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TITLE: MFAP4 as a Marker for Regulatory Cells and Anti-Cancer Cells

FIELD

[001] The present application relates to a novel antibody, and
methods of use thereof. Further, the application relates to methods and uses
of MFAP4 as a marker for regulatory cells and anti-cancer cells. The
application also relates to MFAP4 binding agents and methods and uses for
selecting and activating regulatory cells and anti-cancer cells.
BACKGROUND

[002] Over the past 20 years, short-term allograft survival has been

improved significantly with the advent of immunosuppressive drugs. However,
the deterioration of drug efficacy over a prolonged period of time renders them
ineffective in preventing chronic graft rejection. Moreover, immunosuppressive
drugs render patients susceptible to infections and malignancy. A major goal
of transplantation is to induce long-term transplant tolerance without impairing
the recipient immune system. Many studies have established the critical role
of regulatory T cells in immune tolerance.

[003] The inventors have previously identified and cloned a novel
regulatory subset of afTCR'CD4'CD8 T (DNT) cells and demonstrated that
these cells can kill activated antigen-specific CD4" and CD8" effector T celis
in vitro and in vivo (1-5). Adoptive transfer of DNT regulatory cells activated by
donor-lymphocyte infusion can potently suppress anti-donor T cell responses
in vivo, leading to long-lasting tolerance to transplants (1-5). The inventors
have also demonstrated the suppression of autoreactive T cells by DNT
regulatory cells in an animal model of autoimmune diabetes, in which peptides
activated DNT regulatory cells provided protection against auto-reactive T
cells specific for an antigen expressed in pancreatic islets (6). In addition, the
inventors have demonstrated that DNT cells have potent anti-cancer effect

(7).
[004] DNT cells comprise only ~1% of PBMC, and no unique surface

markers have been identified to positively select DNT cells. Current ex vivo

expansion methods for DNT cells rely on depleting multiple subsets from the
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starting population. Moreover, there are no known functional markers that can
distinguish potent suppressive DNT cells within a heterogeneous population
during their activation and expansion. The lack of a reliable cell surface
marker extends to other regulatory T cell subsets such as CD4"CD25"Foxp3*
T regulatory cells, CD4°CD25" T regulatory cells, CD8'CD28" T regulatory
cells, T regulatory-1 cells, T helper-3 cells, and regulatory NKT cells (reviewed
in 8). This makes it difficult to phenotypically distinguish T regulatory cells
from other activated effector or memory T cells. For instance, it is still not
clear whether Foxp3 is a specific marker for T regulatory cells in humans
because activated T cells can transiently express Foxp3 albeit at lower levels
than natural CD25"CD4" T regulatory cells (8). Moreover, Foxp3 is an
intracellular molecule whose detection renders cells non-functional for
applications subsequent to cell sorting. Other molecules such as CD25,
CTLA-4, GITR, and CD127 can be used as cell surface markers for natural
CD4'CD25" T regulatory cells, however they are unable to fully distinguish
natural T regulatory cells from activated T cells because all T cells express

these molecules upon activation (8).

[005] Thus, there is a need for methods of detecting and selecting or

isolating regulatory cells.

SUMMARY

[006] The present inventors have identified and developed a novel
antibody. Specifically, the inventors have identified and developed a novel
antibody that binds MFAP4. Further, the inventors have identified that MFAP4
is expressed on the surface of a subset of regulatory cells and anti-cancer
cells. Thus, MFAP4 can be used as a marker to detect, enrich and/or select
regulatory cells and/or anti-cancer cells. In addition, the inventors have shown
that the regulatory cells and anti-cancer cells can be activated by binding of
MFAP4. The activated regulatory cells can be used to treat or prevent the
progression of many types of immune-related diseases, such as graft
rejection, graft-versus-host disease, autoimmune disease, allergic diseases
and infectious disease. The activated anti-cancer cells can be used to treat or

prevent the progression of cancer.
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[007] The inventors have cloned and sequenced a novel antibody that
specifically binds MFAP4 and determined the sequence of the light and heavy
chain variable regions and complementarity determining regions 1, 2 and 3 of
the antibody.

[008] Accordingly, the application discloses isolated light chain
complementarity determining region 1 (CDR1) comprising the amino acid
sequence QSLLSSGNQKNY (SEQ ID NO:44); isolated light chain
complementarity determining region 2 (CDR2) comprising the amino acid
sequence YSS (SEQ ID NO:45); and isolated light chain complementarity
determining region 3 (CDR3) comprising the amino acid sequence
LQHYSSPFT (SEQ ID NO:46); and isolated heavy chain CDR1 comprising
the amino acid sequence GFPFSNYG (SEQ ID NO:21); isolated heavy chain
CDR2 comprising the amino acid sequence ISYDGRST (SEQ ID NO:22) and
isolated heavy chain CDR3 comprising the amino acid sequence
VRHELPEDH (SEQ ID NO:23).

[009] The application also discloses isolated nucleic acid sequences
encoding the light chain complementarity determining region 1 (CDR1)
comprising the amino acid sequence QSLLSSGNQKNY (SEQ ID NO:44); the
light chain complementarity determining region 2 (CDR2) comprising the
amino acid sequence YSS (SEQ ID NO:45); and the light chain
complementarity determining region 3 (CDR3) comprising the amino acid
sequence LQHYSSPFT (SEQ ID NO:46); and the heavy chain CDR1
comprising the amino acid sequence GFPFSNYG (SEQ ID NO:21); the heavy
chain CDR2 comprising the amino acid sequence ISYDGRST (SEQ ID
NO:22); and the heavy chain CDR3 comprising the amino acid sequence
VRHELPEDH (SEQ ID NO:23).

[0010] Additional aspects disclosed in the present application are
isolated light chain variable regions comprising light chain CDR1, CDR2
and/or CDR3 disclosed herein (SEQ ID NOS:44, 45 and/or 46), and isolated
heavy chain variable regions comprising heavy chain CDR1, CDR2 and/or
CDRa3 disclosed herein (SEQ ID NOS:21, 22 and/or 23). In one embodiment,

the light chain variable region comprises the amino acid sequence shown in
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Figure 16 (SEQ ID NO:43). In another embodiment, the heavy chain variable
region comprises the amino acid sequence shown in Figure 15 (SEQ ID
NO:20).

[0011] Another aspect of the present application is a novel binding
agent that specifically binds MFAP4, that comprises at least one light chain
complementarity determining region disclosed herein (i.e. one or more of SEQ
ID NOs:44-46) and/or at least one heavy chain complementarity determining
region disclosed herein (i.e. one or more of SEQ ID NOs:21-23). In one
embodiment, the binding agent comprises the light chain variable region of
SEQ ID NO:43 and the heavy chain variable region of SEQ ID NO:20. In yet a
further embodiment, the binding agent is an antibody. In another embodiment,
the binding agent is a monoclonal antibody. In yet a further embodiment, the
monoclonal antibody is a monoclonal antibody termed G1.

[0012] Further, the application provides a method of detecting
regulatory and/or anti-cancer cells comprising the steps of:

(1) contacting a test sample with a binding agent that binds
specifically to MFAP4 on the cell to produce a binding agent-MFAP4
complex;

(2)  detecting the amount of binding agent-MFAP4 complex in

the test sample; and

(3)  comparing the amount of binding agent-MFAP4 complex
in the test sample to a control.

[0013] In addition, the application provides a method of selecting or
enriching regulatory and/or anti-cancer cells comprising the steps:

(1)  contacting a test sample with a binding agent that binds
specifically to MFAP4 on the cell to produce a binding agent-MFAP4
complex; and

(2)  selecting or enriching regulatory and/or anti-cancer cells
by selecting the binding agent-MFAP4 complex from the test sample.

[0014] The application also provides a method of activating regulatory
and/or anti-cancer cells comprising:
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contacting regulatory and/or anti-cancer cells with a binding
agent that binds specifically to MFAP4 on the cell to crosslink

MFAP4.
[0015] In one embodiment, the cells are contacted in vitro.
[0016] In one specific embodiment, the novel binding agent disclosed

herein is the binding agent for the methods disclosed herein.

[0017] In another aspect, the application provides use of an MFAP4-
selected or -activated regulatory cell obtained by the method of the application
for treating or preventing an immune-related disease. The application also
provides a method of treating or preventing an immune-related disease
comprising administering an MFAP4-selected or -activated regulatory cell
obtained by the method of the application to an animal in need thereof. The
application further provides use of an MFAP4-selected or -activated regulatory
cell in the preparation of a medicament for treating or preventing an immune-
related disease. The application also provides an MFAP4-selected or -
activated regulatory cell obtained by the method of the application for use in
the treatment or prevention of an immune-related disease.

[0018] In yet another aspect, the application provides use of an
MFAP4-selected or -activated anti-cancer cell obtained by the method of the
application for treating or preventing a cancer. The application also provides a
method of treating or preventing a cancer comprising administering an
MFAP4-selected or -activated anti-cancer cell obtained by the method of the
application to an animal in need thereof. The application further provides use
of an MFAP4-selected or -activated anti-cancer cell in the preparation of a
medicament for treating or preventing a cancer. The application also provides
an MFAP4-selected or -activated anti-cancer cell obtained by the method of
the application for use in the treatment or prevention of a cancer.

[0019] In a further aspect, the application provides a method of
modulating an immune response in an animal comprising administering an
effective amount of an MFAP4 binding agent to an animal in need thereof.
The application also provides a use of an effective amount of an MFAP4

binding agent for modulating an immune response in an animal in need
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thereof. The application further provides a use of an effective amount of an
MFAP4 binding agent in the preparation of a medicament for modulating an
immune response. The application yet further provides an MFAP4 binding
agent for use in modulation of an immune response.

[0020] In another aspect, the present application provides a method of
modulating cancer in an animal comprising administering an effective amount
of an MFAP4 binding agent to an animal in need thereof. The application also
provides a use of an effective amount of an MFAP4 binding agent for
modulating cancer in an animal in need thereof. The application further
provides a use of an effective amount of an MFAP4 binding agent in the
preparation of a medicament for modulating cancer. The application yet
further provides an MFAP4 binding agent for use in modulation of cancer.
[0021] Other features and advantages of the present disclosure will
become apparent from the following detailed description. It should be
understood, however, that the detailed description and the specific examples
while indicating preferred embodiments of the disclosure are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the disclosure will become apparent to those skilled in the art from
this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The disclosure will now be described in relation to the drawings
in which:
[0023] Figure 1 shows that DNT cell clones but not their mutants can

kill A20 B cell lymphoma in vifro and protect against lethal dose of A20 after
adoptive transfer in vivo. (A) DNT cell clone CN04 and its natural mutant
clone CN48 were used as effector cells at indicated ratios. A20 tumour cells
were used as targets in a standard *'Cr release assay. (B) Mice were injected
with a lethal dose of A20 tumor cells either alone or together with 5x10° DNT
cell clones or their mutants as indicated. Percent tumor-free survival in each
group is shown. Each group contains 5-12 mice.

[0024] Figure 2 shows that G1 mAb selectively stains tumor-reactive
and regulatory DNT cell clones, but not their non-functional mutants. (A) DNT
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cell clone TN12 (unfilled red line, labeled TN12) and its natural mutant TN12.8
(filled black histogram, labeled TN12.8), which has lost cytotoxicity against
tumor cells and allo-reactive T cells, were immunostained with G1 mAb and
analyzed by flow cytotometry. (B) Immunostaining of another functional DNT
cell clone, CNO4 (filled histogram labeled CNO4), and its natural mutant
CN4.8 (filled histogram labeled CN4.8), which has lost cytotoxicity against
tumor cells and allo-reactive T cells, with G1 mAb.

[0025] Figure 3 shows ex vivo expansion of DNT cells from PBMC of
healthy donors and their anti-tumor function in a xenograft tumor model. (A)
Number of DNT cells after 10 days of ex vivo expansion from 5-10 ml of whole
blood (n=10). (B) Ex vivo-expanded human DNT cells can inhibit human lung
cancer progression in  NOD-SCID mice. NOD-SCID mice were
subcutaneously injected with 10° H460 tumor cells either alone or together
with 5x10° ex vivo-expanded CD8" or DNT cells. Percent tumor free survival
of the recipients is shown. P=0.0436 between DNT versus CD8 T cell-treated
groups.

[0026] Figure 4 shows that G1 mAb selectively immunostains a subset
of ex vivo-expanded human DNT cells. Ten days after expansion ex vivo,
human DNT cells were immunostained with G1 mAb and analyzed by flow
cytometry.

[0027] Figure 5 shows the validation of MFAP4 as the molecule
recognized by the functional marker-specific G1 mAb. MFAP4 was identified
by sequencing the protein band derived from immunoprecipitating G1* DNT
cell clone lysates with G1 mAb. The protein recognized by G1 mAb and anti-
MFAP4 mAb are of the same molecular sizes as determined by western blot.
Recombinant mouse and human MFAP4 proteins were expressed in CHO
cells and whole cell lysates were prepared as positive controls for Western
blot analysis using anti-MFAP4 mAb. MFAP4 is expressed by functional G1*
DNT cell clones but not G1° DNT cell mutant clones that have lost cytotoxicity
against tumor cells and allo-reactive T cells.

[0028] Figure 6 shows that the molecule recognized by the functional
marker-specific G1 mAb is specifically detected on the same activated DNT
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cell that expresses MFAP4, recognized by anti-MFAP4 mAb. DNT cells were
purified from B6 mice, activated in vitro for 5 days, and subsequently co-
immunostained with G1 mAb and anti-MFAP4 mAb and analyzed by flow
cytometry.

[0029] Figure 7 shows that MFAP4 is expressed by a subset of
activated DNT cells. Lymph node and spleen cells from B6.lpr mice (in which
the majority of CD4 and CD8 T cells were depleted ex vivo) were activated in
vitro for 5 days using alloantigen stimulation (irradiated [B6xBalb/c]F1
splenocytes), subsequently immunostained with anti-MFAP4, anti-TCRg, anti-
CD4, anti-CD8, and anti-NK1.1 antibodies, and then analyzed by flow
cytometry. Dot plot (top) is gated on BTCR" cells; top highlighted box in the
dot plot corresponds to CD4*, CD8*, NK1.1" BTCR" cells, within which the
smaller top box corresponds to MFAP4" cells; bottom highlighted box
corresponds to CD4", CD8", NK1.1° TCRp" cells (DNT cells), within which the
smaller bottom box corresponds to MFAP4" cells. Histogram plot (bottom) is
gated on BTCR" cells and shows MFAP4 expression on CD4/CD8/NK1.1*
cells (filled light gray histogram), DNT cells (bold black line), and unstained
control (dark gray histogram).

[0030] Figure 8 shows MFAP4 is expressed by a subset of regulatory
DNT cells converted from allo-activated CD4" T cells. Purified CD4™ T cells
from B6.Thy1.1 mice were labeled with the proliferation-tracking dye CFSE
and activated in vitro for 6 days by alloantigen stimulation (mature bone
marrow-derived dendritic cells from [B6xBalb/c]r1 mice), subsequently
immunostained with anti-MFAP4, anti-BTCR, anti-CD4, anti-CD8, and anti-
NK1.1, and then analyzed by flow cytometry. Contour plot (left) is gated on
afTCR* cells; highlighted box within the contour plot corresponds to CD4',
CD8, NK1.1", apTCR" cells (DNT cells). Histogram plot (right) shows MFAP4
expression gated on activated DNT cells based on the contour plot (left).
[0031] Figure 9 shows that cross-linking MFAP4 on the cell surface of
activated DNT cells using G1 mAb or anti-MFAP4 mAb induces rapid
expression of IFNy. DNT cells were purified and activated from B6 mice and

subsequently seeded in flat-bottom wells coated with the indicated antibodies
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(10 ng/mil) to induce cross-linking of each molecule, and in the presence of a
golgi inhibitor to permit intracellular measurement of IFNy. After 5 hours of
cross-linking, cells were harvested and analyzed for intracellular levels of IFNy
by flow cytometry. G1 mAb treatment induces rapid IFNy expression in
activated DNT cells.

[0032] Figure 10 shows that plate-bound G1 mAb treatment of
regulatory DNT cell clones induces rapid adherence and morphological
differentiation. DNT regulatory clones were seeded on flat-bottom wells
coated with the indicated antibodies (10 ug/ml) for 5 hours and subsequently
analyzed by microscopy.

[0033] Figure 11 shows that MFAP4* DNT cells are potent suppressors
of syngeneic allo-reactive CD4 T cells. CFSE-labeled B6.Thy1.1* CD4 T cells
were used as responders to alloantigen stimulation (irradiated [B6xBalb/c]r+
splenocytes) for 5 days, and their proliferation was analyzed by flow
cytometry. Indicated doses of alloantigen-activated DNT cells (purified from
B6.lpr mice and activated by irradiated [B6xBalb/c]r1 splenocytes for 5 days
prior) were added as suppressor cells. Bottom two rows (highlighted black
box): Activated DNT cells from B6 mice were sorted based on MFAP4
expression into MFAP4 and MFAP4" cells and used respectively as
suppressors against syngeneic allo-reactive CD4 T cells. CD4" T cells in the
far left column of dot plots are highlighted by a black box (upper right
quadrant), and the next two columns (middle and right) correspond to CFSE
(cell division tracking dye) fluorescence gated on CD4" T cells.

[0034] Figure 12 shows that enrichment of MFAP4" DNT cells using G1
mADb selects for potent anti-tumor cells. (A) DNT cells were activated in vitro
for 6 days by alloantigen stimulation (irradiated [B6xBAlb/c]r1 splenocytes)
and immunostained with anti-BTCR, anti-CD4, anti-CD8, anti-NK1.1, anti-
MFAP4, and G1 mAb and analyzed by flow cytometry. Left contour plot: mAb
isotype controls; right contour plot: anti-MFAP4 and G1 mAb marks a subset
of DNT cells. G1* and G1° DNT cell populations were sorted and used
respectively as effectors against A20 B cell lymphoma cells in a standard

1Cr-release cytotoxicity assay at the indicated effector:target ratios (B).
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[0035] Figure 13 shows the human MFAP4 sequences.

[0036] Figure 14 shows the murine MFAP4 sequences.

[0037] Figure 15 shows the V4 alignment and consensus sequences,
variable regions and CDRs.

[0038] Figure 16 shows the V_ alignment and consensus sequences,

variable regions and CDRs.
Detailed description of the disclosure
(A) Definitions

[0039] The term "a cell" includes a single cell as well as a plurality or

population of cells.

[0040] The term “amino acid” includes all of the naturally occurring

amino acids as well as modified amino acids.

[0041] The term "antibody" as used herein is intended to include,
without limitation, monoclonal antibodies, polyclonal antibodies, chimeric and
humanized antibodies. The antibody may be from recombinant sources and/or
produced in transgenic animals. The term "antibody fragment" as used herein
is intended to include without limitations Fab, Fab', F(ab')2, scFv, dsFv, ds-
scFv, dimers, minibodies, diabodies, and multimers thereof, multispecific
antibody fragments and Domain Antibodies. Antibodies can be fragmented
using conventional techniques. For example, F(ab')2 fragments can be
generated by treating the antibody with pepsin. The resulting F(ab')2 fragment
can be treated to reduce disulfide bridges to produce Fab' fragments. Papain
digestion can lead to the formation of Fab fragments. Fab, Fab' and F(ab"2,
scFv, dsFv, ds-scFv, dimers, minibodies, diabodies, bispecific antibody
fragments and other fragments can also be synthesized by recombinant
techniques. In one embodiment, the monoclonal antibody is a humanized
monoclonal antibody.

[0042] The term "humanized antibody" as used herein means that the
antibody or fragment comprises human conserved framework regions
(alternatively referred to as constant regions) and the hypervariable regions

(alternatively referred to as the antigen binding domain) are of non-human
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origin. For example, the hypervariable region may be from a mouse, rat or
other species. The humanization of antibodies from non-human species has
been well described in the literature. See for example EP-B1 0 239400 and
Carter & Merchant 1997 (Curr Opin Biotechnol 8, 449-454, 1997 incorporated
by reference in their entirety herein). Humanized antibodies are also readily
obtained commercially (eg. Scotgen Limited, 2 Holly Road, Twickenham,
Middlesex, Great Britain.)

[0043] Humanized forms of rodent antibodies are readily generated by
CDR grafting (Riechmann et al. Nature, 332:323-327, 1988). In this approach
the six CDR loops comprising the antigen binding site of the rodent
monoclonal antibody are linked to corresponding human framework regions.
CDR grafting often yields antibodies with reduced affinity as the amino acids
of the framework regions may influence antigen recognition (Foote & Winter. J
Mol Biol, 224: 487-499, 1992). To maintain the affinity of the antibody, it is
often necessary to replace certain framework residues by site directed
mutagenesis or other recombinant techniques and may be aided by computer
modeling of the antigen binding site (Co et al. J Immunol, 152; 2968-2976,
1994).

[0044] Humanized forms of antibodies are optionally obtained by
resurfacing (Pedersen et al. J Mol Biol, 235: 959-973, 1994). In this approach
only the surface residues of a rodent antibody are humanized.

[0045] The term "anti-cancer cell" as used herein refers to a cell that
can kill cancer cells. In one embodiment, the anti-cancer cell is cytotoxic
against cancer cells. In a specific embodiment, the anti-cancer cell is a T cell.
In a more specific embodiment, the T cell is a double negative (DNT) T cell.
The term "DNT cells" include cells that are CD3*TCR*CD4°CD8". In one
embodiment, DNT cells are CD3'afTCR*CD4CDS8. In a specific
embodiment, DNT cells are CD3*aTCR*CD4 CD8'NK1.1".

[0046] The term "binding agent" as used herein refers to agents that
specifically bind to another substance, such as an MFAP4 protein.



10

15

20

25

30

WO 2009/103157 PCT/CA2009/000197

~12-

[0047] The term “cancer cell’ includes cancer or tumor-forming cells,
transformed cells or a cell, such as a pre-cancerous cell, that is susceptible to

becoming a cancer or tumor-forming cell.

[0048] The term "control" as used herein refers to a sample that is
known as having a particular trait or not having a particular trait. The term also
includes a pre-determined standard.

[0049] The phrases "detecting regulatory cells" or "detecting anti-
cancer cells" refer to a method or process of determining if a sample has or
does not have regulatory cells or anti-cancer cells, and includes determining
the quantity and/or type of regulatory cells or anti-cancer celis.

[0050] The phrases "enrich and/or select regulatory cells" or "enrich
and/or select anti-cancer cells" refer to a method or process of increasing the
concentration of regulatory cells or anti-cancer cells, or selecting regulatory

cells or anti-cancer cells from a sample.

[0051] As used herein, the phrase "effective amount" means an amount
effective, at dosages and for periods of time necessary to achieve the desired
result. Effective amounts of therapeutic may vary according to factors such as
the disease state, age, sex, or weight of the animal. Dosage regime may be
adjusted to provide the optimum therapeutic response. For example, several
divided doses may be administered daily or the dose may be proportionally
reduced as indicated by the exigencies of the therapeutic situation.

[0052] The term "isolated nucleic acid sequences" as used herein
refers to a nucleic acid substantially free of cellular material or culture medium
when produced by recombinant DNA techniques, or chemical precursors, or
other chemicals when chemically synthesized. An isolated nucleic acid is also
substantially free of sequences which naturally flank the nucleic acid (i.e.
sequences located at the 5' and 3' ends of the nucleic acid) from which the
nucleic acid is derived. The term "nucleic acid" is intended to include DNA and
RNA and can be either double stranded or single stranded, and represents
the sense or antisense strand. Further, the term "nucleic acid" includes the

complementary nucleic acid sequences.
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[0053] The term ‘"isolated polypeptides” refers to a polypeptide
substantially free of cellular material or culture medium when produced by
recombinant DNA techniques, or chemical precursors or other chemicals

when chemically synthesized.

[0054] The term "label" is preferably capable of producing, either
directly or indirectly, a detectable signal. For example, the label may be radio-

38g 123 125 131|. 3 fluorescent

opaque or a radioisotope, such as °H, “C, P,
(fluorophore) or chemiluminescent (chromophore) compound, such as
fluorescein isothiocyanate, rhodamine or luciferin; an enzyme, such as
alkaline phosphatase, beta-galactosidase or horseradish peroxidase; an

imaging agent; or a metal ion.

[0055] The term "MFAP4" or "microfibrillar-associated protein-4" refers
to a 255-amino acid glycoprotein of the fibrinogen-related domain family of
proteins. MFAP4 contains a C-terminal fibrinogen-like domain (which has high
similarity to the C-terminal halves of fibrinogen B and y chains) and the N-
terminal Arg-Gly-Asp (RGD) motif sequence that serves as an integrin-binding
domain, suggesting that it is an extracellular matrix protein involved in cell
adhesion or intercellular interactions. In one embodiment, the MFAP4 is of
murine origin. For example, the amino acid sequence of SEQ ID NO:4. In
another embodiment, the MFAP4 is of human origin. For example, the amino
acid sequence of SEQ ID NO:1. The term also includes variants of SEQ ID
NOS:1 and 4. In one embodiment, the variant amino acid sequence has at
least 70%, preferably at least 80%, more preferably at least 85%, even more
preferably at least 90% and even most preferably at least 95% sequence
identity to SEQ ID NO:1 or 4.

[0056] The term "heavy chain variable region" or “Vy region” as used
herein refers to the variable region of a heavy chain of an antibody molecule.
The heavy chain variable region has three complementarity determining
regions (CDRs). The term "heavy chain complementarity determining region”
as used herein refers to regions of hypervariability within the heavy chain

variable region of an antibody molecule. The heavy chain variable region has
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three complementarity determining regions termed heavy chain
complementarity determining region 1, heavy chain complementarity
determining region 2 and heavy chain complementarity determining region 3

from the amino terminus to carboxy terminus.

[0057] The term "light chain variable region" or “V_ region” as used
herein refers to the variable region of a light chain of an antibody molecule.
Light chain variable regions have three complementarity determining regions.
The term "light chain complementarity determining region" as used herein
refers to regions of hypervariability within the light chain variable region of an
antibody molecule. Light chain variable regions have three complementarity
determining regions termed light chain complementarity determining region 1,
light chain complementarity determining region 2 and light chain
complementarity determining region 3 from the amino terminus to the carboxy

terminus.

[0058] The term “nucleic acid sequence” as used herein refers to a
sequence of nucleoside or nucleotide monomers consisting of naturally
occurring bases, sugars and inter-sugar (backbone) linkages. The term also
includes modified or substituted sequences comprising non-naturally
occurring monomers or portions thereof. The nucleic acid sequences of the
present application may be deoxyribonucleic acid sequences (DNA) or
ribonucleic acid sequences (RNA) and may include naturally occurring bases
including adenine, guanine, cytosine, thymidine and uracil. The sequences
may also contain modified bases. Examples of such modified bases include
aza and deaza adenine, guanine, cytosine, thymidine and uracil; and xanthine

and hypoxanthine.

[0059] The term "regulatory cells" as used herein refers to cells that
have immune regulatory function. In one embodiment, the regulatory cells are
regulatory T cells, which include, without limitation, CD4"CD25" T regulatory
cells, CD4"CD25'Foxp3® T regulatory cells, T regulatory-1 (Tr1) cells, T
helper-3 (Th3) cells, CD4*CD25 T regulatory cells, CD8'CD28" T regulatory

cells, CD8aa™ T regulatory cells, yd regulatory T cells, regulatory natural killer
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(NK) T cells and double negative T (DNT) cells. In a specific embodiment, the
regulatory T cells are DNT cells. The term "DNT cells" include cells that are
CD3*'TCR’CD4CDS8". In one embodiment, DNT cells are CD3"afTCR'CD4
CDS8". In a specific embodiment, DNT cells are CD3*aTCR*CD4 CD8'NK1.1".

[0060] The term "sample" or "test sample" as used herein refers to any
fluid, cell or tissue sample from a subject that contain regulatory and/or anti-
cancer cells. For example, the sample can be blood, serum, plasma,

lymphatic fluid, or any tissue or cell type. The term also includes cell lines.

[0061] The term "sequence identity" as used herein refers to the
percentage of sequence identity between two polypeptide sequences or two
nucleic acid sequences. To determine the percent identity of two amino acid
sequences or of two nucleic acid sequences, the sequences are aligned for
optimal comparison purposes (e.g., gaps can be introduced in the sequence
of a first amino acid or nucleic acid sequence for optimal alignment with a
second amino acid or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are
then compared. When a position in the first sequence is occupied by the
same amino acid residue or nucleotide as the corresponding position in the
second sequence, then the molecules are identical at that position. The
percent identity between the two sequences is a function of the number of
identical positions shared by the sequences (i.e., % identity=number of
identical overlapping positions/total number of positions.times.100%). In one
embodiment, the two sequences are the same length. The determination of
percent identity between two sequences can also be accomplished using a
mathematical algorithm. A preferred, non-limiting example of a mathematical
algorithm utilized for the comparison of two sequences is the algorithm of
Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A. 87:2264-2268,
modified as in Karlin and Altschul, 1993, Proc. Natl. Acad. Sci. U.SA.
90:5873-5877. Such an algorithm is incorporated into the NBLAST and
XBLAST programs of Altschul et al., 1990, J. Mol. Biol. 215:403. BLAST
nucleotide searches can be performed with the NBLAST nucleotide program

parameters set, e.g., for score=100, wordlength=12 to obtain nucleotide
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sequences homologous to a nucieic acid molecules of the present application.
BLAST protein searches can be performed with the XBLAST program
parameters set, e.g.,, to score-50, wordlength=3 to obtain amino acid
sequences homologous to a protein molecule of the present disclosure. To
obtain gapped alignments for comparison purposes, Gapped BLAST can be
utilized as described in Altschul et al., 1997, Nucleic Acids Res. 25:3389-
3402. Alternatively, PSI-BLAST can be used to perform an iterated search
which detects distant relationships between molecules (Id.). When utilizing
BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of
the respective programs (e.g., of XBLAST and NBLAST) can be used (see,
e.g., the NCBI website). Another preferred non-limiting example of a
mathematical algorithm utilized for the comparison of sequences is the
algorithm of Myers and Miller, 1988, CABIOS 4:11-17. Such an algorithm is
incorporated in the ALIGN program (version 2.0) which is part of the GCG
sequence alignment software package. When utilizing the ALIGN program for
comparing amino acid sequences, a PAM120 weight residue table, a gap
length penalty of 12, and a gap penalty of 4 can be used. The percent identity
between two sequences can be determined using techniques similar to those
described above, with or without allowing gaps. In calculating percent identity,
typically only exact matches are counted.

[0062] The term "subject" as used herein refers to any member of the

animal kingdom, preferably a mammal, more preferably a human being.

[0063] The term “treating or preventing” includes, but is not limited to,
alleviation or amelioration of one or more symptoms or conditions of a disease
or condition (such as cancer, graft rejection, autoimmune disease, graft
versus host disease, allergy, infection etc.), diminishment of extent of disease,
stabilized state of disease, preventing spread of disease, delaying or slowing
of disease progression, and amelioration or palliation of the disease state,
remission whether detectable or undetectable and/or prolonged survival as
compared to expected survival if not receiving treatment.

[0064] As used herein, the phrase “treating or preventing immune

related diseases” refers to inhibiting the disease, preventing the disease,
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decreasing the severity of the disease or improving disease symptoms. The
term "immune related diseases" as used herein includes, without limitation,
graft rejection, graft versus host disease, autoimmune disease (e.g. diabetes,
lupus, arthritis, multiple sclerosis, lymphoproliferative diseases, etc.), allergic
diseases and infectious diseases. The term "treating or preventing cancer"
refers to inhibiting cancer cell replication, preventing transformation of a cell to
a cancer-forming cell, inhibiting cancer spread (metastasis), inhibiting tumor
growth, reducing cancer cell number or tumor growth, decreasing the
malignant grade of a cancer (e.g., increased differentiation), or improving
cancer-related symptoms. In one embodiment, the cancer is breast cancer. In
another embodiment, the cancer is blood cancer or epithelial cancer. In yet
another embodiment, the blood cancer is leukemia or lymphoma. In a further
embodiment, the epithelial cancer is melanoma, esophageal, or lung cancer.
In yet a further embodiment, the immune related disease involves graft
rejection. Thus, the term "treating or preventing graft rejection" refers to
inhibiting graft rejection, preventing graft rejection, reducing the severity of
graft rejection, or improving graft rejection-related symptoms.

[0065] The term "variant" as used herein includes modifications or
chemical equivalents of the amino acid and nucleic acid sequences disclosed
herein that perform substantially the same function as the polypeptides or
nucleic acid molecules disclosed herein in substantially the same way. In one
embodiment, variants of polypeptides disclosed herein include, without
limitation, conservative amino acid substitutions. Variants of polypeptides also
include additions and deletions to the polypeptide sequences disclosed
herein. In addition, variant nucleotide sequences and polypeptide sequences

include analogs and derivatives thereof.

(B) _Complementarity Determining Regions and Variable Regions and

Nucleic Acids Thereof

[0066] The application provides isolated light chain complementarity
determining region 1 (CDR1) comprising the amino acid sequence
QSLLSSGNQKNY (SEQ ID NO:44); isolated light chain complementarity
determining region 2 (CDR2) comprising the amino acid sequence YSS (SEQ
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ID NO:45); and isolated light chain complementarity determining region 3
(CDR3) comprising the amino acid sequence LQHYSSPFT (SEQ ID NO:46);
and isolated heavy chain CDR1 comprising the amino acid sequence
GFPFSNYG (SEQ ID NO:21); isolated heavy chain CDR2 comprising the
amino acid sequence ISYDGRST (SEQ ID NO:22); and isolated heavy chain
CDR3 comprising the amino acid sequence VRHELPEDH (SEQ ID NO:23). In
one embodiment, the V. region comprises the sequence shown in SEQ ID
NO:43. In another embodiment, the Vy region comprises the sequence shown
in SEQ ID NO:20.

[0067] The application provides isolated light chain complementarity
determining region 1 (CDR1) consisting of the amino acid sequence
QSLLSSGNQKNY (SEQ ID NO:44); isolated light chain complementarity
determining region 2 (CDR2) consisting of the amino acid sequence YSS
(SEQ 1D NO:45); and isolated light chain complementarity determining region
3 (CDR3) consisting of the amino acid sequence LQHYSSPFT (SEQ ID
NO:46); and isolated heavy chain CDR1 consisting of the amino acid
sequence GFPFSNYG (SEQ ID NO:21); isolated heavy chain CDR2
consisting of the amino acid sequence ISYDGRST (SEQ 1D NO:22); and
isolated heavy chain CDR3 consisting of the amino acid sequence
VRHELPEDH (SEQ ID NO:23). In one embodiment, the V region consists of
the sequence shown in SEQ ID NO:43. In another embodiment, the Vy region
consists of the sequence shown in SEQ ID NO:20.

[0068] The application also discloses variants of the CDR sequences
disclosed above. For example, the variants include polypeptides that can bind
to the same epitope or antigen recognized by the CDR sequences disclosed
above.

[0069] Additional aspects disclosed in the present application are
isolated light chain variable regions comprising light chain CDR1, CDR2
and/or CDR3 disclosed herein (SEQ ID NOS:44, 45 and/or 46), and isolated
heavy chain variable regions comprising heavy chain CDR1, CDR2 and/or
CDR3 disclosed herein (SEQ ID NOS:21, 22 and/or 23). In one embodiment,
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the light chain variable region comprises the amino acid sequence shown in
Figure 16 (SEQ ID NO:43). In another embodiment, the heavy chain variable
region comprises the amino acid sequence shown in Figure 15 (SEQ ID
NO:20). In one embodiment, the light chain variable region consists of the
amino acid sequence shown in Figure 16 (SEQ ID NO:43). In another
embodiment, the heavy chain variable region consists of the amino acid
sequence shown in Figure 15 (SEQ ID NO:20).

[0070] The application also discloses variants of the isolated light chain
variable regions and heavy chain variable regions disclosed above. For
example, the variants include polypeptides that can bind to the same epitope
or antigen recognized by the isolated light chain variable regions and isolated
heavy chain variable regions disclosed above.

[0071] In one embodiment, the variant amino acid sequences of the
light chain CDR1, CDR2 and CDR3, and the heavy chain CDR1, CDR2 and
CDR3 have at least 50%, preferably at least 60%, more preferably at least
70%, most preferably at least 80%, even more preferably at least 90%, and
even most preferably 95% sequence identity to SEQ ID NOs:44-46 or 21-23.

[0072] In another embodiment, the variant amino acid sequences of the
light chain variable region and the heavy chain variable region have at least
50%, preferably at least 60%, more preferably at least 70%, most preferably
at least 80%, even more preferably at least 90% and even most preferably
95% sequence identity to SEQ 1D NO:20 or 43.

[0073] The application also discloses isolated nucleic acid sequences
encoding the light chain complementarity determining region 1 (CDR1)
comprising the amino acid sequence QSLLSSGNQKNY (SEQ ID NO:44); the
light chain complementarity determining region 2 (CDR2) comprising the
amino acid sequence YSS (SEQ ID NO:45); and the light chain
complementarity determining region 3 (CDR3) comprising the amino acid
sequence LQHYSSPFT (SEQ ID NO:46); and the heavy chain CDR1
comprising the amino acid sequence GFPFSNYG (SEQ ID NO:21); the heavy
chain CDR2 comprising the amino acid sequence ISYDGRST (SEQ ID
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NO:22); and the heavy chain CDR3 comprising the amino acid sequence
VRHELPEDH (SEQ ID NO:23).

[0074] The application also provides isolated nucleic acid sequences
encoding variants of the CDR sequences and variable region sequences
discussed above.

[0075] Variant nucleic acid sequences include nucleic acid sequences
that hybridize to the nucleic acid sequences encoding the amino acid
sequences of SEQ ID NOS:44-46 or 21-23 under at least moderately stringent
hybridization conditions, or have at least 50%, 60%, 70%, 80%, 90% or 95%
sequence identity to the nucleic acid sequences that encode the amino acid
sequence of SEQ ID NOS:44-46 and 21-23.

[0076] The application also discloses an isolated nucleic acid sequence
encoding the light chain variable region disclosed herein and an isolated
nucleic acid sequence encoding the heavy chain variable region disclosed
herein. In one embodiment, the isolated nucleic acid sequence encodes the
light chain variable region comprising the amino acid sequence shown in
Figure 16 (SEQ ID NO:43). In another embodiment, isolated nucleic acid
sequence encodes the heavy chain variable regidn comprising the amino acid
sequence shown in Figure 15 (SEQ 1D NO:20).

[0077] The application also discloses variants of the nucleic acid
sequences that encode for the light chain variable region and heavy chain
variable region disclosed herein. For example, the variants include nucleotide
sequences that hybridize to the nucleic acid sequences encoding the light
chain variable region and heavy chain variable region disclosed herein under
at least moderately stringent hybridization conditions. In another embodiment,
the variant nucleic acid sequences have at least 50%, preferably at least 70%,
most preferably at least 80%, even more preferably at least 90% and even
most preferably at least 95% sequence identity to the nucleic acid sequence
encoding the amino acid sequence of SEQ ID NO: 43 or SEQ ID NO:20.
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[0078] A person skilled in the art will appreciate that the novel nucleic
acid sequences of the present application can be used in a number of

recombinant methods.

[0079] Accordingly, the nucleic acid sequences of the present
application may be incorporated in a known manner into an appropriate
expression vector which ensures good expression of the proteins encoded
thereof. Possible expression vectors include but are not limited to cosmids,
plasmids, or modified viruses (e.g. replication defective retroviruses,
adenoviruses and adeno-associated viruses), so long as the vector is
compatible with the host cell used. The expression vectors are "suitable for
transformation of a host cell’, which means that the expression vectors
contain a nucleic acid molecule of the present application and regulatory
sequences selected on the basis of the host cells to be used for expression,
which is operatively linked to the nucleic acid molecule. Operatively linked is
intended to mean that the nucleic acid is linked to regulatory sequences in a

manner which allows expression of the nucleic acid.

[0080] The present application therefore contemplates a recombinant
expression vector of the present application containing a nucleic acid
molecule of the present application, or a fragment thereof, and the necessary
regulatory sequences for the transcription and translation of the inserted

protein-sequence.

[0081] Suitable regulatory sequences may be derived from a variety of
sources, including bacterial, fungal, viral, mammalian, or insect genes (For
example, see the regulatory sequences described in (Goeddel, 1990), Gene
Expression Technology: Methods in Enzymology 185, Academic Press, San
Diego, CA (1990)). Selection of appropriate regulatory sequences is
dependent on the host cell chosen as discussed below, and may be readily
accomplished by one of ordinary skill in the art. Examples of such regulatory
sequences include: a transcriptional promoter and enhancer or RNA
polymerase binding sequence, a ribosomal binding sequence, including a

translation initiation signal. Additionally, depending on the host cell chosen
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and the vector employed, other sequences, such as an origin of replication,
additional DNA restriction sites, enhancers, and sequences conferring

inducibility of transcription may be incorporated into the expression vector.

[0082] The recombinant expression vectors of the present application
may also contain a selectable marker gene which facilitates the selection of
host cells transformed or transfected with a recombinant molecule of the
present application. Examples of selectable marker genes are genes
encoding a protein such as G418 and hygromycin which confer resistance to
certain drugs, p-galactosidase, chloramphenicol acetyltransferase, firefly
luciferase, or an immunoglobulin or portion thereof such as the Fc portion of
an immunoglobulin preferably IgG. Transcription of the selectable marker
gene is monitored by changes in the concentration of the selectable marker
protein such as p-galactosidase, chloramphenicol acetyltransferase, or firefly
luciferase. If the selectable marker gene encodes a protein conferring
antibiotic resistance such as neomycin resistance transformant cells can be
selected with G418. Cells that have incorporated the selectable marker gene
will survive, while the other cells die. This makes it possible to visualize and
assay for expression of recombinant expression vectors of the present
application and in particular to determine the effect of a mutation on
expression and phenotype. It will be appreciated that selectable markers can

be introduced on a separate vector from the nucleic acid of interest.

[0083] The recombinant expression vectors may also contain genes
which encode a fusion moiety which provides increased expression of the
recombinant protein; increased solubility of the recombinant protein; and aid
in the purification of the target recombinant protein by acting as a ligand in
affinity purification. For example, a proteolytic cleavage site may be added to
the target recombinant protein to allow separation of the recombinant protein
from the fusion moiety subsequent to purification of the fusion protein. Typical
fusion expression vectors include pGEX (Amrad Corp., Melbourne, Australia),
pMal (New England Biolabs, Beverly, MA) and pRITS (Pharmacia,
Piscataway, NJ) which fuse glutathione S-transferase (GST), maltose E

binding protein, or protein A, respectively, to the recombinant protein.
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[0084] Recombinant expression vectors can be introduced into host
cells to produce a transformed host cell. The terms "transformed with",
“transfected with", "transformation" and "transfection" are intended to
encompass introduction of nucleic acid (e.g. a vector) into a cell by one of
many possible techniques known in the art. The term "transformed host cell"
as used herein is intended to also include cells capable of glycosylation that
have been transformed with a recombinant expression vector of the present
application. Prokaryotic cells can be transformed with nucleic acid by, for
example, electroporation or calcium-chloride mediated transformation. For
example, nucleic acid can be introduced into mammalian cells via
conventional techniques such as calcium phosphate or calcium chloride co-
precipitation, DEAE-dextran mediated transfection, lipofectin, electroporation
or microinjection. Suitable methods for transforming and transfecting host
cells can be found in (Sambrook et al., 2001) (Molecular Cioning: A
Laboratory Manual, 3rd Edition, Cold Spring Harbor Laboratory Press, 2001),
and other laboratory textbooks.

[0085] Suitable host cells include a wide variety of eukaryotic host cells
and prokaryotic cells. For example, the proteins of the present application
may be expressed in yeast cells or mammalian cells. Other suitable host cells
can be found in (Goeddel, 1990), Gene Expression Technology: Methods in
Enzymology 185, Academic Press, San Diego, CA (1991). In addition, the
proteins of the present application may be expressed in prokaryotic cells,
such as Escherichia coli (Zhang et al., 2004), Science 303(5656): 371-3). In
addition, a Pseudomonas based expression system such as Pseudomonas
fluorescens can be used (US Patent Application Publication No. US
2005/0186666,(Schneider et al., 2005)).

[0086] Yeast and fungi host cells suitable for carrying out the present
application include, but are not limited to Saccharomyces cerevisiae, the
genera Pichia or Kluyveromyces and various species of the genus
Aspergillus. Examples of vectors for expression in yeast S. cerevisiae include
pYepSec1 ((Baldari et al., 1987), Embo J. 6:229-234), pMFa ((Kurjan and
Herskowitz, 1982), Cell 30:933-943 (1982)), pJRY88 ((Schultz et al., 1987),
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Gene 54:113-123), and pYES2 (Invitrogen Corporation, San Diego, CA).
Protocols for the transformation of yeast and fungi are well known to those of
ordinary skill in the art (see (Hinnen et al., 1978) Proc. Natl. Acad. Sci. USA
75:1929); ((Ito et al., 1983), J. Bacteriology 153:163) and ((Cullen et al., 1987)
BiolTechnology 5:369).

[0087] Mammalian cells suitable for carrying out the present application
include, among others: COS (e.g., ATCC No. CRL 1650 or 1651), BHK (e.g.
ATCC No. CRL 6281), CHO (ATCC No. CCL 61), HeLa (e.g., ATCC No. CCL
2), 293 (ATCC No. 1573) and NS-1 cells. Suitable expression vectors for
directing expression in mammalian cells generally include a promoter (e.g.,
derived from viral material such as polyoma, Adenovirus 2, cytomegalovirus
and Simian Virus 40), as well as other transcriptional and translational control
sequences. Examples of mammalian expression vectors include pCDM8
((Seed, 1987)., Nature 329:840) and pMT2PC ((Kaufman et al., 1987), EMBO
J. 6:187-195).

[0088] Given the teachings provided herein, promoters, terminators,
and methods for introducing expression vectors of an appropriate type into
plant, avian, and insect cells may also be readily accomplished. For example,
within one embodiment, the proteins of the present application may be
expressed from plant cells (see (Sinkar et al., 1987), J. Biosci (Bangalore)
11:47-58), which reviews the use of Agrobacterium rhizogenes vectors; see
also((Zambryski et al., 1984), Genetic Engineering, Principles and Methods,
Hollaender and Setlow (eds.), Vol. VI, pp. 253-278, Plenum Press, New York),
which describes the use of expression vectors for plant cells, including,
among others, PAPS2022, PAPS2023, and PAPS2034).

[0089] Insect cells suitable for carrying out the present application
include cells and cell lines from Bombyx, Trichoplusia or Spodotera species.
Baculovirus vectors available for expression of proteins in cultured insect cells
(SF 9 cells) include the pAc series ((Smith et al., 1983), Mol. Cell Biol. 3:2156-
2165) and the pVL series ((Luckow and Summers, 1989), Virology 170:31-

39). Some baculovirus-insect cell expression systems suitable for expression
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of the recombinant proteins of the present application are described in
PCT/US/02442.

[0090] Alternatively, the proteins of the present application may also be
expressed in non-human transgenic animals such as rats, rabbits, sheep and
pigs ((Hammer et al., 1985). Nature 315.680-683); (Brinster et al., 1985;
Palmiter and Brinster, 1985; Palmiter et al., 1983) Science 222:809-814); and
((Leder and Stewart, 1988) U.S. Patent No. 4,736,866).

[0091] Accordingly, the present application provides a recombinant
expression vector comprising one or more of the novel nucleic acid
sequences disclosed herein as well as methods and uses of the expression
vectors in the preparation of recombinant proteins. Further, the application
provides a host cell comprising one or more of the novel nucleic acid
sequences or expression vectors comprising one or more of the novel nucleic

acid sequences.

(C) Novel Binding Proteins for MFAP4

[0092] As mentioned above, the present inventors have identified a
novel antibody that binds MFAP4. Further, the inventors have identified that
MFAP4 is expressed on the surface of a subset of regulatory cells and/or anti-

cancer cells. Thus, MFAP4 can be used as a marker to detect, enrich and/or
select regulatory cells and/or anti-cancer cells. In addition, the inventors have
shown that the regulatory cells and anti-cancer cells can be activated by
binding of MFAP4. The activated regulatory cells can be used to treat or
prevent the progression of many types of immune related diseases, such as
cancer, graft rejection, graft versus host disease, autoimmune disease,
allergic diseases and infectious diseases. The activated anti-cancer cells can
be used to treat or prevent cancer.

[0093] Accordingly, the application provides a binding agent that
specifically binds MFAP4. In one embodiment, the binding agent binds
MFAP4 protein having the amino acid sequence of SEQ ID NO:1 or 4. In
another embodiment, the binding agent comprises at least one light chain

complementarity determining region disclosed herein (i.e. one or more of SEQ
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ID NOs:44-46) and/or at least one heavy chain complementarity determining
region disclosed herein (i.e. one or more of SEQ |ID NOs:21-23).

[0094] In one embodiment, the binding protein comprises the light
chain CDR sequences of SEQ ID NOS:44, 45 and 46 and/or the heavy chain
CDR sequences of SEQ ID NOS:21, 22 and 23. In another embodiment, the
binding protein comprises the amino acid of SEQ ID NO: 43 (light chain
variable region) and/or the amino acid of SEQ ID NO:20 (heavy chain variable

region).

[0095] A person skilled in the art will appreciate that the application
includes variants to the specific binding proteins disclosed above, including
chemical equivalents to the sequences disclosed above that perform
substantially the same function as the binding proteins disclosed above in
substantially the same way. For example, the functional variant of a binding
protein will be able to bind to the same antigens or epitopes as the binding
proteins disclosed above.

[0096] In another embodiment, the binding agent is an antibody or
fragment thereof. In yet another embodiment, the binding agent is a
monoclonal antibody. In yet a further embodiment, the binding agent is the
novel monoclonal antibody, termed G1. In yet another embodiment, the
antibody is a humanized monoclonal antibody.

[0097] A person skilled in the art will appreciate that other antibodies
can be generated that bind to MFAP4. For example, to produce human
monoclonal antibodies, antibody producing cells (lymphocytes) can be
harvested from a human having cancer and fused with myeloma cells by
standard somatic cell fusion procedures thus immortalizing these cells and
yielding hybridoma cells. Such techniques are well known in the art, (e.g. the
hybridoma technique originally developed by Kohler and Milstein (Nature
256:495-497 (1975)) as well as other techniques such as the human B-cell
hybridoma technique (Kozbor et al., Immunol. Today 4:72 (1983)), the EBV-
hybridoma technique to produce human monoclonal antibodies (Cole et al.,
Methods Enzymol, 121:140-67 (1986)), and screening of combinatorial
antibody libraries (Huse et al., Science 246:1275 (1989)). Hybridoma cells
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can be screened immunochemically for production of antibodies specifically
reactive with cancer cells and the monoclonal antibodies can be isolated.
Further, specific antibodies, or antibody fragments, reactive against particular
antigens or molecules, such as MFAP4, may also be generated by screening
expression libraries encoding immunoglobulin genes, or portions thereof,
expressed in bacteria with cell surface components. For example, complete
Fab fragments, VH regions and FV regions can be expressed in bacteria
using phage expression libraries (See for example Ward et al., Nature
341:544-546 (1989); Huse et al, Science 246:1275-1281 (1989); and
McCafferty et al., Nature 348:552-554 (1990)).

[0098] The present application also includes the use of the novel
nucleic acid sequences for the preparation of binding proteins and methods
thereof.

(D) __Methods of Selection, Enrichment and Activation

[0099] The application provides a method of detecting regulatory and/or
anti-cancer cells comprising the steps of:

(1) contacting a test sample with a binding agent that binds
specifically to MFAP4 on the cell to produce a binding agent-MFAP4
complex;

(2)  detecting the amount of binding agent-MFAP4 complex in

the test sample; and

(3)  comparing the amount of binding agent-MFAP4 complex
in the test sample to a control.

[00100] The term "detecting the amount" as used herein includes both
qualitative and quantitative measurements. For example, the term includes
both detecting whether the complex is present and the quantity of complex
present.

[00101] The complex can be measured or detected directly or indirectly.
For example, the binding agent can be labeled. In another embodiment, a
secondary detection agent (e.g. a secondary antibody that is specific for the
binding agent) is used and contains a detectable label that can be used to
detect the complex.
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[00102] A person skilled in the art will appreciate that the control can be
a sample known to include or not to include regulatory cells or anti-cancer
cells. In addition, the control can include binding agents that are known to or
not to bind MFAP4.

[00103] A further aspect of the application is a method of selecting or
enriching regulatory cells and/or anti-cancer cells comprising the steps:

(1)  contacting a test sample with a binding agent that binds
specifically to MFAP4 on the cell to produce a binding agent-MFAP4
complex; and

(2) selecting or enriching regulatory cells and/or anti-cancer
cells by selecting the binding agent-MFAP4 complex from the test
sample.

[00104] A person skilled in the art will appreciate that the regulatory cells
and/or anti-cancer cells are indirectly selected by binding of the binding agent
to MFAP4 on the surface of the regulatory cells and/or anti-cancer cells. In
one embodiment, the binding agent is labeled. In a further embodiment, the
binding agent is immobilized on a solid surface. A number of methods can be
used to select or enrich the regulatory and/or anti-cancer cells from the test
sample, including, without limitation flow cytometry, immunoprecipitation,
magnetic sorting and/or panning.

[00105] The application also provides a method of activating regulatory
and/or anti-cancer cells comprising:

contacting regulatory and/or anti-cancer cells with a binding

agent that binds specifically to MFAP4 on the cell to crosslink

MFAP4.

[00106] In one embodiment, the cells are contacted in vitro. In another
embodiment, the binding agent is administered to a subject and the cells are
contacted in vivo.

[00107] A person skilled in the art will appreciate that the activation of
the regulatory cells and/or anti-cancer cells can be assessed. For example,
activated regulatory cells and activated anti-cancer cells have increased

expression of IFNy, changes in morphological/cytoskeletal appearance, such
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as increased adherence and cell-spreading, and/or increased regulatory
activity (e.g. ability to suppress allo-reactive T cells) and/or increased anti-
cancer activity (e.g. ability to kill cancer cells).

[00108] In one embodiment, the binding agent is immobilized on a solid
support to induce crosslinking of MFAP4, A person skilled in the art will
appreciate that other methods can be used to induce crosslinking of MFAP4,
and hence activation of the regulatory cells and/or anti-cancer cells. For
example, a secondary antibody specific for the binding agent can be used to
induce crosslinking.

(E) Uses of MFAP4-Selected and/or -Activated Cells and/or MFAP4
binding agents

[00109] The MFAP4-selected and/or -activated regulatory cells derived
from the methods disclosed herein can be used to treat or prevent immune-
related diseases. The MFAP4-selected and/or -activated anti-cancer celis can
be used to treat or prevent cancer. For example, see U.S. patent no.
6,953,576 and WO 2007/056854, incorporated herein by reference.

[00110] Accordingly, in an embodiment, the application provides use of
an effective amount of an MFAP4-selected and/or -activated regulatory cell
obtained by the method of the application for treating or preventing an
immune-related disease. The application also provides a method of treating or
preventing an immune-related disease comprising administering an effective
amount of an MFAP4-selected and/or -activated regulatory cell obtained by
the method of the application for treating or preventing an immune-related
disease. The application further provides use of an MFAP4-selected and/or -
activated regulatory cell obtained according to the method of the application in
the preparation of a medicament for treating or preventing an immune-related
disease. The application even further provides an MFAP4-selected and/or -
activated regulatory cell obtained by the method of the application for use in
the treatment or prevention of an immune-related disease.

[00111] The application also provides use of an effective amount of an
MFAP4-selected and/or -activated anti-cancer cell obtained by the method of

the application for treating or preventing cancer. The application also provides
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a method of treating or preventing cancer comprising administering an
effective amount of an MFAP4-selected and/or -activated anti-cancer cell
obtained by the method of the application for treating or preventing cancer.
The application further provides use of an MFAP4-selected and/or -activated
anti-cancer cell obtained according to the method of the application in the
preparation of a medicament for treating or preventing cancer. The application
even further provides an MFAP4-selected and/or -activated anti-cancer cell
obtained by the method of the application for use in the treatment or
prevention of cancer.

[00112] In the treatment or prevention of cancer, the cancer that can be
treated can be any cancer that is amenable to treatment with DNT cells either
alone or in combination with other treatment such as surgery, radiation
therapy or chemotherapy, etc. Examples of cancers that may be treated or
prevented according to the present application include, but are not limited to,
leukemias including chronic myelogenous leukemia, acute myelogenous
leukemia, acute lymphoblastic leukemia, and T cell and B cell leukemias,
lymphomas (Hodgkins and non-Hodgkins), lymphoproliferative disorders,
plasmacytomas, histiocytomas, melanomas, adenomas, sarcomas,
carcinomas of solid tissues, hypoxic tumours, squamous cell carcinomas,
genitourinary cancers such as cervical, ovarian, and bladder cancers, breast
and lung cancers, colon cancer, esophageal cancer, hematopoietic cancers,
head and neck cancers, and nervous system cancers.

[00113] The application also includes other therapeutic uses of the
MFAP4-selected and/or -activated regulatory cells disclosed herein such as
the treatment of infectious diseases and for modulating an immune response
for example in the treatment of autoimmune diseases, allergies, graft rejection
and graft-versus-host disease. In such cases, the method of preparing the
MFAP4-selected and/or -activated cells can include adding the appropriate
infectious agent, allergen cells or tissues as the antigen.

[00114] Accordingly, in one embodiment, the present application
provides a method of treating or preventing an infectious disease comprising

administering an effective amount of an MFAP4-selected and/or -activated
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regulatory cell obtained by the method of the present application to an animal
in need thereof. The present application also includes a use of an effective
amount of an MFAP4-selected and/or -activated regulatory cell obtained by
the method of the present application for treating or preventing an infectious
disease. The present application further includes a use of an effective
amount of an MFAP4-selected and/or -activated regulatory cell obtained by
the method of the present application in the manufacture of a medicament for
treating or preventing an infectious disease. The present application yet
further includes an MFAP4-selected and/or -activated regulatory cell for use in
the treatment or prevention of an infectious disease.

[00115] in a further embodiment, the present application provides a
method of modulating an immune response comprising administering an
effective amount of an MFAP4-selected and/or -activated regulatory cell
obtained by the method of the present application to an animal in need
thereof. The present application also includes a use of an effective amount of
an MFAP4-selected and/or -activated regulatory cell obtained by the method
of the present application for modulating an immune response. The present
application further includes a use of an effective amount of an MFAP4-
selected and/or -activated regulatory cell obtained by the method of the
present application in the manufacture of a medicament for modulating an
immune response. The present application yet further includes an MFAP4-
selected and/or -activated regulatory cell for use in modulation of an immune
response.

[00116] In one embodiment, the MFAP4-selected and/or -activated cells
are used to treat an autoimmune disease. Autoimmune diseases that may be
treated according to the present application include, but are not limited to,
diabetes, arthritis, multiple sclerosis, lupus erythematosus, inflammatory
bowel disease, dermatitis, meningitis, thrombotic thrombocytopenic purpura,
Sjogren’s syndrome, encephalitis, uveitis, leukocyte adhesion deficiency,
rheumatic fever, Reiter's syndrome, progressive systemic sclerosis, primary
biliary cirrhosis, necrotizing vasculitis, myasthenia gravis, polymyositis,

sarcoidosis, granulomatosis, vasculitis, pernicious anemia, CNS inflammatory
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disorder, antigen-antibody complex mediated diseases, autoimmune
haemolytic anemia, Hashimoto's thyroiditis, Graves disease, habitual
spontaneous  abortions, Raynaud’'s syndrome, glomerulonephritis,
dermatomyositis, chronic active hepatitis, celiac disease, tissue specific
autoimmunity, degenerative autoimmunity delayed hypersensitivities,
autoimmune complications of AIDS, atrophic gastritis, ankylosing spondylitis
and Addison’s disease.

[00117] In another embodiment, the MFAP4-selected and/or -activated
regulatory cells can be used to treat graft-versus-host disease wherein the
immune cells in the transplant mount an immune attack on the recipient's
immune system. This can occur when the tissue to be transplanted contains
immune cells such as when bone marrow or lymphoid tissue is transplanted
when treating leukemias, aplastic anemias and enzyme or immune
deficiencies, for example.

[00118] In a further embodiment, the MFAP4-selected and/or -activated
regulatory cells can be used to treat an allergic reaction. In an allergic
reaction, the immune system mounts an attack against a generally harmless,
innocuous antigen or allergen. Allergies that may be prevented or treated
using the methods of the application include, but are not limited to, hay fever,
asthma, atopic eczema as well as allergies to poison oak and ivy, house dust
mites, bee polien, nuts, shellfish, penicillin and numerous others.

[00119] The MFAP4 binding agents described herein could also be used
to modulate regulatory and/or anti-cancer cells in vivo. Accordingly, in another
aspect, the present application provides a method of modulating an immune
response in an animal comprising administering an effective amount of an
MFAP4 binding agent to an animal in need thereof. The application also
provides a use of an effective amount of an MFAP4 binding agent for
modulating an immune response in an animal in need thereof. The application
further provides a use of an effective amount of an MFAP4 binding agent in
the preparation of a medicament for modulating an immune response. The
application yet further provides an MFAP4 binding agent for use in modulation
of an immune response.
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[00120] In a further aspect, the present application provides a method of
modulating cancer in an animal comprising administering an effective amount
of an MFAP4 binding agent to an animal in need thereof. The application also
provides a use of an effective amount of an MFAP4 binding agent for
modulating cancer in an animal in need thereof. The application further
provides a use of an effective amount of an MFAP4 binding agent in the
preparation of a medicament for modulating cancer. The application yet
further provides an MFAP4 binding agent for use in modulation of cancer.
[00121] For example, the MFAP4 binding agents may activate or target
regulatory cells and/or anti-cancer cells when administered to an area of
interest, such as lymphoid tissues or non-lymphoid tissues for regulating allo-
or auto-reactive T cell responses, or in tumors for activating tumor-reactive
cells.

[00122] The term “modulating an immune response” as used herein
refers to activating or inhibiting immune cell activity and includes, without
limitation, modulating an immune response in the treatment of an immune-
related disease.

[00123] In one embodiment, modulating an immune response comprises
activating an immune response. In another embodiment, modulating an
immune response comprises inhibiting an immune response.

[00124] The term “modulating a cancer” as used herein refers to
activating or inhibiting cancer cells.

[00125] The MFAP4-selected or -activated regulatory and/or anti-cancer
cells and/or MFAP4 binding agents described herein may be formulated into
pharmaceutical compositions for administration to subjects in a biologically
compatible form suitable for administration in vivo. By "biologically compatible
form suitable for administration in vivo" is meant a form of the substance to be
administered in which any toxic effects are outweighed by the therapeutic
effects. The substances may be administered to living organisms including
humans, and animals. The compositions may be administered in a convenient
manner preferably by injection such as intravenous, subcutaneous,
intramuscular, etc.
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[00126] The compositions described herein can be prepared by per se
known methods for the preparation of pharmaceutically acceptable
compositions which can be administered to subjects, such that an effective
quantity of the cells is combined in a mixture with a pharmaceutically
acceptable vehicle. Suitable vehicles are described, for example, in
Remington's Pharmaceutical Sciences (Remington's Pharmaceutical
Sciences, 20th ed., Mack Publishing Company, Easton, Pa., USA 2000). On
this basis, the compositions include, albeit not exclusively, solutions of the
substances in association with one or more pharmaceutically acceptable
vehicles or diluents, and contained in buffered solutions with a suitable pH
and iso-osmotic with the physiological fluids.

[00127] An effective amount of the composition may vary according to
factors such as the disease state, age, sex, and weight of the individual, and
the ability of the cells to elicit a desired response in the individual. Dosage
regime may be adjusted to provide the optimum therapeutic response. For
example, several divided doses may be administered daily or the dose may
be proportionally reduced as indicated by the exigencies of the therapeutic
situation.

[00128] The pharmaceutical compositions of the application may include
other active agents that are useful in treating the disease or condition to be
treated. For example, in the treatment of a cancer, other anti-cancer agents
may be administered either in the same composition or in a separate
composition.

[00129] In one specific embodiment, the novel antibody, G1, disclosed
herein is the binding agent for the methods disclosed herein. The G1
monoclonal antibody comprises the light chain variable region of SEQ ID
NO:43 and the heavy chain variable region of SEQ ID NO:20.

[00130] The above disclosure generally describes the present
disclosure. A more complete understanding can be obtained by reference to
the following specific examples. These examples are described solely for the
purpose of illustration and are not intended to limit the scope of the disclosure.

Changes in form and substitution of equivalents are contemplated as
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circumstances might suggest or render expedient. Although specific terms
have been employed herein, such terms are intended in a descriptive sense

and not for purposes of limitation.

[00131] The following non-limiting examples are illustrative of the
present disclosure:

EXAMPLES

[00132] DNT cells share similarity to CD4'CD25" T regulatory cells in
their potent immune regulatory function. In tumor immunity, however, DNT
cells appear to play a different role from that of CD4°CD25" T cells. The
present inventors have demonstrated that DNT cells in mice possess potent
cytotoxicity against syngeneic and allogeneic tumor cell lines in vitro, and that
a single infusion of DNT cells can protect recipient mice from a lethal dose of
a B cell lymphoma cell line in vivo (Figure 1; ref. 7). In addition, the present
inventors have developed a protocol by which human DNT cells can be
purified from peripheral blood and expanded ex vivo (Figure 3A). Such ex vivo
expanded DNT cells are cytotoxic against human leukemia, lymphoma,
melanoma, esophagus and lung cancer cell lines, and adoptive transfer of
these cells can significantly improve survival and inhibit cancer progression in
a xeno-SCID mouse model (Figure 3B). These data provide compelling
evidence of the unique potential for utilizing DNT cells in anti-tumor adoptive
cellular immunotherapy. Indeed, new immune cell-mediated therapy may be
an effective alternative means of improving survival by eliminating residual

cancer cells after chemotherapy-induced remission.

[00133] As mentioned above, DNT cells comprise only ~1% of PBMC,
and no unique surface markers have been identified to positively select DNT
cells. Thus, the identification of functional markers that can distinguish
conventional activated T cells from activated regulatory T cells would facilitate
positive selection and enrichment of ex vivo-expanded DNT regulatory cells
with potent efficacy and thereby, as one example, potentially increase the in
vivo efficacy of DNT cell adoptive therapy.
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[00134] To facilitate identification of functional markers, a panel of
regulatory DNT cell clones has been generated (7). During long-term culture,
several natural DNT mutant clones arose that have lost suppressive function
against antigen-specific T cells (7). While a single infusion of DNT cell clones
prevented the rejection of skin and cardiac allografts in a donor-specific
manner, adoptive transfer of the same number of mutant clones had no
protective effect (1, 7, 9). Moreover, a single infusion of DNT cell clones
prevented the development of B cell lymphoma from a lethal injection of B cell
tumor cells, adoptive transfer of the same number of mutant clones had no
protective effect (14; Figure 1). DNT cell clones and their spontaneously-
derived mutants therefore provided an excellent system for the identification
of specific markers that are important for DNT cell function. A large panel of
monoclonal antibodies (mAbs) was thus generated against cell surface
molecules on tumor-reactive DNT cells. One mAb (clone: G1) was selected
for further characterization, which exhibits strong selective cell surface
expression on tumor-reactive and regulatory DNT cell clones, as determined

by flow cytometry (Figure 2).

1. ldentification and validation of MFAP4 as novel functional cell marker
recognized by G1 mAb (Figures 4-8)

[00135] To determine the identity of the DNT cell marker recognized by
G1 mAb, membrane fractions of cell lysates from both DNT and mutant cell
clones were immunoprecipitated with G1 mAb, resolved by 1-dimensional
SDS-PAGE, and protein bands that were specifically immunoprecipitated by
the G1 mAb from DNT cell clone lysates, but not mutant clone lysates, were
excised and the partial amino acid sequence was obtained using LC-mass
spectrometry. Genome database analyses using the derived sequence
information revealed microfibrillar-associated protein-4 (MFAP4) as the cell
surface molecule on regulatory DNT cells specifically recognized by the G1
mAb. MFAP4 was validated as the DNT cell marker recognized by G1 mAb:
(1) determination of the molecular size of the MFAP4 protein expressed by
DNT cells; (2) specific recognition of rMFAP4 retrovirally expressed in CHO
cell line by G1 mAb and conversely specific recognition of MFAP4 in G1" DNT
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cell clones but not G1° mutant DNT cell clones by anti-MFAP4 mAb; and (3)
simultaneous recognition of the cell surface marker on the same activated
DNT cell by G1 mAb and anti-MFAP4 Ab. The MFAP4 protein exhibits
identical molecular size as the protein recognized by G1 mAb determined by
western blot (Figure 5); MFAP4 is specifically recognized by anti-MFAP4 mAb
in G1" DN T cell clones but not G1" mutant clones; and ant-MFAP4 mAb and
G1 mAb recognize a cell surface marker expressed on the surface of the
same activated DNT cell (Figure 6). The G1 mAb also recognizes a cell
surface protein expressed on a subset of ex vivo-expanded human DNT cells
(Figure 4). Thus, MFAP4 is expressed on the cell surface of murine and
human DNT cells, and G1 mAb immunostains this functional marker.

[00136] To determine whether MFAP4 is a specific functional marker on
the cell surface of activated DNT cells, lymphocytes from B6.lpr mice were
activated by alloantigen stimulation ([B6xBalb/c]z1 splenocytes) and cell
surface expression of MFAP4 was determined on lymphocyte subsets by flow
cytometry. MFAP4 is expressed on the surface of a subset of activated DNT
cells (Figure 7). Thus, G1 mAb can be used to mark and positively purify
activated DNT cells. It was also found that a minor subset of CD4*, CD8"
and/or NK1.1* T cells stained positive for MFAP4, suggesting that the G1
mAb could also be used as a novel functional marker for other regulatory T
cell subsets. Another derivation of regulatory DNT cells is via conversion from
CD4" T cells that have undergone extensive cell proliferation stimulated by
alloantigen stimulation ([B6xBalb/c]ss mature bone marrow-derived dendritic
cells) (10). It was found that a subset of DNT cells with suppressor function
converted from CD4" T cells expresses MFAP4 on their cell surface (Figure
8).

[00137] MFAP4 is a 255-amino acid glycoprotein of the fibrinogen-
related domain (FReD) family of proteins (11). It was first identified as a novel
gene mapped to the chromosomal region associated with Smith-Magenis
syndrome (SMS), a multiple congenital anomaly/mental retardation syndrome
associated with deletion of chromosome 17p11.2 (12). MFAP4 contains a C-

terminal fibrinogen-like domain (which has high similarity to the C-terminal
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halves of fibrinogen B and y chains) and the N-terminal Arg-Gly-Asp (RGD)
motif sequence that serves as an integrin-binding domain, suggesting that it is
an extracellular matrix protein involved in cell adhesion or intercellular
interactions. More recently, MFAP4 was shown to interact with pulmonary
surfactant protein A (SP-A), a collectin involved in innate immunity against a
broad range of micro-organisms by mediating microbial lysis and clearance,
as well as modulating cytokine production and chemotaxis for phagocytes
(13). Moreover, MFAP4 and SP-A co-localize both on the elastic fibres and
lamina of pulmonary arteries of chronically inflamed lung tissue, consistent
with a proposed role for MFAP4 in fixing collectins in the extracellular
compartment during inflammation (13). Other members of the FReD family
include fibrinogen-like protein 2/fibroleukin (FGL2), angiopoietins, ficolins,
tachylectins and tenascins, and these molecules have been shown to play
roles in innate and adaptive immune responses, including cell adhesion,
cytokine production, and inflammation (13). With respect to an
immunoregulatory role for proteins containing a fibrinogen-like domain, it has
recently been shown that mice with targeted deletion of FGL2 spontaneously
develop autoimmune glomerulonephritis, which correlated with increased T
cell proliferation to alloantigens and increased numbers of Ab-producing B
cells following immunization with T-independent Ags (14). Interestingly, FGL2
is produced by CD4'CD25" regulatory T cells and their suppressive activity
was significantly impaired by FGL2-deficiency (14). Moreover, anti-FGL2 Ab
treatment completely inhibited Treg cell activity in vitro (14). Thus, MFAP4 as

a FReD-containing protein may be important for DNT cell regulatory function.

2. Treatment of DNT cells with G1 mAb induces rapid expression of
effector cytokine IFNy, adherence and morphological activation (Figures
9-10)

[00138] It was next determined whether treatment of activated DNT cells
with G1 mAb has important consequences for their function. G1 mAb-
mediated crosslinking of MFAP4 on the cell surface of activated DN T cells by
coating flat-bottom wells with G1 mAb induced rapid IFNy expression (Figure

9), an effector cytokine that has been reported to have a role in promoting
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tolerance in a murine allograft model. In addition, DNT cells treated with G1
mADb gain adherence and cell-spreading indicative of
morphological/cytoskeletal activation (Figure 10). Thus, G1 mAb can be used

to induce rapid effector function by activated DNT cells.

3. Enrichment of MFAP4-positive DNT cells using G1 mAb selects for
potent suppressor cells of syngeneic allo-reactive T cells (Figure 11)

[00139] The utility of G1 mAb to select for regulatory DNT cells
expressing the cell surface marker MFAP4 was determined by sorting
MFAP4-negative and MFAP4-positive activated cells and examining their
respective suppressor function against syngeneic allo-reactive CD4 T cells.
Activated cells expressing MFAP4 were more potent at suppressing allo-
reactive CD4 T cells in a mixed lymphocyte reaction compared with MFAP4-
negative cells (Figure 11): allo-reactive CD4 T cells were almost completely
eliminated by MFAP4+ cells. Thus, MFAP4 is a cell surface marker
recognized by G1 mAb and can be used to selectively enrich for potent DNT
regulatory cells against allo-reactive T cells. As a minor subset of activated
CD4+, CD8+, and/or NK1.1+ T cells have been found to express MFAP4
(Figure 7), G1 mAb may also recognize this cell surface marker on other
regulatory T cell subsets with potent suppressive efficacy.

4. Enrichment of MFAP4-positive DNT cells using G1 mAb selects for
potent anti-tumor cells (Figure 12)

[00140] The utility of G1 mAb to select anti-tumor DNT cells expressing
the cell surface marker MFAP4 was determined by sorting MFAP4-negative
and MFAP4-positive DNT cells (Figure 12A) and using them respectively as
effectors against A20 B cell lymphoma cells. Activated cells expressing
MFAP4 and selected based on positive binding with G1 mAb were more
potent at killing tumor cells compared with MFAP4-negative, G1-negative cells
(Figure 12B). Thus, MFAP4 is a cell surface marker recognized by G1 mAb

that can be used to selectively enrich for potent anti-tumor DNT cells.

5. Sequencing of Novel G1 Monoclonal Antibody



10

15

20

25

30

WO 2009/103157 PCT/CA2009/000197

-40 -

[00141] mRNA was extracted from hybridoma cell pellets. Total RNA
was extracted from the pellets. cDNA was created from the RNA by reverse-
transcription with an oligo(dT) primer. PCR reactions using variable domain
primers were used to amplify both the VH and VL regions of the monoclonal
antibody DNA. Positive VH and VL products were cloned into the Invitrogen
sequencing vector pCR2.1 (Invitrogen: K2020-20) and transformed into
TOP10 E. coli. Selected colonies were analyzed by colony PCR using vector
specific primers M13 forward and M13 reverse. The colony PCR products
were analysed as before by 1.5% agarose gel and ethidium bromide staining.
Clones with positive bands around 500 bp were expanded to 5 ml culture in
LB media overnight at 370C. The plasmids were purified from the E. coli
cultures using a plasmid miniprep kit (Qiagen) and the clones were

sequenced.

[00142] CDRs were identified using the IMGT unique numbering system
(Lefranc M.-P. et al. "IMGT unique numbering for immunoglobulin and Tcell
receptor variable domains and Ig superfamily V-like domains” Dev. Comp.
Immunol., 27, 55-77 (2003); Brochet, X., Lefranc, M.-P. and Giudicelli, V.
IMGT/V-QUEST: the highly customized and integrated system for |G and TR
standardized V-J and V-D-J sequence analysis
Nucl. Acids Res, 36, W503-508 (2008)).

[00143] The VR nucleotide sequences for 6 clones are as shown in SEQ
ID NO:7, 9, 11, 13, 15, and 17 and the V,; amino acid sequences for 6 clones
are as shown in SEQ ID NO:8, 10, 12, 14 and 16 respectively.

[00144] Alignment of the Vy sequences is shown in Figure 15. The

consensus sequence is:

MDSRLNLVFLVLFIKGVQCEVKLVESGGGLVQPGRSLKLSCAASGFPFSNYGMAWVRQAPTK
GLAWVATISYDGRSTYYRDSVKGRFTISRNNAKSTLYLQMDSLRSEDTATYYCVRHELPEDH
WGQGVMVTVSSARTTAPPVYPLAPGSL (SEQ ID NO:19)

[00145] The consensus heavy chain variable region comprises the
amino acid sequence of SEQ ID NO:20. CDR1 of the V,y domain is as shown
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in SEQ ID NO:21; CDR2 of the V4 domain is as shown in SEQ ID NO:22;
CDR3 of the V4 domain is as shown in SEQ ID NO:23.

[00146] The Vi nucleotide sequences for 9 clones are as shown in SEQ
ID NOs: 24, 26, 28, 30, 32, 34, 36, 38 and 40 and the VL amino acid
sequences are as shown in SEQ ID NOs:25, 27, 29, 31, 33, 35, 37, 39 and
41.

[00147] Alignment of the V. sequences is shown in Figure 16. The

consensus sequence is:

MVLISLLFWVYGTCGDIVMTQSPFSLAVSEGEMVTINCKSGQSLLSSGNQKNYLAWYQQKPG
QSPKLLIYYSSTRQSGVPDRFIGSGSGTDFTLTISDVQAEDLADYYCLQHYSSPFTFGSGTKLEI
KRADAAPTVSIFPPSSKLG (SEQ ID NO:42)

[00148] The consensus light chain variable region comprises amino acid
sequence of SEQ ID NO:43. The CDR1 of V_ is shown in SEQ ID NO:44: the
CDR2 of V| is shown in SEQ ID NO:45; and the CDR3 of V_ is shown in SEQ
ID NO:46.

[00149] While the present disclosure has been described with reference
to what are presently considered to be the preferred examples, it is to be
understood that the disclosure is not limited to the disclosed examples. To the
contrary, the disclosure is intended to cover various modifications and
equivalent arrangements included within the spirit and scope of the appended

claims.

[00150] All publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each
individual publication, patent or patent application was specifically and

individually indicated to be incorporated by reference in its entirety.
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We claim;

1. A method of detecting regulatory and/or anti-cancer cells comprising the
steps of:

(1)  contacting a test sample with a binding agent that binds
specifically to MFAP4 on the cell to produce a binding agent-MFAP4
complex;

(2)  detecting the amount of binding agent-MFAP4 complex in

the test sample; and

(8)  comparing the amount of binding agent-MFAP4 complex
in the test sample to a control.

2. A method of selecting or enriching regulatory and/or anti-cancer cells
comprising the steps:

(1)  contacting a test sample with a binding agent that binds
specifically to MFAP4 on the cell to produce a binding agent-MFAP4
complex; and

(2)  selecting or enriching regulatory and/or anti-cancer cells
by selecting the binding agent-MFAP4 complex from the test sample.

3. A method of activating regulatory and/or anti-cancer cells comprising:
contacting regulatory and/or anti-cancer cells with a binding
agent that binds specifically to MFAP4 on the cell to crosslink
MFAP4.

4. The method of claim 3, wherein the cells are contacted in vitro.

5. The method of claim 2, further comprising the step of activating the
selected or enriched regulatory and/or anti-cancer cells by allowing a
binding agent that binds specifically to MFAP4 on the cell to crosslink
MFAP4.

6. The method of any one of claims 1 to 5, wherein the regulatory cells

comprise regulatory T cells.



WO 2009/103157 PCT/CA2009/000197

10

15

20

25

- 46 -

7. The method of claim 6, wherein the regulatory T cells comprise
CD4*'CD25* T regulatory cells, CD4*CD25"Foxp3™ T regulatory cells, T
regulatory-1 (Tr1) cells, T helper-3 (Th3) cells, CD4"CD25 T regulatory
cells, CD8'CD28 T regulatory cells, CD8aa™ T regulatory cells, v
regulatory T cells, regulatory natural killer (NK) T cells and/or double
negative T (DNT) cells.

8. The method of claim 7, wherein the double negative T cells comprise cells
that are CD3'TCR*CD4°CD8".

9. The method of claim 8, wherein the double negative T cells comprise cells
that are CD3'apTCR'CD4°CD8".

10.The method of any one of claims 1 to 5, wherein the anti-cancer cells

comprise double negative T cells.

11.The method of claim 10, wherein the double negative T cells comprise
cells that are CD3'TCR'CD4 CD8'.

12.The method of claim 11, wherein the double negative T cells comprise
cells that are CD3"apTCR'CD4°CD8".

13.The method of any one of claims 1-12, wherein the binding agent
comprises a light chain complementarity determining region comprising
the amino acid sequence of SEQ ID NOs: 44, 45 and/or 46.

14.The method of any one of claims 1-12, wherein the binding agent
comprises a heavy chain complementarity determining region comprising
the amino acid sequence of SEQ ID NOs: 21, 22 and/or 23.

15.The method of any one of claims 1-12, wherein the binding agent
comprises the light chain complementarity determining regions having the
amino acid sequence of SEQ ID NOS: 44, 45, and/or 46, and/or the heavy
chain complementarity determining regions having the amino acid
sequence of SEQ ID NOS: 21, 22 and/or 23.
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16.The method of any one of claims 1-12, wherein the binding agent
comprises a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 43.

17.The method of any one of claims 1-12, wherein the binding agent
5 comprises a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO:20.

18.The method of any one of claims 1-12, wherein the binding agent
comprises a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 20 and a heavy chain variable region comprising

10 the amino acid sequence of SEQ ID NO:43.

19.The method of any one of claims 1 to 18, wherein the binding agent is an
antibody.

20.The method of claim 19, wherein the antibody is a monoclonal antibody.

21.The method of claim 19, wherein the antibody is a humanized monoclonal
15 antibody.

22.A use of an effective amount of the regulatory cells selected or activated
by the method of any one of claims 1-21 for treating or preventing an

immune related disease.

23.The use of claim 22, wherein the immune related disease is autoimmune
20 disease, allergy, graft rejection, graft versus host disease or infectious
disease.

24 A use of an effective amount of the anti-cancer cells selected or activated
by the method of any one of claims 1-21 for treating or preventing cancer.

25.The use of claim 24, wherein the cancer is a blood cancer, breast cancer,
25 or epithelial cancer.

26.The use of claim 25, wherein the blood cancer is leukemia or lymphoma.
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27.The use of claim 25, wherein the epithelial cancer is lung cancer,

esophageal or melanoma.

28.An isolated complementarity determining region (CDR) selected from the
group consisting of:

an isolated light chain CDR 1 comprising the amino acid sequence of
SEQ ID NO:44 or a variant thereof:

an isolated light chain CDR 2 comprising the amino acid sequence
SEQ ID NO:45 or a variant thereof;

an isolated light chain CDR 3 comprising the amino acid sequence
SEQ ID NO:46 or a variant thereof;

an isolated heavy chain CDR 1 comprising the amino acid sequence
SEQ ID NO:21 or a variant thereof;

an isolated heavy chain CDR 2 comprising the amino acid sequence
SEQ ID NO:22 or a variant thereof; and

an isolated heavy chain CDR 3 comprising the amino acid sequence
SEQ ID NO:23 or a variant thereof.

29.An isolated nucleic acid sequence encoding a complementarity

determining region of claim 28, or a variant thereof.

30.An isolated variable region selected from the group consisting of:

an isolated light chain variable region comprising the light chain
complementarity determining regions defined by SEQ ID NOS:44, 45 and/or
46, or a variant thereof; and

an isolated heavy chain variable region comprising the heavy chain
complementarity determining regions defined by SEQ ID NOS:21, 22 and/or
23, or a variant thereof.

31.The variable region of claim 30 wherein the light chain variable region
comprises the amino acid sequence of SEQ ID NO:43, or a variant

thereof.
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32.The variable region of claim 30 wherein the isolated heavy chain variable
region comprises the amino acid sequence of SEQ ID NO:20, or a variant
thereof.

33.An isolated nucleic acid sequence encoding the variable region of any one

of claims 30-32, or a variant thereof.

34.A recombinant expression vector comprising the nucleic acid of claim 28
or 33.

35.A host cell comprising the recombinant expression vector of claim 34.

36.A binding agent comprising the light chain complementarity determining
regions defined by SEQ ID NOS: 44, 45 and/or 46, or a variant thereof.

37.A binding agent comprising the heavy chain complementarity determining
regions defined by SEQ ID NOS: 21, 22 and/or 23, or a variant thereof.

38.A binding agent comprising the light chain complementarity determining
regions comprising the amino acid sequences defined by SEQ ID NOS:
44, 45 and/or 46 and/or the heavy chain complementarity determining
regions comprising the amino acid sequence defined by SEQ ID NOS: 21,
22 and/or 23, or a variant thereof.

39.A binding agent comprising the light chain variable region comprising the
amino acid sequence of SEQ ID NO:43 and/or the heavy chain variable
region comprising the amino acid sequence of SEQ ID NO:20, or a variant
thereof.

40.The binding agent of any one of claims 36-39, wherein the binding agent
binds a protein comprising the amino acid sequence of SEQ ID NO:1
and/or SEQ ID NO:4.

41.The binding agent of any one of claims 36-40, wherein the binding agent is
an antibody.
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42.The binding agent of claim 41, wherein the antibody is a monoclonal
antibody.

43.The binding agent of claim 41, wherein the antibody is a humanized

monoclonal antibody.

44.A use of an effective amount of the binding agent of any one of claims 36-
43 for modulating an immune response.

45.A use of an effective amount of the binding agent of any one of claims 36-
43 for modulating cancer.
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Figure 13
Human MFAP4

Protein (SEQ ID NO:1)
1 mkallalpll lllstppcap qvsgirgdal erfclqqpld cddiyaqgyq sdgvyliyps
61 gpsvpvpvic dmtteggkwt vigkrfngsv sffrgwndyk lgfgradgey wiglgnmhil
121 tlkgkyelrv dledfennta yakyadfsis pnavsaeedg ytlfvagfed ggagdslsyh
181 sgqkfstfdr dqdlfvgnca alssgafwfr schfaningf ylggshlsya nginwaqwkg
241 fyyslkrtem kirra

mRNA (SEQ ID NO:2)

1 agccactctg agecagaactg acagcatgaa ggcactectg geectgeege tgetgetget
61 tctetccacg ceceegtgtg cececcaggt ctccgggatce cgaggagatg ctctggagag
121 gttttgectt cageaaccece tggactgtga cgacatctat geecaggect accagtcaga
181 cggegtgtac cteatctace cetegggece cagtgtgcct gtgeecgtet tetgtgacat
241 gaccaccgag ggegggaagt ggacggtttt ccagaagaga ttcaatgget cagtaagtit
301 cttecgegge tggaatgact acaagetggg ctteggeegt getgatggag agtactgget
361 ggpgctgeag aacatgeacc tectgacact gaageagaag tatgagetge gagtggactt
421 ggaggacttt gagaacaaca cggcectatge caagtacget gacttcteea teteccegaa
481 cgeggteage geagaggagg atggetacac cetetttgtg geaggctttg aggatggegg
541 ggcaggtgac tceetgteet accacagtgg ccagaagtte tctaccttcg accgggacca
601 ggacctcttt gtgecagaact gegeagetcet ctectcagga gecttetggt tecgeagetg
661 ccactttgece aacctcaatg gettetacet aggtggetee cacctetett atgecaatgg
721 catcaactgg gcccagtgga agggetteta ctacteccte aaacgeactg agatgaaaat
781 cegeegggec tgaagggetg geceecteag geacctttee teecetggac acccatggte
841 tccatgagtg cteectetge tgeeectgat geatgettet getgattece gageaccaac
901 tecttacaag ggggecttgt ggetetcage catgecacat cectgteaca cacceagggce
961 atccattcct aagccagacce cggcetecect acacctgaag ttacactgcc agcagttcee
1021 caggcectctt ccgagaggea catggttcta geetggacet ggetgggcte catgagaatg
1081 agttgectee accctgtece aacagetgac agecaggage cacteiecca getgeaggee
1141 tttgtggtec atettgtect gettecteac tgtggaceee tgtetgggee accctagtgt
1201 gctaagcetga geagtgeagt gtgaacaggg cocatggtgt attctaggee acageccage
1261 actcctetgg getgetetea aaccatgtee catettcage atccctceca ceaacttact
1321 ccectgtggt gagtaccgtg gaaccccage ceaccteact atcatactea gettecectg
1381 atggeccate ccageecectg aagcetetatg ccaagaacac agetaccgea caccacectg
1441 aaacagccac agecaaggta ggeatgeata tgaggtcttc cecatacect ctgggtgttg
1501 agaggtttag ccacatgagg gagcagagga caatctctge agggetggga gtgggtaggg
1561 actgaaggtc tcaataaacc ttcagaacct gaatgaactg gettcataca cacaaacata
1621 ttigtitatc ccccaaatgt aggeacetgg ctectecttg cteccctget gatggtgtee
1681 tacccegaac tecaaaaatt acacctggag tcaggtgcag aagggaacct tgtatttcac
1741 aggcctcatt ttgatggcaa aaagacagtg taataataac ataataataa taaaaatata
1801 atactgaaaa ggaaaaaaaa aaaaaaaaaa
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Figure 13 — Continued

Gene (SEQ ID NO:3)

1 agccactctg agcagaactg acagcatgaa ggtacggggc ccagggtegg gggactcata
61 gcatggggga actgageeca ctccagagge cectggecac agagggeact atgaaggeac
121 aaggagttct cttgaaactc gtaagctatg agggtacaca gegtcecaga gagtggogtt
181 acttggeggg cgpggtggee gggcagggaa gaggggecaa atagcaggag agggattcag
241 gcaagggcag tatgtgcatg catgglgggg geaaatgcaa agagaacagg ggatctctgg
301 agetgggaag gggctgtget gaceetgtct geceategee aggeacteet ggececetgeeg
361 ctgetgetge ttctetecac geeeeegtgt gececccagg tctecgggat ccgaggagat
421 ggtaagcagce cccacactea cagacgegge ctggeccaca ggttgtgcaa gaagaggctg
481 gactgtcaga acagactgtc agggecgage cccagetetg caggactcag gttcctectt
541 tacaaaatgg ggcagatgga tgacataage attgctcate tcecttgaag aaatctteca
601 tgacteettg tgtcaaagte ceccagecee agggactgag gcaaaccttg gggtgctgag
661 gtgtcagtga tgccatagte ceactetect cactgteeee atgtccctac ccccagcetet
721 ggagaggtit tgccttcage aaccectgga ctgtgacgac atctatgccc agggcetacca
781 gteagacgge gtgtacctea tetaceecte gggecccagt gtgeetgtge cegtcettctg
841 tgacatgacc accgaggecg ggaagtggac ggtgagtgge aggagggaac agaggccaga
901 getggttcta atcccageee tgtgaccetg ggetteacat atgcgaacct cagtttcttc
961 atctttaaaa tggggataat gatacccaca geacagctte tgagcagetg ccaacgetta
1021 attctaagtg cctgaggtag gtgtttgtit gtttgttttg aggcggagcec tcactctgte
1081 atccaggctt gagtgcagtg gctecatete agetcactge tggaaactee acetcccagg
1141 ttcaaaagat tctectgect caggeteceg agtagetggg attacaggca tgtgccacca
1201 tgcecagcta atttttttat ttttagtaga gatgaggttt caccatgttg gccaagcetgg
1261 ccttgaactc ctgacctecag gtgatccgee cgecteagee tcccaaagtg ctgagataac
1321 aggegtgage caccgegeee agetgaggta ggttaatgea cataagcctc acaataatcc
1381 tgggaagtag tgaggaacta aagcccagag aggtgaagta acttgcecag atcccacage
1441 taggcactcg aactctagaa cgecteccte ttagcctett tectgectet atacgaaact
1501 gggtatgaag ageccaggtg ggtgetggea actgetecac agggggcctg gtgecaatgt
1561 ggacgttgtt ttagcaaccc cactcecace accetececa cececaacee agtcctttaa
1621 caaactggce acageatcac agggtccatg cttgaggtgg geagggceagg accagaacct
1681 tgeecattgg accettgatg atccagtcte atcttctctg ctccaggttt tccagaagag
1741 aticaatgge tcagtaagtt tettccgegg ctggaatgac tacaagctgg gcetteggecg
1801 tgctgatgga gagtactgge tgggtaagge agggaccagg tgggactgagg ggctgeccea
1861 gggccaggte cttgttgace agetgecect cctecccagg getgeagaac atgeacctec
1921 tgacactgaa gcagaagtat gagctgegag tggacttgga ggactitgag aacaacacgg
1981 cctatgccaa glacgcetgac ttetceatet cceegaacge ggtecagegea gaggaggatg
2041 gctacaccct ctttgtggea ggctitgagg atggeggggc aggtataace cgetgttage
2101 tttgggaggg getgtgagge gaaagaagge agggcetggee ctgeecagte agecccaace
2161 tecttcagge cectecttea acccttetgg atctggaagg gecacagcetg getccaaaca
2221 agctcaaacc agcettgggee tecageectgg ggagcagceca tectggeect getcecaggea
2281 actctgtggt ggagceagetg tttetettea ttgcagaagce acatcaacce aacatetgge
2341 tcagggaggg tgcecccate cegecaggcet gecacgtgat atctctcaca gtegteattg
2401 teacccetete ceggecaget cggggeteag ttceetgect cageagecece aacccttete
2461 tectetgeca ggtgacteec tgtectacca cagtggecag aagttctcta ccttcgaceg
2521 ggaccaggac ctetttgtge agaactgege agetetetee tcaggagcect tetggticeg
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2581 cagctgccac tttgecaacc tcaatggett ctacctaggt ggeteccacc tetettatge
2641 caatggcatc aactgggece agtggaaggg cttctactac tcectcaaac geactgagat
2701 gaaaatccge cgggectgaa gggetggece cctecaggeac ctttecteee ctggacacce
2761 atggtctcca tgagtgctee ctetgetgee cetgatgeat gettetgetg attcccgage
2821 accaactcct tacaaggggg ccttgtggct ctcagecatg ccacatcect gtcacacacc
2881 cagggcatcce attcctaage cagaccegge tecectacac ctgaagttac actgecagea
2941 gttcceccagg cetettcega gaggeacatg gttctagect ggacctgget gggcetecatg
3001 agaatgagtt gcctccaacc tgtcccaaca getgacagece aggagecact cteccagetg
3061 caggcctttg tggtccatct tgtcctgett cetecactgtg gaccectgie tgggecacce
3121 tagtgtgcta agctgageag tgcagtgtga acagggecca tggtgtattc taggecacag
3181 cccagcactc ctetgggetg ctetcaaacc atgteceatc ttcageatee cteccaccaa
3241 cttactcecece tgtggtgagt accgtggaac cccageccac cteactatca tactcagett
3301 ccccetgatgg cccatcccag ceectgaage tetatgecaa gaacacaget accgeacace
3361 accctgaaac agccacagee aaggtaggcea tgeatatgag gtcttecceca tacectetgg
3421 gtgttgagag gtttagccac atgagggage agaggacaat ctctgeaggg ctgggagtgg
3481 gtagggactg aaggtctcaa taaaccttca gaacctgaat gaactggctt catacacaca
3541 aacatatttg tttatcccce aaatgtagge acctggcetee tecttgetee cetgetgatg
3601 gtgtectacc cegaacteca aaaattacac ctggagtcag gtgcagaagg gaaccttgta
3661 tttcacaggc ctcattttga tggcaaaaag acagtgtaat aataacataa taataataaa
3721 aatataatac tgaaaagga
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Figure 14
Mouse MFAP4

Protein (SEQ ID NO:4)
1 mkalpalplm Imllsmpppc apqasgirgd aleksclqqp ldcddiyaqg yqedgvyliy
61 pygpsvpvpv fedmtteggk wtvigkrfng svsffrgwsd yklgfgradg eywlglgnlh
121 Iltlkgkyel rvdledfenn tayakyidfs ispnaisaee dgytlyvagf edggagdsls
181 yhsggkfstf drdqdlfvgn caalssgafw frschfanln gfylggshls yanginwaqw
241 kgfyyslkrt emkirra

mRNA (SEQ ID NO:5)

1 ccecagacage cagectetct caactgagcet gacaccatga aggecctece ageectgeca
61 ctgatgctga tgetgetete catgectcee cectgegece cgeaagecte tgggatecgg
121 ggagatgctc tggagaagtc ctgtcttcag caacccctgg actgtgatga tatctacgec
181 cagggctatc aggaagacgg cgtgtatctc atctaccect atggecccag tgtgeeggtg
241 cccgtcttct gecgacatgac aactgaggge ggeaagtgga cggttttcca gaaaagatte
301 aacggctcag tgagtttctt ccggggetgg agegactaca agetgggctt tggecgtget
361 gacggggagt actggetggg getgeagaac ctgeacctee tgacactgaa geagaagtat
421 gagctgegeg tggacttgga agactttgag aacaacacag cctatgccaa gtacattgac
481 ttctecatet cceecaacge catcagtget gaggaggatg getatacect ctacgtgget
541 ggcttegagg atggeggggce aggtgactea ctgtectace acagtggeca gaagttctee
601 acctttgatc gggaccagga cctettegtg cagaactgtg cagecctcete ctcaggagee
661 tictggttcc gaagcetgeca tttcgecaat ctcaacggtt tetacetggg tggtteecat
721 ctetectatg ccaatggceat caattgggee caatggaaag gettctatta cteectcaag
781 cgcacggaga tgaaaattcg tcgggectga ggggctggec caageaggcec ceatctttce
841 cctgaagtce caagggtcca tgtteteect ccacgettta cecacaatte ctgageacca
901 gccatgeect ggeaaatece tgteccacat acagecacge cctgatgceat tecacctgag
961 gctaggetgt cagcageect ccaggecttt ctgtggetga gecatectag cetggatctg
1021 gctgaaatce attaaaaact ccaagttget tctaccectt cacgacaget gaaagccaga
1081 agctaccttc tagctgecag cttttgeace ccacctcage agtttectta ctgecagagee
1141 ttctgtttgg ggetacecte gacagagtea tgecageacct gtggeattge caatcagete
1201 ttgcacactg ccacacccca geactcacat agetetecte agaatacttc ctaccttgge
1261 ctcatcactt tactccetac gtgageatea tggagececaa teccatctge cttcacteat
1321 ccctcaaaat tcaccaccaa aacaatactc accacggeta ctgetcaact ctgaagtegt
1381 catggcaaag ataggcttgt tgacttggte cectacttge cctagegate gtcatgagag
1441 gcagcaggga tcaatatgtg gggetggaag tggotgggta gecagaggtct caataaactt
1501 caggatctga tgg

Gene (SEQ ID NO:6)
1 cccagacage cagcectetcet caactgaget gacaccatga aggtactgge ctggaggatc
61 aagaccattt gtggagacaa gceacttgee agatagggaa cagcgaagcet cagtggagtt
121 ctcttgaaac ttaagttctg gggatattgg gecttectet gaaagttgag agggggtaaa
181 aaagacagag ggcagagttc aggcagggag agecctggga ggltgggagec gtetggecca
241 tgttgggggc tacactcacc ccatttceca tceccaggece ctececagece tgecactgat
301 getgatgctg ctctecatge cteceecctg cgeecegeaa geetetggga tecggggaga
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361 tggtaagcag cccccattca cagacacgge ctggtcagea ggcetggatga ggecaticta
421 agtgaggctc tgcaggactg cttectecte tacaaagtgg caggtatcce cctagagaaa
481 tctccagatt tetcetgata gagteectta ggectggage aaaactggga tatggagggg

541 ggtgtcctta tgecttagte tttctectea cggtecccac actgecacte geagetetgg

601 agaagtcctg tcttcagceaa ccectggact gtgatgatat ctacgeccag ggctatcagg

661 aagacggcgt gtatctcatc tacccctatg gecccagtgt geeggtgecce gtettetgeg

721 acatgacaac tgagggeggc aagiggacgg tgagtaggea aaggggcecic aggecagatg
781 gggttcagge agetgegega teeeggetgt catctetgtg aagtggattt ttcatcttca

841 tggggactgg atccagggct getageactt acttgectga ggaagetaat geatgetgtc
901 ctcacagegg taggttggtg ccttgtctaa atgaggaact gcgageccag gtaagtagea
961 ttaatagcct tggegggcac agtaatgaac tcacagecaa gtattctaga tectectgat

1021 gggtittggg tittttigtt gttgttgttg ttttctagac agggtttcte ctggaactca

1081 ctttatagac caggctggcc ttgaattcag aaatctgect geetctgect ceegattget

1141 gggattaaag gegtgggeca ccacgeecgg cectectget ggttttatca tgeagtgetg
1201 ggatggaacc cagggcectct aagetaagtg ggtgetttge cactaagcta tgtctacagg
1261 tcccagetec ctettaatcet tttceectte ctgtctetca gecagacaagg ggectggtag

1321 ataccccctt ctcagcagea gatgttcaat gagaggectg gagecagaga gtgtgttctg
1381 ttttagcagt tccctaacaa aatggetaag agtcacccta gggtactgga cetccatcat
1441 ccagcececctt gtecacttgt ttccaggttt tccagaaaag attcaacgge tcagtgagtt

1501 tecttcegggg ctggagegac tacaagetgg getttggeeg tgetgacggg gagtactgge
1561 tgggtaaggt ggggccatgg ggtgggegct geeectecage caagtetctg ctgacegget
1621 gecaceegte cetagggetg cagaacctge acctectgac actgaagcag aagtatgage
1681 tgecgegtgga cttggaagac tttgagaaca acacagcecta tgecaagtac attgacttct
1741 ccatctccece caacgecatc agtgetgagg aggatggcta taccctetac gtggetgget
1801 tcgaggatgg cggggcaggt acccctetea gettcttcag gggeagtgge gggggegegy
1861 ggggtaggge gagtcagtaa ggggtaggat cagtaggggg tggogcgggt acctetetea

1921 acttcticag gggeagtggt ggeggaggeg gtgggglcag tagggagleg ggteaglagg
1981 gattggggtc agtaacgtag gattggccct getceattgg ttectaagge cecteectea

2041 acccttctgg gtgtagaaga gtcatagetc tccacagacce aacttcaget acaggaacct
2101 cagccccagg gaacagcecac cetggeecetg ctccaagtgg cectgeteea ggeagetcetg
2161 cagaagaaca gctgttctct ttgtggctca gggagggtge cececcatecg ataggatgee
2221 acatcatgtc atcccaagag tcattcatca agtgctgtea tectctcage tectggecte
2281 agtttttcta gtettcctee ctettgecag gtgacteact gtectaccac agtggecaga
2341 agttctccac ctttgatcgg gaccaggacc tettegtgea gaactgtgea geectetect
2401 caggagcctt ctggticcga agetgecatt tegecaatct caacggttic tacctgggtg
2461 gttcccatct ctectatgee aatggceatca attgggecca atggaaagge ttetattact
2521 cectcaageg cacggagatg aaaattegic gggectgagg ggetggecca ageaggecce
2581 atctttccce tgaagtceca agggtecatg ttetecctee acgctttace cacaattect
2641 gagcaccagc catgecctgg caaatccctg tcccacatac agecacgecc tgatgeatte
2701 cacctgaggc taggetgteca gecagecectce aggectttet gtggetgage catectagee
2761 tggatctgge tgaaatccat taaaaactce aagttgette taccecttca cgacagetga
2821 aagccagaag ctaccttcta getgecaget tttgeaceec acctcageag tttecttact
2881 gcagagcctt ctgtttgggg ctaccctega cagagteatg cageacctgt ggeattgeea
2941 atcagctctt gecacactgee acaccccage actcacatag ctetecteag aatacttect
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3001 accttggect catcacttta ctecectacgt gageatcatg gageccaate ccatetgect
3061 tcactcatcc ctcaaaattc accaccaaaa caatactcac cacggctact getcaactct
3121 gaagtcgtca tggcaaagat aggctigttg acttggtece ctacttgecce tagegategt

3181 catgagaggc agcagggatc aatatgtggg getggaagtg ggtgggtage agaggticica
3241 ataaacttca ggatctgatg g
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Figure 15
1 50
VH4-27 (1) MEFGFSLYELVLI TS
VH4-26 (1) “DSRLN’ b
VH4-23 (1) ™DSRLN:
VH4-12 (1) ¥DSRLNLV
VH4-5 (1) =DSRLN: VIV ¢
VH4-4 (1) ®DSRLN LV LY L F KGO Y E LTS OO0 VO P ORI T AR T
Consensus (1) MDSRLNLVFLVLFIKGVQCEVKLVESGGGLVOPGRSLKLSCAASGFPFSN
51 100
VH4-27 (51) MWy A s AN O LY R T Y N R R W e SRR
VH4-206 (51)
VH4-23 (51)
VH4-12 (51)
VH4-5 (51) 7o A o B TR Ay AT T8 P P
VH4-4 (51) V¢ CED PR AT Y RS YV RDOVK R TT T SA A
Consensus (51) YGMAWVRQAPTKGLAWVATISYDGRSTYYRDSVKGRFTISRNNAKSTLYL
101 150
VH4-27 (101) CMDE ST AT Y OVRHE L P DR SOOIV S IART T AL Y Y E LADGS
VH4-26 (101) VEYYC APWEK
VH4-23 (101) LY PWR
VH4-12 (101) Li———
VH4-5 (101) VPGS
VH4-4 (101) Op T AT =00 PVHESARTTAPDPUYY P LAPGS
Consensus (101) QMDSLRSEDTATYYCVRHELPEDHWGQGVMVTVSSARTTAPPVYPLAPGS
151
VH4-27 151) L- (SEQ ID NO:18
VH4-26 151) LG (SEQ ID NO:16
VH4-23 151) LG

{ ) ( )

( ) ( )

( ) (SEQ ID NO:14)
VH4-12 (147) - (SEQ ID NO:12)
VH4-5 ( } (SEQ ID NO:10)
VH4-4 ( ) (SEQ ID NO:8)
Consensus ( ) (SEQ ID NO:19)

P3CZG1 VH domain consensus amino acid sequence:

MDSRLNLVFLVLFIKGVQCEVKLVESGGGLVQPGRSLKLSCAASGFPFSNYGM
AWVRQAPTKGLAWVATISYDGRSTYYRDSVKGRFTISRNNAKSTLYLQMDS
LRSEDTATYYCVRHELPEDHWGQGVMVTVSSARTTAPPVYPLAPGSL (SEQ
ID NO:19)

Signal peptide is in italics

Variable domain
EVKLVESGGGLVQPGRSLKLSCAASGFPFSNYGMAWVRQAPTKGLAWVATI
SYDGRSTYYRDSVKGRFTISRNNAKSTLYLQMDSLRSEDTATYYCVRHELPE
DHWGQGVMVTYVSS (SEQ ID NO:20)

Complementarity Determining Regions
CDR1: GFPFSNYG (SEQ ID NO:21)
CDR2: ISYDGRST (SEQ ID NO:22)
CDR3: VRHELPEDH (SEQ ID NO:23)
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Figure 16

1 50
VL3-17 (1) MVLMSL! NG N0
VL3-20 (1) MVLMS!
VL3-3 (1) MVLMS
VL3-5 (1) -GSYA
VL3-2 (1) MVLISL:
VL3-21 (1) MVLIS!
VL3-22 (1) MVLIS
VL3-31 (1) MVLIS
VL3-4 (1) MVLISLLEWVYCIUGIIY 5
Consensus (1) MVLISLLFWVYGTCGDIVMTQSPFSLAVSEGEMVTINCKSGQSLLSSGNQ

51 100
VL3-17  (51) KN v
VL3-20  (51)
VL3-3  (51)
VL3-5  (50)
VL3-2  (51)
VL3-21  (51)
VL3-22 (51)
VL3-31  (51) ¥ , .
VL3-4 (51) #MYT TSR LYYEETR GBI OETLTI ANV
Consensus (51) KNYLAWYQQKPGQSPKLLIYYSSTRQSGVPDRFIGSGSGTDFTLTISDVQ

101 146
VL3-17  (101) AETLADY Ve i 3 SEQ ID
VL3-20 (101) & SEQ ID
VL3-3  (101) » SEQ ID
VL3-5 (100) = SEQ ID
VL3-2 (101) & SEQ ID
VL3-21 (101) A SEQ ID
VL3-22  (101) SEQ ID N¢
VL3-31  (101) A Kl SEQ 1D
VL3-4  (101) #E0IADYYCLOUT BT RESGTHLETRRA FREES SEQ ID
Consensus (101) AEDLADYYCLQHYSSPFTFGSGTKLEIKRADAAPTVSIFPPSSKLG (SEQ
ID NO:42)

P3CZG1 VL domain consensus amino acid sequence:

MVLISLLFWVYGTCGDIVMTQSPFSLAVSEGEMVTINCKSGQSLLSSGNQKNYL
AWYQQKPGQSPKLLIYYSSTRQSGVPDRFIGSGSGTDFTLTISDVQAEDLADY
YCLQHYSSPFTFGSGTKLEIKRADAAPTVSIFPPSSKLG (SEQ ID NO:42)

Signal peptide is in italics

Variable domain:
DIVMTQSPFSLAVSEGEMVTINCKSGQSLLSSGNQKNYLAWYQQKPGQSPKL
LIYYSSTRQSGVPDRFIGSGSGTDFTLTISDVQAEDLADYYCLQHYSSPFTEGS
GTKLEIK (SEQ ID NO:43)

Complementarity Determining Regions
CDR1: QSLLSSGNQKNY (SEQ ID NO:44)
CDR2: YSS (SEQ ID NO:45)

CDR3: LQHYSSPFT (SEQ ID NO:46)
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Supplemental Box.
The International Searching Authority found multiple inventions in the present international application, as follows:

1. Claims 1 to 27 (in whole): A method of detecting, selecting or enriching, or activating regulatory and/or anti-cancer cells and use of said
regulatory and/or anti-cancer cells for treating or preventing disease.

2. Claims 28 to 30, 33 to 36, 38 and 40 to 45 (all in part): A light chain (LC) complementarity determining region (CDR)1 comprising the
sequence SEQ ID NO:44 and related nucleic acid; an isolated variable region comprising said LC CDR1 and related nucleic acid, vector and
host cell; and a binding agent comprising said LC CDR1 and use of said binding agent for modulating immune response or for modulating
cancer.

3. Claims 28 to 30, 33 to 36, 38 and 40 to 45 (all in part): A LC CDR2 comprising the sequence SEQ ID NO:45 and related nucleic acid; an
isolated variable region comprising said LC CDR2 and related nucleic acid, vector and host cell; and a binding agent comprising said LC
CDR2 and use of said binding agent for modulating immune response or for modulating cancer.

4. Claims 28 to 30, 33 to 36, 38 and 40 to 45 (all in part): A LC CDR3 comprising the sequence SEQ ID NO:46 and related nucleic acid; an
isolated variable region comprising said LC CDR3 and related nucleic acid, vector and host cell; and a binding agent comprising said LC
CDR3 and use of said binding agent for modulating immune response or for modulating cancer.

5. Claims 28 to 30, 33 to 35, 37, 38 and 40 to 45 (all in part): A heavy chain (HC) CDR1 comprising the sequence SEQ ID NO:21 and
related nucleic acid; an isolated variable region comprising said HC CDRI1 and related nucleic acid, vector and host cell;, and a binding
agent comprising said HC CDR1 and use of said binding agent for modulating immune response or for modulating cancer.

6. Claims 28 to 30, 33 to 35, 37, 38 and 40 to 45 (all in part): A HC CDR2 comprising the sequence SEQ ID NO:22 and related nucleic
acid; an isolated variable region comprising said HC CDR2 and related nucleic acid, vector and host cell; and a binding agent comprising
said HC CDR2 and use of said binding agent for modulating immune response or for modulating cancer.

7. Claims 28 to 30, 33 to 35, 37, 38 and 40 to 45 (all in part): A HC CDR3 comprising the sequence SEQ ID NO:23 and related nucleic
acid; an isolated variable region comprising said HC CDR1 and related nucleic acid, vector and host cell; and a binding agent comprising
said HC CDR3 and use of said binding agent for modulating immune response or for modulating cancer.

8. Claim 31 (in whole) and claims 33 to 35 and 39 to 45 (all in part): A light chain variable region (VL) which comprises the sequence
SEQ ID NO:43 and related nucleic acid, vector and host cell; and a binding agent comprising said VL and use of said binding agent for
modulating immune response or for modulating cancer.

9. Claim 32 (in whole) and claims 33 to 35 and 39 to 45 (all in part): A heavy chain variable region (VH) which comprises the sequence
SEQ ID NO:20 and related nucleic acid, vector and host cell; and a binding agent comprising said VH and use of said binding agent for
modulating immune response or for modulating cancer.

According to Article 3(4)YIIHPCT and Rule 13 PCT, a group of inventions may be claimed in one international application provided there is
a technical relationship among those inventions involving one or more special technical features. However, the inventions listed above fail
to share a common special technical feature, and therefore, they are viewed as encompassing multiple inventions
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