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(7) ABSTRACT

Disclosed is a therapeutic agent for treating a cellular immune
disease, comprising as an active ingredient a substance that
inhibits binding between Sema3 A and a Neuropilin-1/Plexin-
A1 heteroreceptor. The substance includes, for example, a
Sema3A neutralizing antibody, a Neuropilin-1 neutralizing
antibody, or a soluble Neuropilin-1 or derivative thereof. Also
disclosed is a method for screening a therapeutic agent for
treating a cellular immune disease utilizing a signal generated
by the interactions of Neuropilin-1, Plexin-Al and Sema3 A
as a marker.
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THERAPEUTIC AGENT FOR AUTOIMMUNE
DISEASES OR ALLERGY, AND METHOD
FOR SCREENING FOR THE THERAPEUTIC
AGENT

RELATED APPLICATION

[0001] This application is a divisional of U.S. application
Ser. No. 13/508,192, filed Jul. 16, 2012, which is the National
Stage of International Application No. PCT/JP2010/006527,
filed Nov. 5, 2010, which claimed priority to Japanese Patent
Application No. 2009-254108, filed Nov. 5, 2009; of which
all of the disclosures are incorporated herein by reference in
their entireties.

TECHNICAL FIELD
[0002] 1. Technical Field
[0003] The present invention relates to a pharmaceutical

composition for preventing or treating autoimmune diseases
or allergies, comprising as an active ingredient a substance
effective for treating autoimmune diseases or allergies that
inhibits binding between NP-1 and Sema3A, such as a Neu-
ropilin-1-Fc (NP-1-Fc), Neuropilin-1 (NP-1) neutralizing
antibody, Semaphorin3A (Sema3A) neutralizing antibody or
the like. The present invention further relates to a therapeutic
method using the pharmaceutical composition, and to a
method for screening such inhibitors.

[0004] 2. Background Art

[0005] Autoimmune diseases involve a specific and con-
tinuous adaptive immune response to a self-antigen. Unlike
natural immunity and adaptive immunity to external antigens,
which ultimately excrete the antigens from the body, adaptive
immune responses to self-antigens are continuous because
the self-antigen cannot be excreted from its body. Because the
self-antigen is supplied continuously, the reaction is further
amplified. As a result, the immune system acts on the body’s
own tissue, causing tissue damage. For example, it is believed
that in chronic rheumatoid arthritis and multiple sclerosis,
activated T-cells specific to a self-antigen or self-MHC com-
plex cause localized inflammation by activating macroph-
ages, and may even damage tissues directly.

[0006] Known organ-specific autoimmune diseases
include Basedow’s disease and Hashimoto’s thyroiditis,
which damage the thyroid gland, juvenile-onset diabetes,
which results from destruction of the p cells of the islets of
Langerhans in the pancreas, Addison’s disease, which results
from damage to the adrenal cortex, autoimmune hemolytic
anemia, idiopathic thromobocytopenia, demyelinating
encephalitis, multiple sclerosis and the like. Known systemic
autoimmune diseases include chronic rheumatoid arthritis,
systemic lupus erythematosus (SLE), Sjogren’s syndrome,
Behcet’s disease and the like. These diseases are believed to
involve autologous antibodies or autoreactive T-cells.

[0007] An adaptive autoimmune response is induced by a
T-cell response in which specific naive T-cells and some
memory cells (hereunder, “naive T-cells and the like™) are
activated by antigen-presenting cells in the peripheral lymph
nodes where naive T-cells and the like are found. Naive
T-cells and the like are not usually activated unless they
simultaneously receive both a co-stimulatory signal and an
antigen-specific stimulatory signal from an antigen-present-
ing cell. Macrophages and B-cells also have an antigen-pre-
senting function, but it is believed that antigen presentation by
dendritic cells plays an important role in T-cell responses.
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[0008] Mature dendritic cells in the lymph nodes have a
strong activation function with respect to naive T-cells.
Mature dendritic cells in the lymph tissue have little ability to
internalize antigens by phagocytosis, but they express MHC
(major histocompatibility complex) class 1 molecules
capable of binding peptides derived from proteins synthe-
sized in the cytoplasm and MHC class ITmolecules capable of
binding peptides derived from proteins in intracellular mem-
brane-bound vesicles constitutively and at a high level. Thus,
mature dendritic cells are capable of presenting such antigen-
derived peptides. Naive T-cells in the lymph nodes receive
antigen-specific stimulatory signals from dendritic cells
through T-cell receptors (TCR), and co-stimulatory signals
through CD28. When they bind to MHC class I molecules,
naive CDS8T cells differentiate into cytotoxic T-cells and pro-
duce cellular immunity. On the other hand, naive CD4T cells
differentiate into Th1 cells, Th2 cells or Th17 cells when they
bind to MHC class I molecules. IL-17 production is charac-
teristic of Th17 cells, which are known to be involved in
autoimmune disease. Th2 cells (helper CD4T cells) produce
humoral immunity by stimulating B cell antibody production.
[0009] Allergies are caused by inflammation in response to
exogenous antigens, and onset of type IV allergies (also
called delayed allergies) is believed to involve activated
T-cells and macrophages. As in autoimmune disease, it is
believed that dendritic cells and Langerhans cells are prima-
rily responsible for the function of presenting antigens to
naive T-cells and the like.

[0010] On the other hand, immature dendritic cells, which
are normally distributed in peripheral tissue, have some of the
antigen presentation function but also have a greater antigen-
internalizing ability than mature dendritic cells. Immature
dendritic cells internalize by phagocytosis antigens from out-
side and self-antigens leaked from damaged cells. Inmature
dendritic cells are stimulated after internalizing the antigen,
and migrate from the lymph stream to localized regional
lymph nodes (sometimes referred to as “draining lymph
nodes” herein, both terms have the same meaning), and
mature into dendritic cells and acquire co-stimulatory activ-
ity. Thus, in order for dendritic cells to activate naive T-cells
in localized regional lymph nodes, stimulated dendritic cells
must escape the peripheral tissue and acquire transmigration
ability and the ability to interact with lymphoepithelial cells
while migrating to the regional lymph. The mechanism by
which dendritic cells acquire the ability to migrate to the
localized regional lymph nodes is unknown, although it has
been reported to involve the complex action of multiple mol-
ecules.

[0011] For example, expression of CC chemokine receptor
7 (CCR7), which binds to the lymph node/lymphoepithelial
cell-derived CC chemokine ligand 21 (CCL21) and also to
CCL19, has been shown to play an important role in traffick-
ing of dendritic cells from peripheral tissue to regional lymph
nodes (Non-patent Document 1). Moreover, ICAM1 has been
shown to play an important role in transmigration across the
lymphoepithelial cells (Non-patent Document 2).

[0012] On the other hand, it has been reported that non-
autoimmune T-cell immunity is reduced in vivo or in vitro
when expression of Pleaxin-A1 is suppressed with shRNA in
mouse dendritic cell line lymphoma cells (Non-patent Docu-
ment 3). Plexin-Al signal analysis in dendritic cells and
osteoclasts has also shown that Plexin-A1 forms heterorecep-
tors with Trem-2 and DAP-12 in the cells. It has also been
shown that recombinant soluble Sema6D protein stimulation
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promotes osteoclast differentiation from precursor cells and
expression of IL-12 and other inflammatory cytokines from
dendritic cells, and that while Sema6D binds to wild-type
dendritic cells, it hardly binds to dendritic cells from Plexin-
A1l deficient mice. It has been reported that T-cell immune
responses are much weaker in Plexin-Al deficient mice,
which spontaneously develop osteopetrosis caused by abnor-
mal osteoclast differentiation (Non-patent Document 4).
Plexin-Al inhibition with shRNA in mouse dendritic cells
has shown that Plexin-A1 controls actin framework localiza-
tion in the immune synapses of dendritic cells and T-cells via
activation of signal transduction factor Rho (Non-patent
Document 5).
[0013] Plexin-Al is reported to act as a receptor that exer-
cises various functions by binding with a variety of co-recep-
tors, and to form receptors with VEGF receptor and OFF-
Track during heart morphogenesis in chickens, and to act as a
nerve repulsion factor by forming a Type 3 Semaphorin
receptor together with NP-1, and also to affect axon guidance
and cardiac organ formation by acting as a receptor for the
Type 6 Semaphorins Sema6C and Sema6D.
[0014] The reference documents cited in the specification
are as follows. The entire content described in these docu-
ments is incorporated herein by reference. None of these
documents is admitted to constitute prior art with respect to
the present invention.
[0015] [Non-patent Document 1] L. Ohl et al., Inmunity
21,279 (2004)
[0016] [Non-patent Document 2] L. A. Johnson et al., I.
Exp. Med. 203, 2763 (2006)
[0017] [Non-patent Document 3] A. W. Wong et al., Nat.
Immunol 4, 891 (2003)
[0018] [Non-patent Document 4] N. Takegahara et al., Nat.
Cell. Biol. 8, 615 (2006)
[0019] [Non-patent Document 5] Eun SY etal., J. Immunol
1774271 (2006)

DISCLOSURE OF THE INVENTION

[0020] In light of the circumstances described above, it is
an object of the present invention to provide a therapeutic
agent for treating autoimmune diseases or allergic diseases in
patients who have observed symptoms of autoimmune dis-
eases or allergies.

[0021] The inventors has now discovered that Plexin-Al,
which is a principal receptor for Class 111 and Class VI Sema-
phorins, plays an important role in trafficking of dendritic
cells to the lymph nodes, and in antigen-specific T-cell
responses. Also discovered is that expression of Sema3A,
rather than Sema6C or Sema6D, is required for migration of
dendritic cells as they pass through the endothelial cells of the
lymph channels, and Sema3 A was found to stimulate myosin-
1T activity and induce actomyosin contraction. Based on these
findings, the inventors found that an inhibitor that inhibits
binding between Sema3 A and an NP-1/Plexin-Al heterore-
ceptor expressed in dendritic cells suppresses migration of
dendritic cells to regional lymph nodes, thereby controlling
T-cell activation in the regional lymph nodes. The inventors
also discovered that the inhibitor of the present invention
cures or prevents autoimmune diseases and allergic diseases
such as contact dermatitis. The inventors further discovered
that inhibition of binding between Sema3A and a NP-1/
Plexin-A1 heteroreceptor expressed in dendritic cells can be
used as a marker to screen for therapeutic agents for autoim-
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mune diseases, allergic diseases such as contact dermatitis,
and other cellular immune diseases.

[0022] The present invention provides the following:
[0023] [1] A therapeutic agent for treating a cellular
immune disease, comprising as an active ingredient a sub-
stance that inhibits binding between a Neuropilin-1/Plexin-
A1 heteroreceptor and Sema3A,

[0024] [2] The therapeutic agent according to [1], wherein
the substance is a Sema3 A neutralizing antibody,

[0025] [3] The therapeutic agent according to [1], wherein
the neutralizing antibody is an antibody that binds to a peptide
having the sequence of amino acids Nos. 363 to 381 in SEQ
ID No: 1,

[0026] [4] The therapeutic agent according to [3], wherein

the sequence of the peptide is
NYQWVPYQGRVPYPRPGTC,
[0027] [5] The therapeutic agent according to [1], wherein

the substance is a Neuropilin-1 neutralizing antibody,
[0028] [6] The therapeutic agent according to [5], wherein
the neutralizing antibody is an antibody that binds to a peptide
having the sequence of amino acids Nos. 265 to 857 in SEQ
ID No: 2,

[0029] [7] The therapeutic agent according to any of [2] to
[6], wherein the neutralizing antibody is a polyclonal anti-
body,

[0030] [8] The therapeutic agent according to any of [2] to
[6], wherein the neutralizing antibody is a monoclonal anti-
body,

[0031] [9] The therapeutic agent according to [1], wherein
the substance is soluble Neuropilin-1,

[0032] [10] Thetherapeutic agentaccording to [9], wherein
the soluble Neuropilin-1 is:

[0033] (1)apolypeptide comprising amino acids Nos. 23
to 589 in SEQ ID NO: 2,

[0034] (2)apolypeptide comprising amino acids Nos. 23
to 857 in SEQ ID NO: 2,

[0035] (3)apolypeptide that has an amino acid sequence
comprising one or more amino acid deletions, additions
or substitutions in the amino acid sequence of the
polypeptide of (1) or (2), while retaining Plexin-Al-
Sema3 A binding activity,

[0036] (4) a polypeptide encoded by a polynucleotide
that hybridizes under high stringent conditions with a
polynucleotide sequence coding for the polypeptide of
(1)or(2), and having Plexin-A1-Sema3 A binding activ-
ity, and

[0037] (5) a polypeptide that is coded by a polynucle-
otide that hybridizes under high stringent conditions
with the polynucleotide sequence represented by SEQ
ID NO: 5, and has Plexin-Al-Sema3A binding activity,

[0038] [11] Thetherapeutic agentaccording to [1], wherein
the substance is a soluble Neuropilin-1 derivative,

[0039] [12] Thetherapeutic agentaccording to [ 1], wherein
the soluble Neuropilin-1 derivative is a fused polypeptide
between Fc and the soluble Neuropilin-1 according to [10],
[0040] [13] The therapeutic agent according to [12],
wherein the Fc comprises a polypeptide of an amino acid
sequence according to any of SEQ ID NOS: 7, 8, 9 and 10,
[0041] [14] Thetherapeutic agentaccording to [ 1], wherein
the soluble Neuropilin-1 derivative is a polypeptide compris-
ing a polyethylene glycol (PEG) chain added to the soluble
Neuropilin-1 according to [10],
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[0042] [15] The therapeutic agent according to [1] to [14],
wherein the cellular immune disease is an autoimmune dis-
ease,

[0043] [16] The therapeutic agent according to [15],
wherein the autoimmune disease is an organ-specific autoim-
mune disease,

[0044] [17] The therapeutic agent according to [16],
wherein the organ-specific autoimmune disease is anemia
(aplastic anemia, hemolytic anemia, autoimmune hemolytic
anemia, idiopathic thrombocytopenia), autoimmune hepati-
tis, iridocyclitis, scleritis, uveitis, orchitis, idiopathic throm-
bocytopenia purpura, Basedow’s disease, Hashimoto’s thy-
roiditis, juvenile-onset diabetes, inflammatory bowel disease,
Addison’s disease, demyelinating encephalitis or multiple
sclerosis,

[0045] [18] The therapeutic agent according to [15],
wherein the autoimmune disease is a systemic autoimmune
disease,

[0046] [19] The therapeutic agent according to [18],
wherein the systemic autoimmune disease is atopic dermati-
tis, chronic rheumatoid arthritis or other arthritis, systemic
lupus erythematosus, Sjogren’s syndrome, undifferentiated
connective tissue disease, antiphospholipid syndrome, vari-
ous forms of vasculitis (polyarteritis nodosa, allergic granu-
lomatosis and angitis), Wegener’s granulomatosis, Kawasaki
disease, hypersensitive angitis, Henoch-Schonlein purpurea,
Behcet’s disease, Takayasu’s arteritis, giant cell arteritis,
thromboangitis obliterans, polymyalgia rheumatica, essential
(mixed) cryoglobulinemia, psoriasis, psoriasis vulgaris and
psoriatic arthritis, diffuse fascitis with or without eosino-
philia, recurrent panniculitis, recurrent polychondritis, lym-
phomatoid granulomatosis, erythema nodosum, ankylosing
spondylitis, Reiter’s syndrome, or various forms of inflam-
matory dermatitis,

[0047] [20] The therapeutic agent according to [1] to [14],
wherein the cellular immune disease is a delayed-type aller-
gic disease,

[0048] [21] The therapeutic agent according to [20],
wherein the delayed-type allergic disease is contact dermati-
tis, metal dermatitis, allergic contact dermatitis, Sjogren’s
syndrome, infectious allergy, drug-induced pneumonia or
Guillan-Barre syndrome,

[0049] [22] A method for screening a therapeutic agent for
treating a cellular immune disease comprising the steps (a),
(b) and (c):
[0050] (a) bringing a Sema3A polypeptide into contact
with a polypeptide having a Neuropilin-1 extracellular
domain in the presence of a test substance;

[0051] (b) measuring a signal produced by the interac-
tion between the Sema3 A polypeptide and the polypep-
tide having a Neuropilin-1 extracellular domain in the
presence of the test substance, and comparing the same
with a signal (control) produced by the interaction
between the Sema3A polypeptide and the polypeptide
having a Neuropilin-1 extracellular domain in the
absence of the test substance; and

[0052] (c) selecting a test substance that reduces the sig-
nal in comparison with the control based on the com-
parative results obtained in the step (b),

[0053] [23] A method for screening a therapeutic agent for
treating a cellular immune disease comprising the steps (a),

(b) and (c):
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[0054] (a) bringing a Sema3 A polypeptide into contact
with eukaryotic cells expressing Neuropilin-1 and
Plexin-A1l in the presence of a test substance;

[0055] (b) measuring a signal produced by the interac-
tion between the Sema3A polypeptide and the eukary-
otic cells expressing Neuropilin-1 and Plexin-A1 in the
presence of the test substance, and comparing the same
with a signal (control) produced by the interaction
between the Sema3A polypeptide and the eukaryotic
cells expressing Neuropilin-1 and Plexin-Al in the
absence of the test substance; and

[0056] (c) selecting a test substance that reduces the sig-
nal in comparison with the control based on the com-
parative results obtained in the step (b),

[0057] [24] The methodaccording to [23], wherein the cells
are dendritic cells,

[0058] [25] The method according to [23] or [24], wherein
the dendritic cells are cells fractionated and induced from
peripheral blood,

[0059] [26] The method according to [23] or [24], wherein
the dendritic cells are cells of a cell line,

[0060] [27] The method according to [23] to [26], wherein
the signal is activation of Rho kinase,

[0061] [28] The method according to [23] to [26], wherein
the signal is phosphorylation of myosin-II,

[0062] [29] A method according to [23] to [26], wherein the
signal is actomyosin contraction,

[0063] [30] A method according to [24] to [26], wherein the
signal is transmigration of the dendritic cells,

[0064] [31] A method for inhibiting activation of Rho
kinase in dendritic cells expressing Neuropilin-1 and Plexin-
Al, comprising inhibiting binding between Sema3A and
Neuropilin-1 expressed on the surface of human dendritic
cells,

[0065] [32] A method for inhibiting phosphorylation of
myosin-II in dendritic cells expressing Neuropilin-1 and
Plexin-A1, comprising inhibiting binding between Sema3A
and Neuropilin-1 expressed on the surface of human dendritic
cells,

[0066] [33] A method for inhibiting actomyosin contrac-
tion in dendritic cells expressing Neuropilin-1 and Plexin-Al,
comprising inhibiting binding between Sema3A and Neuro-
pilin-1 expressed on the surface of human dendritic cells.
[0067] In another aspect, the present invention provides a
method for treating cellular immune diseases by administer-
ing a substance that inhibits binding between Sema3A and a
Neuropilin-1/Plexin-A1l heteroreceptor. Preferably, the sub-
stance 1s selected from the group consisting of a Sema3A
neutralizing antibody, a Neuropilin-1 neutralizing antibody,
soluble Neuropilin-1 and a soluble Neuropilin-1 derivative.
Examples of cellular immune diseases that can be treated by
the method of the present invention include anemia (aplastic
anemia, hemolytic anemia, autoimmune hemolytic anemia,
idiopathic thrombocytopenia), autoimmune hepatitis, iri-
docyclitis, scleritis, uveitis, orchitis, idiopathic thrombocy-
topenia purpura, Basedow’s disease, Hashimoto’s thyroidi-
tis, juvenile-onset diabetes, inflammatory bowel disease,
Addison’s disease, demyelinating encephalitis, multiple scle-
rosis, atopic dermatitis, chronic rheumatoid arthritis or other
arthritis, systemic lupus erythematosus, Sjogren’s syndrome,
undifferentiated connective tissue disease, antiphospholipid
syndrome, various forms of vasculitis (polyarteritis nodosa,
allergic granulomatosis and angitis), Wegener’s granuloma-
tosis, Kawasaki disease, hypersensitive angitis, Henoch-
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Schonlein purpurea, Behcet’s disease, Takayasu’s arteritis,
giant cell arteritis, thromboangitis obliterans, polymyalgia
rheumatica, essential (mixed) cryoglobulinemia, psoriasis,
psoriasis vulgaris and psoriatic arthritis, diffuse fascitis with
or without eosinophilia, recurrent panniculitis, recurrent
polychondritis, lymphomatoid granulomatosis, erythema
nodosum, ankylosing spondylitis, Reiter’s syndrome, various
forms of inflammatory dermatitis, contact dermatitis, metal
dermatitis, allergic contact dermatitis, Sjogren’s syndrome,
infectious allergy, drug-induced pneumonia and Guillan-
Barre syndrome.

[0068] In another aspect, the present invention provides an
inhibitor of binding between Sema3A and a Neuropilin-1/
Plexin-A1 heteroreceptor, for use as a therapeutic agent for
treating a cellular immune disease. Preferably, the substance
is selected from the group consisting of a Sema3 A neutraliz-
ing antibody, a Neuropilin-1 neutralizing antibody, soluble
Neuropilin-1 and a soluble Neuropilin-1 derivative.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] FIG. 1 shows the involvement of Plexin-Al in den-
dritic cell trafficking.

[0070] FIG. 2 shows a decrease in the ability of Plexin-
A1~ dendritic cells to pass through lymph channels.

[0071] FIG. 3 shows the involvement of Sema3A-NP-1-
Plexin-Al interaction in dendritic cell trafficking.

[0072] FIG. 4 shows induction of MLC phosphorylation
and promotion of actomyosin contractions by Sema3A.
[0073] FIG. 5 shows a decrease in antigen-specific T-cell
stimulation in Plexin-A1~"~ mice.

[0074] FIG. 6 shows FITC-dextran uptake and response to
chemokines in Plexin-A17~"~ dendritic cells.

[0075] FIG. 7 shows decreased activity of dendritic cells
passing through an endothelial cell monolayer in Plexin-
A17"~ dendritic cells.

[0076] FIG. 8 shows expression profiles for Plexin-Al and
related molecules in dendritic cells and lymphatic endothelial
cells.

[0077] FIG. 9 shows a preparation procedure for
Sema6D~'~ mice.

[0078] FIG. 10 shows induction of myosin light chain phos-
phorylation by Sema3A.

[0079] FIG. 11 shows adhesion activity and secretion of
TNFa and pro-MMP9 of dendritic cells.

[0080] FIG. 12 shows the migration capability of dendritic
cells from Plexin-Alknockout mice.

PREFERRED EMBODIMENT OF THE
INVENTION

[0081] The following definitions are provided to facilitate
understanding of the present invention as explained in the
description.

[0082] Theterm “antibody” or “antibody peptide” means a
full-length antibody (sometimes referred to as a “full-length
immunoglobulin” herein) or a binding fragment thereof that
competes with the full-length antibody in terms of specific
binding, and includes chimera antibodies, humanized anti-
bodies and complete human antibodies. In a specific embodi-
ment, a binding fragment is prepared by recombinant DNA
techniques. In another embodiment, a binding fragment is
prepared by enzymatic cleavage or chemical cleavage of a
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full-length antibody. Binding fragments include, but are not
limited to, Fab, Fab', F(ab")2 and Fv fragments and single-
chain antibodies.

[0083] The term “isolated antibody” means an antibody
that has been identified and isolated and/or collected from
components of its natural environment. Contaminating com-
ponents of the natural environment are materials that are
believed to interfere with the diagnostic and therapeutic use
of the antibody, and may include enzymes, hormones, and
other proteinaceous or non-proteinaceous soluble materials.
In a preferred embodiment, the antibody is purified (1) until
the purity exceeds 95 wt % or more, preferably 99 wt % of the
antibody, as determined by the Lowry method, (2) sufficiently
for determination of at least 15 amino acid residues of the
N-terminal or internal amino acid sequence using a spinning
cup sequencer, or (3) until it is homogenous according to
SDS-PAGE under reducing or non-reducing conditions using
Coomassie blue or preferably a silver stain. Isolated antibod-
ies include in situ antibodies inside recombinant cells, where
itisbelieved that at least one kind of component of the natural
environment of the antibody is not present. Isolated antibod-
ies are typically prepared with at least one purification stage.

[0084] As used herein, a “variant” anti-NP-1 receptor anti-
body or “variant” anti-Sema3A antibody is a molecule that
has an amino acid sequence that differs from that of the parent
anti-Neuropilin-1 receptor antibody or parent anti-Sema3A
rector antibody by the addition, deletion and/or substitution
of one or more amino acid residues in the “parent” antibody
sequence. In a preferred embodiment, a variant comprises one
or more amino acid substitutions in one or more hypervari-
able regions of the parent antibody. For example, a variant
may comprise at least one substitution, such as about 1 to 10
or preferably about 2 to 5 substitutions, in one or more hyper-
variable regions of the parent antibody. Typically, a variant
has an amino acid sequence having at least 75%, or preferably
at least 80%, or more preferably at least 85%, or still more
preferably at least 90%, or most preferably at least 95%
amino acid sequence identity with a heavy chain variable
domain sequence or light chain variable domain sequence of
the parent antibody. As used herein, the identity or homology
of the amino acid sequences is defined as the percentage of
amino acid residues in a candidate sequence which are iden-
tical to residues of the parent antibody, as determined by
aligning the sequences with inserting gaps as necessary in
order to achieve the maximum percent sequence homology.
N-terminal, C-terminal or internal elongations, deletions or
insertions in the antibody sequence are not considered to
affect the identity or homology of the sequence. A variant
maintains the ability to bind to a Neuropilin-1 receptor or
Sema3 A receptor, while preferably having properties supe-
rior to those of the parent antibody. For example, a variant
may have stronger binding affinity and an enhanced ability to
inhibit immune cell stimulation induced by a Neuropilin-1
receptor or Sema3 A receptor. Of particular interest are vari-
antantibodies that exhibit at least about 10 times or preferably
at least about 20 times or more preferably at least about 50
times the biological activity of the parent antibody.

[0085] The term “parent antibody” as used herein means an
antibody having an amino acid sequence that is used in pre-
paring a variant. Preferably, a parent antibody has a human
framework region, and also has a human antibody constant
region if exists. For example, a parent antibody may be a
humanized antibody or a complete human antibody.
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[0086] The term “receptor” is used herein to indicate a
cell-associated protein that binds to a bioactive molecule
(“ligand”) and mediates the action of the ligand on the cell, or
a polypeptide subunit of such a protein. The term “receptor
polypeptide” is used to indicate complete receptor polypep-
tide chains comprising isolated functional domains (such as
ligand binding domains), and parts of such chains.

[0087] The term “modulator” means any compound that
modulates the activity, activation or function of a target mol-
ecule, including proteins, polypeptides, peptides, antibodies,
antibody fragments, large molecules and small molecules
(less than 10kD). For example, when expressed in or brought
into contact with dendritic cells, a NP-1 function modulator,
NP-1/Pleaxin-Al heterodimer receptor function modulator
or Sema3 A function modulator will modulate the function of
NP-1, a NP-1/Pleaxin-A1 heterodimer receptor or Sema3A,
respectively, with respect to dendritic cells.

[0088] The term “antagonist” means any compound that
reduces the activity, activation or function of a target mol-
ecule, including proteins, polypeptides, peptides, antibodies,
antibody fragments, large molecules and small molecules
(less than 10kD). For example, when expressed in or brought
into contact with dendritic cells, a NP-1 antagonist, NP-1/
Pleaxin-A1 heterodimer receptor antagonist or Sema3A
antagonist will cause a reduction in the function of NP-1, the
NP-1/Pleaxin-A1l heterodimer receptor or Sema3A, respec-
tively, with respect to dendritic cells. Specific examples of the
function include inhibition of Rho kinase activation in den-
dritic cells, inhibition of myosin-II phosphorylation in den-
dritic cells, inhibition of actomyosin expansion and contrac-
tion in dendritic cells, and inhibition of dendritic cell
transmigration and the like.

[0089] The term ‘“agonist” means any compound that
enhances the activity, activation or function of a target mol-
ecule, including proteins, polypeptides, peptides, antibodies,
antibody fragments, large molecules and small molecules
(less than 10kD). For example, when expressed in or brought
into contact with dendritic cells, a NP-1 agonist, NP-1/Ple-
axin-Al heterodimer receptor agonist or Sema3A agonist
will cause an increase in the function of NP-1, a NP-1/Ple-
axin-Al heterodimer receptor or Sema3A, respectively, with
respect to dendritic cells.

[0090] The term “a chimeric antibody” or “chimeric anti-
bodies” means an antibody or antibodies in which genes
coding for the light chain and heavy chain are constructed,
typically by genetic engineering methods, from an immuno-
globulin variable region gene and constant region gene
derived from different species. For example, variable seg-
ments of genes from mouse monoclonal antibodies may be
linked to y1, y3 and other human constant segments to obtain
chimera antibodies. Thus, a typical therapeutic chimera anti-
body is a hybrid protein constructed from a mouse antibody-
derived variable region or antigen-binding domain and a
human antibody-derived constant region, but other mamma-
lian species can also be used.

[0091] The term “epitope” includes any protein determi-
nant capable of binding specifically to an immunoglobulin or
T-cell receptor. An epitope determinant typically consists of
amino acids, sugar side chains or other chemically active
surface groups of a molecule, and generally has specific
three-dimensional structural characteristics and specific
charge characteristics. More specifically, the term “NP-1
epitope”, “NP-1/Pleaxin-Al heterodimer receptor epitope”
or “Sema3 A epitope” as used herein refers to a part of a NP-1
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polypeptide, NP-1/Plexin-Al heterodimer receptor or
Sema3 A polypeptide that has antigenic activity or immuno-
genic activity in animals, preferably in mammals, and more
preferably in mice or humans. An epitope having immuno-
genic activity is a part of a NP-1 polypeptide, NP-1/Pleaxin-
Al heterodimer receptor or Sema3 A polypeptide that induces
an immune response in an animal. An epitope having anti-
genic activity is a part of a NP-1 polypeptide, NP-1/Pleaxin-
A1 heterodimer receptor or Sema3A polypeptide to which an
antibody binds immunospecifically as determined by immu-
noassay, using any method well known in the art. An antigen
epitope may not necessarily be immunogenic.

[0092] As used herein, “epitope tagged” refers to an anti-
NP-1 antibody, anti-NP-1/Pleaxin-A1 heterodimer receptor
antibody or anti-Sema3A antibody fused with an “epitope
tag”. An epitope tag polypeptide has enough residues to pro-
vide an epitope capable of inducing antibody production, but
is sufficiently short so that it does not inhibit the activity ofthe
anti-NP-1 antibody, anti-NP-1/Pleaxin-Al heterodimer
receptor antibody or anti-Sema3 A antibody. An epitope tag is
preferably highly specific, meaning that an antibody to the
epitope does not effectively cross-react with other epitopes. A
suitable tag polypeptide generally has at least 6 amino acid
residues, and typically has between about 8 to 50 (preferably
about 9 to 30) amino acid residues. Examples include the flu
HA tag polypeptide and its antibody 12CAS (Field et al., Mol.
Cell. Biol. (1988) 8, 2159-2165), the c-myc tag and the 8F9
antibody, 3C7 antibody, 6E10 antibody, G4 antibody, B7
antibody and 9E10 antibody to the tag (Evan et al., Mol. Cell.
Biol. (1985) 5(12), 3610-3616, 1985), and the Herpes Sim-
plex virus glycoprotein D (gD) tag and its antibody (Paborsky
etal., Protein Engineering (1990) 3(6), 547-553). In a specific
embodiment, an epitope tag is a “salvage receptor binding
epitope”. The term “salvage receptor binding epitope” as
used herein refers to an epitope of the Fc region of an 1gG
molecule (such as IgG1, 1gG2, IgG3 or [gG4) that is respon-
sible for increasing the in vivo serum half-life of the IgG
molecule.

[0093] Theterm “fragment” as used herein means a peptide
or polypeptide comprising an amino acid sequence of at least
5 continuous amino acid residues, at least 10 continuous
amino acid residues, at least 15 continuous amino acid resi-
dues, at least 20 continuous amino acid residues, at least 25
continuous amino acid residues, at least 40 continuous amino
acid residues, at least 50 continuous amino acid residues, at
least 60 continuous amino acid residues, at least 70 continu-
ous amino acid residues, at least 80 continuous amino acid
residues, at least 90 continuous amino acid residues, at least
100 continuous amino acid residues, at least 125 continuous
amino acid residues or at least 150 continuous amino acid
residues of the amino acid sequence of a NP-1 or Sema3A
polypeptide or the amino acid sequence of an antibody that
binds immunospecifically to a NP-1 or Sema3 A polypeptide.

[0094] Asusedherein, theterm “immunoglobulin” means a
protein consisting of one or more polypeptides substantially
encoded by an immunoglobulin gene. One form of immuno-
globulin constitutes the basic structural units of an antibody.
This form is a tetramer, consisting of two identical pairs of
immunoglobulin chains having one light chain and one heavy
chain in each pair. In each pair, the variable regions of the light
and heavy chains are together responsible for binding to the
antigen, while the constant regions are responsible for anti-
body effector functions.
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[0095] 1In the “light chain” (about 25 Kd or 214 amino
acids) of a full-length immunoglobulin, the NH2 terminal is
encoded by a variable region gene (about 110 amino acids),
while the COOH terminal is encoded by the « or A constant
region gene. Similarly, the “heavy chain” (about 50 Kd or 446
amino acids) of a full-length immunoglobulin is encoded by
avariable region gene (about 116 amino acids) and one of the
other constant region genes described above (about 330
amino acids). Heavy chains are classified as y, i, o, dore, and
the antibody isotype of each is defined as IgG, IgM, IgA, 1gD
and IgE, respectively. Within the light and heavy chains, the
variable and constant regions are linked by “J” regions con-
sisting of about 12 or more amino acids, and the heavy chain
comprises a “D” region consisting of about 10 or more amino
acids (for general reference, see Fundamental Immunology
Chapter 7, Paul, W. Ed., 2nd Edition, Raven Press, NY, 1989).

[0096] The variable region of the light chain or heavy chain
of an immunoglobulin consists of a “framework” region of
three interposed hypervariable regions. Thus, the term
“hypervariable region” means a region of amino acid residues
of an antibody responsible for antigen binding. A hypervari-
able region contains amino acid residues derived from a
“complementarity-determining region” or “CDR” (that is,
residues 24 to 34 (CDRL1), 50 to 56 (CDRL2) and 89 to 97
(CDRL3) in the light chain variable domain and residues 31
to 35 (CDRHL1), 50 to 65 (CDRH2) and 95 to 102 (H3) in the
heavy chain variable domain) (Kabat et al., Sequences of
Proteins of Immunological Interest, Sth Edition, Public
Health Service, National Institutes of Health, Bethesda, Md.
(1991)), and/or residues derived from a “hypervariable loop”
(that is residues 26 to 32 (CDR'L1), 50to 52 (CDR L2) and
91 to 96 (CDR' L3) in the light-chain variable domain and
residues 261032 (CDR'H1), 5310 55 (CDR'H2) and 96 to 101
(CDR'H3) in the heavy-chain variable domain) (Chothia and
Lesk, J. Mol. Biol. (1987) 196, 901-917). A “framework
region” or “FR” residue is a variable domain residue other
than a hypervariable region residue as defined herein. The
sequences of the framework regions of different light chains
or heavy chains are relatively conserved within species. Thus,
a “human framework region” is a framework region that is
substantially (about 85% or more, or typically 90% to 95% or
more) identical to the framework region of a natural human
immunoglobulin. The framework region of an antibody is a
framework region combining a light chain and a heavy chain
that are components of the immunoglobulin, and is useful in
placing and arranging the CDRs. The CDRs are mainly
responsible for binding the antigen to the epitope.

[0097] The term “humanized” immunoglobulin means
immunoglobulin comprising a human framework region and
oneor more CDRs derived from non-human (typically mouse
or rat) immunoglobulin. The non-human immunoglobulin
providing the CDR 1is called a “donor”, while the human
immunoglobulin providing the framework is called an
“acceptor”. A constant region is not essential, but when
present it must be substantially identical, or in other words at
least about 85% to 90% or preferably about 95% or more
identical to a human immunoglobulin constant region. Thus,
in all the parts of the humanized immunoglobulin, possibly
except for the CDRs, are substantially identical to the por-
tions corresponding to a natural human immunoglobulin
sequence. A “humanized antibody” is an antibody compris-
ing humanized light-chain immunoglobulin and humanized
heavy-chain immunoglobulin. For example, it is believed that
humanized antibodies do not encompass typical chimera anti-
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bodies as defined above because the entire variable region of
a chimera antibody is from non-human.

[0098] As used herein, theterm “human antibody” includes
antibodies having human immunoglobulin amino acid
sequences, and antibodies that have been isolated either from
human immunoglobulin libraries or from animals that are
transgenic with respect to one or more human immunoglobu-
lin species and do no express endogenous immunoglobulin,
as explained by, for example, Kucherlapati in U.S. Pat. No.
5,939.598.

[0099] Theterm “genetically modified antibody” means an
antibody the amino acid sequence of which has been altered
from the sequence of the native antibody. Because antibody
preparation involves recombinant DNA technology, the
amino acid sequence need not be the same as those found in
natural antibodies. An antibody can be re-designed to obtain
desired characteristics. Various mutations will be available,
for example, by changing one or a few amino acids or by
completely re-designing the variable region or constant
region. Changes in the constant region are generally made
with the aim of improving or modifying complement binding,
interactions with membranes, other effector functions and
other characteristics. Also various modifications can be
implemented as necessary, as discussed below, including
modifications that decrease binding of an IgGl antibody
against a Fcy receptor (WO 99/58572), modifications that
lower the isoelectric point of an IgG1 antibody and increase
retention in blood, modifications that lower its immunogenic-
ity, and modifications that increase binding with FcRn (WO
2009072604), or modification that reduce the heterogeneity
of an IgGG2 antibody, modifications that reduce its immuno-
genicity, and modifications that increase its stability under
acidic conditions, or techniques that reduce the heterogeneity
of an IgG4 antibody, modifications that reduce its binding to
a Fey receptor, and modifications that increase its stability
under acidic conditions (see WO 2009041613). Changes in
the variable region are made in order to improve the antigen
binding properties.

[0100] In addition to antibodies, immunoglobulins can
exist in a variety of other forms (see Hood et al., “Immunol-
ogy”, Benjamin, N.Y., 2nd Edition (1984) and Hunkapiller
and Hood, Nature (1986), 323, 15-16), including single
chains or Fv, Fab and (Fab'), fragments, diabodies, linear
antibodies, and polyvalent or polyspecific hybrid antibodies
(see above and in detail in Lanzavecchia et al., Eur. J. Immu-
nol. (1987) 17, 105), and as single chains (see for example
Huston et al., Proc. Natl. Acad. Sci. USA (1988) 85, 5879-
5883 and Bird et al., Science (1988) 242, 423-426).

[0101] As used herein, the term “single-chain Fv”, “single-
chain antibody”, “Fv” or “scFv” means an antibody fragment
that comprises variable regions derived from both heavy and
light chains in a single polypeptide chain, but lacks a constant
region. In general, a single-chain antibody also comprises a
polypeptide linker between the VH domain and VL domain,
allowing the formation of a desired structure that is required
for antigen binding. Single-chain antibodies are discussed in
detail by Pluckthun in The Pharmacology of Monoclonal
Antibodies, Vol. 113, Rosenburg and Moore, Eds., Springer-
Verlag, New York, pp. 269-315 (1994). Also see WO
88/01649 and U.S. Pat. Nos. 4,946,778 and 5,260,203. In a
specific embodiment, a single-chain antibody may also be a
dual-specific and/or a humanized one.

[0102] A “Fab fragment” is composed of the CH1 and
variable regions of one heavy chain and one light chain. The
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heavy chain of a Fab molecule cannot form disulfide bonds
with another heavy chain molecule.

[0103] A “Fab" fragment” comprises one light chain
together with one heavy chain that includes a longer constant
region placed between the CH1 domain and the CH2 domain
so that an interchain disulfide bond can be formed between
two heavy chains, allowing the formation of a F(ab')2 mol-
ecule.

[0104] A “F(ab")2 fragment” comprises two light chains
together with two heavy chains each including part of the
constant region placed between the CH1 domain and the CH2
domain so that an interchain disulfide bond can be formed
between the heavy chains.

[0105] The term “diabody” means a small antibody frag-
ment having two antigen binding sites, and the fragment
comprises a heavy-chain variable domain (VH) connected to
a light-chain variable domain (VL) in the same polypeptide
chain (VH-VL). Using a linker that is too short to allow
pairing between the two domains on the same chain forces
these domains to pair with the complementary domains of
another chain, and to create two antigen-binding sites. Dia-
bodies are explained in detail in, for example, EP 404,097,
WO 93/11161, and Hollinger et al., Proc. Natl. Acad. Sci.
USA (1993) 90, 6444-6448.

[0106] The term “linear antibody” means an antibody
explained in Zapata et al., Protein Eng. (1995) 8(10), 1057-
1062. Briefly, such an antibody comprises a pairof tandem Fd
segments (VH-CH1-VH-CH1) that form a pair of antigen-
binding domains. A linear antibody may be bispecific or
monospecific.

[0107] As used herein, an “immunologically functional
immunoglobulin fragment” is a polypeptide fragment com-
prising at least the variable domains of the immunoglobulin
heavy and light chains. An immunologically functional
immunoglobulin fragment of the present invention is capable
of binding to a ligand, preventing binding of the ligand 1o a
receptor, blocking a biological reaction caused by binding of
aligand to a receptor, or any combination thereof. Preferably,
an immunologically functional immunoglobulin fragment of
the present invention binds specifically to NP-1, a NP-1/
Plexin-Al heterodimer receptor or Sema3A.

[0108] As used herein, the term “monoclonal antibody” is
not limited to those antibodies prepared by hybridoma tech-
nology. The term “monoclonal antibody” means an antibody
derived from a single clone, including any eukaryotic clone,
prokaryotic clone or phage clone, without regard for its
preparation method.

[0109] The present invention also encompasses a geneti-
cally modified antibody that is functionally equivalent to the
aforementioned antibodies. A modified antibody that pro-
vides improved stability and/or therapeutic effectiveness is
preferred. Examples of modified antibodies include those
having conservative substitutions in amino acid residues and
one or more amino acid deletions or additions that do not
seriously detract from the effectiveness of antigen binding. As
long as its therapeutic utility is maintained, substitutions may
range from changes or modifications to one or more amino
acid residues to a complete re-design of a region. The anti-
body of the present invention may be modified after transla-
tion (by acetylation and phosphorylated for example), or may
be synthetically modified (for example by coupling with a
marker group).

[0110] Genetically modified antibodies include chimera
antibodies derived from anti-NP-1 antibodies, anti-NP-1/

Nov. 27,2014

Plexin-A1 heterodimer receptor antibodies or anti-Sema3 A
antibodies. Preferably, a chimera antibody comprises a vari-
able region from a rat or mouse and a constant region from a
human, and thus has a longer half-life and less immunoge-
nicity when administered to a human subject. Methods of
preparing chimera antibodies are known in the art. Desired
chimera antibodies can be formed by linking the variable
regions of these antibodies to constant regions of human IgG.

[0111] Preferably, the genetically modified anti-NP-1 anti-
bodies, anti-NP-1/Plexin-A1 heterodimer receptor antibodies
or anti-Sema3A antibodies used in the present invention
include the humanized forms of antibodies explained herein.
In a specific embodiment, a humanized antibody comprises a
mouse donor immunoglobulin CDR and the heavy chain and
light chain frameworks of human acceptor immunoglobulin.
Methods for preparing humanized antibodies are disclosed in
U.S. Pat. Nos. 5,301,101, 5,585,089, 5,693,762 and 6,180,
370. Next, the CDRs of these antibodies can be grafted onto
any human frameworks known in the art to prepare a desired
humanized antibody.

[0112] The antibody of the present invention can be
described or specified in terms of epitopes or parts of the
polypeptides that they specifically recognize or bind to. As
discussed herein, an epitope or polypeptide part can be speci-
fied by its N-terminal position and C-terminal position, or by
the size of the continuous amino acid residues. The antibody
of the present invention can also be described or specified in
terms ofits cross-reactivity. Antibodies that do not bind to any
other analog, ortholog or homolog of the polypeptide of the
present invention are also included.

[0113] Epitope binning means the use of a competitive
binding assay method to identify pairs of antibodies that
either can or cannot bind simultaneously to a NP-1 receptor
polypeptide, NP-1/Plexin-Al heterodimer receptor or
Sema3A polypeptide, and thereby identify antibodies that
bind to the same epitope or to epitopes ina common part of the
polypeptide or receptor. Next, a family (or bin) of antibodies
having the same binding specificity can be used to define
specific epitopes on the NP-1 receptor polypeptide, NP-1/
Plexin-A1 heterodimer receptor or Sema3A polypeptide.
Epitope binning test provides proof of the existence of
epitopes with different antigenicities. However, the test itself
cannot identify a specific amino acid sequence or position on
the NP-1 receptor polypeptide, NP-1/Plexin-A1 heterodimer
receptor or Sema3 A polypeptide, or “locate” the epitope on
the sequence.

[0114] Competition in the binding can be evaluated for any
pair of antibodies or fragments. For example, a detection
reagent can be used to compare the binding specificity of an
antibody or binding fragment from any species or source with
the binding specificity of a monoclonal antibody disclosed
herein. Epitope binning can be performed using an “isolated
antibody” or cell culture supernatant. Binning is often per-
formed using the initial clone supernatant in order to aid
selection of clones for further development. The antibodies
being compared should have antigen-binding domains from
substantially the same species.

[0115] Thepresentinvention features both a NP-1 receptor-
specific antibody and a Sema3A ligand-specific antibody. In
addition to identifying competitive antibody binding, epitope
binning can be used to identify antibodies against either
ligands or receptors that competitively block binning of
ligands and their receptors, and substances that inhibit their
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binding. A useful characteristic of an antibody family (or bin)
can often be associated with binding to a specific epitope
defined by epitope binning.

[0116] Although a competitive binding test does not
directly measure binding affinity, the tested antibodies must
bind sufficiently strongly to function as competitors. In gen-
eral, the test conditions are designed to minimize the effects
of differences in binding affinity.

[0117] The specific binding of the antibody of the present
invention can be analyzed by any method known in the art.
Many different competitive binding assay systems can be
used for epitope binning. Examples of immunoassays that can
be used include competitive and non-competitive assay sys-
tems using techniques such as Western blotting, radioimmu-
noassay, ELISA (enzyme-linked immunosorbent assay),
“sandwich” immunoassay, immunoprecipitation assay, pre-
cipitation reactions, gel diffusion, immunodiffusion assay,
agglutination assay, complement binding assay, immunora-
diometric assay, fluorescent immunoassay, protein A immu-
noassay and the like, but these are only a few examples and
are not limiting. Such assay methods are common and well-
known in the art (see for example Ausubel et al. Eds., 1994,
Current Protocols in Molecular Biology, Vol. 1, John Wiley &
Sons, Inc., New York). Typical immunoassay methods are
explained in brief below (but are not limiting). A common
cross-blocking assay method such as that described in Anti-
bodies, A Laboratory Manual, Cold Spring Harbor Labora-
tory, Ed Harlow and David Lane (1988) can also be imple-
mented.

[0118] Biacore is one of many assay systems that are con-
ventionally used for epitope binning of panels of monoclonal
antibodies. Many reference documents (for example, The
Epitope Mapping Protocols, Methods in Molecular Biology,
Vol. 6.6, Glenn E. Morris Ed.) explain alternative methods
that can be used for antibody binning, and is expected to
provide the same information about antibody binding speci-
ficity with respect to the NP-1 receptor, NP-1/Plexin-A1 het-
erodimer receptor or Sem3 A polypeptide. When using a Bia-
core system, an epitope binning test is performed using a
native antigen. Epitope binning studies can be performed
using a Biacore 1000™ system (Biacore, Uppsalla, Sweden).
BIAlogue™ Version 1.2 software can be used preferably for
programming the test methods. For example, when using
Biacore for binning mouse monoclonal antibodies produced
against NP-1, polyclonal goat anti-mouse IgG Fe antibodies
(Jackson ImmunoResearch Laboratories, West Grove, Pa.)
can be fixed by covalent binding to a Biacore™ CMS5 sensor
chip, and used to bind (capture) monoclonal primary antibod-
ies of a test line on the same chip. Next, a polyclonal IgG Fc
fragment (Jackson ImmunoResearch Laboratories, West
Grove, Pa.) is used to block the open Fc binding sites on the
chip. The NP-1 receptor is then injected and bound specifi-
cally to the captured monoclonal primary antibodies. The
Biacore equipment can measure the amount of protein bound
to the sensor chip, and determine binding of both the primary
antibody and the NP-1 receptor antigen for each cycle. After
the primary antibody and antigen have bound to the chip, a
soluble secondary antibody is injected and bound to the pre-
viously bound antigen. When the monoclonal secondary anti-
body is capable of binding to the NP-1 receptor antigen at the
same time as the monoclonal primary antibody, its binding is
detected by Biacore. However, when the monoclonal second-
ary antibody cannot bind to the NP-1 receptor antigen at the
same time as the monoclonal primary antibody, further bind-
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ing is not detected. Fach monoclonal antibody is tested
against itself as a negative control, and the level of the back-
ground signal (without binding) is determined.

[0119] Label-free competitive ELISA (LFC-ELISA) can
also be used for antibody binning. This method is explained in
Nagata et al., J. Inmuno. Methods (2004) 292, 141-155. A
biotin-labeled NP-1 receptor, NP-1/Plaxin-A1 heterodimer
receptor or Sema3A polypeptide can be used for epitope
binning by the method. For example, when binning mouse
monoclonal antibodies produced against the NP-1 receptor,
NP-1/Plaxin-A1 heterodimer receptor or Sema3A polypep-
tide, a microtiter plate is coated with 100 pl/well of goat
anti-mouse IgG Fe-y specific antibody (Jackson ImmunoRe-
search) diluted 1 pg/mL in ELISA B (PBS, 0.1% Tween 20,
1% BSA). After the coating antibody has been bound for 3
hours at ambient temperature, each conditioned medium con-
taining the monoclonal antibody is diluted with ELISA buffer
to an antibody concentration of about 0.5 pg/mlL, and bound
overnight at 4° C. to the plate coated with the goat anti-mouse
IgG (primary antibody). At the same time, a second set of
conditioned medium (secondary antibody) is diluted in
ELISA buffer in a polystyrene test tube to an antibody con-
centration of about 0.5 pg/mL, mixed with 50 ng/mL of a
biotin label, and incubated overnight at 4° C. After the pri-
mary antibody has been incubated with the coating antibody,
the plate is blocked with an unrelated antibody, occupying the
open binding sites on the plate. A secondary antibody-biotin-
NP-1 rector, secondary antibody-biotin-NP-1/Plaxin-Al het-
erodimer receptor or secondary antibody-biotin-Sema3A
polypeptide mixture is added and bound to the plate. As a
(non-competitive) control for the assay, a NP-1 receptor,
NP-1/Plaxin-A1 heterodimer receptor or Sema3A polypep-
tide antigen labeled with 50 ng/mL of biotin (not pre-incu-
bated with the secondary antibody) is added directly to a well
containing the fixed primary antibody. After incubation with
the secondary antibody complex of the biotin-labeled NP-1
receptor, NP-1/Plaxin-A1l heterodimer receptor or Sema3A
polypeptide, 0.5 pg/mlL of streptavidin-HRP (Pierce, Rock-
ford I11.) is added to the plate. These plates are color devel-
oped with TMB substrate (BioFX Laboratories, Owings
Mills, Md.), and the absorbency of each well at 450 nm is
measured with a plate reader (Molecular Devices Spectra-
Max™ 340, Sunnyvale, Calif.). When the primary antibody
binds to a different epitope than the secondary antibody, it
indicates that the biotin-labeled secondary antibody complex
of the NP-1 receptor, NP-1/Plaxin-Al heterodimer receptor
or Sema3A polypeptide binds to the plate, resulting in a
higher measured value for absorbency. When the primary
antibody binds to the same epitope as the secondary antibody,
it indicates that the biotin-labeled secondary antibody com-
plex of the NP-1 receptor, NP-1/Plaxin-Al heterodimer
receptor or Sema3A polypeptide does not bind to the plate,
resulting in a lower measured value for absorbency.

[0120] Theantibody of the present invention acts as a NP-1
receptor or NP-1/Plaxin-A1 heterodimer receptor antagonist.
For example, the present invention encompasses an antibody
that partially or completely disrupts the receptor/ligand inter-
action of the NP-1 receptor or NP-1/Plaxin-A1 heterodimer
receptor with Sema3A. The present invention features a
receptor-specific antibody, and also features a receptor-spe-
cific antibody that does not block ligand binding but does
block receptor activation. Receptor activation (that is, signal
transduction) can be determined by techniques that are
explained herein or known in the art. For example, receptor
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activation can preferably be determined by detecting phos-
phorylation (for example, tyrosine or serine/threonine) of the
receptor or its myosin-IT or other substrate by immunopre-
cipitation and subsequent Western blotting analysis. In a spe-
cific embodiment, an antibody is provided which reduces
ligand or receptor activity to at least 90%, or at least 80%, or
at least 70%, or at least 60%, or at least 50% of activity
observed in the absence of the antibody.

[0121] The present invention also features a receptor-spe-
cific antibody that prevents both ligand binding and receptor
activation, and an antibody that recognizes a receptor-ligand
complex. Similarly, the present invention also includes a neu-
tralizing antibody that binds to a ligand and prevents binding
of the ligand to a receptor, and an antibody that binds to a
ligand and prevents it from activating a receptor, but does not
prevent binding of the ligand to the receptor. These antibodies
can be specified as antagonists to biological activity such as
the specific biological activity of a peptide of the present
invention.

[0122] The present invention also provides a method for
screening “functional modulators” of Sema3A, which regu-
late binding between Sema3A and the NP-1/Plexin-Al het-
eroreceptor. A test substance used in the screening method
can be an anti-NP-1 antibody, anti-NP-1/Plaxin-A1 het-
erodimer receptor antibody or anti-Sema3A antibody, an
organic or inorganic chemical substance, or a biochemical
molecule or composition as appropriate.

[0123] The present invention also provides a method for
designing a Sema3A “functional modulator” that regulates
binding between Sema3 A and the NP-1/Plexin-Al heterore-
ceptor, and also provides the modulator. Preferably, a
Sema3A functional modulator may be designed that com-
prises as a constituent element a polypeptide comprising an
extracellular domain of NP-1 that are necessary for binding
with Sema3A. A polypeptide comprising the extracellular
domains of NP-1 that are necessary for binding with Sema3A
can be used as a functional modulator. Derivatives prepared
from such polypeptides may also be used.

[0124] As long as it regulates binding between Sema3A
and the NP-1/Plexin-A1 heteroreceptor, a “derivative” of the
present invention may be a substance having a known modi-
fication as described below for purposes of in vivo stabiliza-
tion. The term “derivative” is used in the specification and in
the Claims in a way that encompasses modifications for pur-
poses of in vivo stabilization unless it is clear from the context
that it is not the case.

[0125] “Hybridization under high stringent conditions” as
used herein means that a polynucleotide codes for an equiva-
lent of a specific polynucleotide sequence to be hybridized,
and the polypeptide encoded by the equivalent is equivalent to
the polypeptide encoded by the specific polynucleotide to be
hybridized. Thus, a polynucleotide that “hybridizes under
high stringent conditions” may be a polynucleotide that does
not hybridize under moderately stringent conditions. The
hybridization conditions can be set with reference to known
conditions (Current Protocols in Molecular Biology, John
Wiley & Sons, 6.3.1-6.3.6, 1999). The conditions for hybrid-
ization under high stringent conditions might be washing one
or more times with 6xSSC (sodium chloride/sodium citrate)
at 45° C. followed by 0.2xSSC/0.1% SDS at 50 to 65° C.
Hybridization under moderately stringent conditions might
involve washing one or more times with 2xSSC at 30° C.
followed by 1xSSC/0.1% SDS at 30 to 50° C.

Nov. 27,2014

[0126] Preparation of Anti-Neuropilin-1 Antibody, Anti-
NP-1/Plexin-A1 Heterodimer Receptor Antibody and Anti-
Sema3 A Antibody

[0127] NP-1 (also referred to as “NP-1 receptor” herein,
both terms have the same meaning), an NP-1/Plexin-Al
polypeptide or other NP-1/Plexin-A1 heterodimer receptor,
or Sema3 A can be used to prepare antibodies that bind to an
epitope, peptide or polypeptide within the antigen. A particu-
larly useful anti-NP-1 antibody is one that “binds specifi-
cally” to NP-1. A particularly useful anti-NP-1/Plexin-Al
heterodimer receptor antibody is one that “binds specifically”
to an NP-1/Plexin-Al heterodimer receptor. A particularly
useful anti-Sema3 A antibody is one that “binds specifically”
to Sema3A. Binding is said to be specific when it exhibits at
least one of the following two properties: (1) thereis a thresh-
old level of binding activity, and (2) there is no significant
cross-reaction with related polypeptide molecules.

[0128] Regarding the first property, a threshold level of
binding is determined when an anti-NP-1 antibody, anti-NP-
1/Plexin-A1 heterodimer receptor antibody or anti-Sema3 A
antibody binds, respectively, to an NP-1 polypeptide, peptide
or epitope, an NP-1/Plexin-Al heterodimer receptor
polypeptide, peptide or epitope, or a Sema3A polypeptide,
peptide or epitope with at least 10 times the binding affinity as
with a control peptide. The antibody preferably exhibits bind-
ing affinity (Ka) ofatleast 10°M ", or more preferably at least
10’M", or still more preferably at least 10°M™", or most
preferably at least 10°M™'. The binding affinity of an anti-
body can be easily determined by those skilled in the art based
on Scatchard, G., Ann. NY Acad. Sci. (1949) 51, 660-672.

[0129] Regarding the second property, if the antibody
detects a NP-1 polypeptide, Sema3A polypeptide or other
polypeptide in standard Western blot analysis, but does not
detect other presently-known related polypeptides, the anti-
body does not cross-react with other related polypeptide mol-
ecules. Examples of known related polypeptides may include
those disclosed in the prior art, such as known orthologs and
paralogs, as well as similar known members of the protein
family.

[0130] Screening can be carried out using non-human
NP-1, anon-human NP-1/non-human Plexin-A1 heterodimer
receptor or non-human Sema3A. and human NP-1, a human
NP-1/human Plexin-Al heterodimer receptor or human
Sema3A.

[0131] Antibodies can also be screened against known
related polypeptides to isolate those which bind specifically
to NP-1 or Sema3A. For example, antibodies produced in
response to NP-1 or Sema3A are adsorbed by related
polypeptides attached to an insoluble matrix. Antibodies spe-
cific to N-1 or Sema3A will pass through the matrix under
suitable buffer conditions. Polyclonal antibodies and mono-
clonal antibodies that do not cross-react with known, closely-
related polypeptides can be isolated by the screening process
(Antibodies: A Laboratory Manual, Harlow and Lane (Eds.),
Cold Spring Harbor Laboratory Press, 1988; Current Proto-
cols in Immunology, Cooligan et al. (Eds.), National Insti-
tutes of Health, John Wiley and Sons, Inc., 1995). Screening
and isolation of a specific antibody is well-known in the art
(see Fundamental Immunology, Paul (Ed.), Raven Press,
1993; Getzoff et al., Adv. in Immunol. (1988) 43, 1-98,;
Monoclonal Antibodies: Principles and Practice, Goding, .
W. (Ed.), Academic Press Ltd., 1996; Benjamin et al., Ann.
Rev. Immunol. (1984) 2, 67-101). A specific anti-NP-1 anti-
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body or anti-Sema3A antibody can be detected by various
methods known in the art and disclosed below.

[0132] An antibody against an antigen comprising anti-
genic NP-1 that is similar to NP-1, NP-1/Plexin-Al het-
erodimer receptor or Sema3A, or an antibody against an
antigen comprising NP-1/Plexin-Al heterodimer receptor or
Sema3 A can be prepared using antigenic NP-1 that is similar
to NP-1, NP-1/Plexin-A1 heterodimer receptor or Sema3A,
or NP-1/Plexin-Al heterodimer receptor or Sema3A. The
preparation can be accomplished by inoculating animals with
antigenic NP-1 that is similar to NP-1, NP-1/Plexin-Al het-
erodimer receptor or Sema3A, or NP-1/Plexin-Al het-
erodimer receptor or Sema3A as an antigen (immunogen),
and inducing an immune response in the animals. A person
skilled in the art should be aware that a polypeptide having an
antigenic epitope comprises a sequence of at least 6, or pref-
erably atleast 9, or still more preferably at least 15 to about 30
consecutive amino acid residues of NP-1, a NP-1/Plexin-Al
heterodimer receptor or Sema3A (for example, SEQ 1D
NO:1, SEQ ID NO:2, SEQ ID NO:3). Polypeptides compris-
ing additional portions of NP-1, a NP-1/Plexin-Al het-
erodimer receptor or Sema3 A, or in other words polypeptides
comprising from 30 to 100 residues or up to the entire length
of the amino acid sequence, are also included. As explained
below, antigens or immunogenic epitopes can preferably
include bound tags, adjuvants, and carriers. In the case of
NP-1, for example, suitable antigens comprise the sequence
of amino acids Nos. 265 (Leu) to 857 (Ile) (SEQ ID NO:2) in
the NP-1 polypeptide encoded by SEQ ID NO:2, or amino
acid fragments comprising 9 to 592 consecutive amino acid
residues of this sequence. Desirable peptides for use as anti-
gens are the coagulation factor V/VII domain and MAM
domain disclosed herein and NP-1 hydrophilic peptides such
as those predicted by a person skilled in the art from hydro-
phobic plotting, which is determined, for example, from a
Hopp/Woods hydrophilic profile based on a 6-residue sliding
window by ignoring the buried G residue, S residue and T
residue and the exposed H residue, Y residue and W residue.
Suitable antigens include, for example, polypeptides having
antigenic epitopes predicted by Jameson-Wolf plotting using
a DNASTAR Protean program (DNASTAR, Inc., Madison,
Wis.). In the case of Sema3A, for example, suitable antigens
comprise the sequence of amino acids Nos. 363 (Asn) to 381
(Cys) in the Sema3 A polypeptide encoded by SEQ ID NO:1,
or amino acid fragments comprising 9 to 19 consecutive
amino acid residues of this sequence. A peptide having the
sequence NYQWVPYQGRVPYPRPGTC (SEQ ID NO:12)
may preferably used. Conserved motifs and variable regions
between conserved motifs of NP-1 and Sema3A are also
suitable antigens. Suitable antigens also include, for example,
polypeptides that incorporate an extracellular domain other
than Plexin-A1, such as the VEGF receptor. These include the
NP-1/VEGF receptor heterodimer receptor, which is similar
to the NP-1/Plexin-A1 heterodimer receptor described above.
The corresponding region of the mouse NP-1 polypeptide
(residues 265 (Leu) to 857 (Ile), SEQ ID NO:11) can also be
used to prepare antibodies against mouse NP-1. An antibody
produced by the immune reaction can also be isolated and
purified as explained in the description. Methods for prepar-
ing and isolating polyclonal antibodies and monoclonal anti-
bodies are well known in the art (see for example Current
Protocols in Immunology, Cooligan et al. (Eds.): National
Institutes of Health, John Wiley and Sons, Inc., 1995; Sam-
brook et al., Molecular Cloning: A Laboratory Manual, 2nd
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Ed., Cold Spring Harbor, N.Y., 1989; and Hurrell, J. G.R. Ed.,
Monoclonal Hybridoma Antibodies: Techniques and Appli-
cations, CRC Press, Inc., Boca Raton, Fla., 1982).

[0133] A polyclonal antibody against a polypeptide com-
prising recombinant NP-1 or an NP-1 polypeptide isolated
from a natural source, or a polyclonal antibody against a
recombinant Np-1/Plexin-Al heterodimer receptor or an
NP-1/Plexin-A1 heterodimer receptor isolated from a natural
source, can be prepared by those skilled in the art using
well-known methods. Similarly, a polyclonal antibody
against a polypeptide comprising recombinant Sema3A or a
Sema3 A polypeptide isolated from a natural source can be
prepared by those skilled in the art using well-known methods
(see for example Green et al.: “Production of Polyclonal
Antisera”, Imuunochemical Protocols (Manson Ed.), p. 1-5
(Humana Press 1992); and Williams et al.: “Expression of
foreign proteins in E. coli using plasmid vectors and purifi-
cation of specific polyclonal antibodies”, DNA Cloning 2:
Expression Systems, 2nd Edition, Glover et al. (Ed), p. 15
(Oxford University Press, 1995)). The immunogenicity of a
NP-1 polypeptide, NP-1/Plexin-A1 heterodimer receptor or
Sema3 A polypeptide can be enhanced using an adjuvant such
as alum (aluminum hydroxide), Freund’s complete adjuvant
or Freund’s incomplete adjuvant. Polypeptides that are useful
for immunization also include fused polypeptides, such as
fused products of NP-1 or parts thereof or Sema3A or parts
thereof with immunoglobulin polypeptides or maltose bind-
ing proteins. A polypeptide immunogen may be a full-length
molecule or a part thereof. When a polypeptide part is “hap-
ten-like”, such a part is considered advantageous for binding
or linking to a macromolecule carrier (for example, keyhole
limpet hemocyanin (KLH), bovine serum albumin (BSA),
tetanus toxoid or the like) for purposes of immunization.
[0134] Polyclonal antibodies are typically produced in ani-
mals such as horses, cows, dogs, chickens, rats, mice, rabbits,
guinea pigs, goats or sheep, but the anti-NP-1 antibody, anti-
NP-1/Plexin-Al heterodimer receptor antibody or anti-
Sema3 A antibody of the present invention can also be derived
from an anthropoid primate. Conventional techniques for
producing diagnostically and therapeutically useful antibod-
ies in baboons can be found for example in WO 91/11465
(Goldenberg et al.) and Losman et al., Int. J. Cancer (1990)
46,310.

[0135] Alternatively, anti-NP-1 monoclonal antibody, anti-
NP-1/Plexin-A1 heterodimer receptor monoclonal antibody
or anti-Sema3A monoclonal antibody can be prepared.
Rodent monoclonal antibody against a specific antigen can be
obtained by methods known in the art (see for example Kohler
et al., Nature (1975) 256, 495; Coligan et al. (Eds.), Current
Protocols in Immunology, Vol. 1, pp. 2.5.1-2.6.7 (John Wiley
& Sons, 1991) [“Coligan™]; Picksley et al.: “Production of
monoclonal antibodies against proteins expressed in £. coli”,
DNA Cloning 2: Expression Systems, 2nd Edition, Glover et
al (Eds.), p. 93 (Oxford University Press, 1995)).

[0136] Briefly, anti-NP-1 monoclonal antibody and anti-
Sema3 A monoclonal antibody can be obtained by injecting a
composition comprising the NP-1 receptor or Sema3A into
mice, collecting serum samples to determine the presence of
antibody, removing spleens and collecting B-lymphocytes,
and fusing the B-lymphocytes to myeloma cells to prepare
hybridomas which are then cloned. Positive clones that pro-
duce an antibody against the antigen are selected, clones that
produce the antibody against the antigen are cultured, and the
antibody 1s isolated from the resulting hybridoma culture.
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[0137] An anti-NP-1 antibody, anti-NP-1/Plexin-Al het-
erodimer receptor antibody or Sema3A antibody of the
present invention can also be derived from human mono-
clonal antibodies. A human monoclonal antibody can be
obtained from a transgenic mouse that has been manipulated
to produce a specific human antibody in response to antigen
inoculation. Using this technology, elements of genetic loci
of human heavy chain and human light chain are introduced
into a mouse strain derived from an embryonic stem cell line
comprising targeted damage to gene loci of the endogenous
heavy chain and light chain. The transgenic mouse can syn-
thesize a human antibody specific to a human antigen, and the
mouse can also be used to prepare a hybridoma that secretes
a human antibody. Methods for obtaining a human antibody
from a transgenic mouse are described for example in Green
et al., Nature Genet. (1994) 7, 13; Lonberg et al., Nature
(1994) 368, 856 and Taylor et al., Int. Immun. (1994) 6, 579.
[0138] Monoclonal antibodies can be isolated and purified
from hybridoma culture by various well established tech-
niques. Such isolation techniques include affinity chromato-
graph using protein-A sepharose, size exclusion chromatog-
raphy, and ion-exchange chromatography (see for example
Coligan above, p. 2.7.1-2.7.12 and 2.9.1-2.9.3; and Baines et
al.: “Purification of Immunoglobulin G (IgG)”, Methods in
Molecular Biology, Vol. 10, pp. 79-104 (The Humana Press,
Inc. 1992)).

[0139] For specific applications, it may be desirable in
some cases to prepare a fragment of an anti-NP-1 antibody,
anti-NP-1/Plexin-Al heterodimer receptor antibody or
Sema3A antibody. Such an antibody fragment can be
obtained for example by proteolytic hydrolysis of an anti-
body. An antibody fragment can be obtained by pepsin diges-
tion or papain digestion of a full-length antibody by conven-
tional methods. For example, an antibody fragment can be
prepared by enzymatic cleavage of an antibody with pepsin,
so as to provide a 5S fragment denoted F(ab')2. This fragment
can be further cleaved using a thiol reducing agent to produce
a 3.5S Fab' monovalent fragment, and optionally a blocking
group for the sulthydryl groups resulting from cleavage of
disulfide linkages. As an alternative method, two monovalent
Fab fragments and one Fc fragment can be produced directly
by enzymatic cleavage using pepsin. These methods are dis-
closed in Goldenberg, U.S. Pat. No. 4,331,647; Nisonoff et
al., Arch. Biochem. Biophys. (1960) 89, 230; Porter, Bio-
chem. J. (1959) 73, 119; Edelman et al., Methods in Enzy-
mology, Vol. 1, p. 422 (Academic Press 1967); and Coligan
above, pp. 2.8.1-2.8.10 and 2.10-2.10.4.

[0140] Other methods of cleaving antibodies, such as sepa-
ration of heavy chains to form monovalent light-heavy chain
fragments, further cleavage of fragments, or other enzymatic,
chemical or genetic techniques may also be used as long as
the fragments bind to the antigen that is recognized by the
intact antibody.

[0141] As an example, Fv fragments may comprise associ-
ated VH and VL chains. The association may be non-cova-
lent, as explained by Inbar et al., Proc. Nat’l Acad. Sci. USA
(1972) 69, 2659. Alternatively, these variable chains can be
linked by an intermolecular disulfide bond, or cross-linked by
achemical substance such as glutaraldehyde (see for example
Sandhu, Crit. Rev. Biotech. (1992) 12, 437).

[0142] Fv fragments may comprise VH and VL chains con-
nected by a peptide linker. A single-chain antigen-binding
protein (scFv) is prepared by constructing a structural gene
comprising DNA sequences encoding the VH and VL
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domains connected by an oligonucleotide. The structural
gene is inserted into an expression vector, and the vector is
then introduced into a host cell such as E. coli. The recombi-
nant host cells synthesize a single polypeptide chain having a
linker peptide bridging two V domains. Methods for prepar-
ing scFvs are explained for example in Whitlow et al., Meth-
ods: A Companion to Methods in Enzymology 2, 97 (1991)
(also see Bird et al., Science (1988) 242, 423; Ladner et al.,
U.S. Pat. No. 4,946,776 Pack et al., Bio/Technology (1993)
11, 1271; and Sandhu, above).

[0143] For example, scFV can be obtained by exposing
lymphocytes to an NP-1 polypeptide, NP-1/Plexin-Al het-
erodimer receptor or Sema3A polypeptide in vitro, and
selecting scFV from an antibody displaying library of anti-
bodies displayed in phage vectors or similar vectors (for
example, using a fixed or labeled NP-1 polypeptide, NP-1/
Plexin-A1 heterodimer receptor or Sema3A polypeptide). A
gene encoding a latent NP-1 binding polypeptide, NP-1/
Plexin-Al heterodimer receptor binding polypeptide or
Sema3 A binding polypeptide can be obtained by screening a
library of random peptides displayed on phages (phage dis-
play) or bacteria such as E. coli. Nucleotide sequences encod-
ing the polypeptides can be determined by a number of meth-
ods, such as random mutagenesis and random polynucleotide
synthesis. Techniques for preparing and screening such ran-
dom peptide display libraries are known in the art (Ladner et
al., U.S. Pat. No. 5,223,409; Ladner et al., U.S. Pat. No.
4,946,778; Ladner et al., U.S. Pat. No. 5,403,484; Ladner et
al., U.S. Pat. No. 5,571,698; and Kay et al., Phage Display of
Peptides and Proteins (Academic Press, Inc. 1996)). Random
peptide display libraries and kits for screening such libraries
are commercially available for example from Clontech Labo-
ratories, Inc. (Palo Alto, Calif.), Invitrogen Inc. (San Diego,
Calif.), New England Biolabs, Inc. (Beverly, Mass.), and
Pharmacia LKB Biotechnology Inc. (Piscataway, N.J.). A
sequence comprising a NP-1 polypeptide disclosed herein
can be used to screen a random peptide display library to
identify a polypeptide that binds to a NP-1 polypeptide, NP-1/
Plexin-A1 heterodimer receptor or Sema3 A polypeptide.
[0144] Another embodiment of the antibody fragment is a
peptide encoding one complementarity-determining region
(CDR). A CDR peptide (“minimal recognition unit”) can be
obtained by constructing a gene encoding a CDR of the anti-
body of interest. Such a gene can be prepared for example by
using a polymerase chain reaction to synthesize a variable
region using RNA from the antibody-producing cell (see for
example Larrick et al., Methods: A Companion to Methods in
Enzymology (1991) 2, 106; Courtenay-Luck, “Genetic
Manipulation of Monoclonal Antibodies”, Monoclonal Anti-
bodies: Production, Engineering and Clinical Application,
Ritter et al. (Eds.), p. 166 (Cambridge University Press,
1995); and Ward et al., “Genetic Manipulation and Expres-
sion of Antibodies”, Monoclonal Antibodies: Principles and
Applications, Birch et al. (Eds.), p. 137 (Wiley-Liss, Inc.
1995)).

[0145] Alternatively, a “humanized” monoclonal antibody
can be used appropriately as an anti-NP-1 antibody, anti-NP-
1/Plexin-A1 heterodimer receptor antibody or anti-Sema3 A
antibody. A humanized monoclonal antibody is prepared by
introducing a mouse complementarity-determining region
derived from the variable chains of the heavy and light chains
of mouse immunoglobulin into a human variable domain.
Next, relevant residues of the human antibody are substituted
for the corresponding mouse framework region. Potential
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problems associated with the immunogenicity of the mouse
constant region may be avoided by using antibody constitu-
ents derived from humanized monoclonal antibodies. Con-
ventional techniques for cloning mouse immunoglobulin
variable domains are described for example in Orlandi et al.,
Proc. Nat’l Acad. Sci. USA (1989) 86, 3833. Techniques for
preparing humanized monoclonal antibodies are described
for exaniple in Jones et al., Nature (1986) 321, 522; Carter et
al., Proc. Nat’1 Acad. Sci. USA (1992) 89, 4285; Sandhu, Crit.
Rev. Biotech. (1992) 12, 437; Singer et al., J. Immun. (1993)
150, 2844; Sudhir (Ed.), Antibody Engineering Protocols
(Humana Press, Inc., 1995), Kelley, “Engineering Therapeu-
tic Antibodies”; Protein Engineering: Principles and Practice,
Cleland et al. (Eds.), pp. 399-434 (John Wiley & Sons, Inc.,
1996); and Queen et al., U.S. Pat. No. 5,693,762 (1997).

[0146] The anti-NP-1 antibody, anti-NP-1/Plexin-A1l het-
erodimer receptor antibody or anti-Sema3A antibody of the
present invention or an antibody fragment thereof can pref-
erably be PEG-modified using methods known in the art and
explained in the description.

[0147] The antibody of the present invention also includes
modified antibodies, or in other words derivatives comprising
any type of molecule covalently bound to the antibody so as
not to interfere with inhibition of receptor activation or bind-
ing of the antibody against an NP-1 polypeptide, NP-1/
Plexin-A1 heterodimer receptor or Sema3 A polypeptide. For
example, such antibody derivatives include, but are not lim-
ited to, antibodies modified with glycosylation, acetylation,
PEG-modification, phosphylation, amidation, or derivatiza-
tion by known protective/blocking groups, proteolytic cleav-
age, or linkage to cellular ligands or other proteins. Any of a
number of chemical modifications can be accomplished by
known techniques including, but not limited, too, specific
chemical cleavage, acetylation, formylation, and metabolic
synthesis of tunicamycin. A derivative may also comprise one
or more non-natural amino acids.

Functional Screening of Sema3A Function Modulators

[0148] The inventors have found that NP-1 is the other part
of a Plexin-A1 heteroreceptor involved in migration of den-
dritic cells to regional lymph nodes, that its ligand is Sema3 A,
and that formation of a ligand-receptor complex between the
Sema3A ligand and the NP-1/Plexin-A1l heterodimer recep-
tor causes actomyosin contractions via phosphorylation of
myosin-II by Rho kinase in the dendritic cells, inducing den-
dritic cell trafficking. Based on the finding that NP-1 is the
other receptor of a heterodimer receptor comprising Plexin-
Al that is involved in dendritic cell trafficking, and that the
ligand is Sema3A, the inventors here demonstrate that the
NP-1/Plexin-A1 heterodimer receptor and the Sema3A
ligand may be used to screen for modulators that could be
used as therapeutic agents for cellular immune diseases
caused by cytotoxic T-cells and macrophages that are stimu-
lated by antigens presented by dendritic cells in the regional
lymph nodes.

[0149] The present invention provides a method of screen-
ing for modulators of the Sema3A functions of dendritic cell
transmigration, differentiation or activation, comprising
bringing a composition comprising a Sema3A polypeptide
into contact with dendritic cells with or without a candidate
drug; measuring dendritic cell transmigration and changes in
an intracellular signal with and without the drug; and identi-
fying a candidate drug as a modulator of Sema3A function
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with respect to dendritic cells based on the measurement
results with and without the candidate drug.

[0150] In arelated embodiment, the present invention pro-
vides a method of screening for a modulator of Sema3A
function pertaining to the NP-1/Plexin-Al heterodimer
receptor and the Sema3A ligand, as substantially described
above. Actual methods of screening for modulators of
Sema3A function can be generally classified into methods
where the Sema3A polypeptide or its derivative is brought
into contact with a test substance in vitro, and methods where
the test substance is administered to a non-human animal in
vivo. Among these methods, the following three methods are
given as specific examples of the method of the present inven-
tion for screening for a Sema3A function modulator that
involve bringing the Sema3A polypeptide or its derivative
into contact with a test substance in vitro.

1) Methods Using Cells Expressing the NP-1/Plexin-Al
Heterodimer Receptor

[0151] Specifically, the following methods are given as
examples of methods of screening of the present invention
using cells expressing the NP-1/Plexin-Al heterodimer
receptor. To screen for a Sema3A function modulator that is
an antagonist, a fused polypeptide (Sema3A-AP) of Sema3 A
and alkaline phosphatase (AP) is prepared as described
below. A transformant expressing the NP-1/Plexin-Al het-
erodimer receptor on the cell surface is also prepared. Next,
binding of the Sem3A-AP to cells is detected by the alkaline
phosphatase activity when (i) Sema3A-AP is added, and (ii)
Sema3A-AP and a test substance are added. If AP activity is
lower in situation (ii) in comparison with situation (i) or not
detected, the test substance is suggested to be an antagonist of
Sema3A.

[0152] In another embodiment of the present invention,
dendritic cells and a dendritic cell line induced by fraction-
ation from peripheral blood can preferably be used as cells
expressing the NP-1/Plexin-Al heterodimer receptor. Den-
dritic cells prepared in vitro by culturing mononuclear cells
fractionated from peripheral blood together with GM-CSF or
IL-4 may be used as the dendritic cells. In vitro methods of
preparing dendritic cells from peripheral blood are known
(see for example Eur. Cytokine Netw. (1995) 6(4), 245-52). In
another embodiment of the present invention, JAWSII and
other (ATCC, CRL-11904) mouse-derived dendritic cell lines
can also be used.

[0153] Alternative to the above methods where binding of
Sema3 A to NP-1/Plexin-A1 heterodimer receptor-expressing
cells is determined by the alkaline phosphatase activity of
Sema3A-AP bound to the NP-1/Plexin-Al heterodimer
receptor, it is also possible to use dendritic cells expressing
the NP-1/Plexin-A1 heterodimer receptor. In this method,
Sema3A is added to cells expressing the NP-1/Plexin-Al
heterodimer receptor in a similar experiment and inhibition of
cell alterations by the test substance is observed. “Cell
changes” here mean changes in Rho kinase activation, intra-
cellular myosin-II phosphorylation, and cell contraction and
transmigration functions and the like.

[0154] To screen for agonists of Sema3 A, changes in NP-1/
Plexin-A1 heterodimer receptor-expressing cells, such as
Rho kinase activation, intracellular myosin-II phosphoryla-
tion, and cell contraction and transmigration functions are
compared when (1) Sema3A-AP is added and (ii) a test sub-
stance is added, or Sema3 A-AP and a test substance are added
to a transformant expressing the NP-1/Plexin-Al het-
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erodimer receptor on the cell surface. When cell changes in
situation (i) are similar to those in situation (ii) when only the
test substance is added, the test substance is shown to be a
Sema3 A agonist. When the effect of Sema3 A after addition of
Sema3A-AP is augmented by addition of the test substance,
the test substance is also shown to be an agonist.

[0155] To screen for the antagonist described above, a
transformant expressing the NP-1/Plexin-Al heterodimer
receptor on the cell surface, as well as dendritic cells isolated
from peripheral blood and induced, or a dendritic cell line can
preferably be used.

[0156] Specific detection methods are not particularly lim-
ited as long as they can detect the presence or absence of a
signal generated by the interaction between Sema3 A and an
extracellular domain of the NP-1/Plexin-Al heterodimer
receptor. Sema3A binding to the NP-1/Plexin-Al het-
erodimer receptor may be measured as the marker as
described above. The screening method of the present method
can also be accomplished by measuring cell transmigration
function (see examples below), or by detecting intracellular
Rho kinase activation or intracellular myosin-II phosphory-
lation.

[0157] A kit available from Cytoskelton (Denver, Colo.,
USA) (RhoA G-LISA Activation Assay colorimetric format
or luminescence format, or G-LISA activation assay Bio-
chem Kit) can be suitable used of screening based on the
detection of intracellular Rho kinase activation. As a screen-
ing method based on myosin-II phosphorylation, cells
expressing the NP-1/Plexin-Al heterodimer receptor may be
stained with an anti-MLC (myosin light chain) antibody and
anti-phospho-MLC antibody labeled with two different-col-
ored dyes, and the images can be captured and analyzed with
an image analyzer. Such methods are described in Biochem.
Biophys. Res. Commun. (2008) 374(2), 356-60.

[0158] The assay can also be performed as a high through-
put screening (HTS) method. HTS relates to a test system in
which multiple compounds are tested continuously. Prefer-
ably, the HTS system can be performed on a microplate, and
may be partially or fully automated, and may be connected to
a computer or other electronic device for purposes of data
storage, analysis, and interpretation by bioinformatics. Pref-
erably, the aforementioned automation may include a robot
capable of manipulating multiple microplates and performing
thousands of tests per day. Preferably, test compounds that are
known to exhibit the desired modulating function or inhibit-
ing function should be included in the assay as positive con-
trols. The term HTS encompasses ultrahigh throughput
screening (UHTS). Preferably, the UHTS system can be
implemented with a 384-well or 1536-well microplate, a
microliter or smaller or nanoliter or smaller pipetter, an
improved plate reader, and a means of evaporation treatment.
HTS methods are described for example in the specification
of U.S. Pat. Nos. 5,876,946 and 5,902,732. Those skilled in
the art can adapt such methods to HTS or UHTS systems
without the need for excessive trial and error.

2) Methods Using Cell Membranes Expressing
NP-1/Plexin-A1 Heterodimer Receptor
[0159] The screening of the present invention can also be

performed by methods similar to those under Section 1)
above using cell membranes prepared from cells expressing
the NP-1/Plexin-A1 heterodimer receptor on the cell surface,
instead of the whole cell. In this case, binding to the NP-1/
Plexin-A1 heterodimer receptor is measured.
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3) Methods Using Isolated and Purified Proteins Having
Extracellular Domains of NP-1/Plexin-Al Heterodimer
Receptor

[0160] The screening of the present invention can also be
accomplished using a NP-1/Plexin-A1 heterodimer receptor
that has been isolated and purified as above. In this case,
binding to the NP-1/Plexin-A1 heterodimer receptor is also
measured.

[0161] Sema3A function modulators can be screened by
screening methods described above, and the test substances
supplied for screening may be the anti-Neuropilin-1 antibod-
ies, anti-NP-1/Plexin-Al heterodimer receptor antibodies
and anti-Sema3A antibodies as described above.

[0162] Domains that are important for binding between
Sema3A and NP-1 have been identified in experiments of
interactions between Sema3A and NP-1 associated with
nerve axon induction. Based on the fact that polyclonal anti-
bodies obtained using a polypeptide fragment comprising
amino acids Nos. 265 (Leu) to 857 (Ile) of the NP-1 polypep-
tide encoded by SEQ ID NO:2 as the antigen show neutral-
ization activity (He Z et al,, Cell (1997) 90, 739-51), a
Sema3A functional antagonist can preferably be obtained
from anti-NP-1 antibodies that bind to a polypeptide consist-
ing of amino acids Nos. 265 (Leu) to 857 (Ile) of the NP-1
polypeptide.

[0163] Since a polyclonal antibody obtained using a
polypeptide comprising amino acids Nos. 363 (Asn) to 381
(Cys) of the Sema3 A polypeptide encoded by SEQ ID NO:1
exhibited neutralization activity (Luo Y etal., Cell (1993) 75,
217-27), a Sema3A functional antagonist can preferably be
obtained from anti-Sema3A antibodies that bind to a
polypeptide consisting of amino acids Nos. 363 (Asn) to 381
(Cys) of the Sema3 A polypeptide.

[0164] Inadditionto the anti-Neuropilin-1 antibodies, anti-
NP-1/Plexin-A1l heterodimer receptor antibodies and anti-
Sema3A antibodies as described above, an organic or inor-
ganic chemical, a biological molecule, or a composition may
be used as a test substance subjected to the screening. The
most desirable modulators are molecules with limited toxic-
ity since they must be capable of being administered as thera-
peutic agents. However, toxicity of the compound can be
tested by another, subsequent assay, and can be “excluded by
design” by a pharmaceutical chemist. Screening may be car-
ried out using a natural extract library or chemical library
maintained historically by a pharmaceutical company, or a
combinatorial library, peptide library or the like.

Design of Sema3 A Function Modulator

[0165] In addition to the screening methods described
above, a Sema3A function modulator can be designed that
comprises soluble Neuropilin-1 (NP-1), or in other words a
polypeptide comprising the extracellular domains of NP-1
necessary for binding to Sema3A. A polypeptide having the
extracellular domains of NP-1 necessary for binding to
Sema3A and derivatives prepared from the polypeptide can
be used as a function modulator.

[0166] Preferred examples of soluble Neuropilin-1 (NP-1),
or in other words the extracellular domains of NP-1 necessary
for binding to Sema3A, include a polypeptide consisting of
amino acids Nos. 23 (Arg) to 589 (Thr) of the NP-1 polypep-
tide represented by SEQ ID NO:2, and a polypeptide consist-
ing of amino acids Nos. 23 (Arg) to 857 (lle) of the NP-1
polypeptide represented by SEQ ID NO:2. Moreover, for the
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object of the present invention, a polypeptide comprising the
amino acid sequences of the polypeptide in which one or
more amino acids are deleted, added or substituted while
maintaining binding activity between Plexin-Al and
Sema3 A can also be used. Amino acid residues that are nec-
essary for maintaining binding activity with Sema3 A, and
methods of specifying such residues, are described in, for
example, Gu C et al., (2002) 277(20), 18069-76, and can be
designed appropriately based on the information in the refer-
ence.

[0167] Inaddition,substitutions with maintaining the func-
tion and immunological identity of a polypeptide may be
accomplished by selecting substituents which are substan-
tially different in terms of these effects while maintaining (a)
the structure (sheet or spiral arrangement for example) of the
polypeptide framework of the regions adjacent to the substi-
tuted amino acids, (b) the charge or hydrophobicity of the
target site, or (¢) the size of the side chain. Naturally occurring
residues can be classified into groups based on their common
side chain characteristics:

[0168] (i) hydrophobic: Norleucine, met, ala, val, leu, ile;

[0169] (ii) neutral hydrophilic: cys, ser, thr;

[0170] (iii) acidophilic: asp, glu;

[0171] (iv) basic: asn, gln, his, lys, arg;

[0172] (v) residues affecting chain orientation: gly, pro; and
[0173] (vi) aromatic: trp, tyr, phe.

[0174] Non-conservative substitutions require that a mem-

ber of one of these classes be replaced with a member of
another class. Such a substituted residue can be introduced
into a conservative substitution site, or preferably a remaining
(non-conservative) site. Mutations can be prepared using well
known methods in the art, such as oligonucleotide-mediated
(site-specific) mutagenesis, alanine scanning, PCR mutagen-
esis (Carter et al., Nucl. Acids Res. (1986) 13, 4331; Zoller et
al., Nucl. Acids Res. (1987) 10, 6487), cassette mutagenesis
(Wells et al., Gene (1985), 34, 315), limited selection
mutagenesis (Wells et al., Philos. Trans. R. Soc. London SerA
(1986) 317, 415) and the like. Mutant DNA can be prepared
by engineering the cloned DNA by known techniques.
[0175] The present invention also provides a polypeptide
encoded by a polynucleotide that hybridizes under high strin-
gent conditions with a polynucleotide sequence encoding a
polypeptide consisting of amino acids Nos. 23 (Arg) to 589
(Thr) of the NP-1 polypeptide represented by SEQ ID NO:2
or a polypeptide consisting of amino acids Nos. 23 (Arg) to
857 (lle) of the NP-1 polypeptide represented by SEQ ID
NO:2, which are polypeptides having binding activity with
Plexin-Al and Sema3A.

[0176] Desirable examples of such derivatives include
those having a sugar chain or polyethylene glycol (PEG)
chain added to the polypeptide in order to increase the stabil-
ity of the polypeptide in vivo, those comprising D-amino
acids for at least part of the amino acids constituting the
polypeptide, and fused polypeptides comprising an Fc
sequence of the constant region of the antibody fused in-
frame to a carboxyl terminal or amino terminal of an extra-
cellular domain of NP-1 necessary for binding to Sema3A.
[0177] By adding a sugar chain or PEG chain, making a
fused polypeptide with Fc, or introducing D-amino acids for
at least part of the amino acids constituting the polypeptide,
the polypeptide having the extracellular domains of NP-1 that
are necessary for binding with Sema3A will become more
resistant to peptidase degradation, and extends its half-life in
vivo. A “derivative” of the present invention may be one
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having such known modifications for purposes of in vivo
stabilization while maintaining its therapeutic or preventative
activity against cellular immune disease. The term “deriva-
tive” as used in the specification and in the Claims encom-
passes those with modifications introduced to enhance the in
vivo stabilization, unless it is clear from the context that it is
not the case.

[0178] Sugar chain additions to polypeptides are well
known and are described in, for example, Sato M. etal., J. Am.
Chem. Soc. (2004), 126(43), 14013-22 and Sato M., Angew
Chem. Int. Ed. Engl. (2004), 43(12), 1516-20. A sugar chain
can be attached to the N-terminus, the C-terminus or any
amino acid residues between them, but is preferably attached
to the N-terminus or C-terminus so as not to interfere with the
polypeptide activity. The number of chains added is prefer-
ably one or two, or more preferably one. A sugar chain is
preferably a monosaccharide to tetrasaccharide chain, or
more preferably a disaccharide or trisaccharide. A sugar chain
can be attached to a free amino group or carboxyl group on the
polypeptide, either directly or via a spacer structure such as a
C,.,o methylene chain or the like.

[0179] Additions of PEG chains to polypeptides are also
well known and are described for example in Ulbricht K. et
al., Clin. Nephroi. (2006) 65(3), 180-90 and Dharap S S et al.,
Proc. Natl. Acad. Sci. USA (2005), 102(36), 12962-7 and the
like. A PEG chain can be attached to the N-terminus, the
C-terminus or an amino acid residues between them, and
typically one or two PEG chains are attached to a free amino
group or a carboxyl group on the polypeptide. The molecular
weight of the PEG chain is not particularly limited, but is
typically about 3000 to 7000, or preferably about 5000.
[0180] Fc to be fused with a polypeptide comprising the
extracellular domains of NP-1 necessary for binding to
Sema3A is a heavy chain part of a constant domain of the
antibody produced by digestion with trypsin enzyme. More
specifically, in the case of antibody Fe from humans, it may be
but not limited to a polypeptide having an amino acid
sequence represented by SEQ ID NO:7, 8, 9 or 10.

[0181] For example, it is known in the art that the Fc
sequence of an IgG1-type antibody at the amino acids Nos.
233, 234, 235, 236, 327, 330 and/or 331 (based on EU num-
bering) is substituted with the corresponding sequence of
1gG2-type or IgG4-type to modify the characteristics of the
1gG1-type antibody such that it does not bind to a Fey receptor
(WO 99/58572). There are also well-known techniques for
lowering the isoelectric point of an IgG1-type antibody to
improve retention in blood, reducing its immunogenicity, and
improving binding to FcRn by modifying amino acid residues
in the Fc sequence of the IgGl-type antibody (WO
2009072604). Moreover, techniques for lowering the hetero-
geneity of an IgG2-type antibody, lowering its immunogenic-
ity and improving stability under acidic conditions by modi-
fying amino acid residues in the Fc sequence of the IgG2-type
antibody are also known. Also techniques for lowering the
heterogeneity of an IgG4-type antibody, lowering its binding
to a Fey receptor, and improving its stability under acidic
conditions by modifying amino acid residues in the Fc
sequence of the IgG4-type antibody are known (WO
2009041613). In the present invention, soluble Neuropilin-1
derivatives include fused polypeptides of soluble Neuropi-
lin-1 with modified Fc, which comprises the amino acid
sequences of SEQ ID NOS:7, 8, 9 and 10 and is modified to
confer characteristics such as non-binding to the Fey receptor,
retention in blood, decreased immunogenicity, improved
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binding activity with FcRn, and improved stability under
acidic conditions described above.

Pharmaceutical Composition

[0182] The present invention may also include a pharma-
ceutical composition comprising a polypeptide or antibody of
the present invention, together with a pharmacologically
acceptable carrier. For example, a pharmaceutical composi-
tion may comprise a protein or polypeptide having a desired
biological activity. Examples of such proteins include abrin,
lysine A, and Pseudomonas exotoxin, diphtheria toxin and
other toxins; tumor necrosis factors, a-interferon p-inter-
feron, nerve growth factor, platelet-derived growth factor,
tissue plasminogen activator, thrombotic compounds or anti-
angiogenic compounds, and angiostatins, endostatins and
other proteins for example; or lymphokines, interleukin-1
(“IL-17), interleukin-2 (“TL-2"), interleukin-4 (“T[.-4"), inter-
leukin-6 (“IL-6"), granulocyte macrophage colony stimula-
tion factor (“GM-CSF”) or granulocyte colony stimulation
factor (“G-CSF”) for example; and other growth factors or
other biological response modulators.

[0183] For therapeutic purposes, the polypeptide or anti-
body of the present invention and a pharmacologically
acceptable carrier are administered to a patient at a therapeu-
tically effective dose. The combination of the therapeutic
molecule of the present invention and the pharmacologically
acceptable carrier is said to be administered at a “therapeuti-
cally effective dose” when the administered amount is physi-
ologically significant. An active substance is physiologically
significant when detectable changes in the physiological
function of a patient are observed. For example, an active
substance used to treat a cellular immune disease is physi-
ologically significant if the cellular immune disease response
is alleviated.

[0184] A pharmaceutical composition comprising a
polypeptide or antibody of the present invention can be pro-
vided in liquid form, as an aerosol or in solid form. Examples
of liquid forms are injectable solutions and oral suspensions.
Typical solid forms include capsules, tablets, and controlled-
release forms. Examples of the last one are mini osmotic
pumps and implants (Bremer et al., Pharm. Biotechnol.
(1997) 10, 239, Ranade: “Implants in Drug Delivery”, Drug
Delivery Systems, Ranade and Hollinger (Eds.), pp. 95-123
(CRC Press 1995); Bremer et al.. “Protein Delivery with
Infusion Pumps”, Protein Delivery: Physical Systems, Sand-
ers and Hendren (Eds.), pp. 239-254 (Plenum Press 1997);
Yewey et al.: “Delivery of Proteins from a Controlled Release
Injectable Implant”, Protein Delivery: Physical Systems,
Sander and Hendren (Eds.), pp. 93-117 (Plenum Press
1997)).

[0185] A liposome provides a means for delivering a thera-
peutic polypeptide to a subject intravenously, intraperito-
neally, intrathecally, intramuscularly, subcutaneously, or by
oral administration, inhalation, or intranarial administration.
Liposome is a microscopic vesicle consisting of one or more
lipid bilayers surrounding a water-soluble fraction (in gen-
eral, see Bakker-Woudenberg et al., Eur. J. Clin. Microbiol.
Infect. Dis. 12 (1993) (Addendum 1): S61; Kim, Drugs
(1993) 46:618; and Ranade, “Site-Specific Drug Delivery
Using Liposomes as Carriers”, Drug Delivery Systems,
Ranade and Hollinger (Eds.), pp. 3-24 (CRC Press 1995)). A
liposomes is similar in composition to the cell membrane, and
is therefore safe to administer and biodegradable. Depending
on the preparation method, a liposome may be of single layer
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or multiple layers, and may be of various sizes, ranging from
0.02 um to above 10 um in diameter. Various active sub-
stances can be encapsulated in a liposome. Hydrophobic
active substances are distributed in the bilayer, while hydro-
philic active substances are distributed in the inner water-
soluble space (see for example Machy et al., Liposomes in
Cell Biology and Pharmacology (John Libbey 1987) and
Ostro et al., American J. Hosp. Pharm. (1989) 46:1576). By
changing the liposome size, number of bilayers, lipid com-
position, and the charge and surface characteristics of the
liposome, it is possible to regulate the therapeutic effective-
ness of the encapsulated active substance.

[0186] Antibodies, antibody fragments, carbohydrates,
vitamins, transport proteins and various other targeting
ligands can also be attached to the surface of liposomes. For
example, a liposome can be modified with branched galacto-
syllipid derivatives and targeted at asialoglycoprotein (galac-
tose) receptors, which are expressed solely on the surface of
liver cells (Kato and Sugiyama, Crit. Rev. Ther. Drug Carrier
Syst. (1997) 14, 287; Murahashi et al., Biol. Pharm. Bull.
(1997) 20, 259). Similarly, Wu et al., (Hepatology (1998) 27,
772) show that when a liposome is labeled with asialofetuin,
the plasma half-life of the liposome is reduced, and uptake of
the asialofetuin-labeled liposome by liver cells is greatly
increased. On the other hand, liver accumulation of liposomes
containing branched galactosyllipid derivatives can be inhib-
ited by pre-administration of asialofetuin (Murahashi et al.,
Biol. Pharm. Bull. (1997) 20, 259). Polyalconitylated human
serum albumin liposomes provide another approach to target-
ing liver cells with liposomes (Kamps et al., Proc. Nat’1 Acad.
Sci. USA (1997) 94, 11681). Moreover, U.S. Pat. No. 4,603,
044 (Geho et al.) describes aliposome vesicle delivery system
targeting liver cells, and having specificity for a hepatobiliary
tract receptor associated with special metabolic cells of the
liver.

[0187] Polypeptides and antibodies can be encapsulated in
aliposome using standard techniques of protein microcapsu-
lation (see for example Anderson etal., Infect. Immun. (1981)
31, 1099; Anderson et al., Cancer Res. (1990) 50, 1853;
Cohenetal., Biochim. Biophys. Acta (1991) 1063, 95; Alving
et al.: “Preparation and Use of Liposomes in Immunological
Studies”, Liposome Technology, 2nd Edition, Vol. 3, Grego-
riadis (Ed.), p. 317 (CRC Press 1993); and Wassef et al.,
Meth. Enzymol. (1987) 149, 124). As discussed above, a
therapeutically useful liposome may contain various compo-
nents. For example a liposome may contain a lipid derivative
of poly(ethylene glycol) (Allen et al., Biochim. Biophys. Acta
(1993) 1150, 9).

[0188] Degradable polymer microspheres have been
designed to maintain a high systemic level of a therapeutic
protein. Microspheres are prepared from degradable poly-
mers such as poly(lactide-co-glycolide) (PLG), polyanhy-
drides, poly(orthoesters), non-biodegradable ethyl vinyl
acetate polymer and the like, with the protein being enclosed
in the polymer (Gombotz and Pettit, Bioconjugate Chem.
(1995) 6, 332; Ranade: “Role of Polymers in Drug Delivery”,
Drug Delivery Systems, Ranade and Hollinger (Eds.), pp.
51-93 (CRC Press 1995); Roskos and Maskiewicz: “Degrad-
able Controlled Release Systems Useful for Protein Deliv-
ery”, Protein Delivery: Physical Systems, Sanders and Hen-
dren (Eds.), pp. 45-92 (Plenum Press 1997); Bartus et al.,
Science (1998) 281, 1161; Putney and Burke, Nature Bio-
technology (1998) 16, 153; and Putney, Curr. Opin. Chem.
Biol. (1998) 2, 548). Nanospheres coated with polyethylene
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glycol (PEG) can also provide a carrier for intravenous
administration of therapeutic proteins (see for example Gref
et al., Pharm. Biotechnol. (1997) 10, 167).

[0189] Other dosage forms can be devised by those skilled
in the art, as shown for example in Ansel and Popovich,
Pharmaceutical Dosage Forms and Drug Delivery Systems,
5th Edition, (Tea & Febiger 1990), Gennaro (Ed.), Reming-
ton’s Pharmaceutical Sciences, 19th Edition (Mack Publish-
ing Company 1995), and Ranade and Hollinger, Drug Deliv-
ery Systems (CRC Press 1996).

[0190] Pharmaceutical compositions can be provided as a
kit comprising a container comprising an anti-NP-1 antibody,
an anti-NP-1/Plexin-A1 heterodimer receptor antibody and
an anti-Sema3A antibody as well as an NP-1 derivative. A
therapeutic polypeptide can be provided in the form of an
injection solution for single or multiple administration, or as
a sterile powder to be dissolved before injection. Such a kit
may also comprise a dry powder dispersion device, liquid
aerosol-generating device or nebulizer for administering the
therapeutic polypeptide. Such a kit may also comprise written
information regarding indications and methods of using the
pharmaceutical composition.

[0191] Pharmaceutical compositions comprising an anti-
NP-1 antibody, an anti-NP-1/Plexin-A1 heterodimer receptor
antibody, an anti-Sema3A antibody and an NP-1 derivative
can be provided in liquid, aerosol or solid form. Examples of
liquid forms are injection solutions, acrosols, drops, topologi-
cal liquids and oral suspensions. Typical solid forms include
capsules, tablets, and controlled-release forms. Examples of
the last one are mini osmotic pumps and implants (Bremer et
al., Pharm. Biotechnol. (1997) 10, 239; Ranade: “Implants in
Drug Delivery”, Drug Delivery Systems, Ranade and
Hollinger (Eds.), pp. 95-123 (CRC Press 1995); Bremer et al.,
“Protein Delivery with Infusion Pumps”, Protein Delivery:
Physical Systems, Sanders and Hendren (Eds.), pp. 239-254
(Plenum Press 1997); Yewey etal., “Delivery of Proteins from
a Controlled Release Injectable Implant”, Protein Delivery:
Physical Systems. Sander and Hendren (Eds.), pp. 93-117
(Plenum Press 1997)). Other solids forms include creams,
pastes, and other topical applications.

Therapeutic  Applications of Anti-NP-1  Antibodies,
Anti-NP-1/Plexin-Al1 Heterodimer Receptor Antibodies,
Anti-Sema3 A Antibodies and NP-1 Derivatives

[0192] Anti-NP-1 antibodies, anti-NP-1/Plexin-Al het-
erodimer receptor antibodies, anti-Sema3A antibodies and
NP-1 derivatives are believed to be useful for treating and
preventing autoimmune diseases, allergic diseases and other
cellular immune diseases because they inhibit binding
between NP-1 or the NP-1/Plexin-A1l heterodimer receptor
and Sema3A. The antagonistic activity and binding activity of
the anti-NP-1 antibodies, anti-NP-1/Plexin-Al heterodimer
receptor antibodies, anti-Sema3A antibodies and NP-1
derivatives of the present invention can be analyzed by mea-
suring Rho kinase activity, Myosin-II phosphorylation activ-
ity and actomyosin contractions in dendritic cells, or by mea-
suring dendritic cell transmigration, or by other biological
assay methods described herein.

[0193] A therapeutically effective dose of an anti-NP-1
antibody, anti-NP-1/Plexin-Al heterodimer receptor anti-
body, anti-Sema3A antibody or NP-1 derivativeis the amount
of the antibody that is effective in preventing, delaying,
reducing or inhibiting symptoms or biological activity asso-
ciated with disease or damage upon administrated to a sub-
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ject. Administration may comprise single administration or
multiple administrations, and the agent can be administered
in combination with another pharmaceutical composition.

Autoimmune Diseases

[0194] Inmore detail, organ-specific autoimmune diseases
include various forms of anemia (aplastic anemia, hemolytic
anemia, autoimmune hemolytic anemia, idiopathic thromb-
ocytopenia), autoimmune hepatitis, iridocyclitis, scleritis,
uveitis, orchitis, idiopathic thrombocytopenia purpura, Base-
dow’s disease, Hashimoto’s thyroiditis, juvenile-onset diabe-
tes, which results from destruction of the f§ cells of the islets
of Langerhans in the pancreas, inflammatory bowel disease,
Addison’s disease, which results from damage to the adrenal
cortex, demyelinating encephalitis, multiple sclerosis and the
like.

[0195] Systemic autoimmune diseases include atopic der-
matitis, chronic rheumatoid arthritis or other arthritis, system
lupus erythematosus (SLE), Sjogren’s syndrome, undifferen-
tiated connective tissue disease, antiphospholipid syndrome,
various forms of vasculitis (polyarteritis nodosa, allergic
granulomatosis and angitis), Wegener’s granulomatosis,
Kawasaki disease, hypersensitive angitis, Henoch-Schonlein
purpurea, Behcet’s disease, Takayasu’s arteritis, giant cell
arteritis, thromboangitis obliterans, polymyalgia rheumatica,
essential (mixed) cryoglobulinemia, psoriasis, psoriasis vul-
garis and psoriatic arthritis, diffuse fascitis with or without
eosinophilia, recurrent panniculitis, recurrent polychondritis,
lymphomatoid granulomatosis, erythema nodosum, ankylos-
ing spondylitis, Reiter’s syndrome, and various forms of
inflammatory dermatitis.

[0196] A more broad-ranging list of disorders includes
undesirable immune responses and inflammations, hepatic
fibrosis, cirrhosis of the liver or other liver diseases, thyroidi-
tis or other thyroid diseases, glomerular nephritis or other
kidney and urological diseases, otitis or other ear, nose and
throat diseases, dermatitis or other skin diseases, periodontal
disease or other dental diseases, testicular inflammation,
orchitis and orchitis/epididymitis, infertility, testicular
trauma or other immune-associated testicular diseases, pla-
cental dysfunction, placental failure, recurrent miscarriage,
eclampsia, pre-eclampsia and other immune and/or inflam-
mation-associated gynecological diseases, posterior uveitis,
intermediate uveitis, anterior uveitis, conjunctivitis, choriore-
tinitis, uveoretinitis, optic neuritis, intraocular inflammations
such as retinitis or cystoid macular edema, sympathetic
opthalmia, scleritis, retinitis pigmentosa, immune and
inflammatory components of degenerative fundus disease,
inflammation accompanying autoimmune disease, symptoms
or disorders in which immune and/or inflammatory suppres-
sion is beneficial in the central nervous system (CNS) and
other organs, Parkinson’s disease, complications and/or side-
effects of Parkinson’s disease treatment, HIV encephalopa-
thy complicated by AIDS-related dementia, Devic disease,
Sydenham chorea, Alzheimer’s disease and other CNS
degenerative diseases, symptoms or disorders, inflammatory
components of cerebral infarction, post-polio syndrome,
immune and inflammatory components of mental disorders,
spinal inflammation, encephalitis, subacute sclerosing
panencephalitis, encephalomyelitis, acute neurological dis-
orders, subacute neurological disorders, chronic neurological
disorders, Guillan-Barre syndrome, pseudotumor cerebri,
Down’s syndrome, Huntington’s disease, amyotrophic lat-
eral sclerosis, inflammatory components of CNS compres-
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sion, CNS damage or CNS infection, inflammatory compo-
nents of muscular atrophy or muscular dystrophy, and
immune and inflammatory-associated diseases, symptoms
and disorders of the central nervous system and peripheral
nervous system.

Allergic Diseases

[0197] A composition and method comprising a Neuropi-
lin-1-Fc, NP-1 neutralizing antibody, Sema3A neutralizing
antibody or other inhibitor of binding between NP-1 and
Sema3A provided by the present invention can be used for
treating allergic diseases including delayed (also referred to
as Type IV) allergic diseases. Delayed (Type IV) allergic
diseases include metal dermatitis, contact dermatitis, allergic
contact dermatitis, Sjogren’s syndrome, infectious allergy,
drug-induced pneumonia or Guillan-Barre syndrome.

Contact Dermatitis

[0198] Allergic contact dermatitis is defined as a T-cell
immune reaction to an antigen that contacts the skin. Because
allergen-dependent T-cell responses are largely limited to
CLA+ cell populations, it is believed that CLA+ T-cell clus-
ters are involved in the onset of dermatitis (Santamaria-Bab,
L.F.,etal.,J. Exp. Med. (1995) 181, 1935). Recent data have
shown that it is only the memory (CD45RO+) CD4+ CLA+
T-cells, not CD8+ T-cells, that proliferate in response to
nickel (a common contact hypersensitivity allergen) and pro-
duce both Type 1 (IFN-y) cytokines and Type 2 (IL-5) cytok-
ines. Moreover, cells that express CLA in combination with
CD4, CD45RO (memory) or CD69 proliferate after nickel-
specific stimulation, and express chemokine receptors
CXCR3,CCR4 and CCR10butnot CCR6 (see Moed H. etal.,
Br. J. Dermatol. (2004) 51, 32).

[0199] It has been proven in animal models that allergic
contact dermatitis is T-cell dependent, and that allergy
responsive T-cells migrate to sites of allergen application (see
in general Engeman T. M. et al., J. Immunol. (2000) 164,
5207; Feguson T. A. and Kupper T. S., J. Immunol. (1993)
150, 1172;and Gorbachev A. V. and Fairchild R. L., Crit. Rev.
Immunol. (2001) 21, 451).

Atopic Dermatitis

[0200] The incidence of atopic dermatitis (AD), an inflam-
matory skin condition that recurs chronically, has increased
dramatically in the past 10 years. Clinically, AD exhibits a
chronic pattern of recurrence, characterized by severe itching
and often by scraped-off patches and papular rash. Diagnosis
of AD is mainly based on major clinical findings and minor
clinical findings (see Hanifin J. M., Arch. Dermatol (1999)
135, 1551). Histopathology shows spongiosis, hyperparak-
eratosis, and localized parakeratosis in acute lesions, while
hyperparakeratosis, parakeratosis, acanthosis/hypergranulo-
sis and obvious epidermal hyperplasia with perivascular inva-
sion of the dermis by lymphocytes and large quantities of
mast cells are characteristics of chronic lesions.

[0201] T-cells play a central role in initiating localized
immune responses in tissue, and evidence has suggested that
skin-infiltrating T-cells play a particularly important role in
initiating and maintaining unregulated immune responses in
the skin. About 90% of infiltrating T-cells in skin inflamma-
tion sites express cutaneous lymphocyte-associated Ag
(CLA+), which binds to E-selectin, an induced adhesion mol-
ecule on the endothelium (see Santamaria-Babi L. F. et al.,
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Eur. J. Dermatol. (2004) 14, 13). A significant increase in
CLA+ T-cells in circulating blood has been shown in AD
patients in comparison with control individuals (see Teraki Y.
etal., Br.J. Dermatol (2000) 143, 373), and other researchers
have shown that CLA+ memory T-cells from AD patients
respond preferentially to an allergen extract in comparison
with a CLA- population (see Santamaria-Babi, L. F. et al., J.
Exp. Med. (1995) 181, 1935). In humans, the cause of atopic
skin disorders has been linked to an increase in CLA™* T-cells
expressing high levels of Th-2 cytokines similar to IL-5 and
1L-13 (see Akdis M. et al., Eur. J. Immunol. (2000) 30, 3533
and Hamid Q. et al., J. Allergy Clin. Immunol. (1996) 98,
225).

[0202] When NC/Nga mice are kept at 6 to 8 weeks old
under conditions with a specific pathogen (non-SPF), they
spontaneously develop AD-like lesions that are similar to
human AD in many respects including clinical progress, clini-
cal signs, tissue pathology and immune pathology. On the
other hand, NC/Nga mice raised under SPF conditions do not
develop skin lesions. However, spontaneous skin lesions and
scratching behavior can be induced simultaneously in
NC/Nga mice raised in an SPF facility by injecting a natural
dust mite allergen subcutaneously on a weekly basis (see
Matsuoka H. et al., Allergy (2003) 58, 139). Thus, onset of
AD in NC/Nga mice is a useful model for evaluating novel
therapeutic substances for treating AD.

[0203] In addition to NC/Nga models of spontaneous AD,
mouse skin sensitization with OVA can also be used as a
model for inducing antigen-dependent epidermal thickening
and dermal thickening with a mononuclear infiltrate in the
skin of sensitized mice. In this case a simultaneous increase in
the serum levels of total IgE and a specific IgE is generally
observed, but pruritis and functional failure of the skin barrier
do not occur in this model (see Spergel J. M. et al., J. Clin.
Invest. (1998) 101, 1614). This protocol can be modified in
order to induce pruritis and accommodative failure of the skin
barrier by sensitizing DO 11.10 OVA TCR transgenic mice
with OVA. When the number of antigen-specific T-cells that
recognize the sensitizing antigen is increased, the inflamma-
tion level of the skin increases, and visible scratching behav-
ior and lichenification/desquamation of the skin may be
induced.

Arthritis

[0204] Deforming arthritis, rheumatoid arthritis, and
arthritis encompassing joints that have become arthritic due
to injury are common inflammatory conditions that are
thought to benefit from the therapeutic use of anti-inflamma-
tory antibodies and binding polypeptides. For example, rheu-
matoid arthritis (RA) 1s a systemic disease affecting the entire
body, and is one of the most common forms of arthritis. It is
characterized by inflammation of the membranes covering
the insides of the joints, causing pain, stiffness, heat sensa-
tions, redness and swelling. Inflammatory cells release
enzymes that may digest bone and cartilage. As a result of
rheumatoid arthritis, the inner layer or synovium of an
inflamed joint infiltrates and damages bone and cartilage, and
can cause joint deterioration and severe pain along with other
physiological effects. The affected joints loss their shape and
alignment, and pain and decreased migration may result.
[0205] Rheumatoid arthritis (RA) is an immune-mediated
disorder that causes severe disability and increased death
rates, and is especially characterized by inflammation and
subsequent tissue damage. Various cytokines are produced
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locally in rheumatic joints. Various studies have shown that
two prototype inflammation-inducing cytokines, IL-1 and
TNF-a, play important roles in mechanisms associated with
synovial inflammation and advanced joint damage. In fact,
when inhibitors of TNF-a and IL-1 are administered to RA
patients, there was dramatic improvement in biological signs
and clinical signs of inflammation, and a reduction in radio-
logical signs of bone erosion and cartilage damage. Despite
these promising results, however, a large percentage of
patients do not respond to these active substances, so it has
been suggested that other mediators are also involved in the
pathophysiology of arthritis (Gabay, Expert. Opin. Biol. Ther.
(2002) 2, 2, 135-149).

[0206] A number of animal models of rheumatoid arthritis
are also known in the art. For example, in the collagen-
induced arthritis (CIA) model, mice develop chronic inflam-
matory arthritis that is similar to human rheumatoid arthritis.
Because CIA has immunological characteristics and patho-
logical characteristics that are similar to those of RA, it is an
ideal model for screening potential human anti-inflammatory
compounds. The CTA model is a well-known mouse model
that depends on both an immune response and an inflamma-
tory response. The immune response comprises an interaction
between CD4+ T-cells and B cells in response to collagen
administrated as an antigen, and also causes production of
anti-collagen antibodies. The inflammatory phase is the result
of a tissue response caused by inflammatory mediators when
some of these antibodies cross-react with the mouse’s own
collagen, activating a complement cascade. The advantage of
using a CIA model is that the basic causative mechanisms are
well known. The T-cell and B-cell associated epitopes on type
I collagen have been identified, and the various immunologi-
cal parameters (for example, delayed hypersensitivity and
anti-collagen antibodies) and inflammatory parameters (for
example, cytokines, chemokines, and matrix-degrading
enzymes) associated with immune-mediated arthritis have
been determined, and can be used to evaluate the effective-
ness of test compounds in the CIA model (Wooley, Curr.
Opin. Rheum. (1999) 3, 407-20; Williams et al., Immunol.
(1992) 89, 9784-8; Myers etal., Life Sci. (1997) 61, 1861-78;
and Wang et al., Immunol. (1995) 92, 8955-9).

Inflammatory Bowel Disease (IBD)

[0207] About 500,000 people in the United States suffer
from inflammatory bowel disease (IBD), a disease that can
attack the colon and rectum (ulcerative colitis) or both the
small and large intestines (Crohn’s disease). The causes of
these diseases are unknown, but they are accompanied by
chronic inflammation of the affected tissues. Ulcerative coli-
tis (UC) is an inflammatory disease of the large intestine
(commonly called the colon), characterized by inflammation
and ulcers of the mucous membranes or innermost walls of
the colon. The inflammation causes frequent elimination
from the colon, resulting in diarrhea. Symptoms include loose
stool, painful spasms of the adjacent abdomen, fever and
weight loss. The exact causes of UC are unknown, but recent
research suggests that the body’s natural protective system
acts against a protein in the body recognized as a foreign
substance (“autoimmune reaction”). It is likely that these
proteins resemble bacterial proteins in the intestines, and
therefore excite or stimulate an inflammatory process that
starts to destroy the inner wall of the colon. As the inner wall
of the colon is destroyed, ulcers form and release mucous,
pus, and blood. The disease normally starts in the rectal area,
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but can ultimately spread to the entire large intestine. As
repeated episodes of inflammation occur, the walls of the
intestine and rectum become thickened by scar tissue. Colon
tissue death or blood poisoning can occur when the disease is
severe. The severity of ulcerative colitis symptoms varies, and
onset may be gradual or sudden. Onset may be caused by
numerous factors including respiratory infection and stress.
[0208] Thereis presently no effective treatment method for
UC, but the focus of therapy has been on suppressing the
abnormal inflammatory process in the inner colon walls. Cor-
ticosteroid immune suppressants (for example azathioprine,
mercaptopurine and methotrexate) and therapeutic drugs
comprising aminosalicylic acid can be used to treat the dis-
ease. However, long-term use of immune suppressants such
as corticosteroids and azathioprine can lead to serious side-
effects including bone thinning, cataracts, infections and
effects on the liver and bone marrow. In patients for whom
current therapies are ineffective, surgery is an option. Surgery
includes removal of the entire colon and rectum.

[0209] Animal models exist that can partially reproduce
chronic ulcerative colitis. The most widely used model is the
2,4 ,6-trinitrobenesulfonic  acid/ethanol (TNBS)-induced
colitis model, which induces chronic inflammation and ulcers
in the colon. When TNBS is introduced into the colons of
highly sensitive mice by intrarectal drip infusion, it induces a
T-cellular immune response in the mucous membranes of the
colon, and a broad-ranging mucosal inflammation character-
ized by dense infiltration of T-cells and macrophages occurs
throughout the walls of the large intestine. The histopatho-
logical disease profile accompanies a clinical profile of pro-
gressive weight loss (weakness), blood diarrhea, rectal pro-
lapse and thickening of the large intestine walls (Neurath et
al., Intern. Rev. Immunol. (2000) 19, 51-62).

[0210] Another colitis model uses dextran sodium sulfate
(DSS), which induces acute colitis developing into bloody
diarrhea, weight loss, colon contractions, and mucosal ulcers
with neutrophil infiltration. Histologically, DSS-induced
colitis is characterized by lymphoid hyperplasia, localized
cryptic damage and epithelial ulcers, together with infiltra-
tion of inflammatory cells into the lamina propria. These
changes stem from the toxic effects of DSS on the epithelium,
and are thought to occur due to phagocytosis of the lamina
propria cells and production of TNF-a and IFN-y. Although it
is commonly used, there are some problems regarding the
mechanisms of DSS in human disease that have yet to be
resolved. Because it is observed in SCID mice and other
T-cell deficient animals, the DSS model is not considered to
be T-cell dependent.

[0211] Administration of an inhibitor of binding between
NP-1 and Sema3A to such a TNBS model, DSS model or
CD4 introduction model can be used as a means of evaluating
whether symptoms of gastrointestinal disease are alleviated
and whether the progress of the disease is altered by the use of
the inhibitor of binding between NP-1 and Sema3A.

Psoriasis

[0212] Psoriasis is a chronic skin disease that affects more
than 7 million Americans. Psoriasis occurs when skin cells
proliferate abnormally, old skin is not shed at the normal rate,
inflammation occurs, and areas of bumpy, scaly skin develop.
The most common form is psoriasis vulgaris, which is char-
acterized by inflamed areas of skin (“lesions”) covered with
silver-white scales. Psoriasis may be limited to a few plaques,
or may encompass moderate to large areas of skin, and occurs
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most often on the head, knees, elbows and torso. Although
highly conspicuous, psoriasis is not an infectious disease
spread by contact. The cause of these symptoms is related to
chronic inflammation of affected tissue. The inhibitor of
binding between NP-1 and Sema3 A of the present invention
may function as a useful therapeutic substance for reducing
inflammation and pathological effects in cases of psoriasis,
other inflammatory skin disease, skin allergies and mucous
allergies and associated conditions.

[0213] Psoriasis is an inflammatory T-cell disorder of the
skin that may cause extreme discomfort. There is no cure, and
the disease may occur in people of every age. Psoriasis affects
about 2% of the population in Europe and North America.
Individuals suffering from mild psoriasis can often control it
with topical drugs, but over a million patients throughout the
world require UV therapy or systemic immunosuppression
therapy. Unfortunately, ultraviolet radiation is inconvenient
and risky, while many therapies are toxic and are therefore
limited in duration of use. Moreover, psoriasis normally
recurs, and in some cases may return to its original state soon
after interruption of immunosuppression therapy. Substances
that inhibit binding between NP-1 and Sema3 A can be tested
using a recently developed psoriasis model based on the
CD4+ CD45RB introduction model (Davenport et al., Inter-
nat. Inmunopharmacol. (2002) 2, 653-672).

[0214] In addition to other disease models explained in the
description, the activity of an inhibitor of binding between
NP-1 and Sema3A in inflamed tissue from human psoriasis
lesions can be measured in vivo using a severe combined
immunodeficiency (SCID) mouse model. A number of mouse
models have been developed with human cells transplanted
into immunodeficient mice (generally called xenotransplan-
tation models) (see for example Cattan A R, Douglas E, Leuk.
Res. (1994) 18, 513-22 and Flavell, D J, Hematological
Oncology (1996) 14, 67-82). One in vivo xenotransplantation
model of psoriasis involves transplanting human psoriasis
skin tissue into SCID mice, and challenge inoculating with a
suitable antagonist. Other psoriasis animal models known in
the art can also be used to evaluate substances that inhibit
binding between NP-1 and Sema3A, such as for example
transplanting human psoriasis skin grafts into an AGR129
mouse model, and challenge inoculating with a suitable
antagonist (see for example Boyman, O. et al., J. Exp. Med.
(2004) 199, 5,731-736). Similarly, tissue or cells from human
colitis, IBD, arthritis or other inflammatory lesions can be
used in an SCID model to evaluate the anti-inflammatory
properties of an inhibitor of binding between NP-1 and
Sema3A as explained in the description.

[0215] Using well-known methods in the art, the effective-
ness of therapy can be monitored in terms of increased anti-
inflammatory effects over time in a treated group, and evalu-
ated statistically. Some typical methods involve, but are not
limited to, measuring the thickness of the epidermis, the
number of inflammatory cells in the upper dermis, and the
grade of parakeratosis in psoriasis. Such methods are known
in the art, and are explained in the description. See for
example Zeigler, M. et al., Lab. Invest. (2001) 81, 1253;
Zollner, T. M. et al., J. Clin. Invest. (2002) 109, 671,
Yamanaka, N. et al., Microbiol. Immunol. (2001) 45, 507,
Raychaudhuri, S. P. et al., Br. J. Dermatol. (2001) 144, 931,
Boehncke, W. H. etal., Arch. Dermatol. Res. (1999) 291, 104;
Boehncke, W. H. et al., J. Invest. Dermatol. (2001) 116, 596;
Nickoloff, B. J. et al., Am. J. Pathol. (1995) 146, 580; Boe-
hncke, W. H. et al. (1997.) I. Cutan. Pathol. 24, 1; Sugai, J. M.
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et al., J. Dermatol. Sci. (1998) 17, 85 and Villadsen, L. S. et
al., J. Clin. Invest. (2003) 112, 1571. 1t is also possible to
monitor inflammation over time by a known method such as
flow cytometry (or PCR), and to assay the number of inflam-
matory cells or damaged cells in a sample, the score for IBD
(weight loss, diarrhea, rectal bleeding, length of colon), the
foot disease score for a CIA RA model, and the inflammation
score.

Systemic Lupus Erythematosus

[0216] Systemic lupus erythematosus (SLE) is an immune
complex-associated disorder characterized by chronic IgG
antibody (such as anti-dsDNA) production in response to a
ubiquitous self-antigen. The effects of SLE are systemic but
not localized in a specific organ. Multiple chromosomal loci
are associated with the disease, and may be responsible for
various aspects of the disease, including anti-dsDNA anti-
bodies and glomerular nephritis. CD4+ T-cells have been
shown to play an active role in an SLE mouse model (Hor-
witz, Lupus (2001) 10, 319-20; Yellin and Thienel, Curr.
Rheumatol. Rep. (2000) 2, 24-37). The role of CD8+ T-cells
has not been clearly defined, but there is evidence to suggest
that “suppressor” CD8+ T-cell function is disabled in lupus
patients (Filaci etal., J. Immunol. (2001) 166, 6452-7; Sakane
etal., J. Immunol. (1986) 137, 3809-13).

[0217] As used herein, embodiments expressed with the
term “comprising” encompass embodiments expressed with
the term “essentially consisting of” and embodiments
expressed with the term “consisting of”.

[0218] All patents and reference documents that are explic-
itly cited in this application are incorporated herein by refer-
ence.

[0219] Thepresent invention is explained using the follow-
ing examples, but is not limited by these examples.
EXAMPLES
Example 1
Methods

Mice

[0220] Plexin-A1™", Sema3K™", Sema6c™~ and NP-1
knock-in mice with a C57BL/6 background have already
been established. OT-1ITg mice were provided by Mr. W. R.
Heath.

[0221] For the Sema6D ™", a 0.6 kbp fragment comprising
the second exon with start codon and the third exon were
replaced with a neo resistance cassette, and a herpes simplex
virus thymidine kinase (HSY-TK) gene was inserted for
selecting a targeting vector from random integration. Linear-
ized targeting plasmid DNA was transfected into embryonic
stem (ES) cells by electroporation. After double selection
with G418 and ganciclovir, 320 resistant clones were
screened for homologous recombination of Sema6D alleles
by PCR and Southern blot analysis. For the Southern blot
analysis, genome DNA was isolated from wild-type and
Sema6D-target ES cells and digested with EcoRI, and sepa-
rated by agarose gel electrophoresis. The DNA was trans-
ferred to a nylon blotting membrane (HybondN) in accor-
dance with the manufacturer’s protocols. The filter was
hybridized overnight with a radiolabeled probe. The filter was
then washed for 1 hour at 65° C. with 0.1xSSC containing
0.1% SDS, and analyzed by autoradiography. Three clones
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having homologous recombination were identified and iso-
lated. ES cells from three independent Sema6D mutant clones
were injected separately into blastocysts from C57BL/6 mice.
The blastocysts were transplanted into pseudopregnant ICR
surrogate mothers, and the chimera males were then back-
crossed with C57BL/6 or BALB/c females. Heterozygous
mice were mated to produce homozygous mice. For purposes
of immunological analysis, the homozygous mice were back-
crossed for eight generations or more with C57BL/6 or
BALE/c mice. The germline transmission and genotypes of
the Sema6D target alleles were evaluated by Southern blot-
ting and PCR analysis. PCR was performed in 35 cycles
consisting of 60 seconds at 94° C., 60 seconds at 60° C. and 60
seconds at 72° C., using the primers (5'-acaaacgagaaac-
cagtttcacc-3') (SEQ ID NO:13) and (5'-ccagcaatataaagtgt-
gteteg-3") (SEQ ID NO:14).

[0222] For RI-PCR analysis, RNA was isolated from
spleens with RNeasykits (Qiagen) and treated with DNasel
(Invitrogen), and the genome DNA was removed. cDNAs was
synthesized with a SuperScript Ilc DNA synthesis kit (Invit-
rogen), and RT-PCR was performed in 35 cycles consisting of
30 seconds at 94° C., 30 seconds at 60° C. and 30 seconds at
72° C., using the primers (5'-caatatccggtttttagaggacgee-3')
(SEQID NO:15) and (5'-cetgetgtetggacctecacgtcag-3") (SEQ
ID NO:16). The mice were maintained in a special sterile
environment, and used at the age of 8 to 12 weeks. All test
procedures were in accordance with the guidelines of our
organization.

Cell Culture

[0223] As described above, bone marrow-derived cells
(BMDC) were produced by culturing bone marrow cells for 6
to 8 days in the presence of GM-CSF. SVEC4-10 (mouse
lymphatic endothelial cell line, from ATCC) was cultured in
DMEM medium containing 10% FCS. Human lymphatic
microvascular endothelial cells (HMVEC-dLy, Lonza) were
cultured in an Endothelial Cell Medium Bullet Kit (Lonza).

Antibodies, Reagents and Fluorescent Dyes

[0224] The following reagents were used: LPS, Oxazolone
(4-ethoxymethylene-2-phenyl-2-oxazolin-5-one), FITC iso-
mer, blebbistatin, ML-7 (Sigma), Y-27632 (Carbiochem),
collagenase D (Roche), calcein AM, CFSE (5-(and 6)-car-
boxyfluorescein diacetate succinimidyl ester), CMFDA
(5-chloromethylfluorescein diacetate), CMTMR (5-(and 6)-
(((4-chloromethyl)benzoyl)amino )tetramethylrhodamine),

phalloidin 488, phalloidin 546 (Invitrogen), recombinant
human Sema3A-Fc, mouse GM-CSF, mouse CCL19, mouse
CCL21 (R & D), mouse CXCL12, mouse TNFa. (PeproTech)
and mouse CD40 (HM40-3) (BD Biosciences). The follow-
ing antibodies were used in immunohistochemical tests: rab-
bit anti-MLC, rabbit anti-phosphorylated MLC (Cell Signal-
ing Technologies), mouse anti-B-actin (Sigma), rabbit anti-
Plexin-A1 (provided by Y. Yoshida), biotinylated anti-mouse
LYVE-1 (R & D), Cy3-anti-rabbit IgG (Jackson), ECL-anti-
rabbit IgG-POD, ECL-anti-mouse 1gG-POD, streptavidin-
POD (GE Healthcare). FITC/APC-anti-CD4 (GK1.5, eBio-
science), APC-Cy7-anti-CD8a (53-6.7), PE-anti-B220
(RA3-6B2), FITC/APC-anti-CD11c (HL3), FITC/PE-anti-1-
AP? (25-9-17, BD Biosciences), Alexa 647-anti-CCR7 (4B12,
Biolegend), Alexa 647-anti-CXCR4, anti-mouse CD49a
(HA31/8), anti-mouse CD49%e (5H10-27, BD Biosciences),
anti-mouse CD1la (M17/4), anti-mouse CD51 (RMV-7,
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eBioscience), anti-mouse VLA-1 (MAB1997, Chemicon),
anti-mouse CD18 (M18/2) and anti-mouse CD61 (2C9, G2,
eBioscience) were used for cell staining in flow cytometry.
Anti-Sema6D mAb (natsuclone) was established by immu-
nizing Sema6D-deficient mice with a recombinant Sema6D-
Fc protein.

In Vivo Monitoring of Proliferative Response of
Antigen-Specific T-Cells

[0225] For the CFSE-dilution assay, CD4* T-cells isolated
from OT-II mice were labeled with CFSE (Lyons and Parich,
J. Immunol. Methods 1994). In brief, 107/ml of cells were
incubated for 10 minutes with 1 uM of CFSE in PBS (pH 7.4).
2x10° cells were injected intravenously into a recipient
mouse. After 2 hours, OVA (Grade VI, Sigma) in complete
Freund’s adjuvant (CFA) was injected subcutaneously into a
hind foot pad to immunize the mouse. The mouse was sacri-
ficed after 72 hours. The proliferative response of the antigen-
specific T-cells in the draining lymph nodes was analyzed by
flow cytometry, and shown as dilution of CFSE fluorescent
intensity.

[0226] For T-cell priming, a mouse was immunized by
injecting 100 pg of keyhole limpet hemocyanin (KLH) in
CFA into a hind foot pad. 5 days after immunization, CD4*
T-cells isolated from the draining lymph nodes were stimu-
lated for 72 hours with various concentrations of KLH. For
the proliferation assay, the cells were stimulated with 2 pCi of
*H-thymidine during the last 14 hours. Secretion of IL-2,
IFNy and IL-17 was measured with Cytokine Plex (Bio-Rad).

Adoptive Transfer Test

[0227] BMDC cells were labeled for 10 minutes at room
temperature with 5 uM of CFSE in PBS, and washed with
PBS. 1x10° DC cells in 50 ul of PBS were injected subcuta-
neously into a hind foot pad of a recipient mouse. Popliteal
lymph nodes were collected from 24 to 48 hours after injec-
tion and treated for 30 minutes at 37° C. with 1 mg/ml of
collagenase D, and the cells were counted and analyzed by
flow cytometry. The percentage of migrating dendritic cells
corresponds to the ratio of fluorescent dendritic cells to total
lymph node cells.

Two-Photon Microscopy

[0228] BMDC cells (1x10°) were pulsed with OT-II pep-
tide, labeled with 5 pM of CMTMR, and injected into a hind
foot pad of a wild-type recipient mouse. 18 hours after den-
dritic cell injection, 2x107 OT-IITg mouse-derived CD4*
T-cells labeled with 5 uM of CMFDA were injected intrave-
nously. Anti-CD62L antibodies were administered at 1 hour
to block inflow of new T-cells into the lymph nodes through
the HEV. After 10 hours, the popliteal lymph nodes were
excised, and maintained at 37° C. in washing medium (supet-
fused medium) bubbled with 95% O,/5% CO,. A MaiTaiTi:
sapphire laser (Spectra Physics, Mountain View, Calif.) was
adjusted to 875 nm for second harmonic generation and two-
photon excitation of CMFDA and CMTMR. For four-dimen-
sional analysis of cell migration, spading of seven x-y sec-
tions witha zof 5 um were taken every 30 seconds, to produce
a volume image with a depth of 30 um in 30 minutes. Three
fluorescent channels were separated using 440, 510 and 560
nm two-color mirrors in combination with 400/40 (second
harmonic signal), 535/26 (CMFDA) or 600/100 (CMTMR)
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nm bandpass filters, and detected with a non-descanned
detector using an 0.8 NA 40x submerged objective lens.

FITC Skin Painting

[0229] Emigrationofepidermal dendritic cells was induced
in vivo by applying 50 ul of 2 mg/ml FITC in a carrier solution
(1:1 v/v acetone:dibutylphthalate) to shaved shoulders. The
control animals were given the same amount of carrier solu-
tion without FITC. 24 and 48 hours later the mice were
sacrificed, the brachial lymph nodes were excised, and the
frequency of CD11c* FITC* dendritic cells was evaluated by
flow cytometry. The number of endogenous DC cells that had
migrated to the brachial lymph nodes was calculated as fol-
lows: (number of endogenous dendritic cells)=(total cell
count)x(% of CD11c* FITC” cells).

Transwell Test

[0230] An uncoated Transwell (pore diameter 5.0 pm;
Corning) was placed in a 24-well plate containing CCL21 or
CSCL12 in 0.6 ml of RPMI containing 0.1% BSA. 1x10°
dendritic cells in 0.1 ml of solution were added to the upper
well of the Transwell, and incubated for 3 hours at37° C. The
cells in the upper chamber were ablated for 5 minutes with 5
mM PBS-EDTA, and counted by Guava. Fibronectin (10
mg/ml), type 1 collagen (3.0 mg/ml) or lymphatic endothelial
cells were laid over the membrane of the top chamber for
purposes of in vitro migration assay. In brief, 2x10* SVEC4-
10 or HMVEC-dLy cells were seeded on the top or bottom
surface of a Transwell insert coated with 2 pg/ml of fibronec-
tin. After 2 days of culture, the integrity of the confluent layer
was investigated by phalloidin staining. A migration assay
was performed for 6 hours. Inhibition of myosin II and Rho
activity in the dendritic cells was accomplished by 30 minutes
of treatment at 37° C. with 50 uM blebbistatin (Sigma) or 30
UM Y-27632 (Calbiochem).

In Vivo Migration of Dendritic Cells

[0231] To observe the outflow of dendritic cells from the
periphery, contact hypersensitivity was induced by applica-
tion of oxazolone to the abdomen. 6 days after sensitization,
oxazolone was applied to the ear. 8 hours after the challenge,
10° CMFDA-labeled BMDC cells were injected through the
skin. After 24 hours the animals were sacrificed, and the ear
tissue was fixed with paraformaldehyde. The lymph channels
were detected by whole mount staining using biotinylated
anti-LYVE-1+streptavidin-Cy3. Images were obtained by
confocal z-stack imaging, and the number of cells retained at
the periphery was counted.

Two-Dimensional Migration Assay

[0232] To analyze the chemotaxis of dendritic cells in a
Zigmond chamber, LPS-treated dendritic cells were made to
adhere to a fibronectin-coated (2 pg/ml) cover slip for 30
minutes. The cover slip was placed in a Zigmond chamber,
and an aliquot (0.1 ml) of a solution (RPMI containing 0.1%
BSA) was added to one side of the chamber, while the same
solution containing CCL21 (5 pg/ml) was added to the other
side. Images were recorded every 30 seconds with an inverted
confocal microscope (LSM 5 Exciter, HAL100, Zeiss)
equipped with an environment chamber for temperature,
humidity and CO,. A Zeiss EC-plan Neofluar 20x object lens
(0.5 NA) was used for imaging.
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[0233] To analyze the effect of Sema3A on dendritic cell
migration, a chemotaxis test was performed in an EZ-Taxis-
can chamber in accordance with the manufacturer’s protocols
(Effector Cell Institute). EZ-Taxiscan is an optically acces-
sible chemotaxis chamber. A chamber containing CCL21 (5
pg/ml) in one compartment and cells and recombinant
Sema3A-Fc (5 ug/ml) or IgG in another compartment was
connected to a microchannel. Phase contrast images of the
migrating cells were taken at 30-second intervals.

Two-Dimensional Migration Assay in 3D Collagen Matrix

[0234] Bone marrow-derived dendritic cells that had been
treated for 12 hours with LPS (500 ng/ml) were suspended in
type I collagen (3 mg/ml) (BD Biosciences) containing 2%
FCS and control 1gG (5 pg/ml) or Sema3A-Fc (5 ug/ml) and
cast on one side of a Zigmond chamber, and the stage was
covered with gel and polymerized by 30 minutes of incuba-
tion at 37° C. Next, RPMI containing 0.5% BSA and CCL21
(5 pg/ml) was added to the other side. After 20 minutes of
incubation, the migration of the dendritic cells was assessed
at 1 minute intervals using a confocal time-lapse video micro-
scope recorder as described above.

Chemotaxis Assay Analysis

[0235] To compare the migration velocities of the dendritic
cells in the collagen matrix, a random sample of single cells
was tracked manually using the Image J Manual Tracking
Plug-in or the Metamorph offline software Track-point. The
cells were tracked for 2 hours. The velocity and direction
parameters were calculated, and the resulting data were ana-
lyzed for chemotaxis to obtain a visible plot. The average
velocity and instantaneous velocity of migration were calcu-
lated by excluding the resting part.

Dendritic Cell-Endothelial Cell Interactions

[0236] 1x10*BMDC cells were added to anendothelial cell
monolayer derived from normal human skin lymphatic
microvascular endothelial cells (HMVEC-dLy). After 30
minutes of incubation, images were recorded at 30-second
intervals with an inverted confocal microscope (LSM 5
Exciter, HAL100, Zeiss) equipped with an environment
chamber for temperature, humidity and CO,. A Zeiss EC-
plan Neofluar 20x object lens (0.5 NA) was used for imaging.
1x10* CFSE-labeled BMDC cells were added to the
HMVEC-dLy endothelial cell monolayer for purposes of 3D
imaging. After 45 minutes of incubation, the cells were fixed
with 4% PFA, and stained with phalloidin Alexa 546.

[0237] Confocal microscope images were obtained with an
inverted microscope (LSM 5 Exciter, Zeiss) using a Zeiss
Plan-Apochromat 63x oil DIC lens (1.4 NA) with an optical
section spacing (z-spacing) of 0.22 um. Using Imaris 3D
software, 12 z-stack images were reconstructed to make a
three-dimensional image. To evaluate the statistical analysis,
the dendritic cells were classified into two groups: DC cells
that could be detected only at the tips of the endothelial cells
in a confocal microscope, and dendritic cells that could be
detected throughout the endothelial cells from the tips to the
base. The percentage of dendritic cells that could be detected
throughout the endothelial cells was calculated as a percent-
age of the total dendritic cells.
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RT-PCR

[0238] For RI-PCR analysis, RNA was isolated from
immature bone marrow-derived dendritic cells, mature den-
dritic cells (CD40; 1 pg/ml, TNFa; 50 ng/ml), SVEC4-10and
HMVEC-dLy using RNeasykits (Qiagen), and treated with
DNasel (Invitrogen) to remove genome DNA. cDNAs was
synthesized using a SuperScript Ilc DNA synthesis kit (Invit-
rogen).

Adhesion Assay

[0239] A 96-well dish (BD Biosciences) coated with
fibronectin, laminin, type I collagen, type IV collagen and
poly-L-lysine (PLL) was blocked for 30 minutes with 0.5%
BSA in RPMI. 5x10* BMDC cells labeled with 1 uM of
calcein AM were added to each well. After 30 minutes of
incubation at 37° C., the plate was shaken for 15 seconds at
1100 rpm and washed 3 times with PBS. The cells were
solubilized with 0.2% triton-X in PBS, and fluorescent inten-
sity was measured at 460 nm with an Arvo (Perkin Elmer).
The absorbency of a cell lysate from the total volume of the
added cells was given as 100%. To determine the adhesion
activity of dendritic cells to endothelial cells, 1x10° BMDC
cells labeled with 1 uM of calcein AM were added to an
endothelial cell monolayer in a 24-well plate. After 30 min-
utes of incubation at 37° C., the cells were fixed with 4% PFA,
and thoroughly washed. Images were taken with a fluores-
cence microscope (Nikon eclipse TE2000-E) using a Nikon
Plan Fluor 10xDIC objective lens (NA 0.3), and the number
of adhering cells was counted with NIS-elements AR 3.0
software.

Immunohistology

[0240] LPS-treated BMDC cells (2x10%) were affixed for
30 minutes at 37° C. to fibronectin-coated glass (10 pg/ml).
Non-adhering cells were removed, and the dendritic cells
were incubated for 10 minutes with Sema3A-Fc (5 pg/ml) or
control IgG (5 pg/ml), fixed for 30 minutes at 4° C. with 4%
PFA, incubated for 1 hour with a blocking solution (30%
normal goat serum, containing 2% BSA in PBS), and stained
overnight with rabbit anti-Plexin-A1l or rabbit anti-pMLC
with anti-rabbit Cy3 and phalloidin Alexa 488. Images were
taken by confocal z-stack imaging (0.5 um intervals) with an
inverted microscope (LSM 5 Exciter, Zeiss) using a Zeiss
Plan-Apochromat 63x o0il DIC objective lens (1.4 NA).

ELISA Assay

[0241] BMDC cells were cultured on plates coated with
sema6D-Fc (5 pg/ml) and control IgG (5 pg/ml), with or
without LPS (200 ng/ml). After 48 hours of incubation, the
culture supernatant was isolated, and TNFo and pro-MMP9
(R & D) were assayed by ELISA.

Analysis of Dendritic Cell Subsets in Lymph Nodes

[0242] The cervical, brachial, central, groin and popliteal
lymph nodes were isolated from non-inflamed 8-week-old
mice and digested for 30 minutes at 37° C. with HANKS
containing 400 u/ml of collagenase D, and single-cell suspen-
sions were prepared from the digested tissue, stained with
antibodies against CD11¢, B220, CD4, CD8a and I-A®, and
analyzed by flow cytometry after gate setting for the CD11c*
B220™ population.
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Statistical Analysis

[0243] If the data were found to meet the standard, a Stu-
dent’s t-test and one-way ANOVA were performed. In other
cases, a Mann-Whitney U-test was performed. When
ANOVA was significant, a Tukey test was performed as a post
hoc analysis. The data were analyzed with Statce 12.

Results

Diminished Dendritic Cell Migration to Draining Lymph
Nodes in Plexin-A1~~ Mice

[0244] We reported previously that antigen-specific T-cell
production is greatly diminished in Plexin-A1~" mice. How-
ever, the exact role of Plexin-Al in antigen-specific T-cell
priming was unknown. To investigate the mechanisms in
more detail, OT-11 cells were activated in wild-type and
Plexin-A1~"~ mice. In wild-type recipient mice, CFSE-la-
beled OT-11 cells proliferated well after subcutaneous
administration of OVA peptide together with CFA (FIG. 1A).
By contrast, the antigen-specific proliferation response was
greatly diminished when OT-11T cells were injected into
Plexin-A1~"~ mice (FIG. 1A). The results show the impor-
tance of Plexin-Al in antigen-specific T-cell responses.
[0245] Antigen-specific T-cells are stimulated by contact
with dendritic cells that have been pulsed with an antigen in
the draining lymph nodes. We therefore investigated the
effects of Plexin-A1l deficient dendritic cells on interactions
between dendritic cells and T cells in the draining lymph
nodes.

[0246] To observe cell-cell contact between antigen-spe-
cific T-cells and dendritic cells that had been pulsed with
antigen in the lymph nodes, wild or Plexin-A1~~ mouse-
derived dendritic cells that had been pulsed with CMTMR-
labeled OVA were injected into the foot pads of wild-type
recipient mice, and the popliteal lymph nodes were analyzed
by two-photon microscopy. When wild-type dendritic cells
were injected into the foot pads, the CMTMR-labeled den-
dritic cells were distributed abundantly throughout the T-cell
region of the draining lymph nodes (FIG. 1B, top). By con-
trast, when dendritic cells were injected almost no dendritic
cells were found in the draining lymph nodes of the recipient
mice (FIG. 1B, bottom), indicating that the cell migration
ability was decreased.

[0247] In order to quantitatively compare the migration
activity of wild-type and Plexin-A 1"~ dendritic cells in vivo,
CFSE-labeled dendritic cells were injected into the foot pads
of wild-type mice, and subsequent arrival of the cells in the
draining lymph nodes was investigated. The Plexin-Al1~~
dendritic cells were shown to have decreased migration activ-
ity in comparison with the wild-type dendritic cells.

[0248] Next, the migration ability of endogenous dendritic
cells was analyzed. The number of CD11¢*MHCII* and
CD11c*CD4"CD8" migrating dendritic cell subsets in the
draining lymph nodes of the skin in a steady state was lower
in Plexin-A1~"~ mice (FIG. 5C).

[0249] Because Plexin-Al expression rises as dendritic
cells mature, a FITC skin painting test was performed to
investigate the effect of Plexin-A1 deficiency on dendritic cell
trafficking under inflammation conditions. As shown in FIG.
1D, Plexin-A1~~ mice had significantly fewer migrating
FITC-positive dendritic cells than wild-type mice.

[0250] Insummary, these results show that Plexin-A1l plays
a definitive role in dendritic cell trafficking, and suggest that
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a drop in dendritic cell trafficking is the principal reason for
deficient T-cell stimulation in Plexin-A1~"~ mice.

Decreased Migration Ability During Dendritic Cell
Trafficking of Plexin-A1~~ Dendritic Cells

[0251] Dendritic cell trafficking from peripheral tissue to
the lymph channels occurs in a number of sequential sages,
including antigen uptake, interstitial migration to lymph
channels in response to chemokines, and a process of passage
through the lymph channels. Each migration stage was inves-
tigated in detail to determine which stages require Plexin-Al.
In terms of antigen uptake, there was no significant difference
between wild-type and Plexin-A1~"~ dendritic cells (FIG.
6A). In a Transwell assay, there was no difference in the
ability of dendritic cells to migrate in response to CCL19,
CCL21 or CXCL12 (FIG. 6B), and there was also no differ-
ence in the direction of sensitivity of dendritic cells in a
chemokine gradient in a two-dimensional assay using a Zig-
mond chamber (FIG. 6C). In line with these findings, the
expressed level of CCR7 and CXCR4 was similar in wild-
type and Plexin-A1~"~ dendritic cells (FIG. 6D).

[0252] These results show that Plexin-Al is not necessary
for antigen uptake or responsiveness to chemokines during
migration.

[0253] Our observations suggest that Plexin-A1l plays a
definitive roll in migration once these cells have reached the
first lymph channel. To investigate the role of Plexin-A1 in the
migration process in vivo, wild-type and Plexin-A1~"~ den-
dritic cells labeled with CFSE were adoptively transferred to
oxazolone-treated mice, and the fate of the transplanted den-
dritic cells was investigated.

[0254] As shown in FIG. 2A, 24 hours after adoptive trans-
fer almost no wild-type dendritic cells were found around the
first lymph channel in the presence of a physiological lymph
stream. By contrast, numbers of Plexin-A1~"~ dendritic cells
were retained along the lymph channels of the skin in recipi-
ent mice, and the lymph channels were LYVE-1 positive
(FIG. 2A). This shows that the ability to pass through lymph
channels was diminished in Plexin-A1~" dendritic cells.
[0255] Next, time-lapse imaging was performed to investi-
gate whether or not Plexin-Al deficiency in dendritic cells
affects initial contact between the dendritic cells and the
lymphatic endothelial cells. Wild-type dendritic cells inter-
acted with endothelial cells at the cell-cell junctions of lym-
phatic endothelial cells, and transmigrated across the endot-
helial cells (FIG. 2B, top). However, although Plexin-A1~"~
dendritic cells moved actively, extended their dendrites and
contacted the lymphatic endothelial cells in the same way as
wild-type dendritic cells, they were not able to pass through
the lymphatic endothelial cells (FIG. 2B, bottom).

[0256] To further verify these findings, CFSE-labeled den-
dritic cells were applied to a monolayer of lymphatic endot-
helial cells, stained with the F-actin marker phalloidin, and
observed by confocal z-stack imaging. The wild-type den-
dritic cells were observed throughout the endothelial cells,
from the top to the bottom. By contrast, the Plexin-Al1~"~
dendritic cells adhered to the lymphatic endothelial cells, but
were not able to pass through (FIG. 2C, FIG. 7). In a Tran-
swell test, the ability of Plexin-A1~"~ dendritic cells to pass
through an endothelial cell monolayer was significantly
lower (FIG. 2D).

[0257] In summary, these results suggest that dendritic
cells strongly require Plexin-A1l for the process of passing
through the lymph channels.
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Sema3 A, Rather than Sema6C or Sema6D, is Responsible for
Plexin-A1-Mediated Dendritic Cell Trafficking

[0258] Plexin-Al is a receptor component for two types of
semaphorins: Sema3A, a secretory class I1I semaphorin, and
Sema6C and Sema6D, which are class VI transmembrane
semaphorins. Thus, we evaluated which interaction causes
the deficiency in Plexin-A1~'~ dendritic cells. First, we inves-
tigated the expression profiles of these molecules in dendritic
cells and lymph channels. The Sema3A receptor component
NP-1, Plexin-Al, and Sema6D were expressed in dendritic
cells, and Sema3A and Sema6C were expressed in lymph
channels (FIG. 8). Based on the expression profile, an adop-
tive transfer assay was performed to clarify which mode is
indispensable for dendritic cell trafficking. When dendritic
cells from NP-1°"“ knockout mice lacking Sema3 A binding
sites were introduced into wild-type recipient mice, migra-
tion to the draining lymph nodes was reduced (FIG. 3A). By
contrast, dendritic cells from SEma6D™" mice (FIG. 9)
exhibited the same level of migration activity as those from
wild-type mice (FIG. 3A). These results suggest that NP-1
expression in dendritic cells is necessary for dendritic cell
trafficking.

[0259] To further investigate which semaphorin is neces-
sary in the lymph channels, dendritic cells from wild-type
mice were injected into Sema3A~" recipient mice, and
decreased migration of dendritic cells to the draining lymph
nodes was observed (FIG. 3B). When dendritic cells from
wild-type mice were introduced into Sema6C~~ or
Sema6D™"~ recipient mice, however, there were no abnor-
malities in dendritic cell trafficking (FIG. 3B). To confirm
these findings in vitro, a migration assay was performedin the
presence of a lymphatic endothelial cell monolayer.

[0260] AsshowninFIG. 3C, dendritic cells from NP-1°°7¢
knockout mice exhibited less migration ability, in the same
way as dendritic cells from Plexin-A1~"~ mice (FIG. 2D).
Moreover, dendritic cells from Sema6D-1 mice exhibited no
abnormalities (FIG. 3D). Next, a T-cell priming test was
performed using the following Plexin-Al-related mutant
mice: Sema3A~", Sema6C™", Sema6D~" and NP-1°"¢
knockout mice. In line with the previous results, the
Sema3A~" and Np-1°°" knockout mice had the same T-cell
priming deficiencies as the Plexin-A1~"~ mice, but no anti-
gen-specific T-cell priming abnormalities were observed in
the Sema6C ™"~ or Sema6D ™"~ mice (FIG. 3D). Taken together,
these results show that Sema3A, rather than Sema6C or
Sema6D, is a functional ligand of Plexin-A1 in the migration
process of dendritic cells to the lymph nodes.

[0261] Sema3A induces actomyosin contractions by stimu-
lating myosin 1I activity. In the nervous system, Sema3A
determines the direction and migration of neuronal axon
guidance factors. Thus, we hypothesized that Sema3A is also
associated with dendritic cell trafficking. We first investigated
the localization of Plexin-Al in migrating dendritic cells.
Plexin-A1 expression is localized at the trailing edge of the
migrating cells, not at the leading edge where active actin
polymerization is observed (FIG. 4A). consistently, migra-
tion of dendritic cells in response to chemokines in a Tran-
swell assay was enhanced when Sema3A was added to the
upper chamber, but not when it was added to the lower cham-
ber (FIG. 4B, left).

[0262] In a two-dimensional directional migration assay
evaluated by EZ-taxiscan, Sema3A increased the proportion
of motile dendritic cells, and increased the velocity of den-
dritic cells when applied against the chemokine gradient
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(FIG. 4B, right). This suggests the importance of Sema3 A in
the polarity of migrating dendritic cells.

[0263] It has recently been suggested that myosin II and
small DTPases in the Rho family play a role in dendritic cell
trafficking. Localization of these molecules resembles that of
Plexin-A1, implying that they are necessary for squeezing the
cell body and producing actomyosin contractions as the cell
passes through narrow gaps or constricted regions. Myosin
light chain (MLC) phosphorylation is also important for myo-
sin II activity, and may be involved in Sema3A-mediated
axonal retraction. In light of these previous findings and the
abundant expression of Sema3A in the lymph channels, we
investigated whether or not Sema3 A affects myosin IT activity
during dendritic cell trafficking. As expected, there was an
increase in MLC phosphorylation in dendritic cells stimu-
lated with recombinant Sema3A (FIG. 4C, FIG. 10). More-
over, Sema3A increased the percentage of motile dendritic
cells, and the velocity of the dendritic cells in the collagen
matrix (which is used as an in vitro model of migration
through constricted regions) (FIG. 4D).

[0264] To determine whether the effect of Sema3 A on den-
dritic cell trafficking is dependent on myosin II, myosin I or
its upstream activator Rho kinase was inhibited with a drug.
As shown in FIG. 4E, dendritic cell trafficking increased
significantly when Sema3A was applied to the upper cham-
ber, but this effect disappeared when the DC cells were treated
with either the myosin II inhibitor blebbistatin or the Rho
kinase inhibitor Y-27632.

[0265] Taken together, these results suggest that Sema3A
induces actomyosin contractions during dendritic cell traf-
ficking.

FIG. 1. Plexin-A1”~ Mice Exhibit Diminished T-Cell
Response Due to Deficient Migration of Dendritic Cells to the
Lymph Channels

(A) Decreased Production of Antigen-Specific T-Cells in
Plexin-A1"~ Mice

[0266] OT-IICD4* T-cells labeled with CFSE were injected
intravenously into wild-type (+/+) or Plexin-Al17~ (-/-)
mice, and OVA peptide in CFA was then injected subcutane-
ously into the foot pads. After 72 hours, the antigen-specific
T-cell response was measured by CFSE dilution. The data for
each test are typical examples from three independent experi-
ments.

(B) Decreased Dendritic Cell Trafficking to Draining Lymph
Nodes in Plexin-A1~~ Dendritic Cells

[0267] CMTMR-labeled BMDC cells from wild-type (+/+)
or Plexin-A17'~ (~/-) mice were injected into the foot pad of
a wild-type recipient mice, and CD4* OT-IIT cells (green)
labeled with CMFDA were injected into the mouse. 24 hours
after injection, dendritic cell trafficking to the popliteal lymph
nodes was measured with a two-photon microscope.

(C) Decreased Number of Migrating Dendritic Cells in
Plexin-A1""~ Mice

[0268] CFSE-labeled BMDC cells from wild-type (white
bar) or Plexin-A1~"~ (black bar) mice were injected into the
foot pad of a wild-type recipient mouse. The number of den-
dritic cells transported to the popliteal lymph nodes was ana-
lyzed by the following formula: (% influx cells) (total
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cells)x(% CFSE+ cells)/(number of influx cells). Average+/-
sd, ¥*¥p<0.01, #**p<0.001, Mann-Whitney U-Test

(D) Decreased Migration Activity of Endogenous Dendritic
Cells in Plexin-A1~"~ Mice

[0269] FITCisomer was painted on the shaved shoulders of
wild-type (white bar) and Plexin-A1~" (black bar) mice.
Cells were isolated from the brachial lymph nodes at the times
indicated, and D11c¢* FITC™ cells were counted.

FIG. 2. Decreased Passage Ability of Plexin-A1~'~ Dendritic
Cells Across Lymph Channels

(A) Retention of Dendritic Cells Along Lymph Channels in
Plexin-A1~~ Mice

[0270] CFSE-labeled bone marrow dendritic cells (green)
from wild-type (+/+) or Plexin-Al™~ (~/=) mice were
injected intracutaneously into the ear tissues of mice that had
been sensitized in advance by oxazolone injection. After 24
hours the ears were excised, and the specimen was stained by
whole mount staining (top) using biotinylated anti-LY VE-1
antibodies having streptavidin-Cy3 (red). and the residual
dendritic cells in the visual field were counted (bottom).
**%0<0.001, Mann-Whitney U-test.

(B) Decreased Ability of Dendritic Cells to Pass Through
Lymphatic Endothelial Cell Monolayer in Plexin-Al~"~
Dendritic Cells

[0271] BMDC cells from wild-type (+/+) or Plexin-Al~"~
(=/-)mice were applied to a lymphatic endothelial cell mono-
layer, and the interactions between the dendritic cells and the
lymphatic endothelial cells were recorded every 30 seconds
with a time-lapse video microscope recorder. The yellow
dotted lines show the cell junctions of the endothelial cells.
White shows dendritic cells in contact with lymphatic endot-
helial cells. Red shows the migration process observed in
wild-type dendritic cells.

(C) Decreased Migration Ability in Plexin-A1~~ Dendritic
Cells

[0272] CFSE-labeled dendritic cells were applied to an
endothelial cell monolayer, incubated and fixed for 45 min-
utes, and stained with Alexa 546 conjugated phalloidin. Con-
focal microscope images were obtained with an optical sec-
tion spacing (z-spacing) of 0.22 um. Wild-type dendritic cells
penetrated from the apex to the base, but Plexin-A17"~ den-
dritic cells did not reach the basal level (left). In terms of
quantity of dendritic cell trafficking (right), the number of
dendritic cells adhering to the lymphatic endothelial cell
monolayer (white bar) and the number of dendritic cells that
migrated across the lymphatic endothelial cell monolayer
(black bar) were measured with a confocal microscope. The
number of migrating dendritic cells was calculated as a per-
centage of the total dendritic cells. Average+/-sd, **¥p<Q.
001, Student’s t-test

(D) Decreased Chemokine-Induced Migration Ability in
Plexin-A1~~ Dendritic Cells During Passage Through a
Lymphatic Endothelial Cell Monolayer

[0273] Dendritic cells from wild-type (white bar) or Plexin-
A17~ (black bar) mice were applied to the upper chamber of
a Transwell (pore diameter: 5 um) overlaid with lymphatic
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endothelial cells, and chemotaxis in response to CCL21 was
measured. Average+/—sd, ¥*#p<0.001, Student’s t-test

FIG. 3. Sema3A-NP-1-Plexin-Al Interaction is Responsible
for Dendritic Cell Trafficking Via Plexin-A1/NP-1

(A) NP-1 Expressed in Dendritic Cells is Responsible for
Dendritic Cell Trafficking

[0274] Dendritic cells of wild-type (white bar), NP-1
knock-in (Sema3A binding site destroyed) or Sema6D™"~
(black bar) mice were adoptively transferred into wild-type
recipient mice. Only the dendritic cells from NP-1~"~ knock-
in mice exhibited diminished dendritic cell trafficking. Aver-
age+/-sd, *p<0.05, Mann-Whitney U-test

(B) Sema3A Expressed in Lymph Channels is Responsible
for Dendritic Cell Trafficking

[0275] Dendritic cells from wild-type mice were adop-
tively transferred into wild-type (+/+) and Sema3A~-,
Sema6C ™"~ or Seiha6D~"~ mice. Only the Sema3 A~ recipi-
ent mice exhibited diminished dendritic cell trafficking. Data
were obtained from three independent experiments. Standard
error+/-95% confidence interval, **p<0.01, Mann-Whitney
U-test

(C) Like the Plexin-Al1~~ Dendritic Cells, Dendritic Cells
with NP-1 Abnormalities Exhibited Diminished Migration
(but not with Sema6D)

[0276] As discussed above, dendritic cells derived from
wild-type (white bar) and NP-1 knock-in or Sema6D~"~
(black bar) mice were applied to the upper chamber of a
Transwell (pore diameter 5 pm) overlaid with lymphatic
endothelial cells, and chemotaxis in response to CCL21 was
measured. Average+/—sd, **p<0.01, Student’s t-test

(D) Decreased T-Cell Stimulation was Observed in
Sema3A~~ and NP-1 Knock-in Mice, but not in Sema6C™"~
and Sema6D™~"~ Mice

[0277] To investigate antigen-specific T-cell stimulation,
Sema3A~"~, NP-1 knock-in, Sema6C~"~, Sema6D~"~ (black
circle) and wild-type (white circle) mice were immunized
with KLH in CFA, and the CD4* T-cell response to KLH was
investigated in vitro. Average+/-sd, **p<0.01, ***p<0.001,
Student’s t-test

FIG. 4. Sema3A Induces MLC Phosphorylation and
Promotes Actomyosin Contractions Necessary for Migration
of Dendritic Cells Through Constricted Regions

(A) Plexin-Al is Localized in the Trailing Edge of Dendritic
Cells

[0278] Dendritic cells were fixed, and stained with Alexa
488 conjugated phalloidin (green) and anti-Plexin-A1 poly-
clonal antibodies+anti-rabbit IgG-Cy3 (red). Scale bar repre-
sents 10 um (top panel). Localization of Plexin-A1 and F-ac-
tin was assayed by measuring the fluorescent intensity of the
cells shown in the top panel (lower panel). The percentage of
non-colocalized cells is shown (right panel). Data are typical
examples from three independent experiments.
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(B) Sema3A Increases Dendritic Cell Trafficking in
Response to Chemokines (Left and Center)

[0279] A dendritic cell migration assay was performed.
Recombinant Sema3 A protein was applied to either the lower
(left) or upper (center) chamber, with CCL21 in the lower
chamber. Average+/-sd, **p<0.01, two-sided Student’s
t-test.

[0280] (Right) Recombinant Sema3A (black bar, black
circle) or control IgG (white bar, white circle) was applied to
the side opposite the CCL21, and a two-dimensional dendritic
cell chemotaxis assay was performed using EZ-taxiscan. The
instantaneous velocity of the migrating fraction of dendritic
cells was analyzed with MetaMorph software (right panel).
##%p<(0.001, Mann-Whitney U-test. Data are typical
examples from three independent experiments.

(C) Sema3A Induces ML.C Phosphorylation

[0281] Dendritic cells on fibronectin-coated glass were
treated with 5 ug/ml of hlgG (left panel ) or Sema3 A-Fe (right
panel). After 10 minutes, the cells were fixed and stained with
anti-pMLC antibodies+anti-rabbit IgG-Cy3 (bottom). The
confocal microscope image consists of eight z-stack images
with an optical section spacing (z-spacing) of 0.2 um, with the
z-stack images projected onto one image. Scale bar represents
10 pum.

(D) Sema3A Accelerates Dendritic Cell Migration Velocity in
3D-Collagen Matrix

[0282] The migration velocity of a single dendritic cell in a
type I collagen matrix in response to chemokines with or
without the presence of Sema3A was analyzed by time-lapse
microscope imaging, and the single dendritic cell velocity
was determined with MetaMorph software. The average cell
velocity (left panel, n=64) and instantaneous velocity distri-
bution (right panel) are shown. ***p<0.001, Mann-Whitney
U-test. Data represent typical examples from three indepen-
dent experiments.

(E) Recombinant Sema3 A Promotes Dendritic Cell Traffick-
ing, an Effect that is Eliminated by Blocking Myosin I Activ-
ity

[0283] BMDOC cells that had been treated for 30 minutes at
37° C. with 50 uM of blebbistatin or 30 uM of Y-27632 were
applied to the upper chamber of a Transwell (pore diameter:
5 um) overlaid with 3 mg/ml of type 1 collagen (left panel)
and an HMVEC-dLy monolayer (right panel), and chemot-
axis in response to CCL21 was measured in the upper cham-
ber with and without Sema3A. The overall difference
between groups was evaluated by one-way ANOVA. Post
facto multiple comparison was by Tukey test. *p<0.05,
*p<0.01.

FIG. 5. Diminished Antigen-Specific T-Cell Stimulation in
Plexin-A17~ Mice

[0284] (A) 100 pg ofkeyhole limpet hemocyanin (KLH) in
CFA was injected into the hind foot pads of wild-type (+/+)
and Plexin-A17~ (/=) mice to immunize the mice. 5 days
after immunization, CD4* T-cells isolated from the draining
lymph nodes were stintulated for 72 hours with various con-
centrations of KLH and irradiated APC. For the proliferation
assay, the cells were pulsed with 2 pCi of *H-thymidine
during the last 14 hours. Secretion of 1L-2, IFNy and IL-17
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was measured with Cytokine Plex (BioRad). Average+/-sd,
*p<0.05, **p<0.01 and ***p<0.001, two-sided Student’s
t-test.

(B) Almost No Migrated Dendritic Cells Observed in T-Cell
Region

[0285] 24 hours after injection of CFSE-labeled dendritic
cells from wild-type (+/+) or Plexin-A1™" (=/-) mice, the
popliteal lymph nodes were isolated, and stained with phy-
coerythrin (PE)-conjugated anti-B220. TLocalization of
migrated dendritic cells was observed by fluorescent micros-
copy. Scale bar shows 100 pm.

(C) Number of Migrating Dendritic Cell Subsets is Lower in
Steady-State Draining Lymph Nodes of the Skin in
Plexin-A1~"~ Mice

[0286] The draining lymph nodes of the skin were isolated
from 8-week-old non-inflamed wild-type mice (white bar) or
Plexin-A1~"~ mice (black bar) (n=4). Single-cell suspensions
were stained with antibodies against CD11c, B220, CDA4,
CD8a and I-A®, and after gate setting for the CD11¢* B220"
population, the cells were analyzed by flow cytometry. Aver-
age+/-S.E.M., *p<0.05, two-sided Student’s t-test

FIG. 6. FITC-Dextran Uptake and Responses to Chemokines
are Unaffected in Plexin-A1~"~ Dendritic Cells

[0287] (A)Plexin-Al~"~ dendritic cells uptake antigens to
the same degree as wild-type dendritic cells. BMDC cells
from wild-type mice (white circle) or Plexin-Al1™" mice
(black circle) were stained with APC anti-CD11c, and cul-
tured for the times shown at 37° C. with FITC-dextran (thick
line). The ratio of FL1 fluorescent positive cells to CD11¢*
cells was analyzed by flow cytometry. Cells cultured with
FITC-dextran on ice were used as a control.

(B) Normal Response to Chemokines in Transwell Assay

[0288] Dendritic cells from wild-type (white bar) or Plexin-
Al17"~ (black bar) mice were added to the upper chamber of a
Boyden chamber (pore diameter 5 um), and the number of
cells that migrated to the lower chamber in response to
CCL21, CCL19 or CXCL12 was counted.

(C)Normal Direction Sensing by Dendritic Cells in Response
to Chemokines

[0289] Dendritic cells from wild-type (+/+) or Plexin-Al
(-/-) mice were made to adhere to a cover slip coated with
fibronectin, and placed in a CCL21 gradient in a Zigmond
chamber. Dendritic cell trafficking was recorded every 30
seconds with a confocal stop-motion video microscope
recorder. The images were analyzed with NIB Imagel soft-
ware. The scatter plot shows the positions of wild-type (+/+)
and Plexin-A1~"" (=/-) cells after 60 seconds of migration in
the CCL21 gradient, relative to their original positions. The
results are shown as a percentage of cells that stopped within
a 30° arc moving towards the CCL21 source.

-

(D) Comparison of Expressed Levels of CCR7 and CXCR4

[0290] Expression of CCR7 and CXCR4 in dendritic cells
from wild-type (+/+, black line) or Plexin-A1~"~ (~/-, red
line) mice and an isotype control (grey region) were measured
by flow cytometry.
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FIG. 7. Decrease in Ability to Pass Through Endothelial Cell
Monolayer in Plexin-A17~ Cells

[0291] BMDC cells from wild-type (+/+) and Plexin-A1~"~
(~/-) mice were labeled with CFSE (green), and applied to an
HMVEC-dLy monolayer. After 45 minutes of incubation,
they were fixed with paraformaldehyde, and stained with
Alexa 546 conjugated phalloidin (red). Confocal microscope
images were taken with a 0.2 pm optical section spacing
(z-spacing). The scale bar represents 10 pm.

FIG. 8. Expression Profiles of Plexin-Al and Related
Molecules in Dendritic Cells and Lymphatic Endothelial
Cells

[0292] Expression of Plexin-Al-related genes in dendritic
cells and lymph channels was measured by RT-PCR. Expres-
sion of G3PDH was measured as a control.

FIG. 9. Preparation of Sema6D ™"~ Mice

(A) Disruption of Sema6D Gene

[0293] The genetic structures of a wild-type Sema6D allele
(top), a Sema6D targeting construct (middle) and the result-
ing Sema6D targeted allele (bottom) are shown. The black
boxes represent exons. A 0.6 kb fragment containing the start
codon was replaced with Neo. The HSV-TK gene was added
to allow selection from random integration. E, EcoR1.

(B) Genome PCR Analysis

[0294] Genome DNA isolated from the tails of wild-type
(+/+), heterozygous (+/-) and homozygous (-/-) mutant
mice was evaluated by PCR using the primers shown (ar-
rows). The 0.7 kbp fragment represents the wild allele, and
the 1.3 kbp fragment represents the targeted allele.

(C) RT-PCR Analysis

[0295] RT-PCR was performed using cDNA isolated from
spleens, and Sema6D gene expression was measured.

(D) BMDC cells from wild-type (+/+) and homozygous (-/-)
mice were stained with phycoerythrin-conjugated anti-
CDl11c and biotinylated anti-Sema6D mAb (solid line), or
with an isotype matching control (dotted line)+allophycocya-
nin-conjugated streptavidin. Sema6D expression was inves-
tigated by flow cytometry under CD1lc-positive cell gate
settings.

FIG. 10. Sema3A
Phosphorylation

Induced Myosin Light Chain

(A) Contour Image of Two-Dimensional Rendering of
Three-Dimensional Surface Graph Showing the Intensity
Range

[0296] BMDC cells on fibronectin-coated glass were
stimulated for 10 minutes at 37° C. with 5 pg/m!l of human
1gG (lower panel) or recombinant Sema3 A-Fc protein (upper
panel). The cells were fixed, and stained with rabbit anti-
pMLC+anti-rabbit Cy3. Images were obtained by confocal
microscopy from eight z-stack images with an optical section
spacing (z-spacing) of 0.2 mm, with the z-stack images pro-
jected onto one image, which was a 3D surface graph ren-
dered as a 2D graph showing a range of single values.

(B) Distribution of average intensity frequency (left axis) or
cumulative fraction (right axis) in the region of the dendrites
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of dendritic cells stimulated with hlgG (white bar, white
circle) or Sema3A-Fc (black bar, black circle). (n=80), p<0.
001, Mann-Whitney U-test. Data are typical examples from
three independent experiments.

FIG. 11. No Significant Difference Between Wild-Type and
Plexin-A1~"~ dendritic cells in adhesion activity and TNFo
and pro-MMP9 secretion

(A,B) Adhesion Activity with Respect to the Extracellular
Matrix (A) and Endothelial Cells (B) was Similar for Wild-
Type and Plexin-A1~"~ Dendritic Cells

(A) Calcein AM-labeled BMDC cells from wild-type (white
bar) and Plexin-A1~"~ (black bar) mice were applied to a plate
(BD Bioscience) coated with extracellular matrix. After 30
minutes of incubation, non-adhering cells were thoroughly
removed, adhering cells were solubilized with 100 pl of dis-
solving buffer containing 0.2% Triton X, and fluorescent
absorbency at 460 nm was assayed with a spectrometer. The
values are expressed as percentages relative to the fluorescent
absorption of the total input cell extract.

(B) 1x10° calcein-AM-labeled BMDC cells from wild-type
(white bar) and Plexin-A1~"~ (black bar) mice were applied to
a monolayer of lymphatic endothelial cells (SVEC4-10).
After 30 minutes of incubation, the cells were fixed for 20
minutes with 4% PFA, and thoroughly washed. The values
show numbers of cells adhering to endothelial cells in the
visual field of a fluorescent microscope. The cells were
counted with NIS-elements AR 3.0 software.

(C) The expressed level of integrin did not differ between the
wild-type and Plexin-A1~~ dendritic cells. BMDC cells from
wild-type (black line) and Plexin-A1~'~ (red line) mice were
stained with CD11c-FITC and biotinylated anti-integrin anti-
bodies+APC conjugated streptavidin. The expressed level
was measured by flow cytometry.

(D,E) There was no difference between wild-type and Plexin-
A1~ dendritic cells in the levels of TNFa and pro-MMP9
secretion. BMDC cells from wild-type (white bar) and
Plexin-A1~"~ (black bar) mice were cultured for 48 hours with
LPS and 5 ug/ml of hlgG or recombinant Sema6D-Fc coated
on a plate. The concentrations of pro-MMP9 (D) and TNFa
(F) were measured by ELISA.

Contact Dermatitis Mouse Model

[0297] Contact dermatitis can be induced in mice using
various contact allergens including dinitrofluorobenzene
(DNFB)and oxazolone. Mice were locally sensitized with the
allergen in a vehicle consisting of acetone and olive oil, and
the ears were challenge inoculated with the allergen dissolved
in only olive oil. Changes in ear thickness are a measure of
immune response to the antigen. Neuropilin-1-F¢ is admin-
istered during the sensitization period (days 0 to 5) and the
challenge inoculation period (days 5 to 6). The role of Neu-
ropilin-1-Fc in suppression of contact dermatitis will be
evaluated by observing suppression of ear thickening by Neu-
ropilin-1-Fc.

[0298] On day 0, 0.5% DNFB in acetone:olive oil (4:1) or
the acetone:olive oil alone is painted on the backs of C57B1/6
mice. On day 5, the ear thicknesses are measured with cali-
pers, and 25 ul of solution is dripped on the ears to challenge
inoculate the mouse ears with either olive oil alone (control)
or 0.25% DNFB in olive oil. Changes in ear thickness are
measured on day 6, and inflammation is calculated as the
difference in ear thickness between days 5 and 6. The test
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mice are given local intraperitoneal or intravenous injections
of PBS or Neuropilin-1-Fc either from day 0 to day 5 or from
day 5 to day 6.

[0299] Neuropilin-1-Fc suppresses ear thickening, sug-
gesting that Neuropilin-1-Fc can be useful in suppressing
contact dermatitis.

Example 2

[0300] To evaluatetherole of Plexin-Al in cell migration in
vivo, dendritic cells collected from wild-type or Plexin-Al
knockout mice and labeled with CFSE were adoptively trans-
ferred into the dermis of mice treated with oxazolone. The
behavior of the transferred dendritic cells was then moni-
tored.

[0301] Adoptive transfer was performed by the following
methods. Dendritic cells from bone marrow were labeled for
10 minutes at 22° C. in 5 uM of CFSE (carboxyfluorescein
diacetate succinimidyl ester). The cells were then washed
with PBS. 1x10° dendritic cells suspended in PBS were sub-
cutaneously injected into the foot pads of recipient mice. 24
and 48 hours after injection, the popliteal lymph nodes were
collected. The lymph nodes were treated for 30 minutes at 37°
C. with 1 mg/ml of collagenase D. The cell numbers were
counted and analyzed by flow cytometry. As described in
Cavanagh et al. (Nat. Immunol. (2005) 6, 1029-1037), the
percentage of migrating dendritic cells corresponds to the
fluorescent labeled dendritic cells as a percentage of total
lymph node cells.

[0302] Oxazolone treatment is provided as a model of a
contact hypersensitivity. To analyze migration of dendritic
cells from peripheral sites, contact hypersensitivity was
induced by oxazolone treatment of the abdomen as described
in Johnsonetal. (J. Exp. Med. (2006) 203, 2763-2777). 6 days
after sensitization, the ears were treated with oxazolone. 8
hours after treatment, 1x10° CFSE-labeled bone marrow-
derived dendritic cells were injected percutaneously. After 24
hours the mice were sacrificed, and the ear tissues were fixed
in paraformaldehyde. For purposes of lymph node detection,
the whole mount preparations were stained with biotinylated
LYVE-1 antibodies (R & D Systems) and streptavidin-in-
docarbocyanin. Images were taken by confocal z-stack imag-
ing, and the number of cells remaining in the periphery was
measured.

[0303] 24 hours after adoptive transfer, a significant quan-
tity of dendritic cells from Plexin-Alknockout mice remained
along lymph channels that were positive for the lymphatic
endothelial cell marker LYVE-1 in the skins of the recipient
mice (FIG. 12a). This behavior was not observed with the
wild-type dendritic cells. The results suggest that dendritic
cells from Plexin-Alknockout mice are deficient in the ability
to migrate through lymph nodes.

[0304] Time-lapse imaging was used to test whether or not
Plexin-A1 deficiency in dendritic cells affects the initial con-
tact between the dendritic cells and the epithelial cells of the
lymph nodes. Wild-type dendritic cells interacted with the
lymphatic endothelial cells at the intercellular junctions of the
endothelial cells, and passed through the endothelial cells
(FIG. 12b). The dendritic cells from a Plexin-Al deficient
source moved as actively as the wild-type dendritic cells,
extended their dendrites, and made contact with the lym-
phatic endothelial cells, but were not able to pass through the
lymphatic endothelial cells (FIG. 125).

[0305] To confirm these observations, CFSE-labeled den-
dritic cells were added to a monolayer of lymphatic endothe-
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lial cells stained with the F-actin marker phalloidin, and the
cells were monitored by confocal z-stack imaging. As a
result, wild-type dendritic cells were observed on both the
upper and lower surfaces of the endothelial cells. By contrast,
Plexin-Al deficient dendritic cells were able to contact the
lymphatic endothelial cells, but were unable to pass through
the cell layer (FIG. 12¢).

[0306] A Transwell test was performed by the following
methods. An uncoated Transwell insert (pore diameter 5 pm,
Corning) was installed in a 24-well plate with each well filled
with CCL19, CCL21 or CXCL12 in 0.6 ml of RPMI contain-
ing 0.1% BSA. A suspension of dendritic cells (1x10° cells in
0.1 ml) was added to the upper well of the Transwell, and
incubated for 3 hours at 37° C. The cells in the lower chamber
were ablated for 5 minutes by treatment with 5 mM of PBS-
EDTA, and counted by Guava ViaCount assay on a Guava
PCA system. For purposes of in vitro cell migration assay,
fibronectin (10 pg/ml) type I collagen (3.0 mg/ml) or lym-
phatic endothelial cells were coated on the upper chamber
membrane. SVEC4-10 mouse lymphatic endothelial cells
(2x10* cell count) or human skin lymphatic microvascular
endothelial cells were seeded on the top or bottom surface of
a Transwell insert coated with fibronectin (2 pg/ml). After 2
days of culture, the integrity of the layer of confluent cells was
determined by phalloidin staining. A cell migration assay was
performed for 6 hours by the methods described in Ledger-
wood et al. (Nat. Immunol. (2008) 9, 42-53). As described in
Lammermann et al. (Nature (2008) 453, 51-55), myosin II or
the Rho kinase ROCK was inhibited by treating dendritic
cells for 30 minutes at 37° C. with 50 pM of blebbistatin or 30
UM of Y-27632.

[0307] Plexin-Al deficient dendritic cells also exhibited
much lower chemokine-induced migration ability through a
monolayer of endothelial cells (FIG. 12d).

[0308] In summary, these results suggest that Plexin-Al
plays an important role in migration through lymph channels.
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[0309] FIG. 12a-1 shows a confocal z-stack image of
CFSE-labeled wild-type and Plexin-A1 deficient bone-mar-
row derived cells injected percutaneously into the ear tissue of
sensitized mice. 24 hours after injection of dendritic cells, the
whole mount was stained with biotinylated anti-LY VE-1
antibodies and streptavidin-indocarbocyanin (red), and
evaluated. The scale bar represents 50 pm.

[0310] FIG. 124-2 is a graph showing the dendritic cells
remaining in the visual field shown in FIG. 12a-1. Individual
symbols represent individual fields, and red circles represent
average values. ¥*P<0.001 (Mann-Whitney U-test).

[0311] FIG. 125 shows migration of wild-type and Plexin-
Al deficient bone marrow-derived dendritic cells across a
monolayer of lymphatic endothelial cells. The data were
recorded every 30 seconds as interaction observed by stop-
motion video microscopy. The yellow broken lines show
endothelial cell junctions, and the white arrows represent
dendritic cells in contact with lymphatic endothelial cells.
The red arrows show the migration progress of wild-type
dendritic cells. The scale bar represents 50 pm.

[0312] FIG. 12¢-1 shows confocal microscope images of
wild-type and Plexin-A1 deficient bone marrow-derived den-
dritic cells. The cells were added to an endothelial cell mono-
layer, incubated for 45 minutes, fixed, and stained with Alexa
Fluor 546 conjugated phalloidin. The images were obtained
with a 0.22 um optical section spacing (z-spacing).

[0313] FIG. 12¢-2 shows quantified (average+/-sd) migra-
tion of dendritic cells represented as percentage of migrating
dendritic cells relative to total dendritic cells. *p<0.001 (Stu-
dent’s test).

[0314] FIG. 12d1is a graph showing the migration ability of
wild-type and Plexin-A1l deficient dendritic cells across a
Transwell insert with a monolayer of lymphatic endothelial
cells (pore diameter 5 um) in response to CCL21 at concen-
tration gradient. *p<0.001 (Student’s test). The data are rep-
resentative values from three tests (average+/-sd).
[Sequence Listing]

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 771

TYPE: PRT

ORGANISM: homo sapiens

<400> SEQUENCE: 1

Met Gly Trp Leu Thr
1 5

Arg Ile Cys

Thr Ala Arg Ala Asn Tyr Gln Asn Gly

20 25

Glu Met Leu Glu

40

Ser
35

Lys Leu Tyr Lys

Gly Leu Ala Asn Ser Ser
50 55

Ser Tyr

Glu Arg Ser Arg Leu Tyr Val Ala

65 70

Gly

Val Ile

85

Asp Leu Asn Lys Asp Phe Gln

Tyr Thr Arg Arg Asp Glu Cys Lys Trp

Leu

10

Lys

Ser

His

Lys

Lys

20

Ala

Phe

Asn

Asn

Thr

Asp

75

Ile

Gly

Trp

Asn

Asn

Phe

60

His

Val

Lys

Gly

Val

Val

45

Leu

Ile

Trp

Asp

Val

Pro

30

Ile

Leu

Phe

Pro

Ile

Leu

15

Arg

Thr

Asp

Ser

Val
95

Leu

Leu

Leu

Phe

Glu

Phe

80

Ser

Lys
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-continued

100 105 110

Glu Cys Ala Asn Phe Ile Lys Val Leu Lys Ala Tyr Asn Gln Thr His
115 120 125

Leu Tyr Ala Cys Gly Thr Gly Ala Phe His Pro Ile Cys Thr Tyr Ile
130 135 140

Glu Ile Gly His His Pro Glu Asp Asn Ile Phe Lys Leu Glu Asn Ser
145 150 155 160

His Phe Glu Asn Gly Arg Gly Lys Ser Pro Tyr Asp Pro Lys Leu Leu
165 170 175

Thr Ala Ser Leu Leu Ile Asp Gly Glu Leu Tyr Ser Gly Thr Ala Ala
180 185 190

Asp Phe Met Gly Arg Asp Phe Ala Ile Phe Arg Thr Leu Gly His His
195 200 205

His Pro Ile Arg Thr Glu Gln His Asp Ser Arg Trp Leu Asn Asp Pro
210 215 220

Lys Phe Ile Ser Ala His Leu Ile Ser Glu Ser Asp Asn Pro Glu Asp
225 230 235 240

Asp Lys Val Tyr Phe Phe Phe Arg Glu Asn Ala Ile Asp Gly Glu His
245 250 255

Ser Gly Lys Ala Thr His Ala Arg Ile Gly Gln Ile Cys Lys Asn Asp
260 265 270

Phe Gly Gly His Arg Ser Leu Val Asn Lys Trp Thr Thr Phe Leu Lys
275 280 285

Ala Arg Leu Ile Cys Ser Val Pro Gly Pro Asn Gly Ile Asp Thr His
290 295 300

Phe Asp Glu Leu Gln Asp Val Phe Leu Met Asn Phe Lys Asp Pro Lys
305 310 315 320

Asn Pro Val Val Tyr Gly Val Phe Thr Thr Ser Ser Asn Ile Phe Lys
325 330 335

Gly Ser Ala Val Cys Met Tyr Ser Met Ser Asp Val Arg Arg Val Phe
340 345 350

Leu Gly Pro Tyr Ala His Arg Asp Gly Pro Asn Tyr Gln Trp Val Pro
355 360 365

Tyr Gln Gly Arg Val Pro Tyr Pro Arg Pro Gly Thr Cys Pro Ser Lys
370 375 380

Thr Phe Gly Gly Phe Asp Ser Thr Lys Asp Leu Pro Asp Asp Val Ile
385 390 395 400

Thr Phe Ala Arg Ser His Pro Ala Met Tyr Asn Pro Val Phe Pro Met
405 410 415

Asn Asn Arg Pro Ile Val Ile Lys Thr Asp Val Asn Tyr Gln Phe Thr
420 425 430

Gln Ile Val Val Asp Arg Val Asp Ala Glu Asp Gly Gln Tyr Asp Val
435 440 445

Met Phe Ile Gly Thr Asp Val Gly Thr Val Leu Lys Val Val Ser Ile
450 455 460

Pro Lys Glu Thr Trp Tyr Asp Leu Glu Glu Val Leu Leu Glu Glu Met
465 470 475 480

Thr Val Phe Arg Glu Pro Thr Ala Ile Ser Ala Met Glu Leu Ser Thr
485 490 495

Lys Gln Gln Gln Leu Tyr Ile Gly Ser Thr Ala Gly Val Ala Gln Leu
500 505 510
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-continued

Pro Leu His Arg Cys Asp Ile Tyr Gly Lys Ala Cys Ala Glu Cys Cys
515 520 525

Leu Ala Arg Asp Pro Tyr Cys Ala Trp Asp Gly Ser Ala Cys Ser Arg
530 535 540

Tyr Phe Pro Thr Ala Lys Arg Arg Thr Arg Arg Gln Asp Ile Arg Asn
545 550 555 560

Gly Asp Pro Leu Thr His Cys Ser Asp Leu His Hisg Asp Asn His His
565 570 575

Gly His Ser Pro Glu Glu Arg Ile Ile Tyr Gly Val Glu Asn Ser Ser
580 585 590

Thr Phe Leu Glu Cys Ser Pro Lys Ser Gln Arg Ala Leu Val Tyr Trp
595 600 605

Gln Phe Gln Arg Arg Asn Glu Glu Arg Lys Glu Glu Ile Arg Val 2Asp
610 615 620

Agp His Ile Ile Arg Thr Asp Gln Gly Leu Leu Leu Arg Ser Leu Gln
625 630 635 640

Gln Lys Asp Ser Gly Asn Tyr Leu Cys His Ala Val Glu His Gly Phe
645 650 655

Ile Gln Thr Leu Leu Lys Val Thr Leu Glu Val Ile Asp Thr Glu His
660 665 €70

Leu Glu Glu Leu Leu His Lys Asp Asp Asp Gly Asp Gly Ser Lys Thr
675 680 685

Lys Glu Met Ser Asn Ser Met Thr Pro Ser Gln Lys Val Trp Tyr Arg
690 695 700

Asp Phe Met Gln Leu Ile Asn His Pro Asn Leu Asn Thr Met Asp Glu
705 710 715 720

Phe Cys Glu Gln Val Trp Lys Arg Asp Arg Lys Gln Arg Arg Gln Arg
725 730 735

Pro Gly His Thr Pro Gly Asn Ser Asn Lys Trp Lys His Leu Gln Glu
740 745 750

Asn Lys Lys Gly Arg Asn Arg Arg Thr His Glu Phe Glu Arg Ala Pro
755 760 765

Arg Ser Val
770

<210> SEQ ID NO 2

<211> LENGTH: 923

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Glu Arg Gly Leu Pro Leu Leu Cys Ala Val Leu Ala Leu Val Leu
1 5 10 15

Ala Pro Ala Gly Ala Phe Arg Asn Asp Lys Cys Gly Asp Thr Ile Lys
20 25 30

Ile Glu Ser Pro Gly Tyr Leu Thr Ser Pro Gly Tyr Pro His Ser Tyr
35 40 45

His Pro Ser Glu Lys Cys Glu Trp Leu Ile Gln Ala Pro Asp Pro Tyr
50 55 60

Gln Arg Ile Met Ile Asn Phe Asn Pro His Phe Asp Leu Glu Asp Arg
65 70 75 80

Asp Cys Lys Tyr Asp Tyr Val Glu Val Phe Asp Gly Glu Asn Glu Asn
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-continued

85 20 95

Gly His Phe Arg Gly Lys Phe Cys Gly Lys Ile Ala Pro Pro Preo Val
100 105 110

Val Ser Ser Gly Pro Phe Leu Phe Ile Lys Phe Val Ser Asp Tyr Glu
115 120 125

Thr His Gly Ala Gly Phe Ser Ile Arg Tyr Glu Ile Phe Lys Arg Gly
130 135 140

Pro Glu Cys Ser Gln Asn Tyr Thr Thr Pro Ser Gly Val Ile Lys Ser
145 150 155 160

Pro Gly Phe Pro Glu Lys Tyr Pro Asn Ser Leu Glu Cys Thr Tyr Ile
165 170 175

Val Phe Ala Pro Lys Met Ser Glu Ile Ile Leu Glu Phe Glu Ser Phe
180 185 190

Asp Leu Glu Pro Asp Ser Asn Pro Pro Gly Gly Met Phe Cys Arg Tyr
195 200 205

Asp Arg Leu Glu Ile Trp Asp Gly Phe Pro Asp Val Gly Pro His Ile
210 215 220

Gly Arg Tyr Cys Gly Gln Lys Thr Pro Gly Arg Ile Arg Ser Ser Ser
225 230 235 240

Gly Ile Leu Ser Met Val Phe Tyr Thr Asp Ser Ala Ile Ala Lys CGlu
245 250 255

Gly Phe Ser Ala Asn Tyr Ser Val Leu Gln Ser Ser Val Ser Glu Asp
260 265 270

Phe Lys Cys Met Glu Ala Leu Gly Met Glu Ser Gly Glu Ile His Ser
275 280 285

Asp Gln Ile Thr Ala Ser Ser Gln Tyr Ser Thr Asn Trp Ser Ala Glu
250 295 300

Arg Ser Arg Leu Asn Tyr Pro Glu Asn Gly Trp Thr Pro Gly Glu Asp
305 310 315 320

Ser Tyr Arg Glu Trp Ile Gln Val Asp Leu Gly Leu Leu Arg Phe Val
325 330 335

Thr Ala Val Gly Thr Gln Gly Ala Ile Ser Lys Glu Thr Lys Lys Lys
340 345 350

Tyr Tyr Val Lys Thr Tyr Lys Ile Asp Val Ser Ser Asn Gly Glu 2Asp
355 360 365

Trp Ile Thr Ile Lys Glu Gly Asn Lys Pro Val Leu Phe Gln Gly 2Asn
370 375 380

Thr Asn Pro Thr Asp Val Val Val Ala Val Phe Pro Lys Pro Leu Ile
385 390 395 400

Thr Arg Phe Val Arg Ile Lys Pro Ala Thr Trp Glu Thr Gly Ile Ser
405 410 415

Met Arg Phe Glu Val Tyr Gly Cys Lys Ile Thr Asp Tyr Pro Cys Ser
420 425 430

Gly Met Leu Gly Met Val Ser Gly Leu Ile Ser Asp Ser Gln Ile Thr
435 440 445

Ser Ser Asn Gln Gly Asp Arg Asn Trp Met Pro Glu Asn Ile Arg Leu
450 455 460

Val Thr Ser Arg Ser Gly Trp Ala Leu Pro Pro Ala Pro His Ser Tyr
465 470 475 480

Ile Asn Glu Trp Leu Gln Ile Asp Leu Gly Glu Glu Lys Ile Val Arg
485 490 495
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-continued

Gly Ile Ile Ile Gln Gly Gly Lys His Arg Glu Asn Lys Val Phe Met
500 505 510

Arg Lys Phe Lys Ile Gly Tyr Ser Asn Asn Gly Ser Asp Trp Lys Met
515 520 525

Ile Met Asp Asp Ser Lys Arg Lys Ala Lys Ser Phe Glu Gly Asn Asn
530 535 540

Asn Tyr Asp Thr Pro Glu Leu Arg Thr Phe Pro Ala Leu Ser Thr Arg
545 550 555 560

Phe Ile Arg Ile Tyr Pro Glu Arg Ala Thr His Gly Gly Leu Gly Leu
565 570 575

Arg Met Glu Leu Leu Gly Cys Glu Val Glu Ala Pro Thr Ala Gly Pro
580 585 590

Thr Thr Pro Asn Gly Asn Leu Val Asp Glu Cys Asp Asp Asp Gln 2la
595 600 605

Asn Cys His Ser Gly Thr Gly Asp Asp Phe Gln Leu Thr Gly Gly Thr
610 615 620

Thr Val Leu Ala Thr Glu Lys Pro Thr Val Ile Asp Ser Thr Ile Gln
625 630 635 640

Ser Glu Phe Pro Thr Tyr Gly Phe Asn Cys Glu Phe Gly Trp Gly Ser
645 650 655

His Lys Thr Phe Cys His Trp Glu His Asp Asn His Val Gln Leu Lys
660 665 €70

Trp Ser Val Leu Thr Ser Lys Thr Gly Pro Ile Gln Asp His Thr Gly
675 680 685

Asp Gly Asn Phe Ile Tyr Ser Gln Ala Asp Glu Asn Gln Lys Gly Lys
690 695 700

Val Ala Arg Leu Val Ser Pro Val Val Tyr Ser Gln Asn Ser Ala His
705 710 715 720

Cys Met Thr Phe Trp Tyr His Met Ser Gly Ser His Val Gly Thr Leu
725 730 735

Arg Val Lys Leu Arg Tyr Gln Lys Pro Glu Glu Tyr Asp Gln Leu Val
740 745 750

Trp Met Ala Ile Gly His Gln Gly Asp His Trp Lys Glu Gly Arg Val
755 760 765

Leu Leu His Lys Ser Leu Lys Leu Tyr Gln Val Ile Phe Glu Gly Glu
770 775 780

Ile Gly Lys Gly Asn Leu Gly Gly Ile Ala Val Asp Asp Ile Ser Ile
785 790 795 800

Asn Asn His Ile Ser Gln Glu Asp Cys Ala Lys Pro Ala Asp Leu Asp
805 810 815

Lys Lys Asn Pro Glu Ile Lys Ile Asp Glu Thr Gly Ser Thr Pro Gly
820 825 830

Tyr Glu Gly Glu Gly Glu Gly Asp Lys Asn Ile Ser Arg Lys Pro Gly
835 840 845

Asn Val Leu Lys Thr Leu Asp Pro Ile Leu Ile Thr Ile Ile Ala Met
850 855 860

Ser Ala Leu Gly Val Leu Leu Gly Ala Val Cys Gly Val Val Leu Tyr
865 870 875 880

Cys Ala Cys Trp His Asn Gly Met Ser Glu Arg Asn Leu Ser Ala Leu
885 890 895
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-continued

Glu Asn Tyr Asn Phe Glu Leu Val Asp Gly Val Lys Leu Lys Lys Asp
900 905 910

Lys Leu Asn Thr Gln Ser Thr Tyr Ser Glu Ala
915 920

<210> SEQ ID NO 3

<211> LENGTH: 1873

<212>» TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Trp Ala Glu Ala Gly Leu Pro Arg Ala Gly Gly Gly Ser Gln Pro
1 5 10 15

Pro Phe Arg Thr Phe Ser Ala Ser Asp Trp Gly Leu Thr His Leu Val
20 25 30

Val His Glu Gln Thr Gly Glu Val Tyr Val Gly Ala Val Asn Arg Ile
35 40 45

Tyr Lys Leu Ser Gly Asn Leu Thr Leu Leu Arg Ala His Val Thr Gly
50 55 60

Pro Val Glu Asp Asn Glu Lys Cys Tyr Pro Pro Pro Ser Val Gln Ser
65 70 75 80

Cys Pro His Gly Leu Gly Ser Thr Asp Asn Val Asn Lys Leu Leu Leu
85 90 85

Leu Asp Tyr Ala Ala Asn Arg Leu Leu Ala Cys Gly Ser Ala Ser Gln
100 105 110

Gly Ile Cys Gln Phe Leu Arg Leu Asp Asp Leu Phe Lys Leu Gly Glu
115 120 125

Pro His His Arg Lys Glu His Tyr Leu Ser Ser Val Gln Glu Ala Gly
130 135 140

Ser Met Ala Gly Val Leu Ile Ala Gly Pro Pro Gly Gln Gly Gln 2Ala
145 150 155 160

Lys Leu Phe Val Gly Thr Pro Ile Asp Gly Lys Ser Glu Tyr Phe Pro
165 170 175

Thr Leu Ser Ser Arg Arg Leu Met Ala Asn Glu Glu Asp Ala Asp Met
180 185 190

Phe Gly Phe Val Tyr Gln Asp Glu Phe Val Ser Ser Gln Leu Lys Ile
195 200 205

Pro Ser Asp Thr Leu Ser Lys Phe Pro Ala Phe Asp Ile Tyr Tyr Val
210 215 220

Tyr Ser Phe Arg Ser Glu Gln Phe Val Tyr Tyr Leu Thr Leu Gln Leu
225 230 235 240

Asp Thr Gln Leu Thr Ser Pro Asp Ala Ala Gly Glu His Phe Phe Thr
245 250 255

Ser Lys Ile Val Arg Leu Cys Val Asp Asp Pro Lys Phe Tyr Ser Tyr
260 265 270

Val Glu Phe Pro Ile Gly Cys Glu Gln Ala Gly Val Glu Tyr Arg Leu
275 280 285

Val Gln Asp Ala Tyr Leu Ser Arg Pro Gly Arg Ala Leu Ala His Gln
290 295 300

Leu Gly Leu Ala Glu Asp Glu Asp Val Leu Phe Thr Val Phe Ala Gln
305 310 315 320

Gly Gln Lys Asn Arg Val Lys Pro Pro Lys Glu Ser Ala Leu Cys Leu
325 330 335
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Phe Thr Leu Arg Ala Ile Lys Glu Lys Ile Lys Glu Arg Ile Gln Ser
340 345 350

Cys Tyr Arg Gly Glu Gly Lys Leu Ser Leu Pro Trp Leu Leu Asn Lys
355 360 365

Glu Leu Gly Cys Ile Asn Ser Pro Leu Gln Ile Asp Asp Asp Phe Cys
370 375 380

Gly Gln Asp Phe Asn Gln Pro Leu Gly Gly Thr Val Thr Ile Glu Gly
385 390 395 400

Thr Pro Leu Phe Val Asp Lys Asp Asp Gly Leu Thr Ala Val Ala Ala
405 410 415

Tyr Asp Tyr Arg Gly Arg Thr Val Val Phe Ala Gly Thr Arg Ser Gly
420 425 430

Arg Ile Arg Lys Ile Leu Val Asp Leu Ser Asn Pro Gly Gly Arg Pro
435 440 445

Ala Leu Ala Tyr Glu Ser Val Val Ala Gln Glu Gly Ser Pro Ile Leu
450 455 460

Arg Asp Leu Val Leu Ser Pro Asn His Gln Tyr Leu Tyr Ala Met Thr
465 470 475 480

Glu Lys Gln Val Thr Arg Val Pro Val Glu Ser Cys Val Gln Tyr Thr
485 490 495

Ser Cys Glu Leu Cys Leu Gly Ser Arg Asp Pro His Cys Gly Trp Cys
500 505 510

Val Leu His Ser Ile Cys Ser Arg Arg Asp Ala Cys Glu Arg Ala Asp
515 520 525

Glu Pro Gln Arg Phe Ala Ala Asp Leu Leu Gln Cys Val Gln Leu Thr
530 535 540

Val Gln Pro Arg Asn Val Ser Val Thr Met Ser Gln Val Pro Leu Val
545 550 555 560

Leu Gln Ala Trp Asn Val Pro Asp Leu Ser Ala Gly Val 2Asn Cys Ser
565 570 575

Phe Glu Asp Phe Thr Glu Ser Glu Ser Val Leu Glu Asp Gly 2Arg Ile
580 585 590

His Cys Arg Ser Pro Ser Ala Arg Glu Val Ala Pro Ile Thr Arg Cly
595 600 605

Gln Gly Asp Gln Arg Val Val Lys Leu Tyr Leu Lys Ser Lys Glu Thr
610 615 620

Gly Lys Lys Phe Ala Ser Val Asp Phe Val Phe Tyr Asn Cys Ser Val
625 630 635 640

His Gln Ser Cys Leu Ser Cys Val Asn Gly Ser Phe Pro Cys His Trp
645 650 655

Cys Lys Tyr Arg His Val Cys Thr His Asn Val Ala Asp Cys Ala Phe
660 665 €70

Leu Glu Gly Arg Val Asn Val Ser Glu Asp Cys Pro Gln Ile Leu Pro
675 680 685

Ser Thr Gln Ile Tyr Val Pro Val Gly Val Val Lys Pro Ile Thr Leu
690 695 700

Ala Ala Arg Asn Leu Pro Gln Pro Gln Ser Gly Gln Arg Gly Tyr Glu
705 710 715 720

Cys Leu Phe His Ile Pro Gly Ser Pro Ala Arg Val Thr Ala Leu Arg
725 730 735
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Phe Asn Ser Ser Ser Leu Gln Cys Gln Asn Ser Ser Tyr Ser Tyr Glu
740 745 750

Gly Asn Asp Val Ser Asp Leu Pro Val Asn Leu Ser Val Val Trp Asn
755 760 765

Gly Asn Phe Val Ile Asp Asn Pro Gln Asn Ile Gln Ala His Leu Tyr
770 775 780

Lys Cys Pro Ala Leu Arg Glu Ser Cys Gly Leu Cys Leu Lys Ala Asp
785 790 795 800

Pro Arg Phe Glu Cys Gly Trp Cys Val Ala Glu Arg Arg Cys Ser Leu
805 810 815

Arg His His Cys Ala Ala Asp Thr Pro Ala Ser Trp Met His Ala Arg
820 825 830

His Gly Ser Ser Arg Cys Thr Asp Pro Lys Ile Leu Lys Leu Ser Pro
835 840 845

Glu Thr Gly Pro Arg Gln Gly Gly Thr Arg Leu Thr Ile Thr Gly CGlu
850 855 860

Asn Leu Gly Leu Arg Phe Glu Asp Val Arg Leu Gly Val Arg Val Gly
865 870 875 880

Lys Val Leu Cys Ser Pro Val Glu Ser Glu Tyr Ile Ser Ala Glu Gln
885 890 895

Ile Val Cys Glu Ile Gly Asp Ala Ser Ser Val Arg Ala His Asp Ala
900 905 910

Leu Val Glu Val Cys Val Arg Asp Cys Ser Pro His Tyr Arg Ala Leu
915 920 925

Ser Pro Lys Arg Phe Thr Phe Val Thr Pro Thr Phe Tyr Arg Val Ser
930 935 940

Pro Ser Arg Gly Pro Leu Ser Gly Gly Thr Trp Ile Gly Ile Glu Gly
945 950 955 960

Ser His Leu Asn Ala Gly Ser Asp Val Ala Val Ser Val Gly Gly Arg
965 970 875

Pro Cys Ser Phe Ser Trp Arg Asn Ser Arg Glu Ile Arg Cys Leu Thr
980 985 990

Pro Pro Gly Gln Ser Pro Gly Ser Ala Pro Ile Ile Ile 2Zsn Ile 2Asn
995 1000 1005

Arg Ala Gln Leu Thr Asn Pro Glu Val Lys Tyr Asn Tyr Thr Glu
1010 1015 1020

Asp Pro Thr Ile Leu Arg Ile Asp Pro Glu Trp Ser 1Ile Asn Ser
1025 1030 1035

Gly Gly Thr Leu Leu Thr Val Thr Gly Thr Asn Leu Ala Thr Val
1040 1045 1050

Arg Glu Pro Arg Ile Arg Ala Lys Tyr Gly Gly Ile Glu Arg Glu
1055 1060 1065

Asn Gly Cys Leu Val Tyr 2sn Asp Thr Thr Met Val Cys Arg Ala
1070 1075 1080

Pro Ser Val Ala Asn Pro Val Arg Ser Pro Pro Glu Leu Gly Glu
1085 1090 1095

Arg Pro Asp Glu Leu Gly Phe Val Met Asp Asn Val Arg Ser Leu
1100 1105 1110

Leu Val Leu Asn Ser Thr Ser Phe Leu Tyr Tyr Pro Asp Pro Val
1115 1120 1125

Leu Glu Pro Leu Ser Pro Thr Gly Leu Leu Glu Leu Lys Pro Ser



US 2014/0349311 Al Nov. 27,2014
36

-continued

1130 1135 1140

Ser Pro Leu Ile Leu Lys Gly Arg Asn Leu Leu Pro Pro Ala Pro
1145 1150 1155

Gly Asn Ser Arg Leu Asn Tyr Thr Val Leu Ile Gly Ser Thr Pro
1160 1165 1170

Cys Thr Leu Thr Val Ser Glu Thr Gln Leu Leu Cys Glu Ala Pro
1175 1180 1185

Asn Leu Thr Gly Gln His Lys Val Thr Val Arg Ala Gly Gly Phe
1190 1195 1200

Glu Phe Ser Pro Gly Thr Leu Gln Val Tyr Ser Asp Ser Leu Leu
1205 1210 1215

Thr Leu Pro Ala Ile Val Gly Ile Gly Gly Gly Gly Gly Leu Leu
1220 1225 1230

Leu Leu Val Ile Val Ala Val Leu Ile Ala Tyr Lys Arg Lys Ser
1235 1240 1245

Arg Asp Ala Asp Arg Thr Leu Lys Arg Leu Gln Leu Gln Met Asp
1250 1255 1260

Asn Leu Glu Ser Arg Val Ala Leu Glu Cys Lys Glu Ala Phe Ala
1265 1270 1275

Glu Leu Gln Thr Asp Ile His Glu Leu Thr Asn Asp Leu Asp Gly
1280 1285 1290

Ala Gly 1Ile Pro Phe Leu Asp Tyr Arg Thr Tyr Ala Met Arg Val
1295 1300 1305

Leu Phe Pro Gly Ile Glu Asp His Pro Val Leu Lys Glu Met Glu
1310 1315 1320

Val Gln Ala Asn Val Glu Lys Ser Leu Thr Leu Phe Gly Gln Leu
1325 1330 1335

Leu Thr Lys Lys His Phe Leu Leu Thr Phe Ile Arg Thr Leu Glu
1340 1345 1350

Ala Gln Arg Ser Phe Ser Met Arg Asp Arg Gly Asn Val Ala Ser
1355 1360 1365

Leu Ile Met Thr Ala Leu Gln Gly Glu Met Glu Tyr Ala Thr Gly
1370 1375 1380

Val Leu Lys Gln Leu Leu Ser Asp Leu Ile Glu Lys Asn Leu Glu
1385 1390 1395

Ser Lys Asn His Pro Lys Leu Leu Leu Arg Arg Thr Glu Ser Val
1400 1405 1410

Ala Glu Lys Met Leu Thr Asn Trp Phe Thr Phe Leu Leu Tyr Lys
1415 1420 1425

Phe Leu Lys Glu Cys Ala Gly Glu Pro Leu Phe Met Leu Tyr Cys
1430 1435 1440

Ala Ile Lys Gln Gln Met Glu Lys Gly Pro Ile Asp Ala Ile Thr
1445 1450 1455

Gly Glu Ala Arg Tyr Ser Leu Ser Glu Asp Lys Leu Ile Arg Gln
1460 1465 1470

Gln Ile Asp Tyr Lys Thr Leu Thr Leu Asnh Cys Val 2Asn Pro Glu
1475 1480 1485

Asn Glu Asn Ala Pro Glu Val Pro Val Lys Gly Leu Asp Cys Asp
1490 1495 1500

Thr Val Thr Gln Ala Lys Glu Lys Leu Leu Asp Ala Ala Tyr Lys
1505 1510 1515
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Gly Val Pro Tyr Ser Gln Arg Pro Lys Ala Ala Asp Met Asp Leu
1520 1525 1530

Glu Trp Arg Gln Gly Arg Met Ala Arg Ile Ile Leu Gln Asp Glu
1535 1540 1545

Asp Val Thr Thr Lys Ile Asp Asn Asp Trp Lys Arg Leu Asn Thr
1550 1555 1560

Leu Ala His Tyr Gln Val Thr Asp Gly Ser Ser Val Ala Leu Val
1565 1570 1575

Pro Lys Gln Thr Ser Ala Tyr Asn Ile Ser Asn Ser Ser Thr Phe
1580 1585 1590

Thr Lys Ser Leu Ser Arg Tyr Glu Ser Met Leu Arg Thr Ala Ser
1595 1600 1605

Ser Pro Asp Ser Leu Arg Ser Arg Thr Pro Met Ile Thr Pro Asp
1610 1615 1620

Leu Glu Ser Gly Thr Lys Leu Trp His Leu Val Lys Asn His Asp
1625 1630 1635

His Leu Asp Gln Arg Glu Gly Asp Arg Gly Ser Lys Met Val Ser
1640 1645 1650

Glu Ile Tyr Leu Thr Arg Leu Leu Ala Thr Lys Gly Thr Leu Gln
1655 1660 1665

Lys Phe Val Asp Asp Leu Phe Glu Thr Ile Phe Ser Thr Ala His
1670 1675 1680

Arg Gly Ser Ala Leu Pro Leu Ala Ile Lys Tyr Met Phe Asp Phe
1685 1690 1695

Leu Asp Glu Gln Ala Asp Lys His Gln Ile His Asp Ala Asp Val
1700 1705 1710

Arg His Thr Trp Lys Ser Asn Cys Leu Pro Leu Arg Phe Trp Val
1715 1720 1725

Asn Val Ile Lys Asn Pro Gln Phe Val Phe Asp Ile His Lys Asn
1730 1735 1740

Ser Ile Thr Asp Ala Cys Leu Ser Val Val Ala Gln Thr Phe Met
1745 1750 1755

Asp Ser Cys Ser Thr Ser Glu His Lys Leu Gly Lys Asp Ser Pro
1760 1765 1770

Ser Asn Lys Leu Leu Tyr Ala Lys Asp Ile Pro Asn Tyr Lys Ser
1775 1780 1785

Trp Val Glu Arg Tyr Tyr Ala Asp Ile Ala Lys Met Pro Ala Ile
1790 1795 1800

Ser Asp Gln Asp Met Ser Ala Tyr Leu Ala Glu Gln Ser Arg Leu
1805 1810 1815

His Leu Ser Gln Phe Asn Ser Met Ser Ala Leu His Glu Ile Tyr
1820 1825 1830

Ser Tyr Ile Thr Lys Tyr Lys Asp Glu Ile Leu Ala Ala Leu Glu
1835 1840 1845

Lys Asp Glu Gln Ala Arg Arg Gln Arg Leu Arg Ser Lys Leu Glu
1850 1855 1860

Gln Val Val Asp Thr Met Ala Leu Ser Ser

1865 1870

<210> SEQ ID NO 4
«211> LENGTH: 2316
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
atgggctggt taactaggat tgtctgtett ttetggggag tattacttac agcaagagca 60
aactatcaga atgggaagaa caatgtgcca aggctgaaat tatcctacaa agaaatgtty 120
gaatccaaca atgtgatcac tttcaatgge ttggccaaca gctccagtta tcatacctte 180

cttttyggaty aggaacggay taggctgtat gttggagcaa aggatcacat attttcatte 240

gacctggtta atatcaagga ttttcasaag attgtgtgge cagtatctta caccagaaga 300
gatgaatgca agtgggcetgyg asaagacatc ctgaaagaat gtgctaattt catcaaggta 360
cttaaggcat ataatcagac tcacttgtac gectgtggaa cgggggettt tcatccaatt 420
tgcacctaca ttgaaattgg acatcatcct gaggacaata tttttaaget ggagaactca 480
cattttgaaa acggccgtgy gaagagtcca tatgacccta agetgcetgac agecatcectt 540

ttaatagaty gagaattata ctctggaact gcagetgatt ttatggggey agactttget 600

atcttoccgaa ctettgggea ccaccaccca atcaggacag agceagcatga ttecaggtgyg 660
ctcaatgatc caaagttcat tagtgcccac ctcatctcag agagtgacaa tcctgaagat 720
gacaaagtat actttttctt ccgtgamaat gcaatagatg gagaacactc tggaaaagct 780

actcacgcta gaataggtca gatatgcaag aatgactttg gagggcacag aagtctggtg 840
aataaatgga caacattcct caaagctegt ctgatttget cagtgccagg tcecaaatgge 900
attgacacte attttgatga actgcaggat gtattcctaa tgaactttaa agatcctaaa 960
aatccagttg tatatggagt gtttacgact tccagtaaca ttttcaaggg atcagccgtg 1020
tgtatgtata gcatgagtga tgtgagaagg gtgttccttg gtccatatgc ccacagggat 1080
ggacccaact atcaatgggt gccttatcaa ggaagagtcc cctatccacg gccaggaact 1140
tgtcccagca aaacatttgg tggttttgac tctacaaagg accttcctga tgatgttata 1200
acctttgcaa gaagtcatcc agccatgtac aatccagtgt ttcctatgaa caatcgccca 1260
atagtgatca aaacggatgt aaattatcaa tttacacaaa ttgtcgtaga ccgagtggat 1320
gcagaagatg gacagtatga tgttatgttt atcggaacag atgttgggac cgttcttaaa 1380
gtagtttcaa ttcctaagga gacttggtat gatttagaag aggttctgct ggaagaaatg 1440
acagtttttc gggaaccgac tgctatttca gcaatggagc tttccactaa gcagcaacaa 1500
ctatatattg gttcaacggc tggggttgcc cagctccctt tacaccggtg tgatatttac 1560
gggaaagcgt gtgctgagtg ttgcctcgec cgagaccctt actgtgcttg ggatggttcet 1620
gcatgttcte gectattttce cactgcaaag agacgcacaa gacgacaaga tataagaaat 1680
ggagacccac tgactcactg ttcagactta caccatgata atcaccatgg ccacagccct 1740
gaagagagaa tcatctatgg tgtagagaat agtagcacat ttttggaatg cagtccgaag 1800
tcgcagagag cgctggtcta ttggcaattc cagaggcgaa atgaagageg aaaagaagag 1860
atcagagtgg atgatcatat catcaggaca gatcaaggcc ttctgctacg tagtctacaa 1920
cagaaggatt caggcaatta cctctgccat gcggtggaac atgggttcat acaaactctt 1980
cttaaggtaa ccctggaagt cattgacaca gagcatttgg aagaacttcet tcataaagat 2040
gatgatggayg atggctctaa gaccaaagaa atgtccaata gcatgacacc tagccagaag 2100

gtctggtaca gagacttcat gcagctcatc aaccacccca atctcaacac aatggatgag 2160
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ttctgtgaac aagtttggaa aagggaccga aaacaacgtc ggcaaaggcc aggacatacc 2220
ccagggaaca gtaacaaatg gaagcactta caagaaaata agaaaggtag aaacaggagg 2280
acccacgaat ttgagagggc acccaggagt gtctga 2316
<210> SEQ ID NO 5

<211> LENGTH: 2772

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

atggagaggy ggctygceget cctetygegee gtgctegece tegtectege coceggecgge 60
gcttttegca acgataaatyg tggcgatact ataaaaatty aaagcccecgg gtaccttaca 120
tetectggtt atectcatte ttatcaccca agtgaaaaat gcgaatgget gattcagget 180
ccggacccat accagagaat tatgatcaac ttcaacccte acttegattt ggaggacaga 240

gactgcaagt atgactacgt ggaagtcttc gatggagaaa atgaaaatgg acattttagg 300

ggaaagttct gtggaaagat agccectect cetgttgtgt cttcagggec atttettttt 360

atcaaattty tctctgacta cgaasacacat ggtgcaggat tttccatacy ttatgaaatt 420
ttcaagagag gtectgaatg tteccagaac tacacaacac ctagtggagt gataaagtec 480
cceggattee ctgaaaaata teccaacage cttgaatgca cttatattgt ctttgegeca 540
aagatgtcag agattatcet ggaatttgaa agctttgace tggagectga ctcaaatcect 600

ccagggggga tgttetgteg ctacgaccgg ctagaaatct gggatggatt ccoctgatgtt 660

ggccctcaca ttgggegtta ctgtggacag aaaacaccag gtegaatceg atccteatceg 720
ggcattctet ccatggtttt ttacaccgac agcgcgatag caaaagaagg tttctcagea 780
aactacagtyg tcttgcagag cagtgtctca gaagatttca aatgtatgga agetctggge 840
atggaatcag gagaaattca ttctgaccag atcacagett cttcccagta tagcaccaac 900

tggtctgecag agcgeteceg cctgaactac cctgagaatg ggtggactec cggagaggat 960
tcctaccgag agtggataca ggtagacttg ggccttctge gectttgtcac ggctgteggg 1020
acacagggcg ccatttcaaa agaaaccaag aagaaatatt atgtcaagac ttacaagatc 1080
gacgttagct ccaacgggga agactggatc accataaaag aaggaaacaa acctgttctc 1140
tttcagggaa acaccaaccc cacagatgtt gtggttgcag tattccccaa accactgata 1200
actcgatttg tccgaatcaa gcctgcaact tgggaaactg gcatatctat gagatttgaa 1260
gtatacggtt gcaagataac agattatcct tgctctggaa tgttgggtat ggtgtctgga 1320
cttatttcetg actcccagat cacatcatcc aaccaagggg acagaaactg gatgcctgaa 1380
aacatccgee tggtaaccag tcgctctgge tgggcacttce caccegcacc tcattcectac 1440
atcaatgagt ggctccaaat agacctygggyg gaggagaaga tcgtgagggg catcatcatt 1500
cagggtggga agcaccgaga gaacaaggtg ttcatgagga agttcaagat cgggtacagc 1560
aacaacggct cggactggaa gatgatcatg gatgacagca aacgcaaggc gaagtcetttt 1620
gagggcaaca acaactatga tacacctgag ctgcggactt ttccagctct ctccacgega 1680
ttcatcagga tctaccecga gagagcecact catggceggac tgggygctcag aatggagcetyg 1740
ctgggctgtg aagtggaagc ccctacagct ggaccgacca ctcccaacgg gaacttggtyg 1800

gatgaatgtyg atgacgacca ggccaactgce cacagtggaa caggtgatga cttccagete 1860
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acaggtggca ccactgtgct ggccacagaa aagcccacgg tcatagacag caccatacaa 1920
tcagagtttc caacatatgg ttttaactgt gaatttggct ggggctcetca caagacctte 1980
tgccactggyg aacatgacaa tcacgtgcag ctcaagtgga gtgtgttgac cagcaagacyg 2040
ggacccatte aggatcacac aggagatggce aacttcatct attcccaagce tgacgaaaat 2100
cagaagggca aagtggctceg cctggtgage cctgtggttt attcccagaa ctetgeccac 2160
tgcatgacct tctggtatca catgtcectggyg teccacgtceyg gcacactcag ggtcaaacty 2220
cgctaccaga agccagagga gtacgatcag ctggtcetgga tggcecattgg acaccaaggt 2280
gaccactgga aggaagyggcyg tgtcttgcete cacaagtcete tgaaacttta tcaggtgatt 2340
ttcgaggygcy aaatcggaaa aggaaacctt ggtgggattyg ctgtggatga cattagtatt 2400
aataaccaca tttcacaaga agattgtgca aaaccagcag acctggataa aaagaaccca 2460
gaaattaaaa ttgatgaaac agggagcacg ccaggatacg aaggtgaagy agaaggtgac 2520
aagaacatct ccaggaagcec aggcaatgtg ttgaagacct tagaccccat cctcatcacce 2580
atcatagcca tgagtgecct gggggtecte ctgggggcetg tetgtggggt cgtgetgtac 2640
tgtgcctygtt ggcataatgg gatgtcagaa agaaacttgt ctgccctgga gaactataac 2700
tttgaacttg tggatggtgt gaagttgaaa aaagacaaac tgaatacaca gagtacttat 2760
tcggaggecat ga 2772
<210> SEQ ID NO 6

<211l> LENGTH: 5622

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

atgtgggetg aggcaggett geccagggea ggegggggtt cacagcecccee cttocgcace 60
tteteggeca gegactgggg cctcacccac ctagtggtge atgagcagac aggcgaggtg 120
tatgtgggcg cagtgaaccg catctataag ctgtcgggga acctgacact gctgegggec 180
cacgtcacgg gcectgtgga ggacaacgag aagtgctace cgecgcccag cgtgcagtec 240
tgcceccacyg gectgggecag tactgacaac gtcaacaage tgctgctget ggactatgec 300
gctaaccgee tgetggectg tggcagegec toccagggca tcetgecagtt cctgegtetg 360
gacgatctet tcaaactggg tgagccacac caccgtaagg agcactacct gtccagegtg 420
caggaggcag gcagcatggce gggcgtgcte attgeccggge caccgggceca gggccaggec 480
aagctctteg tgggcacacce catcgatgge aagtccgagt acttccccac actgtecage 540

cgtcggetca tggccaacga ggaggatgcee gacatgtteg gettegtgta ccaggatgag 600

tttgtgtcat cacagctcaa gatccctteg gacacgetgt ccaagttceec ggectttgac 660
atctactatg tgtacagett ccgcagcgag cagtttgtcet actacctcac gctgcagcta 720
gacacacagc tgacctcgcece tgatgecgee ggcgagcact tcttcacgtce caagatcegtg 780

cggetetgty tggacgacee caaattctac tcegtacgttg agttecccat tggetgegag 840
caggcgggtyg tggagtaccg cctggtgcag gatgecctace tgagecggec cggccgtgec 900
ctggeccace agetgggect ggctgaggac gaggacgtge tgttcactgt gttegeccag 960
ggccagaaga accgcgtgaa gccaccaaag gagtcagcac tgtgectgtt cacgctcagg 1020

gccatcaagy agaagattaa ggagcgecatc cagtcctget acegtggtga gggcaagcetce 1080
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tecectgeegt ggctygctcaa caaggagcetyg ggctgcatca actegceccct gcagatcgat 1140
gacgacttct gcgggcagga cttcaaccag cccctggggg gcacagtcac cattgagggg 1200
acgceccctgt tegtggacaa ggatgatgge ctgaccgccyg tggctgecta tgactatcegg 1260
ggccgcacty tggtattcege cggcacgcega agtggecgca tcecgcaagat cctggtggac 1320
ctctcaaace ccggtggecyg goctgcectg gectacgaga gcegtegtgge ccaggaggge 1380
agccccatcee tgcgagacct cgtcctcage cecaaccacce agtacctceta cgeccatgacce 1440
gagaagcagy tgacgcgggt goectgtggag agetgtgtge agtacacgtce ctgtgagcetyg 1500
tgtctggggt cacgggacce ccactgtgge tggtgtgtece tgcacagcat ctgctegegyg 1560
cgggacgect gtgagcgage agacgagece cagegcetttyg ctgcggacct getgecagtgt 1620
gtgcagctga ctgtgcagee ccgcaatgtg tetgtcacca tgtoccaggt cccacttgtyg 1680
ctgcaggcect ggaacgtgece tgacctctca getggcegtcea actgetectt cgaggactte 1740
acggaatctg agagcegtect ggaggatgge cggatccact gecgetcace ctecgeccgg 1800
gaggtggege ccatcacgcg gggccaggga gaccageggg tggtgaaact ctacctaaag 1860
tccaaggaga cagggaagaa gtttgcgtcet gtggacttceg tcttetacaa ctgcagegte 1920
caccagtect gectgtectyg tgtcaacgge tectttecct gecactggtg caaataccege 1980
cacgtgtgca cacacaacgt ggctgactge gecttectgg agggecgtgt caacgtgtet 2040
gaggactgcce cacagatcct geccctccacg cagatctacg tgccagtggg agtggtaaaa 2100
cececatcacce tggecgcacg gaacctgcca cagccacagt caggccageg tggatatgag 2160
tgcctettece acatecccggg cagcccggece cgtgtcaccg ccctgegett caacagcetcece 2220
agcctgcagt gccagaattc ctcegtactcec tacgagggga acgatgtcag cgacctgceca 2280
gtgaacctgt cagtcgtgtg gaacggcaac tttgtcattg acaacccaca gaacatccag 2340
gegeacctet acaagtgcce ggecctgege gagagetgeg gectetgect caaggecgac 2400
ccgegetteg agtgeggatg gtgegtggec gagegecget gctcectgeg acaccactge 2460
getgecgaca cacctgeate gtggatgcac gegegtcacg gcageagteg ctgcaccgac 2520
cccaagatce tcaagetgte cccecgagacg ggcccgagge agggceggcac gceggctcact 2580
atcacaggcg agaacctggg cctgcgattc gaagacgtge gtctgggegt gcgegtggge 2640
aaggtgctgt gcagccctgt ggagagcgag tacatcagtg cggagcagat cgtctgtgag 2700
atcggggacg ccagctccegt gcgtgcccat gacgccctgg tggaggtgtg tgtgegggac 2760
tgctcaccac actaccgcge cctgtcacce aagcgcecttca ccttegtgac accaaccttce 2820
taccgtgtga gccecctceceg tgggectetg tcagggggca cctggattgg catcgaggga 2880
agccacctga acgcaggcag tgatgtgget gtgteggteg gtggecggece ctgctectte 2940
tcectggagga actcccgtga gatccggtge ctgacaccee ccgggcagag ccctggcage 3000
gctceccatca tcatcaacat caaccgcgec cagctcacca accctgaggt gaagtacaac 3060
tacaccgagg accccaccat cctgaggatc gaccccgagt ggagcatcaa cageggtggg 3120
acccteectga cggtcacagg caccaacctg gecactgtee gtgaaccceg aatcecgggec 3180
aagtatggag gcattgagag ggagaacggce tgcctggtgt acaatgacac caccatggta 3240
tgccgegeee cgtetgtgge caaccctgtg cgcagcccac cagagctggg ggageggecg 3300

gatgagctgyg gcttegtcat ggacaacgtg cgctcectge ttgtgetcaa ctecacctece 3360
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ttcctetact accctgaccee cgtactggag ccactcagcece ccactggect getggagcetyg 3420
aagcccagcet ccccactcat cctcaagggce cggaacctet tgccacctge acccggcaac 3480
tecccgactca actacacggt gctcatecgge tecacaccct gtaccctcac cgtgteggag 3540
acgcaactgc tgtgcgaggc gcccaacctc actgggcage acaaggtcac ggtgegggca 3600
ggtggctteyg agttctegee agggacactg caggtgtact cggacagect gctgacgcetyg 3660
cctgecattyg tgggcattygg cggaggcggyg ggtctoctge tgctggteat cgtggetgty 3720
ctcatcgect acaagcgcaa gtcacgagat getgaccgca cactcaageg gctgcagecte 3780
cagatggaca acctggagtc ccgegtggcece ctegaatgca aggaagectt tgcagagcetyg 3840
cagacagaca tccacgagcet gaccaatgac ctggacggtyg ccggcatcecee cttecttgac 3900
taccggacat atgccatgeg ggtgetcettt cctgggatceg aggaccaccee tgtgetcaag 3960
gagatggagy tgcaggccaa tgtggagaag tcgctgacac tgttegggca gcetgetgacce 4020
aagaagcact tcctgctgac ctteatcecge acgectggagyg cacagcegcag cttetecatyg 4080
cgcgaccgeg ggaatgtgge ctegetcatce atgacggcce tgcagggcega gatggaatac 4140
gccacaggcg tgctcaagca gctgetttec gacctcatcg agaagaacct ggagagcaag — 4200
aaccacccca agctgctact gcgecggact gagtcggtgg cagagaagat gctaactaac 4260
tggttcacct tcectettgta taagttecte aaggagtgcyg ctggggagece getgttcecatyg 4320
ctgtactgcg ccatcaagca gcagatggag aagggcccca ttgacgccat cacgggtgag 4380
gcacgctact ccctgagtga ggacaagcete atccggcage agattgacta caagacactg 4440
accctgaact gtgtgaaccc tgagaatgag aatgcacctg aggtgccggt gaaggggctg 4500
gactgtgaca cggtcaccca ggccaaggag aagctgctgg acgctgecta caagggegtyg 4560
ccctacteee ageggcccaa ggecgeggac atggacctgg agtggegeca gggecgcatg 4620
gegegeatca tectgecagga cgaggacgte accaccaaga ttgacaacga ttggaagagg — 4680
ctgaacacac tggctcacta ccaggtgaca gacgggtcct cggtggcact ggtgcccaag 4740
cagacgtccg cctacaacat ctccaactcc tccaccttca ccaagtccct cagcagatac 4800
gagagcatgce tgcgcacggce cagcagecec gacagectge gcetcgegcac gceccatgatce 4860
acgcecgace tggagagegg caccaagetg tggcacctgg tgaagaacca cgaccacctg 4920
gaccagcgtyg agggtgaccg cggcagcaag atggtctecgg agatctactt gacacggcta 4980
ctggccacca agggcacact gcagaagttt gtggacgacc tgtttgagac catcttcage 5040
acggcacacc ggggctcagce cctgccgetg gccatcaagt acatgttcga cttcectggat 5100
gagcaggcceyg acaagcacca gatccacgat gctgacgtge gccacacctg gaagagcaac 5160
tgcctgecee tgegettcetg ggtgaacgtg atcaagaacce cacagtttgt gttcgacatt 5220
cacaagaaca gcatcacgga cgcctgettyg teggtggtgg cccagacctt catggactcece 5280
tgctccacct ctgagcacaa gctgggcaag gactcaccct ccaacaagct gctctacgcec 5340
aaggacatcc ccaactacaa gagctgggtg gagaggtact atgcagacat cgecaagatg 5400
ccagccatca gcgaccagga catgagtgceg tatctggctg agcagtcccg cctgcacctg 5460
agccagttca acagcatgag cgcecttgcac gagatctact c¢ctacatcac caagtacaag 5520
gatgagatcc tggcagccct ggagaaggat gagcaggcgce ggcggcagcyg gctgeggage 5580

aagctggage aggtggtgga cacgatggcece ctgagcagcet ga 5622
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<210>» SEQ ID NO 7

<211> LENGTH: 223

<212>» TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val
1 5 10 15

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr
20 25 30

Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu
35 40 45

Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys
50 55 60

Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser
65 70 75 80

Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys
85 90 95

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile
100 105 110

Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
115 120 125

Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
130 135 140

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
145 150 155 160

Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser
165 170 175

Asp Gly Pro Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
180 185 190

Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
195 200 205

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
210 215 220

<210> SEQ ID NO 8

<211> LENGTH: 221

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val Phe Leu
1 5 10 15

Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu
20 25 30

Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Gln
35 40 45

Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
50 55 60

Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu
65 70 75 80

Thr Val Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys
85 90 95
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Val Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys
100 105 110

Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser
115 120 125

Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys
130 135 140

Gly Phe Tyr Pro Ser Asp Ile Ser Val Glu Trp Glu Ser Asn Gly Gln
145 150 155 160

Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly
165 170 175

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln
180 185 190

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn
195 200 205

His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
210 215 220

<210> SEQ ID NO 9

<21l> LENGTH: 222

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Cys Pro Arg Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe
1 5 10 15

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
20 25 30

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
35 40 45

Gln Phe Lys Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
50 55 60

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Phe Arg Val Val Ser Val
65 70 75 80

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
85 90 85

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
100 105 110

Lys Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
115 120 125

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
130 135 140

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Ser Gly
145 150 155 160

Gln Pro Glu Asn Asn Tyr Asn Thr Thr Pro Pro Met Leu Asp Ser Asp
165 170 175

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asgp Lys Ser Arg Trp
180 185 190

Gln Gln Gly Asn Ile Phe Ser Cys Ser Val Met His Glu Ala Leu His
195 200 205

Asn Arg Phe Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
210 215 220
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<210> SEQ ID NO 10

<211> LENGTH: 222

<212>» TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Cys Pro Ser Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe
1 5 10 15

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
20 25 30

Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val
35 40 45

Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
50 55 60

Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val
65 70 75 80

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
85 90 95

Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser
100 105 110

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
115 120 125

Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
130 135 140

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 2Zsn Gly
145 150 155 160

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
165 170 175

Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp
180 185 190

Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
195 200 205

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
210 215 220

<210> SEQ ID NO 11

<211> LENGTH: 923

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 11

Met Glu Arg Gly Leu Pro Leu Leu Cys Ala Thr Leu Ala Leu Ala Leu
1 5 10 15

Ala Leu Ala Gly Ala Phe Arg Ser Asp Lys Cys Gly Gly Thr Ile Lys
20 25 30

Ile Glu Asn Pro Gly Tyr Leu Thr Ser Pro Gly Tyr Pro His Ser Tyr
35 40 45

Hig Pro Ser Glu Lys Cys Glu Trp Leu Ile Gln Ala Pro Glu Pro Tyr
50 55 60

Gln Arg Ile Met Ile Asn Phe Asn Pro His Phe Asp Leu Glu Asp Arg
65 70 75 80

Asp Cys Lys Tyr Asp Tyr Val Glu Val Ile Asp Gly Glu Asn Glu Gly
85 90 95

Gly Arg Leu Trp Gly Lys Phe Cys Gly Lys Ile Ala Pro Ser Pro Val
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100 105 110

Val Ser Ser Gly Pro Phe Leu Phe Ile Lys Phe Val Ser Asp Tyr Glu
115 120 125

Thr His Gly Ala Gly Phe Ser Ile Arg Tyr Glu Ile Phe Lys Arg Gly
130 135 140

Pro Glu Cys Ser Gln Asn Tyr Thr Ala Pro Thr Gly Val Ile Lys Ser
145 150 155 160

Pro Gly Phe Pro Glu Lys Tyr Pro Asn Ser Leu Glu Cys Thr Tyr Ile
165 170 175

Ile Phe Ala Pro Lys Met Ser Glu Ile Ile Leu Glu Phe Glu Ser Phe
180 185 190

Asp Leu Glu Gln Asp Ser Asn Pro Pro Gly Gly Met Phe Cys Arg Tyr
195 200 205

Asp Arg Leu Glu Ile Trp Asp Gly Phe Pro Glu Val Gly Pro His Ile
210 215 220

Gly Arg Tyr Cys Gly Gln Lys Thr Pro Gly Arg Ile Arg Ser Ser Ser
225 230 235 240

Gly Val Leu Ser Met Val Phe Tyr Thr Asp Ser Ala Ile Ala Lys CGlu
245 250 255

Gly Phe Ser Ala Asn Tyr Ser Val Leu Gln Ser Ser Ile Ser Glu Asp
260 265 270

Phe Lys Cys Met Glu Ala Leu Gly Met Glu Ser Gly Glu Ile His Ser
275 280 285

Asp Gln Ile Thr Ala Ser Ser Gln Tyr Gly Thr Asn Trp Ser Val Glu
290 295 300

Arg Ser Arg Leu Asn Tyr Pro Glu Asn Gly Trp Thr Pro Gly Glu Asp
305 310 315 320

Ser Tyr Lys Glu Trp Ile Gln Val Asp Leu Gly Leu Leu Arg Phe Val
325 330 335

Thr Ala Val Gly Thr Gln Gly Ala Ile Ser Lys Glu Thr Lys Lys Lys
340 345 350

Tyr Tyr Val Lys Thr Tyr Arg Val Asp Ile Ser Ser Asn Gly Glu 2Asp
355 360 365

Trp Ile Ser Leu Lys Glu Gly Asn Lys Ala Ile Ile Phe Gln Gly 2Asn
370 375 380

Thr Asn Pro Thr Asp Val Val Leu Gly Val Phe Ser Lys Pro Leu Ile
385 390 395 400

Thr Arg Phe Val Arg Ile Lys Pro Val Ser Trp Glu Thr Gly Ile Ser
405 410 415

Met Arg Phe Glu Val Tyr Gly Cys Lys Ile Thr Asp Tyr Pro Cys Ser
420 425 430

Gly Met Leu Gly Met Val Ser Gly Leu Ile Ser Asp Ser Gln Ile Thr
435 440 445

Ala Ser Asn Gln Ala Asp Arg Asn Trp Met Pro Glu Asn Ile Arg Leu
450 455 460

Val Thr Ser Arg Thr Gly Trp Ala Leu Pro Pro Ser Pro Hig Pro Tyr
465 470 475 480

Thr Asn Glu Trp Leu Gln Val Asp Leu Gly Asp Glu Lys Ile Val Arg
485 490 495

Gly Val Ile Ile Gln Gly Gly Lys His Arg Glu Asn Lys Val Phe Met
500 505 510
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Arg Lys Phe Lys Ile Ala Tyr Ser Asn Asn Gly Ser Asp Trp Lys Thr
515 520 525

Ile Met Asp Asp Ser Lys Arg Lys Ala Lys Ser Phe Glu Gly Asn Asn
530 535 540

Asn Tyr Asp Thr Pro Glu Leu Arg Thr Phe Ser Pro Leu Ser Thr Arg
545 550 555 560

Phe Ile Arg Ile Tyr Pro Glu Arg Ala Thr His Ser Gly Leu Gly Leu
565 570 575

Arg Met Glu Leu Leu Gly Cys Glu Val Glu Ala Pro Thr Ala Gly Pro
580 585 590

Thr Thr Pro Asn Gly Asn Pro Val Asp Glu Cys Asp Asp Asp Gln Ala
595 600 605

Asn Cys His Ser Gly Thr Gly Asp Asp Phe Gln Leu Thr Gly Gly Thr
610 615 620

Thr Val Leu Ala Thr Glu Lys Pro Thr Ile Ile Asp Ser Thr Ile Gln
625 630 635 640

Ser Glu Phe Pro Thr Tyr Gly Phe Asn Cys Glu Phe Gly Trp Gly Ser
645 650 655

His Lys Thr Phe Cys His Trp Glu His Asp Ser His Ala Gln Leu Arg
660 665 €70

Trp Ser Val Leu Thr Ser Lys Thr Gly Pro Ile Gln Asp His Thr Gly
675 680 685

Asp Gly Asn Phe Ile Tyr Ser Gln Ala Asp Glu Asn Gln Lys Gly Lys
690 695 700

Val Ala Arg Leu Val Ser Pro Val Val Tyr Ser Gln Ser Ser Ala His
705 710 715 720

Cys Met Thr Phe Trp Tyr His Met Ser Gly Ser His Val Gly Thr Leu
725 730 735

Arg Val Lys Leu Arg Tyr Gln Lys Pro Glu Glu Tyr Asp Gln Leu Val
740 745 750

Trp Met Val Val Gly His Gln Gly Asp His Trp Lys Glu Gly Arg Val
755 760 765

Leu Leu His Lys Ser Leu Lys Leu Tyr Gln Val Ile Phe Glu Gly Glu
770 775 780

Ile Gly Lys Gly Asn Leu Gly Gly Ile Ala Val Asp Asp Ile Ser Ile
785 790 795 800

Asn Asn His Ile Ser Gln Glu Asp Cys Ala Lys Pro Thr Asp Leu Asp
805 810 815

Lys Lys Asn Thr Glu Ile Lys Ile Asp Glu Thr Gly Ser Thr Pro Gly
820 825 830

Tyr Glu Gly Glu Gly Glu Gly Asp Lys Asn Ile Ser Arg Lys Pro Gly
835 840 845

Asn Val Leu Lys Thr Leu Asp Pro Ile Leu Ile Thr Ile Ile Ala Met
850 855 860

Ser Ala Leu Gly Val Leu Leu Gly Ala Val Cys Gly Val Val Leu Tyr
865 870 875 880

Cys Ala Cys Trp His Asn Gly Met Ser Glu Arg Asn Leu Ser Ala Leu
885 890 895

Glu Asn Tyr Asn Phe Glu Leu Val Asp Gly Val Lys Leu Lys Lys Asp
900 905 910
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Lys Leu Asn Pro Gln Ser Asn Tyr Ser Glu Ala
915 920

<210>» SEQ ID NO 12

<211>» LENGTH: 19

<212>» TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Asn Tyr Gln Trp Val Pro Tyr Gln Gly Arg Val Pro Tyr Pro Arg Pro

1 5 10

Gly Thr Cys

<210> SEQ ID NO 13

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 13

acaaacgaga aaccagtttc acc

<210> SEQ ID NO 14

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 14

ccagcaatat aaagtgtgte tcg

<210> SEQ ID NO 15

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 15

caatatcegg tttttagagg acgec

<210> SEQ ID NO 16

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR primer

<400> SEQUENCE: 16

cectgetgtet ggacctecac gtcag

15

23

23

25

25

1. A method for screening a therapeutic agent for treating a
cellular immune disease, the method comprising:

(a) contacting a Sema3 A polypeptide with eukaryotic cells
expressing Neuropilin-1 and Plexin-A1, in the presence
of a test substance;

(b) measuring a signal produced by an interaction between
the Sema3A polypeptide and the eukaryotic cells
expressing Neuropilin-1 and Plexin-Al in the presence
of the test substance, and comparing the signal with a

control signal produced by an interaction between the
Sema3A polypeptide and the eukaryotic cells express-
ing Neuropilin-1 and Plexin-A1 in theabsence of the test
substance; and
(c) selecting a test substance that reduces the signal in
comparison to the control signal.
2. The method of claim 1, wherein the eukaryotic cells are
dendritic cells.
3. The method of claim 2, wherein the dendritic cells are
cells fractionated and induced from peripheral blood.
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4. The method of claim 2, wherein the dendritic cells are
cells of a cell line.
5. The method of claim 1, wherein the signal is Rho kinase

activation.

6. The method of claim 1, wherein the signal is myosin 1T
phosphorylation.

7. The method of claim 1, wherein the signal is actomyosin
contraction.

8. The method of claim 2, wherein the signal is transmi-
gration of the dendritic cells.
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