dihvtemegs
frngsikayf
lgnftldrss
rkkegeynvq

ID NO:01)

14492
agvlvttrr rkkegeynvyg gq (SEQ ID NO:03)

Inftitnlgy
vatrvdaict
pttstpgtft
tervlggllm
lywklsgleh
pmtaspllvl
critllrpkk
lyvngftagrs
nmaghpgsrkf
pdpksprldr
lgasktpasi
kntsvgplys
elgpytldrd
itdnvmghll
gvfhelaqgqt
gyhlktltin
irpekdgaat
vapanlsirg
lvtnltmdev
vygqotassst
sdcgvetfrse
vlvdgyepnr
qacpgyyqsh

tldrss vivdgyspnr ne (SEQ ID NG:02)

eenmghpgsr
hrpdpkipgl
vgpetsetps
plfkntsves
gitelgpytl
ftinftitnl
dgaatkvdai
gvptteipgt
nttervliggl
eqlywelsql
fagpsaashll
gerltllrpe
glyvngfthr
aplfgreslg
hgitrlgpys
ftisnlgysp
gvdttectyhp
eyginfhivn
lvtvkalfas
ghfylnftitc
vpurhhtgvd
nepltgnadl
ldledlg

{E} Transmembrane Regilon: '
14452 14475

fwaviligl agllgvitel icgvl (SEQ ID NO:14)

(F} Peptide containing the cysteine loop peptide:
14367 14398
kgyf sdegvstfrs vpnrhhtgvd slenfspl (SEQ ID NO:15)
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kfnitesvl
drgglywel
glpgptatg
lysgeritl
drhalyvng
ryeenmhhp
ctyrpdpks
ptvdlgtsg
lralfksts
thnitcelgp
ilftlnfei
kdgeatgvd
ssvpttstg
arytgervi
ldkdslyln
dmgkgsatf
dpvgpgldi
wnlsnpdpt
nldpsiveq
nlpysqdka
slenfspla

pfwavilig



EP 3 222 632 A1

0l @Inbi4

nep

{¢) 8ug uonelAloydsoyd |43 onuse|dojAy

SUBIqUIB)Y BWISE|] &

Urewopoioy

ulewio( JB[njj@oenxg

slesday wspue|
opdniniy

«S80u8enbsas anbiun
|EMILLR)-N

174



EP 3 222 632 A1

shep' L

(L Liao-onnieLe
” shep ¥ _

shep g

L1 ainbi4

00+400°0

o0+I00'g
- 20+300°1

LN i

/

L0+30% L

2L Hy—%—

/

£0+300°E

}ZG | et

/

£0+305°2

SJUNos |18 |

LOFR00°E

L0+308°¢

Treyo 3 gza0 | A HA

Ll

A49s [THP

41T.¢

Treyo 9 sao | A Ha

t

EX £

L0400
£0+508'Y O
[joluoy

£ g0k Pl R pl*
b -1 Traak,

oy
NP

+dVO

4Lt S

t

dr1.s

t
<

175



EP 3 222 632 A1

0t

e
Lmat,

LA e $OF g0 01
ry Lo r o

(2raa-onwiele

%E19

+dv0

%L'ES -

Ny ey -
el =] &
m m M (L 4a0-DnWieLs
@ [ sAep _ shep p _ sfepz
f 00+300°¢ 00+300°5
.
\ b — . \U .
2G5 ) e 80305 L a . QO+E00 Y Ly
ZRT-L LHi sl e = 2GEG Lo \ g
=1 BHIN? o PR LU e 90+S00'9 o
-] LI e, ]
k puz $04308°C 5 . E
- — lm Jr ., =3
7 80+300°e 3008
[« 30+309'¢ 0\ L0400 L
803007 L30T

O

2l @bl

ZET6L =81

2871 IHr ZLLRY

000z
o00¥
Q009
0008
GoLoL
Ui
aacrL
40091
00081

(ruy8d) 8-N1

9% Hr  ZLLHY 861 1ZgE

{luyBd} z-)

{@o-andeLe
shep £ _ siepy _ sAepz

6l —F—
ZGT-L {HiremCnm
ZL i Hirmayuns

F 90+300E

90+300°F

g

0G+300°C
90+300°L

- 903002

Junoa 9o ]

90+300°6
r 90+300°0

0+E00L

1

176



EP 3 222 632 A1

adi-y

Wb 0 G0k 0k ol

] o]
L 0F 52
] =3
L 09 w .
.08
o

<l

€ 2inbl

{ao-onwldyo-ac
shep s _ sfen ¢ _ skepg

OHIODD
20+300°L

\l- oMI0T

. <

2PE | e \\ S+J00E Ml..
ZBE L LH e 904300 &
S

ZLLHE—O— y/d g
Bo+T00's

m\. - S0+300'

20+300°4

90UIS8IONY IS 4D 9oeI] |80

Z8¢-LLHYV

ZLLHY

28261

WO g0 AT N - Y. WObg0h g0 (Db OF
L Jamad Lasats hihacl 5 L 7 Jasal. ) o
o 58
- 0oL
L or [ or
3 5 5
o
-0 & o0 & L ooz
[ o¢ - 03
- oot o3k i
oner 123 ogeM [:a opers ) g
£ . . © 274 3 ¢ ] zL Lz § o0F & &
¥ Jﬁ bl i} ] g . S S S S S 0
— e = % 287 Laby Qﬂﬂﬂ&”ﬁ& -
«/ 4 . Jr.llﬂ? s 2Ly . I oz
/ ot IO/ -4 > L ge
N o 287Gt 3/.. b 2976~ [
oS ZBT- L bHl N 0 1z51 .
» S— . ;
- 69
[¢73 J.L.. QoL .
=0

ko)

177



EP 3 222 632 A1

uonoaful Jowny souls sAep 1 ain Oi -

cmw oﬂ.:. 08 09 . oF 02 0
1

1 ¥ . Q

¥ 02
=
Ko enl -0F 3
=
(G=U) Z8Z-1 LHty = 05 . =
. (9=U) Z} L1 ~o— B

(9=U) LzGL = . 08

(o=u) (sje0 | OU) [ONUOT) =il

M
!

178



EP 3 222 632 A1

(€10 1) gL @unbi4

uopnaalul sowny asuls sAep

0ZL ©00L 08 09 O 0Z O
I T ') [ [ 1 Q

i s

A j L ov
(8=U) (Al) Z82-1 LHp ~— |
{(8=U) (dI) 2821 | Hy =Aeme
(8=V) zz-6| —— -08

(8=u) (Sl 1 OU) |O[UO) it

(%) IeAlnins

179



EP 3 222 632 A1

MO

(Al)zge-

(d1)zgz-

ybiH

uonoalul Jown] 8ouIs sAe(]

LLHY

LIHY

€402) Gl einbi4

(s]j9o L ou) jonu0)

180



EP 3 222 632 A1

(€30 ¢) G| @b

- -
LA e
tz'a ')
: O
W)
. L »
. . - 01
. ! \ 4
69 X eLe ; £9'Z
, L VG__.

181



EP 3 222 632 A1

0+91] = Xep
L0+ = Ul
l2g Jojo

(z 10 1) 9] =24nbiy

uonoslul Jowny esuls sAe(

Adesa 100 |

v

0c

04

x106

09

08

001

8¢ LC vl

LIHY

28¢-

182



EP 3 222 632 A1

(240 2) 91 8unbi4

tonoalul Joum; aous sAep
amw E.: g8 - 08 oOv o.m (i)

0

X mir4
. . fi ]
2
oo =
%

(8=U) ZQZ-| LHY ~= / -08

{g=U}297-G} —m=
001

183



EP 3 222 632 A1

CD8 leader sequence
ATGGCTC TCCCAGTGAC TGCCCTACTG CTTCCCCTAG CGCTTCTCCT GCATGCAGAG

CD3 zeta chaln 1ntracellular domaln

CD8 transmembrane domain
GCGGCCGECAC CCACCACGAC GCCAGCGCCG CGACCACCAA CCCCGGCGCC CACGATCGCG TCGCAGCCCC

TGTCCCTGCE CCCAGAGGCG TGCCGGCCAG CGGCGGGEGGE CGCAGTGCAC ACGAGGGGGC TGGACTTCGC
CTGTGATATCTACATCTIGGE CGCCCTTGGC CGGGACTTIGT GGGGTCCTTC TCCTGTCACT GGTTATCACC

CTTTACTGCA ACCAC

Cbh28 transmembrane + intracellular domains {-STOFP)

CAR TTGAAGTTAT GTATCCTCCT CCTTACCTAG ACAATGAGARA GAGCAATGGEA ACCATTATCC
ATGTGAAAGE GADACACCTT TGTCCAAGTC CCCTATTTCC CGGACCTTCT AAGCCCTTETT GGGITGCTEET
GETGETTEECT GEGAGTCCTGEE CTTGCTATAG CTTGCTAGTA ACAGTGGCCT TTATTATTTT CTGGGTGAGG

AGTAAGAGGA GCAGGCTCCT

Figure 17
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Figure 20A

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

TLDRKSVFVDGYSQNRDD 19 AA

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

KSYFSDEQVLAFRSVSNNNNHTGVDSLENFSPL 33 AA

3. Mouse 2" Cystelne Loop peptide 3 (SEQ ID NO:23).

SLYSNERLASLRPKKNGTATGVNAIESYHQN 32 AA
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Figure 20B

Alignment of mouse MUC16 {SEQ 1D NO:24) and human MUC16 (SEQ ID NO:25)
amino acid sequences
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Figure 21
Mouse MUCL16 CD Peptide 1
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Figure 22

Mouse MUC1& CD Peptide 1
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Figure 23
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A. Nucieotide sequence encoding 12B10.3G10-Vy (SEQ ID NO;26)

GRGGTGARGCTGGAGHAGTCAGGTEGREGAT TG TGCAGCCTARAGGATCAT TGARRCTCTCATGTGCCECCICT
GELPTTCACCTTCAATACCTATECCETGCACTGEETCCCLCAGGCTCCAGGARAGGGTATGARAATGGGTTGUTCED
APARGAAGTARRAGTGGARRTTRTGCAACATAT TATGCCGAT 'CAGTEARAGACAGAT TCACCATOTCCRGAAAT
GARTTCACAGAGCATACTLTATCTGCRAATEAACANCCTGARARD M GAGGACACAGCCATAT AT TACTHTETGAGR
GCGGETAACARCEGGGCCTTTCCTIACTEEEGCCARGCGGACCACGGTCACCETOTCOTON

B. 12B10.3G10-V4; Amino Acid sequence (SEQ ID NO:27)

EVELEESGGGLVQPKGSLKLSCAASGFTFNTYAVHWVRQAPGKOMEWVARIRSK SGNYAT
YYADSVEDRFTISRNDSQSMLYLOMNNLETEDTAIYYCOVRAGNNGAFPYWGQGTTVTVSS

C. Nucleotide sequence encoding 12810.3G10-V, (SEQ ID NO:28)
Hote the VI has an optional Notl site added by the primer for
cloning.
GACATTGAGCTCACCCAGTC TOCATCCTCAL TG TC TGOATCTC TGS AGECAGAGTCACCATCACT I GLANGECT
AGCCARAGRTATTARGAAGTATATAGC T TGA TR CARCACRAAGCO TGGARARACTCCTCGACTACTCATACATTTC
BCATSTACATTACAGACAGGCATCCCATCAAGG T TCAGTEGACGTGEG TCTGRGAGAGAC TATTCCTTCAGLATC
AGCAACCTGGAG TCTGAAGATATTGCAAL M AL AT GECTACAGTATGAT NETCTGTACACG T TCGGAGGEEGEE
ACCAARGCTOGAGATCARACEGRUGHCOGLA

D. 12B10.3G10-V, Amino Acid sequence (SEQ ID NO:29)

DIELTQSPSSLSASLGGRVTITCKASQDIKE Y IAWYQHEPGK TPRLLINFISTLQTGIPS
RFSGRGSGRDYSFSISNLESERDIATY YCLOYDSLYTFGGGTELEIRRAAA

Figure 24
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Figure 25
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