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FIGS. 2A-2F
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METHODS AND COMPOSITIONS
PERTAINING TO HUMAN CEREBRAL
CAVERNOUS MALFORMATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority of
U.S. Provisional Patent Application No. 62/075,491 filed
Nov. 5, 2014, which is hereby incorporated by reference in
its entirety.

[0002] This invention was made with government support
under Grant No. R21 NS052285 and NIH/NINDS ROl
NS077957 awarded by the National Institutes of Health. The
government has certain rights in the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] The present invention relates generally to the field
of medicine. More particularly, it concerns methods and
compositions for treating cerebral cavernous malformations.

2. Description of Related Art

[0004] The cerebral cavernous malformation (CCM), a
common cerebrovascular anomaly, predisposes patients to a
lifetime risk of seizures, hemorrhagic stroke, and other
neurological sequelae (Otten et al., 1989; Robinson et al.,
1991; Robinson et al., 1993). The clinical manifestations of
CCMs are highly related to hemorrhage and/or CCM expan-
sion (Maraire and Awad, 1995). The genesis and progression
of individual CCM lesions are largely unpredictable (Gault
et al., 2004; Denier et al., 2006; Gault et al., 2006). Lesions
occur sporadically, in association with venous anomalies
(Guclu et al., 2005), or may be inherited as autosomal
dominant traits, with 3 known genetic loci (Revencu and
Vikkula, 2006). Despite progress in the characterization of
the genetic basis of the disease (Laberge-le Couteulx et al.,
1999; Sahoo et al., 1999; Liguori et al., 2003; Denier et al.,
2004; Bergametti et al., 2005), the molecular mechanisms
involved in the pathophysiology of CCM await character-
ization. Moreover, there is no known treatment to alter the
course of this disease. Therefore, there is a need in the art for
CCM therapeutics.

SUMMARY OF THE INVENTION

[0005] Described herein are methods and compositions
that can be used to treat cerebral cavernous malformations
(CCMs). Aspects of the disclosure relate to methods for
treating cerebral cavernous malformations (CCMs) in a
patient determined to be in need thereof comprising admin-
istering a therapeutically effective amount of a B-cell immu-
nomodulation therapy to the patient.

[0006] B-cell immunomodulation therapies are known in
the art and described herein. In some embodiments, the
B-cell immunomodulation therapy is a B-cell depletion
therapy. In some embodiments, the B-cell immunomodula-
tion therapy inhibits B and T cell interactions. In some
embodiments, the B-cell immunomodulation therapy com-
prises an antibody. In some embodiments, the antibody is a
human antibody, humanized antibody, recombinant anti-
body, chimeric antibody, an antibody derivative, a veneered
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antibody, a diabody, a monoclonal antibody, or a polyclonal
antibody. In some embodiments, the antibody is a human
antibody.

[0007] In some embodiments, the B-cell immunomodula-
tion therapy comprises an antibody or molecule (polypep-
tide, nucleic acid, or small-molecule inhibitor) that targets
B-cell-specific surface molecules and eliminates the B-cells.
Examples of these include anti-CD20 therapy (rituximab,
ocrelizumab, veltuzumab and of atumumab), anti-CD19
therapy (MDX-1342), anti-CD22 therapy (epratuzumab),
and Abatacept. In certain embodiments, the agent is capable
of depleting at least or at most 10, 20, 30, 40, 50, 60, 70, 80,
90 or more percent (or any range derivable therein) of
exposed B-cells by an in vitro assay.

[0008] In some embodiments, the B-cell immunomodula-
tion therapy comprises an antibody or molecule (polypep-
tide, nucleic acid, or small-molecule inhibitor) that blocks
B-cell activation and/or survival. Examples of these include
anti-BLyS antibodies (anti-BR3, or belimumab) and ataci-
cept. In some embodiments, the B-cell immunomodulation
therapy comprises a B-lymphocyte stimulator (BLyS)-spe-
cific inhibitor. In some embodiments, the B-cell immuno-
modulation therapy comprises atacicept or belimumab, or
both. In some embodiments, the B-cell immunomodulation
therapy comprises belimumab.

[0009] In some embodiments, the B-cell immunomodula-
tion therapy comprises an antibody or molecule (polypep-
tide, nucleic acid, or small-molecule inhibitor) that targets
B-cell specific surface molecules. Examples include anti-
CD20 therapies, anti-CD19 therapies, and anti-CD22 thera-
pies described herein.

[0010] In some embodiments, the method or pharmaceu-
tical compositions described herein are for treating Stage 11
CCMs. In some embodiment treatment targets the genesis of
and number of Stage I lesions. Stage I CCM lesions are
characterized by dilated capillaries having the width at least
25 red blood cells and not joined to any other lesion (isolated
caverns). Stage 1] lesions are characterized by multicavern-
ous structures composed of the confluence of two or more
caverns. Stage Il lesions develop from the maturation of
Stage [ lesions, and are responsible for clinical sequelae. It
is well within the skill of a physician to diagnose a Stage |
or Stage II CCM lesion (by MRI, for example).

[0011] The CCM may be diagnosed as familial (deter-
mined to have a genetic pre-disposition due to a family
history of CCM) or sporadic (no family history of CCM). In
some embodiments, the CCM is sporadic. In some embodi-
ments, the CCM is familial. A patient in need of treatment
may be someone showing symptoms of CCM, someone
diagnosed with CCM, someone whose medical or family
history indicates a significant risk of CCM, and/or someone
previously treated for CCM.

[0012] The methods described herein may also further
comprise one or more additional treatments for CCM such
as surgical resection, radiosurgery, or the administration of
additional therapeutics described herein. The additional
treatment may be performed or administered before, after, or
concurrent with the B-cell immunomodulation therapy.
When the additional treatment is a therapeutic, it may be
administered in the same composition as the B-cell immu-
nomodulation therapy or in a different composition. In some
embodiments, the method further comprises surgical resec-
tion of the CCM. In some embodiments, the patient has been
previously treated for CCM with radiosurgery or surgical
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resection. In some embodiments, the method further com-
prises radiosurgery. In some embodiments, the method fur-
ther comprises administration of an additional immuno-
modulating agent. Immunomodulating agents are known in
the art and described herein. In some embodiments, the
additional immunomodulating agent is administered con-
comitantly. In some embodiments, the immunomodulating
agent is a co-stimulation inhibitor. In some embodiments,
the immunomodulating agent is abatacept. In some embodi-
ments, the method further comprises administration of a
Rho-kinase (ROCK) inhibitor, which also alters immune
response and inflammation. In some embodiments, the Rho-
kinase inhibitor is fasudil. In some embodiments, the
method further comprises administration of a HMG-CoA
reductase inhibitor. Non-limiting examples of HMG-CoA
reductase inhibitors include statins. HMG-CoA reductase
inhibitors have pleiotropic effects, which include RhoA/
ROCK inhibition and are useful in the methods described
herein. In some embodiments, the HMG-CoA reductase
inhibitor is a statin, also shown to alter immune response in
the lesions.

[0013] In some embodiments, the B-cell immunomodula-
tion therapy comprises one or more of an antibody or
molecule that blocks B-cell activation and/or survival; an
antibody or molecule that targets B-cell specific surface
molecules; a co-stimulatory inhibitor; a ROCK inhibitor; an
HMG-CoA reductase inhibitor; or combinations thereof.

[0014] In some embodiments, the B-cell immunomodula-
tion therapy comprises an antibody or molecule that blocks
B-cell activation and/or survival and one or more of: an
antibody or molecule that targets B-cell specific surface
molecules; a co-stimulatory inhibitor; a ROCK inhibitor; or
an HMG-CoA reductase inhibitor.

[0015] In some embodiments, the B-cell immunomodula-
tion therapy comprises, consists of, or consists essentially of
belimumab and fasudil.

[0016] The administration of the therapeutics according to
the methods described herein may be performed by any
suitable administration known in the art. In some embodi-
ments, the B-cell immunomodulation therapy is adminis-
tered parenterally. In some embodiments, the B-cell immu-
nomodulation therapy is administered intravenously.

[0017] In some embodiments, the method further com-
prises monitoring the patient for B-cell immunomodulation.
The patient may be monitored for B-cell immunomodulation
by methods known in the art. For example, the monitoring
of the patient may comprise magnetic resonance imaging
(MRI) of the cranium. In some embodiments, serial MRI
imaging may be performed to evaluate the CCM lesions.
Evaluation of the CCM lesions may include evaluating the
number, size, hemorrhage thereof, or iron accumulation
therein. In some embodiments, monitoring the patient com-
prises evaluating the blood of the patient to determine
whether the B-cells have been modulated. For example,
blood may be drawn from the patient and screened for the
presence of B cells. Methods for determining the presence of
B cells are known in the art and described herein throughout
the disclosure and especially in Example 2. The blood of the
patient may also be evaluated for biomarker activity of CCM
disease. An example of a biomarker for CCM disease
includes ROCK activity.

[0018] Further aspects of the disclosure relate to a phar-
maceutical composition comprising a B-cell depleting agent
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and a ROCK inhibitor. The B-cell depleting agent may be
one as described herein. In some embodiments, the ROCK
inhibitor is fasudil.

[0019] In some embodiments, the pharmaceutical compo-
sition further comprises a HMG-CoA reductase inhibitor. In
some embodiments, the HMG-CoA reductase inhibitor is a
statin.

[0020] The term “treating” as used herein is intended to
encompass curing as well as ameliorating at least one
symptom of the condition or disease. For example, a
response to treatment may include a reduction in bleeding
rate in lesions, iron content in lesions, seizures, prevention
of disability, increase in survival time, elongation in time to
lesion genesis or progression, reduction in lesion mass,
reduction in lesion burden and/or a prolongation in time to
lesion recurrence, lesion response, complete response, par-
tial response, stable disease, progressive disease, progres-
sion free survival, or overall survival.

[0021] As used herein the specification, “a” or “an” may
mean one or more. As used herein in the claim(s), when used
in conjunction with the word “comprising”, the words “a” or
“an” may mean one or more than one.

[0022] As used herein, the term “comprising” is intended
to mean that the compositions and methods include the
recited elements, but not excluding others. “Consisting
essentially of” when used to define compositions and meth-
ods, shall mean excluding other elements of any essential
significance to the combination for the stated purpose. Thus,
a composition consisting essentially of the elements as
defined herein would exclude additional active ingredients
not listed in the claim, but would not exclude trace con-
taminants from the isolation and purification method and
pharmaceutically acceptable carriers, such as phosphate
buffered saline, preservatives and the like. “Consisting of”
shall mean excluding more than trace elements of other
ingredients and substantial method steps for administering
the compositions of this invention or process steps to
produce a composition or achieve an intended result.
Embodiments defined by each of these transition terms are
within the scope of this invention. When the term, “com-
prising” or “comprise” or “comprises” is used in methods or
compositions herein, embodiments also include composi-
tions and methods that “consist of” or “consist essentially
of.”

[0023] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alter-
natives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to
only alternatives and “and/or.” As used herein “another”
may mean at least a second or more.

[0024] Throughout this application, the term “about” is
used to indicate that a value includes the inherent variation
of error for the device, the method being employed to
determine the value, or the variation that exists among the
study subjects.

[0025] Other objects, features and advantages of the pres-
ent invention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while
indicating preferred embodiments of the invention, are given
by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein.

[0027] FIGS. 1A-1C—Immune complex formation in
CCM lesions. Antibody containing immune complex depo-
sition was evident by co-localization (merge/C) of IgG (A)
and MAC (B). Original magnification is 200x. All scale bars
are 50 pum.

[0028] FIGS. 2A-2F—Antibody producing cells aggregat-
ing with T-cells in CCM lesions. CD20, B-cells (red) and
CD3, T-cells (brown) were aggregated around a cavern of a
CCM lesion (T:B aggregate) (A). CD138, plasma-cells
(brown) were well-circumscribed around a cavern of a CCM
lesion (B). CD4, helper T-cells were one of T-cell subtypes
(C). CD8, cytotoxic T-cells were another T-cell subtype (D).
CD4, helper T-cells (brown) and CD20, B-cells (red) (E) or
cytotoxic CD8, T-cells (brown) and CD20, B-cells (red) (F)
were co-localized in CCM lesions respectively. Original
magnification is 400x. All scale bars are 50 pm.

[0029] FIG. 3—Alignment of predicted germ-line
sequences with corresponding IgG H-chain variable regions
expressed in CCM lesion. Nucleotide sequences matching to
VH3_49*04 (H-chain) expressed transcripts from patient 9
were aligned with the germ-line predicted using IMGT
(SEQ ID NO: 2). Identical nucleotides are indicated by
dashes (SEQ ID NO: 3-5). Translated amino acid codons are
also given (SEQ ID NO: 1). VH3_49*04=VH3-49%04
D1-1*01 J4*02.

[0030] FIGS. 4A-4B—In situ clonal expansion. Genea-
logical relationships of expressed IgG H- and L-chain vari-
able region sequences shown in FIGS. 3 and 5 are illustrated
as a clonal tree with the predicted germ-line at the top. A:
IgG H-chain. B: 1gG L-chain. The gradual accumulation and
pattern of mutation are consistent with in situ somatic
hypermutation.

[0031] FIG. 5—Alignment of germ-line sequences with
IgG L-chain variable regions expressed in CCM. Nucleotide
sequences of VL.1_44*01 (L-chain) expressed transcripts
from patient 9 were aligned with the germ-line obtained
from the IMGT database. VL1_44*01=VL1-44*01 J2*01/
J3*#01 (SEQ ID NO: 6-10).

[0032] FIG. 6—Alignment of germ-line sequences with
IgG H-chain variable regions expressed in CCM. Nucleotide
sequences of VHS5_51*01 (H-chain) amplified transcripts
from patient 10 were aligned with the germ-line obtained
from the IMGT database. VHS5_51*01=VHS5-51*01
D3-10*01 J4*01/J4*02/J4*03 (SEQ ID NO: 11-21).
[0033] FIGS. 7A-7B—In situ clonal expansion. Genea-
logical relationships of sequences shown in FIGS. 6 and 8
are illustrated in a clonal tree, with a predicted germ-line
clone at the top. A: IgG H-chain in the CCM lesion from
patient 10. B: I1gG L-chain in the CCM lesion from patient
10. The gradual accumulation and pattern of mutation is
consistent with in situ somatic hypermutation.

[0034] FIG. 8—Alignment of germ-line sequences with
IgG L-chain variable regions expressed in CCM. Nucleotide
sequences of VKI1_9%01 (L-chain) amplified transcripts
from patient 10 were aligned with the germ-line obtained
from the IMGT database. VK1_9*01=VK1-9*01 J4*01
(SEQ ID NO: 22-33).
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[0035] FIG. 9—Alignment of predicted germ-line
sequences with corresponding IgGG H-chain variable regions
expressed in CCM lesion. Nucleotide sequences of VHI1_
2*02 (H-chain) amplified transcripts from patient 10 were
aligned with the germ-line predicted using IMGT. Identical
nucleotides are indicated by dashes. Translated amino acid
codons are also given. VH1_2%*02=VH1-2*02 D2-21*02
J6*02 (SEQ ID NO: 34-38).

[0036] FIG. 10—Alignment of predicted germ-line
sequences with corresponding IgGG H-chain variable regions
expressed in CCM lesion. Nucleotide sequences of VHI1_
69*06 (H-chain) amplified transcripts from patient 10 were
aligned with germ-line obtained from the IMGT database.
VHI_69*06=VH1-69*06 D4-11*01 J4*02/J4*03 (SEQ ID
NO: 39-43).

[0037] FIG. 11—In situ clonal expansion. Genealogical
relationships of expressed IgGG H-chain variable region
sequences shown in Supplementary FIGS. 1 and 2 were
illustrated in a clonal tree with a predicted germ-line clone
at the top. A and B: IgG H-chains in the CCM lesion of
patient 10. The gradual accumulation and pattern of muta-
tion are consistent with in situ hypermutation.

[0038] FIG. 12—Alignment of predicted germ-line
sequences with IgG L-chain variable regions expressed in
CCM lesion. Nucleotide sequences of VK1_5%01 (L.-chain)
transcripts amplified from the lesion of patient 10 were
aligned with the germ-line obtained from the IMGT data-
base. VK1_5*01=VKI1-5*01 J2*01/J2*02 (SEQ ID NO:
44-43).

[0039] FIG. 13—Alignment of predicted germ-line
sequences with corresponding IgG L-chain variable regions
expressed in CCM. Nucleotide sequences of VK1_33*01
(L-chain) transcripts amplified from the lesion of patient 10
were aligned with the germ-line obtained from the IMGT
database. VKI1_33*01=VK1-33*01NK1D-33*01 J1*01
(SEQ ID NO: 49-55).

[0040] FIG. 14—In situ clonal expansion. Genealogical
relationships of expressed IgG L-chain variable region
sequences shown in Supplementary FIGS. 4 and 5 were
illustrated in a clonal tree with a predicted germ-line clone
at the top. A and B: IgG L-chains in the patient 10 CCM
lesion. The gradual accumulation and pattern of mutation are
consistent with in situ hypermutation.

[0041] FIG. 15—B cell depletion from blood and spleen
was confirmed in 5 out of 5 Cem3*~Trp53~~ mice. FIG. 9A
are FACS plots showing B-cell depletion, as evidenced by
the decrease in the number of CD45R*CD3~ and CD22*
CD19* cells. FIG. 9B graphically shows the data demon-
strated in FIG. 9A from five mice.

[0042] FIG. 16—Depleted B cells were confirmed in
spleen. Shown are histology sections of the spleen of control
or B-cell depleted mice. The sections were immunohisto-
chemically analyzed for B (top panel) and T cells (bottom
panel).

[0043] FIG. 17—Representative lesions within the brain
of a murine model for cerebral cavernous malformation
disease in untreated controls and after B cell depletion.
[0044] FIG. 18—B cell depletion in Cem3+/-Trp53—/-
mice resulted in a significant lower burden of mature (stage
1) CCM lesions, but had a lesser effect on capillary ecstasia
(stage 1) pre-lesions.

[0045] FIG. 19—B cell depleted Cem3+/-Trp53—/- mice
exhibited significant smaller CCM lesions area (effect on
mature CCM lesions).
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[0046] FIG.20—No B cells were detected in the lesions of
Cem3+/-Trp53—/- mice treated with anti-BR3 antibody.
[0047] FIG. 21—Tumors in B cells depleted mice. Extra-
cranial tumors were found in 3 out of 5 B-cell depleted
Cem3+/-Trp53—/- mice. No tumors were detected any
tumors in 10 out of 10 B-cell deleted Ccm3+/- mice,
indicating Trp53—/- background increase the risk of tumors
with B cell depletion.

[0048] FIG. 22— esional area per animal in Ccm3+/-
mice with B cell depletion. The lesional area per animal was
significantly lower in the more mature clinically significant
stage 2 lesions in B cell depleted mice. This proves the
benefit of B cell depletion in a heterozygous Cem model
without concomitant Trp53-/- background, more closely
recapitulating the human disease.

[0049] FIG. 23— Number of lesions per animal in
Cem3+/- mice with B cell depletion. The prevalence of
CCM lesions was significantly lower in B-cell depleted
mice, and a significant decrease in the more mature clini-
cally significant stage 2 lesions is observed in B-cell
depleted mice. This proves the benefit of B cell depletion in
a heterozygous Ccm model without concomitant Trp53—/-
background, more closely recapitulating the human disease.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0050] The disclosure is based on the discovery that
aberrant immune responses are contributing to the pathoge-
nicity of CCMs in patients, and that blocking those
responses effects a treatment of the CCM. Described herein
is a method for treating CCMs in a patient in need thereof
comprising administering a therapeutically effective amount
of a B-cell immunomodulation therapy to the patient.

1. B-CELL IMMUNOMODULATION THERAPY

[0051] One strategy for modulating B cells is through the
use of antibodies or inhibitors that target B-cell-specific
surface molecules or B-cell survival factors or through the
use of antibodies or inhibitors that disrupt B and T cell
interaction. Examples of such antibodies and/or B-cells
specific surface molecules are described below.

[0052] B. BLyS

[0053] B-lymphocyte stimulator (BLyS) (also known as
B-cell activating factor (BAFF), RP11-153124.1, CD257,
DTL, TALL-1, TALL1, THANK, TNFSF20, ZTNF4, and
TNSF13B). B lymphocytes (B cells) are one of the immune
cells responsible for the damage in autoimmune disease. B
cells develop in the bone marrow and continue to mature
peripherally in secondary lymphoid organs. When autoim-
mune B cells attack the body’s own tissues, they are
normally destroyed by apoptosis. In order to survive, B cells
need survival factors. It is believed that autoimmunity in
some diseases may be caused when autoimmune B cells
proliferate, and survival factors protect them from cell
suicide.

[0054] Accordingly, antibodies or inhibitors that target
BLyS may be used for B-cell depletion/immunomodulation
therapy. In one embodiment, the B-cell immunomodulation
therapy is an anti-BLyS antibody. In one embodiment, the
B-cell immunomodulation therapy is belimumab. Belim-
umab (trade name Benlysta, previously known as LymphoS-
tat-B) is a human monoclonal antibody that inhibits BLyS.
Belimumab binds to BLyS, preventing
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[0055] BLyS from binding to B cells. In another embodi-
ment, the B-cell immunomodulation therapy is tabalumab.
In yet another embodiment, the B-cell immunomodulation
therapy is blisibimod. Without being limited to any scientific
theory, it is believed that, without the survival factor BLyS,
B cells become apoptotic, and no longer contribute to CCM
pathogenicity.

[0056] C. CD20

[0057] B-lymphocyte antigen CD20 (CD20) is primarily
found on the surface of B-cells beginning at the pro-B phase
and progressively increasing in concentration until maturity.
In humans, CD20 is encoded by the MS4A1 gene. There-
fore, antibodies and therapeutics that target and effectively
eliminate CD20-expressing cells are useful in B-cell immu-
nomodulation therapy. One such antibody is rituximab. In
some embodiments, the B-cell immunomodulation therapy
is an anti-CD20 antibody. In some embodiments, the B-cell
immunomodulation therapy is rituximab. Rituximab (trade
names Rituxan, MabThera and Zytux) is a chimeric mono-
clonal antibody against the protein CD20. Rituximab
destroys B cells and is therefore used to treat diseases which
are characterized by excessive numbers of B cells, overac-
tive B cells, or dysfunctional B cells. Other anti-CD20
antibodies useful as B-cell immunomodulation therapies
include ocrelizumab and ofatumumab.

[0058] D.CDI19

[0059] CD19 is a B-cell-specific membrane protein that is
broadly expressed during B-cell development, from the
pro-B cell to the early plasma cell stage. Therefore, anti-
CD19 antibodies may be used as the B-cell immunomodu-
lation therapy. In one embodiment, the anti-CD19 antibody
is the humanized mouse HB12 anti-hCD19 mAb. In some
embodiments, the anti-CD19 antibody is an Fc-engineered,
affinity-matured humanized anti-hCD19 mAb, which may
have increased FcyR binding affinity and has been shown to
improve antibody-dependent cellular cytotoxicity. In some
embodiments, the anti-CD19 antibody is MDX-1342 (Me-
darex, Princeton, N.J.), which is a fully humanized antibody
that not only binds selectively to CD19 expressed on B cells
(without targeting stem cells or fully differentiated plasma
cells, which lack CD19 expression), but that also induces the
immunomodulation and elimination of CD19-positive B
cells.

[0060] E.CD22

[0061] CD22 is a member of the Ig superfamily and binds
to sialic acid-bearing molecules on other hematopoietic and
non-hematopoietic cells. In some embodiments, the B-cell
immunomodulation therapy is an anti-CD22 antibody. In
some embodiments, the anti-22 antibody is epratuzumab.
Epratuzumab is a monoclonal antibody against CD22 that
inhibits B-cell proliferation.

[0062] F. Atacicept

[0063] In some embodiments, the B-cell immunomodula-
tion therapy is atacicept. Atacicept is a fully humanized,
recombinant receptor-Ig fusion protein (TACI-Ig or ataci-
cept). Atacicept binds to the B-cell growth factors BLyS and
APRIL. Atacicept inhibits B-cell maturation, differentiation,
and survival, as well as immunoglobulin production, by
depriving B cells of needed growth and development sig-
nals.

[0064] G. Abatacept

[0065] In some embodiments, the B-cell immunomodula-
tion therapy is Abatacept. Abatacept, also known as CTL.A4-
Ig is a recombinant fusion protein that blocks the co-
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stimulatory signal mediated by the CD28-CD80/86 pathway
and disrupts T and B cell interaction. Simple signaling
without co-stimulation allows the cell to recognize the
primary signal as “self” and not ramp-up responses for
future responses as well. Accordingly, in some embodi-
ments, the method further comprises administration of a
co-stimulatory inhibitor.

1I. PHARMACEUTICAL COMPOSITIONS

[0066] The term “administration” shall include without
limitation, administration by oral, parenteral (e.g., intramus-
cular, intraperitoneal, intravenous, ICV, intracisternal injec-
tion or infusion, subcutaneous injection, or implant), by
inhalation spray nasal, vaginal, rectal, sublingual, urethral
(e.g., urethral suppository) or topical routes of administra-
tion (e.g., gel, ointment, cream, aerosol, etc.) and can be
formulated, alone or together, in suitable dosage unit for-
mulations containing conventional non-toxic pharmaceuti-
cally acceptable carriers, adjuvants, excipients, and vehicles
appropriate for each route of administration.

[0067] Compositions may be conventionally administered
parenterally, by injection, for example, intravenously, sub-
cutaneously, or intramuscularly. In some embodiments, of
the methods and compositions described herein, the admin-
istration is done intravenously.

[0068] Additional formulations which are suitable for
other modes of administration include oral formulations.
Oral formulations include such normally employed excipi-
ents such as, for example, pharmaceutical grades of manni-
tol, lactose, starch, magnesium stearate, sodium saccharine,
cellulose, magnesium carbonate and the like. These compo-
sitions take the form of solutions, suspensions, tablets, pills,
capsules, sustained release formulations or powders and
contain about 10% to about 95% of active ingredient,
preferably about 25% to about 70%.

[0069] Typically, compositions are administered in a man-
ner compatible with the dosage formulation, and in such
amount as will be therapeutically effective and immune
modifying. The quantity to be administered depends on the
subject to be treated. Precise amounts of active ingredient
required to be administered depend on the judgment of the
practitioner. However, suitable dosage ranges are of the
order of ten to several hundred nanograms or micrograms
antigen-MHC-nanoparticle complex per administration.
Suitable regimes for initial administration and boosters are
also variable, but are typified by an initial administration
followed by subsequent administrations.

[0070] In some embodiments, the dosage of the B-cell
depleting therapy is 1-100 mg/kg or 1 to 10, 20, 30, 40, 50,
60, 70, 80, 90, or 200 mg/kg or any range derivable therein.
In some embodiments, the dosage is 10 mg/kg. In some
embodiments, the dosage is 1, 5, 10, 20, 30, 40, 50, 60, 70,
80, 90, or 100 mg/kg.

[0071] In many instances, it will be desirable to have
multiple administrations of the B-cell depleting therapy,
about, at most about or at least about 3, 4, 5, 6, 7, 8, 9, 10
or more. The administrations may range from 2 day to
twelve week intervals, or from one to two, three, four, five,
six, eight, twelve, or sixteen week intervals. In some
embodiments, the B-cell immunomodulation therapy is
administered at two-week intervals for the first 1, 2, 3, 4, 5,
6, 7, or 8 doses. In some embodiments, the therapy is
administered at four-week intervals for doses 1, 2,3, 4, 5, 6,
7,8, 9, 10, or more.
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[0072] Insome embodiments, the B-cell depleting therapy
is administered at 2-week intervals for the first three doses
and at 4-week intervals for any subsequent dose.

[0073] The phrases “pharmaceutically acceptable” or
“pharmacologically acceptable” refer to molecular entities
and compositions that do not produce an adverse, allergic, or
other untoward reaction when administered to an animal, or
human. As used herein, “pharmaceutically acceptable car-
rier” includes any and all solvents, dispersion media, coat-
ings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like. The use of such
media and agents for pharmaceutical active substances is
well known in the art. Except insofar as any conventional
media or agent is incompatible with the active ingredients,
its use in immunogenic and therapeutic compositions is
contemplated.

[0074] The pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions; formu-
lations including sesame oil, peanut oil, or aqueous propyl-
ene glycol; and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In
all cases the form must be sterile and must be fluid to the
extent that it may be easily injected. It also should be stable
under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorgan-
isms, such as bacteria and fungi.

[0075] The compositions may be formulated into a neutral
or salt form. Pharmaceutically acceptable salts, include the
acid addition salts (formed with the free amino groups of the
protein) and which are formed with inorganic acids such as,
for example, hydrochloric or phosphoric acids, or such
organic acids as acetic, oxalic, tartaric, mandelic, and the
like. Salts formed with the free carboxyl groups can also be
derived from inorganic bases such as, for example, sodium,
potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine, his-
tidine, procaine and the like.

[0076] The carrier may be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid poly(ethylene glycol),
and the like), suitable mixtures thereof, and vegetable oils.
The proper fluidity can be maintained, for example, by the
use of a coating, such as lecithin, by the maintenance of the
required particle size in the case of dispersion, and by the use
of surfactants. The prevention of the action of microorgan-
isms can be brought about by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example,
sugars or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in
the compositions of agents delaying absorption, for
example, aluminum monostearate and gelatin.

[0077] Sterile injectable solutions are prepared by incor-
porating the active compounds in the required amount in the
appropriate solvent with various of the other ingredients
enumerated above, as required, followed by sterilization.
Sterilization of the solution will be done in such a way as to
not diminish the therapeutic properties of the active ingre-
dients. Generally, dispersions are prepared by incorporating
the various sterilized active ingredients into a sterile vehicle
which contains the basic dispersion medium and the
required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile
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injectable solutions, the preferred methods of preparation
are vacuum-drying and freeze-drying techniques, which
yield a powder of the active ingredient, plus any additional
desired ingredient from a previously sterilized solution
thereof.

[0078] Embodiments of the disclosure include unit doses
of the pharmaceutical compositions. An effective amount of
therapeutic composition is determined based on the intended
goal. The term “unit dose” or “dosage” refers to physically
discrete units suitable for use in a subject, each unit con-
taining a predetermined quantity of the composition calcu-
lated to produce the desired responses discussed above in
association with its administration, i.e., the appropriate route
and regimen. The quantity to be administered, both accord-
ing to number of treatments and unit dose, depends on the
result and/or protection desired. Precise amounts of the
composition also depend on the judgment of the practitioner
and are peculiar to each individual. Factors affecting dose
include physical and clinical state of the subject, route of
administration, intended goal of treatment (alleviation of
symptoms versus cure), and potency, stability, and toxicity
of the particular composition. Upon formulation, solutions
will be administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically or
prophylactically effective. The formulations are easily
administered in a variety of dosage forms, such as the type
of injectable solutions described above.

III. COMBINATION THERAPY

[0079] The compositions and related methods described
herein may also be used in combination with the adminis-
tration of additional therapies such as additional immuno-
modulating agents or additional medical procedures, in the
case of the methods described herein. For example, the
method may include surgical resection of the CCM prior to
or after B-cell immunomodulation therapy. Surgical resec-
tion comprises surgery that removes abnormal tissue, or in
this case, tissue characterized as a CCM. Radiosurgery may
also be performed prior to or after B-cell immunomodula-
tion therapy. Radiosurgery is a non-invasive, radiation based
treatment. In some cases, the radiosurgery may be stereot-
actic radiosurgery. Stereotactic radiosurgery (SRS) treats
brain disorders with a precise delivery of a single, high dose
of radiation in a one-day session. Focused radiation beams
are delivered to a specific area of the brain to treat abnor-
malities, tumors or functional disorders.

[0080] The compositions and methods described herein
may also include additional immunomodulators such as
immunosuppressants known in the art. Non-limiting
examples include cortisone, cyclosporine, azathioprine,
ciclosporin, tacrolimus, and sirolimus. The compositions
and methods may also include the administration of co-
stimulatory inhibitors. A non-limiting example of a co-
stimulatory inhibitor is abatacept. Abatacept prevents anti-
gen-presenting cells (APCs) from delivering the
co-stimulatory signal. This prevents the T cells from being
fully activated, and even downregulates them. Simple sig-
naling without co-stimulation allows the cell to recognize
the primary signal as “self” and not ramp-up responses for
future responses as well. Accordingly, in some embodi-
ments, the method further comprises administration of
abatacept or a co-stimulatory inhibitor.

[0081] The compositions and methods described herein
may also include a ROCK inhibitor. Rho-associated protein
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kinase (ROCK) is a kinase belonging to the AGC (PKA/
PKG/PKC) family of serine-threonine kinases. It is involved
mainly in regulating the shape and movement of cells by
acting on the cytoskeleton. In some embodiments, the
ROCK inhibitor is fasudil.

[0082] The compositions and methods described herein
may also include a HMG-CoA reductase inhibitor. Non-
limiting examples of HMG-CoA reductase inhibitors
include statins. HMG-CoA reductase inhibitors such as
statins have pleiotropic effects that include RhoA/ROCK
inhibition, and are therefore useful in the compositions and
methods described herein. Non-limiting examples of statins
include atorvastatin, fluvastatin, lovastatin, pitavastatin,
pravastatin, rosuvastatin, and simvastatin.

[0083] When combination therapy is employed, various
combinations may be employed, for example B-cell deplet-
ing agent/therapeutic administration is “A” and the addi-
tional agent is “B”, administration may be: A/B/A, B/A/B,
B/B/A, A/A/B, AB/B, B/A/A, A/B/B/B, B/A/B/B, B/B/B/A,
B/B/A/B, A/A/B/B, A/B/A/B, A/B/B/A, B/B/A/A, B/A/B/A,
B/A/A/B, A/AJA/B, B/A/A/A, A/B/A/A, or A/A/B/A.
[0084] Administration of the therapeutics described herein
to a patient/subject will follow general protocols for the
administration of such compounds, taking into account the
toxicity, if any. It is expected that the treatment cycles would
be repeated as necessary. It also is contemplated that various
standard therapies, such as hydration, may be applied in
combination with the described therapy.

IV. EXAMPLES

[0085] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in
the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

Example 1

Immune Complex Formation and In Situ B-Cell
Clonal Expansion in Human Cerebral Cavernous
Malformations

[0086] The cerebral cavernous malformation (CCM), a
common cerebrovascular anomaly, predisposes patients to a
lifetime risk of seizures, hemorrhagic stroke, and other
neurological sequelae (Often et al., 1989, Robinson et al.,
1991, Robinson et al., 1993). The clinical manifestations of
CCMs are highly related to hemorrhage and/or CCM expan-
sion

[0087] (Maraire and Awad, 1995). The genesis and pro-
gression of individual CCM lesions are largely unpredict-
able (Denier et al., 2006, Gault et al., 2006, Gault et al.,
2004). Lesions occur sporadically, in association with
venous anomalies (Guclu et al., 2005), or may be inherited
as autosomal dominant traits, with 3 known genetic loci
(Revencu and Vikkula, 2006). Despite progress in the char-
acterization of the genetic basis of the disease (Bergametti et
al., 2005, Denier et al., 2004, Laberge-le Couteulx et al.,
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1999, Liguori et al., 2003, Sahoo et al., 1999), the molecular
mechanisms involved in the pathophysiology of CCM await
characterization. Moreover, there is no known treatment to
alter the course of this disease.

[0088] The human CCM lesion consists of clusters of
cavernous anomalous vessels, lined by endothelium, and
filled with blood at various stages of thrombosis and orga-
nization. A defective blood-brain barrier has been observed
in CCMs (Tu et al., 2005, Wong et al., 2000), and lesions
characteristically include chronic deposition of blood break-
down products, including iron in heme and non-heme forms
(Bradley, 1993, Rigamonti et al., 1987). Invariably, the
lesions exhibit hallmarks of blood leakage and gliotic reac-
tion in adjacent brain. The presence of a unique immune
response in these lesions is compelling, given the charac-
teristic vascular phenotype with the sequestration of thrombi
at various stages of organization, leaky blood-brain barrier,
and the chronic deposition of iron and blood degradation
products (Rigamonti et al., 1987, Steiger et al., 1987). It is
hypothesized that these factors create a neo-antigenic milieu
in CCM lesions that may drive the activation of non-
tolerized lymphocytes and, ultimately, mediate the patho-
logical inflammatory response in situ.

[0089] Applicants’ studies revealed robust inflammatory
cell infiltration in CCM lesions, with prominent antibody
producing cells (CD20+ B-cells and CD138+ plasma-cells),
CD3+ T-cells, CD68+ antigen presenting macrophages, and
the MHC class II antigen presentation molecule HLA-DR.
These observations are consistent, regardless of history of
recent clinically overt hemorrhage or recent growth. B-cells
and plasma-cells were found to be present in all lesion types,
including familial and sporadic cases (Shi et al., 2009). They
were also present in genetically engineered mice that
develop lesions that recapitulate those found in human
CCMs (McDonald et al.,, 2011, McDonald et al., 2012).
However, the pathological significance of the infiltrate was
unknown.

[0090] Applicants’ isoelectric focusing results showed
that CCM lesions had oligoclonal patterns of IgG unrelated
to peripheral blood contamination, indicating selective syn-
thesis of IgG within the lesions (Shi et al., 2007). These
findings raise the possibility that an in situ clonal expansion
of B cells that could differentiate into pathogenic antibody
producing plasma-cells. Applicants’ findings from spectra-
typing, cloning, and sequencing of CCM lesions further
demonstrated amplification of particular IgG heavy (H)
chain CDR3 regions. These regions were significantly dif-
ferent from those demonstrated for peripheral blood lym-
phocytes (Shi et al., 2009). Despite the discoveries listed
above, in situ antigen-driven B-cell clonal expansion in
CCM lesions remain undetermined. Knowledge of the
clonal relatedness of variable regions expressed in situ
would provide more definitive evidence of in situ B-cell
clonal expansion and antigen-driven affinity maturation.
Moreover, comparison of genetic data from antibody vari-
able regions expressed in situ by different patients would
also help discern whether antibody responses (and therefore
targeted antigens) are common between patients. Ultimately,
provision of these data, together with direct evidence of
antibody mediated pathogenesis, via either complement or
Fc receptor activation, would support Applicants’ hypoth-
esis that within CCM lesions, a synergistic relationship
between B- and T-cells mediates antigen-driven B-cell
clonal expansion, antibody production, and local antibody
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dependent activation of the complement pathway. Should
this be the case, inhibition of pathways that mediate auto-
immunity could be a potential therapeutic strategy in CCMs.
More specifically, detailed characterization of the molecular
and cellular interplay leading to this autoimmune response
would elucidate exactly which targets are most relevant for
therapeutic intervention.

[0091] In the study described in this example, the follow-
ing material and methods were used.

[0092] Patients. This study included 10 patients (patients
1-10) undergoing surgical excision of CCMs for clinical
indications unrelated to the research study. The diagnosis of
CCM was established by evidence of typical histopathologi-
cal criteria in every case. The study was approved by the
University of Chicago institutional review board. All par-
ticipants gave informed consent for the processing of a
portion of their surgical specimens for research purposes.
[0093] Co-localization of IgG and the complement mem-
brane attack complex to demonstrate antibody dependent
immune complex formation in human CCM lesions. CCM
lesions were examined for deposition of IgG and comple-
ment protein by tissue immunofluorescence. Five micron
cryo-sections from frozen human CCM specimens from
patients 1-6 were double stained with anti-IgG antibody
conjugated to FITC (Invitrogen, 1:100) and mouse anti-C5b-
9/membrane attack complex MAC (Dako, M0777, aEl1,
1:50), followed by anti-mouse IgG secondary antibody
conjugated to AlexaFluor 546 (Invitrogen,1:1000). Isotype
controls were used as negative controls, and run simultane-
ously with all the specimens. Co-localization of IgG (green)
and the complement (red) was visualized by immunofiuo-
rescent microscopy (Olympus BH-2 microscope with BH2-
RFC reflected light fluorescence attachment).

[0094] Immunohistochemistry. To detect CD20~ B- and
CD3™* T-cells in human CCM lesions, serial paraffin-embed-
ded sections of excised CCM lesions from patients 7 and 8
were single and double immunostained by standard immu-
nohistochemistry. Briefly, after antigen retrieval, primary
anti-human CD3 antibody (abcam, ab16669, SP7, diluted to
a concentration of 1:25), was incubated on tissue sections for
1 hour. The antigen-antibody binding was detected with the
secondary antibody (HRP-labeled polymer conjugated goat
anti-rabbit IgG, Dako) and DAB+ substrate chromogen
(DAKO) system. Primary anti-human CD20 (Dako, M0755,
.26, 1:200) antibody was added overnight at 4° C. The
antigen-antibody binding was detected with MACH 3
Mouse AP Polymer Detection (Biocare Medical) and Warp
Red Chromogen kit (Biocare Medical).

[0095] To detect T-cell subtypes, and determine aggrega-
tion with B-cells, Applicants performed single stains of
anti-CD4 or anti-CD8, and double stains of anti-CD20 with
either anti-CD4 or -CDS8. Specifically, after antigen retrieval,
anti-CD4 (SpringBioscience, M3352, clone SP35; 1:50) or
anti-CD8 (SpringBioscience, M3162, clone SP16; 1:50) was
added to tissue sections for 1 hour. To detect anti-CD4,
tissue sections were incubated with biotinylated anti-rabbit
IgG (Vector laboratories; 1:200) for 30 minutes. The anti-
gen-antibody binding was detected by Elite kit (Vector
Laboratories) and DAB (DAKO) system. After the second
antigen retrieval, anti-CD20 (1:200) was added overnight at
4° C. Anti-CD20 binding was detected with MACH 3 Mouse
AP Polymer Detection (Biocare Medical) reagent and a
Warp Red Chromogen kit (Biocare Medical). For CD8*
T-cell staining, the antigen-antibody binding was detected
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with Envision+ system (DAKO) and DAB+ chromogen
(DAKO). Anti-CD20 (1:200) antibody was used for over-
night incubation at 4° C. The antigen-antibody binding was
detected with MACH 3 Mouse AP Polymer Detection (Bio-
care Medical) reagent and a Warp Red Chromogen kit
(Biocare Medical). Tonsil was used as a positive control for
detecting the presence of B- and T-cells. Isotype controls
were used as negative controls for immunostaining.

[0096] Immunohistochemical staining of CD138* plasma-
cells in CCM lesions for laser captured microdissection
(LCM). Fresh frozen tissue from patients 9-10 was imme-
diately frozen in OCT media in the operation room. All the
materials that might be in contact with RNA were pretreated
with RNase Away (SIGMA), and all solutions were prepared
with DEPC-treated water containing 200 units/ml RNase
inhibitor (Invitrogen). Ten micron cryo-sections were fixed
with 100% acetone for 5 min. Slides were treated with TBST
(DAKO) for 2 min, blocked in 0.25% casein serum-free
protein block (Dako) for 5 min, and incubated for 10 min
with a 1:200 dilution of mouse anti-human CD138 (clone
MI15; Dako). Sections were incubated for 10 min with an
EnVision® peroxidase-labeled polymer conjugated to anti-
mouse antibody (Dako), washed in TBST for 2 min, incu-
bated for 5 min with DAB (Dako), and counterstained with
Meyer’s hematoxylin solution (Dako) for 15 sec. After
dehydration in a series of nuclease-free graded alcohols
(HistoGene® Kit, Molecular Devices), the slides were
cleared using two changes of xylene, each two minutes long.
All incubation steps were performed on ice.

[0097] LCM of CD138" plasma-cells from CCM lesions.
LCM was conducted on a PixCell II microscope (Molecular
Devices, Sunnyvale, Calif.) with CapSure HS caps (Molecu-
lar Devices) using a pulse power of 70 mW, a 7.5 um laser
spot diameter, pulse duration of 5 ms and a target voltage of
170 mV. Cell location was visualized by applying 10 pl
xylene to sections to reveal the brown DAB color of CD138*
plasma-cells. The CD138" plasma-cells were captured and
tissue adjacent to the laser-targeted cell was removed with a
sterile adhesive-backed paper (Post-it note, 3M, St. Paul,
Minn.). The captured cells were immediately stored at —20°
C. until completion of LCM.

[0098] Cell lysis and cDNA synthesis from RNA in
CD138* plasma-cells. Cell lysis was carried out with 21 pl
1x SuperScript III first-strand RT buffer containing 1%
NP-40 (Sigma) at 42° C. for 20 min, after which the RT
reaction was conducted on the cap surface containing the
laser-captured CD138+ plasma-cells. A mixture containing 2
ul 5x first strand buffer, 0.5 ul random hexamers (Invitro-
gen), 1 ul H,O and 0.5 pl RNase inhibitor was added, and
incubated at 65° C. for 3 min, and then at 25° C. for 3 min.
To the reaction, 3 pl 0.1 M dTT, 1.5 pl dNTPs, 0.5 pl RNase
inhibitor, and 0.5 pl SuperScript I1I (Invitrogen) were added,
followed by incubation at 50° C. for 60 min, and at 95° C.
for 10 min. The product of the RT reaction conducted on the
cap was collected by centrifugation.

[0099] PCR amplification of the IgGHV and IgGLV. Igy,
Igh., and Igx variable regions were amplified by nested PCR.
Four microliter aliquots of RT reaction above were used to
amplify the IgGHV and IgGLV from laser captured CD138*
plasma-cells by 34 cycles of primary PCR (94° C. for 30 sec,
55° C. for 30 sec and 72° C. for 1 min) as described
previously (Owens et al., 2003). H-chain primary PCR used
all five VH leader forward primers and the CH1 constant-
region reverse primer. [.-chain primary PCR used all thirteen
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VL leader forward primers and two constant-region reverse
primers, Cx1 and CA1. Nested PCR for L and H chains was
conducted under the same conditions as the primary PCR,
except with an annealing temperature of 56.5° C. for H
chain, five VH Framework 1 forward primers and the
constant-region CH2a reverse primer for H-chain amplifi-
cation and twelve VL Framework 1 forward primers and two
constant region reverse primers CiklD and CA1D for
L-chain amplification.

[0100] Sequence analysis. Nested PCR products of the
entire V region for both H and L chains were cloned into the
pGEM®-T Easy Vector Systems (Promega), and plasmid
DNA was purified using Wizard® Plus SV Minipreps DNA
Purification Systems (Promega). Multiple bacterial clones
were randomly selected for sequencing to ensure proper
sampling. The V-QUEST program from IMGT was used to
identify the closest matching V(D)J germ-line, as well as the
CDRs and FWRs. Nucleotide and amino acid mutations in
the V-region were identified by alignment with the closest
corresponding germ-line using IMGT. Multiple nucleotide
changes in a single codon were scored as a single replace-
ment mutation. Related clones were defined by similar
CDR3 regions as identified by the junction analysis software
provided by IMGT. Sequences that were out of frame or
contained mutations that resulted in a non-productive
sequence were excluded from analysis. In order to mitigate
any errors Applicants have employed two quality control
steps which define respective variable chain sequences.
These have been used in Applicants’ previous analogous
publication (Chang et al., 2011) and involve 1. Obtaining
each bona fide sequence from at least 2 different picked
colonies on the bacterial plate and 2. Confirming that the
respective clone differs by three or more nucleotides from
other confirmed sequences (Chang et al., 2011). Genealogi-
cal trees showing the relationships between plasma-cells
were constructed by analysis of the pattern of somatic
mutations.

[0101] Results

[0102] Terminal complement co-localization with IgG
expression in human CCM lesions. Although Applicants
previously demonstrated IgG deposition in human CCM
lesions (Shi et al., 2009), it was not determined whether IgG
deposition in human CCM lesions is pathogenic. Here, CCM
lesions were assayed for antibody dependent complement
activation by co-deposition of IgG and MAC by immuno-
fluorescence. FIGS. 1A, B, and C show the co-localization
of IgG and the MAC in the endothelial lining of the caverns
within the lesion from patient 1. Four other CCM lesions
(from patients 2-5) showed similar results (data not shown).
However, a sixth CCM lesion showed no staining for IgG or
MACs. Antibody containing immune complexes is therefore
common pathological features in most, but not all, CCM
lesions.

[0103] T-B aggregates in human CCM lesions. To exam-
ine whether B- cells and T-cells were in close proximity
(which could allow them to undergo cognate interactions) in
the CCM lesion, Applicants performed co-stains and single
stains of serially sectioned paraffin embedded tissues. T- and
B-cells in two different excised human CCM lesions were
clustered and co-localized (FIG. 2A). Likewise, most of the
plasma-cells in two separate patient lesions were clustered
into discrete areas (FIG. 2B). T cell subtypes demonstrated
were CD4* (FIG. 2C) and CD8* (FIG. 2D). Co-localization
with CD20* B-cells (FIGS. 2E and F) was evident for both
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sub-types. These data are consistent with CD4~ T-cells being
readily available to provide help for B-cell class-switching,
somatic hypermutation, and differentiation into antibody
producing plasma-cells in situ. Likewise, B-cells would also
be readily available to activate neighboring T-cells, enabling
them to exert their own pathogenic efforts. The spatial
organization of clustered B-cells, T-cells, and plasma-cells
was remarkably similar to the observed histological struc-
tures (T-B aggregates) in the recently described, organ
specific, autoimmune disease lupus tubulointerstitial nephri-
tis (Chang et al., 2011).

[0104] Characterization of in situ Ig repertoire: Ig clonal
restriction and antigen-driven somatic mutation in human
CCM lesions. Given that both antibody producing cells and
deposited IgG are common in CCM lesions, Applicants next
determine whether locally deposited IgG could be produced
in situ. If antigen driven B-cell activation and subsequent
autoantibody production were occurring in situ, there would
likely be clonal relatedness between B-cells and/or plasma-
cells within the lesion. To obtain evidence for in situ clonal
relatedness, Applicants used LCM coupled to RT-PCR and
sequencing to characterize IgG H and L chain variable
region repertoires expressed in situ by plasma-cell clusters
within the CCM lesions from patients 9 and 10. A single
capture of clustered CD138" plasma-cells containing
approximately 15 cells were analyzed following respective
bulk amplifications in patient 9. Expressed IgG variable
regions, and their most closely matching germ-line seg-
ments, are provided in Table 1. A total of 4 distinct y and 1
distinct A sequences were identified. The most commonly
occurring gene rearrangement was VH3-49*%04 D1-1*01
J4*02 (3 out of the 6 different sequences). The high fre-
quency of sequences corresponding to a single gene rear-
rangement is consistent with multiple clustered plasma-cells
arising from one common progenitor clone that had been
antigen receptor activated, proliferated, and given rise to a
succession of somatically hypermutated daughter clones.

TABLE 1

Predicted H-chain VDI and L-chain VI gene segments
used by IgG expressed in situ in human CCM lesions.

Patients  Chains Predicted germline

9 H VH3-49%04 D1-1*01 J4*02
VH3-20%01 D2-2%01 J6*02
VHI-2%02/VH1-2%05 D5-12%01 J4*02
VHI-69*01/VH1-69D*01 D1-7%01 J3*02
L VL1-44%01 12#01/13*01
10 H VHS-51%01 D3-10%01 J4*01/T4*02/74%03¢
VHI-2%02 D2-21*02 J6*02%
VHI-69*06 D4-11*01 J4*02/]4*03°
L (K) VK1-9%01 J4*01¢
VK1-5%01 J2#01/12%02°
VK1-33*01/VK1D-33*01 J1*01¢

A = lambda;

K = kappa.

“Expressed [gG genes found in two different paraffin embedded sections.
bExpressed IgG genes found only in one paraffin embedded section.
“Expressed I[gG genes found only in the other paraffin embedded section.

[0105] All of the VH3-49%04 D1-1*01 J4*02-matched
sequences were heavily mutated compared with the reported
germ-line segment, with all containing a similar core of
coding and noncoding mutations (FIG. 3). Alignment of the
different expressed sequences suggested that cells had
sequentially acquired variable region mutations through
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somatic hypermutation during clonal expansion. The rela-
tive genealogy of these mutations is provided in the corre-
sponding clonal tree (FIG. 4A). The clustering of clonally
related plasma-cells expressing VH genes with successive
mutations is again analogous to that seen in human autoim-
mune disease lupus tubulointerstitial nephritis (Chang et al.,
2011).

[0106] A similar clonal relationship was observed when
the A-chain repertoire of patient 9 was analyzed. All the
distinct sequences arose from a single rearrangement (VL1-
44*01 J2*01/J3*01) (FIG. 5 and Table 1), suggesting that
each of the clustered plasma-cells also arose from a single
recombination event/clone. Alignment of the different VL 1-
44*01 J2*01/J3*01-derived sequences with predicted germ-
line sequences indicated that all had accumulated somatic
hypermutations (FIG. 5). Assembly of the different VL1-
44*01 J2*01/J3*01 sequences into a clonal tree demon-
strated a mutational hierarchy, consistent with ongoing
clonal expansion and somatic mutation (FIG. 4B).

[0107] Analysis of the Ig repertoire expressed in the lesion
from patient 10 provided further evidence of in situ clonal
selection in CCM. A single capture of clustered CD138*
plasma-cells containing approximately 50 cells were ana-
lyzed following respective bulk amplification in patient 10.
Distinct y and k sequences are given in Table 1. Within the
y repertoire, three rearrangements were observed more than
once. The most common rearrangement was VHS5-51*%01
D3-10%01 J4*01/J4*02/J4*03 (FIG. 6). Alignment of ampli-
fied variable regions sequences with the predicted germ-line
sequence indicated extensive somatic hypermutation (FIG.
6). Expressed variable region sequences could therefore be
assembled into a simple clonal tree, suggestive of ongoing
somatic mutation (FIG. 7A). The other two gene rearrange-
ments observed in that particular lesion were VH1-2%02
D2-21*02 J6*02 and VH1-69*06 D4-11*01 J4*02/J4*03.
Similarly, alignment of these ¢cDNA fragments with the
predicted germ-line sequences demonstrated that the
sequences had undergone extensive somatic hypermutation
(FIGS. 9 and 10). The sequences could therefore also be
assembled into simple clonal trees (FIG. 11). The evidence
for somatic hypermutation by progressively related sub-
groups of clones is far more strengthened by the minor
sequences of patient 10 (FIGS. 9 and 10) and patient 9
(FIGS. 3 and 4A).

[0108] Clonal relatedness was also demonstrated for the L
chain variable region repertoire expressed in the lesion of
patient 10. Three rearrangements were found more than once
(VK1-9*%01 J4*01, VKI1-5%01 J2*01/J2%02, and Vxkl1-
33*0INK1D-33*01 J1*01). Alignment of the sequences
matching to VK1-9*01 J4*01 indicated extensive somatic
mutation (FIG. 8). Once again, these clones could be
assembled into a simple clonal tree, suggestive of in situ
selection (FIG. 7B). Likewise, alignment of the less fre-
quently observed sequences with their respective germ-line
sequences (VK1-5*%01 J2*01/J12*02 (FIG. 12) and VKI1-
33*01INK1D-33*01 J1*01 (FIG. 13)) and the construction
of clonal trees indicated successive rounds of B-cell prolif-
eration and somatic hypermutation (FIG. 14).

[0109] Discussion

[0110] In this study, further evidence was generated in
support of Applicants’ hypothesis of in situ antigen driven
B-cell clonal expansion, antibody production and the for-
mation of local antibody and complement containing
immune complexes within CCM lesions. Although there is
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a presence of IgG in human CCM lesions (Shi et al., 2009),
it remained unclear whether IgG deposition in CCM is
pathogenic. Herein, for the first time, Applicants provide
evidence for the formation of IgG containing immune com-
plexes, which are likely mediators of local inflammation.
Immune complexes were found in the vicinity of endothelial
cells suggesting that either they, or the surrounding matrix,
are targeted by pathogenic antibodies. Membrane attack
complexes (MACs) which are terminal products of comple-
ment activation cascade, demonstrated herein may be play-
ing an active role in endothelial cell dysfunction via the
formation of transmembrane channels and induction of
apoptotic cell death (Peitsch and Tschopp, 1991). Interest-
ingly, MAC has been implicated as a pathogenic mediator in
numerous vascular diseases, such as anti-neutrophil cyto-
plasmic autoantibody associated vasculitis, where it locates
to glomerular capillaries (Xing et al., 2009), in terbinafine-
induced dermatomyositis, where it is found in the cutaneous
microvasculature (Magro et al., 2008), and diabetes mellitus
and porphyria cutanea tarda (Vasil and Magro, 2007). MACs
have also been demonstrated in cerebral aneurysms, where
they are involved in aneurysm wall degeneration and rupture
(Tulamo et al., 2006). Thus, co-localization of IgG and
MAC in five of the six CCM lesions supports the involve-
ment of immune complex formation and IgG mediated
pathogenesis in the majority of lesions. However, the cases
in this study were too few to glean any correlative clinical
differences between the inflammatory and non-inflammatory
CCMs. In addition, our previous study including 23 cases
had not shown a relationship of CCM lesion immune cell
infiltration with recent bleeding, lesion growth or other
aspect of recent clinical activity (Shi et al., 2009). Hence the
immune and inflammatory response is an inherent feature of
the CCM phenotype, rather than a reaction to recent bleed-
ing or lesion growth. This pathogenic pathway is analogous
to antibody- and complement-mediated central nervous sys-
tem damage, which are the dominant mechanisms in the
pathogenesis of multiple sclerosis, widely considered as an
antibody mediated autoimmune disease (Breij et al., 2008,
Scolding et al., 1989).

[0111] The autoimmune phenomenon in CCMs is attrib-
uted to the unique neo-antigenic milieu in CCM lesions,
including the characteristic vascular phenotype with the
sequestration, within caverns, of thrombi at various stages of
organization, leaky blood-brain barriers, and the chronic
deposition of iron and blood degradation products. Macro-
phages have long been recognized to infiltrate CCM lesions,
especially in reaction to acute bleeding (Vymazal et al.,
1996). Macrophages were also noted in histologic analysis
of the first CCM lesions produced in the transgenic mice
(Plummer et al., 2004), and subsequently confirmed in
Applicants’ and other transgenic mice with CCMs (Chan et
al., 2011, McDonald et al., 2011). Also, macrophages are all
frequently identified in the vascular wall of cerebral arte-
riovenous malformations (AVM) tissues (Chen et al., 2008),
and macrophage infiltration has been well documented in
both human and animal intracranial aneurysms (Chyatte et
al., 1999, Kanematsu et al., 2011). The role of macrophages
in CCM lesions is not known. They may be important for the
clearance of apoptotic debri, but may also mediate patho-
genesis by providing the necessary antigen presentation
function to activate infiltrating autoreactive T-cells in CCM
lesions. Interestingly, B- and T-lymphocytes are rarely
observed in cerebral AVM specimens (Chen et al., 2008),

Nov. 2, 2017

indicating that B- and T-lymphocytes are not involved in the
pathogenesis of all lesions occurring at the same anatomical
location, and that their involvement is restricted to specific
lesional milieu of CCM.

[0112] B- and T-cells were found to aggregate in a pattern
typical of many previously documented organ specific anti-
body mediated autoimmune diseases. CD4" T-cells are
essential for inducing somatic hypermutation and class-
switching in B-cells. Moreover, clusters of plasma-cells
were observed in the majority of CCM lesions, suggesting a
pathological role for local antibody secreting cells and their
secreting antibodies. A likely source of the locally deposited
antibodies are the resident plasma-cells that may have
differentiated from in situ B cells following interactions with
CD4* T-cells. These plasma cells expressed somatically
hypermutated, clonally related and IgG class-switched anti-
bodies. A combination of laser microdissection and sensitive
PCR technologies were used to analyze the IgG variable
regions expressed by plasma-cells within the CCM lesions
to test the hypothesis that B cell clonal expansion and
differentiation into plasma-cells is occurring in situ, and is
driven by specific antigens. The analyses of the IgG H and
L chain V region repertoires expressed by clustered plasma-
cells in CCM lesions from two patients enabled the genera-
tion of clonal trees, consistent with in situ somatic hyper-
mutation and affinity maturation (Odegard and Schatz,
2006). The same translated amino acid motifs in the variable
regions of clones expressed by different patients were not
observed. Inter-patient diversity of IgG repertoires in CCM
suggests that target epitopes vary between lesions. In con-
trast to the distinct use of the V regions of Ig gene by
plasma-cells from different patients, the same Ig sequences
were observed in different areas of the same lesion from one
of the patients (patient 10, Table 1). This indicates that B
cells in different areas of the same lesion undergo antigen
driven expansion in response to a common trigger, and that
a restricted antibody repertoires emerges with dominant
clonotypes for each lesion. Alternatively, there may be
migration of antigen-specific B-cells or plasma-cells from
one anatomical site to another. The data taken together
suggest complexity in the B-cell and plasma-cell repertoire
potentially reflective of CCM disease heterogeneity or vari-
ability of disease duration in CCMs. This characteristic of
clonal expansion of B- and plasma-cells in CCM lesions is
analogous to that observed for human multiple sclerosis
(Owens et al., 2003), lupus nephritis (Chang et al., 2011),
and Kawasaki Disease (Rowley et al., 2005), consistent with
the adaptive autoimmune inflammatory component to CCM
pathogenesis.

[0113] Although progeny of B-cells within clonal trees
have undergone antigen driven selection in CCM lesions, the
identification of putative antigens in CCMs remains
unknown. Evidence for in situ antigen driven clonal expan-
sion could be further supported by demonstration of activa-
tion-induced cytidine deaminase expression (AID) within
the lesion. However, definitive proof can only be demon-
strated by the generation of sequentially mutated antibodies
and assaying their reactivity with their characterized driving
antigen. Thus, generation of monoclonal antibodies with
variable regions expressed by antibody secreting cells found
in CCM lesions would provide the necessary tools for
localizing and characterizing putative antigenic triggers per-
petuating this defined immune response. The production of
these antibodies from in situ clonally expanded plasma-cells
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is in progress, based on immunoglobulin variable region
sequences herein characterized. B cell depletion therapy
provides proof of principle in therapeutic modification.
[0114] In summary, Applicants have demonstrated the
presence of an active in situ organ specific adaptive humoral
immune response in CCM, and the formation of local
antibody containing immune complexes. Moreover, the cells
necessary for the generation of a T-cell dependent class-
switched antibody response can be found within the same
vicinity. B-cells have undergone in situ clonal expansion,
indicating antigenic stimulation in CCMs. These data pro-
vide further compelling evidence for autoimmunity within
the CCM lesion being a contributory factor to CCM. Iden-
tification of targeted antigens and the molecular and cellular
interactions that prompt the autoimmune response should
provide further insights into the pathobiology of CCMs,
enable the generation of biomarkers, and identify targets for
therapies in CCM.

Example 2

B-Cell Depletion in Ccm3+/- Mice

[0115] To test the effects of B-cell depletion in CCM mice,
Cem3+/-Trp53—/- mice were used as a CCM model (100%
penetrance with severe lesion burden). Anti-BR3 antibody
was used for B cell depletion. This antibody works to deplete
B cells and to block B cell activating factor (BAFF or
BLys)-mediated B-cell survival. (BR3: BLys receptor 3).
The mice were subjected to intraperitoneal injections once a
week at a 5 mg/kg/week for a total of 12-15 weeks. These
antibodies combine two mechanisms of action and show
increased in vivo B-cell reduction in some subsets compared
with anti-CD20 mAb-mediated B-cell depletion or BAFF-
dependent survival blockade alone. As shown in FIG. 15A-
B, mice treated with the B-cell depletion therapy showed a
reduction in the number of B cells in the blood from the
spleen of the mice. This was confirmed in five out of five
mice. FIG. 16 further confirms these results by immunos-
taining of histology sections from the spleen of the CCM
mice. A reduction of B cells (top panel) but not T cells
(bottom panel) was seen in B-cell depleted mice (right
panel), but not control mice (left panel). FIG. 17 shows
representative lesions from control and B-cell depleted
mice. As shown in FIG. 17, B-cell depleted mice exhibit a
significant reduction in the size and number of CCM lesions.
[0116] To quantify the B-cell depletion results, lesion
burden was assessed. 1 mm serial coronal slices of each
mouse brain were systemically assessed for capilllary ecta-
sia (Stage 1) pre-lesions, and multicavernous (Stage 2)
mature CCM lesions. The number and areas of Stage 1 and
2 lesions were assessed. Stage 1 CCM lesions are charac-
terized as having dilated capillaries having the width at least
25 red blood cells and not joined to any other lesion (isolated
caverns). Stage 2 lesions are characterized by multicavern-
ous structures composed of the confluence of two or more
caverns (See McDonald et al. A novel mouse model of
cerebral cavernous malformations based on the two-hit
mutation hypothesis recapitulates the human disease. Hum
Mol Genet. 2011; 20: 211-22 for further information). As
shown in FIGS. 18-19, the number (FIG. 18) and area (FIG.
19) of Stage II CCMs were significantly reduced in B-cell
depleted mice. To further investigate these results, the his-
tology sections of the lesions of Cem3+/-Trp53—/- mice
treated with anti-BR3 antibody were analyzed by immuno-
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histochemistry for B cells. No B cells were detected in the
lesions of these mice, indicating that B-cells were depleted
in the CCM lesions of these mice (FIG. 20).

[0117] As shown in FIG. 21, extra-cranial tumors were
found in 3 out of 5 B-cell depleted Ccm3+/-Trp53-/- mice.
No tumors were detected any tumors in 10 out of 10 B-cell
deleted Ccm3+/- mice, indicating Trp53-/- background
increase the risk of tumors with B cell depletion.

[0118] Applicants have further tested the same B cell
depletion therapy in heterozygous Ccm3+/— mice without
sensitization by p53 loss. These mice have a much lower
burden of CCM lesions (milder disease), and are not prone
to forming tumors, hence more closely recapitulating the
human disease. Indeed, as with the proof of concept obser-
vations in the more aggressive Ccm3+/-Trp53-/- mice, we
also demonstrate significant decrease in CCM lesion burden
in the Ccm3+/- mice, particularly the more mature clinically
significant stage 2 lesions. The prevalence of CCM lesions
was significantly lower in B cell depleted mice, and these
also harbored significantly smaller lesions. This further
confirms the benefit of B cell depletion, regardless of p53
sensitization. None of the mice in these non-sensitized mice
developed tumors. This data is shown in FIGS. 22-23.
[0119] In conclusion, these studies represent the first
report of therapeutic benefit of B-cell depleted therapy in the
development of mature CCM lesions. This provides proof of
principle that B cells are a critical step in CCM lesion
genesis and maturation.

[0120] All of the methods disclosed and claimed herein
can be made and executed without undue experimentation in
light of the present disclosure. While the compositions and
methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill
in the art that variations may be applied to the methods and
in the steps or in the sequence of steps of the method
described herein without departing from the concept, spirit
and scope of the invention. More specifically, it will be
apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents
described herein while the same or similar results would be
achieved. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within
the spirit, scope and concept of the invention as defined by
the appended claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 55

<210> SEQ ID NO 1

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 1

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln

1 5 10

Ser Leu Arg Leu Ser Cys Thr Ala Ser Gly Phe Thr Phe

20 25

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu

35 40 45

Gly Phe Ile Arg Ser Lys Ala Tyr Gly Gly Thr Thr Glu

50 55 60

Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser

Ala Tyr Leu Gln Met Asn Ser Leu Lys Thr Glu Asp Thr

85 90

Tyr Cys Thr Arg Val Ile Trp Asn Leu Asp Gly Thr Thr

Pro Gly Arg

Gly Asp Tyr

30

Glu Trp Val

Tyr Ala Ala

Lys Ser Ile

Ala Val Tyr

95

Leu Asp Tyr

100 105 110
<210> SEQ ID NO 2
<211> LENGTH: 336
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer
<400> SEQUENCE: 2
gaggtgcagce tggtggagtce tgggggaggce ttggtacage cagggeggte cctgagacte 60

tcectgtacag cttetggatt cacctttggt gattatgcta tgagetgggt ccegecaggcet 120
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-continued
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ccagggaagg

gaatacgcceyg

gectatetge

gtcatttgga

ggctggagtg
cgtetgtgaa
aaatgaacag

acctegacgg

<210> SEQ ID NO 3
<211> LENGTH: 336

<212> TYPE:

DNA

ggtaggttte

aggcagattc

cctgaaaace

tacaacactt

attagaagca aagcttatgg tgggacaaca
accatctcaa gagatgattc caaaagcatc
gaggacacag ccgtgtatta ctgtactagg

gactac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 3

gaggtgcage
tcctgtacag
ccggggaagy
gaatacgcceyg
gectatctac

gtcatttgga

tggtggagtc
tatctggatt
ggctggagtg
cgtetgtgaa
aaatgaacag

acctegacgg

<210> SEQ ID NO 4
<211> LENGTH: 336

<212> TYPE:

DNA

tgggggaggce
cagetttggt
ggtaggttte
aggcagattc
cctgaaaace

tacaagactt

Synthetic Primer

ttggtacage ctgggceggtce cctgagactce
gattatgetg tgagetgggt cegecagget
attagaagca atgcttatgg tggaatgtca
accatctcaa gagatgattc caaaaacatc
gaggacacag ccgtgtatta ctgtattagg

gactat

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 4

caggtgcage
tcctgtacag
ccggggaagy
gaatacgcceyg
gectatctac

gtcatttgga

tggtggagtc
tatctggatt
ggctggagtg
cgtetgtgaa
aaatgaacag

acctegacgg

<210> SEQ ID NO 5
<211> LENGTH: 336

<212> TYPE

: DNA

tgggggaggce
cagetttggt
ggtaggttte
aggcagattc
cctgaaaace

tacaagactt

Synthetic Primer

ttggtacage ctgggceggtce cctgagactce
gattatgetg tgagetgggt cegecagget
attagaagca atgcttatgg tggaatgtca
accatctcaa gagatgattc caaaaacatc
gaggacacag ccgtgtatta ctgtattagg

gactat

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 5

caggtgcage

tcctgtacag

c¢cggggaagy

gaatacgcceyg

gectatctac

gtcatttgga

tggtggagtc

tatctggatt

ggctggagtg

cgtetgtgaa

aaatgaacag

acctegacgg

tgggggaggce

cagetttggt

ggtaggttte

aggcagattc

cctgaaaace

tacaagactt

Synthetic Primer

ttggtacage ctggccggte cctgagactce

gattatgetg tgagetgggt cegecagget

attagaagca atgcttatgg tggaatgtca

accatctcaa gagatgattc caaaaacatc

gaggacacag ccgtgtatta ctgtattagg

gactat

180

240

300

336

60

120

180

240

300

336

60

120

180

240

300

336

60

120

180

240

300

336
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-continued

<210> SEQ ID NO 6

<211> LENGTH: 101

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 6

Gln Ser Val Leu Thr Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly Gln
1 5 10 15

Arg Val Thr Ile Ser Cys Ser Gly Ser Ser Ser Asn Ile Gly Ser Asn
20 25 30

Thr Val Asn Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
35 40 45

Ile Tyr Ser Asn Asn Gln Arg Pro Ser Gly Val Pro Asp Arg Phe Ser
50 55 60

Gly Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly Leu Gln
65 70 75 80

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys Ala Ala Trp Asp Asp Ser Leu
85 90 95

Asn Gly Phe Val Val
100

<210> SEQ ID NO 7

<211> LENGTH: 303

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 7

cagtctgtge tgactcagcc accctcageg tcetgggaccee cegggcagag ggtcaccate 60
tcttgttetyg gaagcagetce caacatcgga agtaatactyg taaactggta ccagcagcete 120
ccaggaacgg cccccaaact cctcatctat agtaataatce ageggcccte aggggtccct 180
gaccgattct ctggctccaa gtctggcace tcagectcce tggccatcag tgggctccag 240
tctgagcatg aggctgatta ttactgtgca gecatgggatg acagectgaa tggttttgtg 300
gta 303

<210> SEQ ID NO 8

<211> LENGTH: 303

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 8

cagtctgtge tgactcagcc accctcageg tcetgggaccee cegggcagag ggtcaccate 60
tcttgttetyg gaagcagetce caacatcgga agtaattctyg taacttggta ccagcagcete 120
ccaggggegg cccccaaact cctcatttac agtggtaate ageggcccte aggggtccct 180
gaccgattct ctgtctccaa gtctggcace tcagectcce tggccatcag tgggctccag 240
tctgagcatg aggctgatta ttactgtgca gecatgggatg acagectgaa tggttttgtg 300
gtc 303

<210> SEQ ID NO 9
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<211> LENGTH: 303
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer
<400> SEQUENCE: 9
ctgectgtge tgactcagece ceectceageg tetgggacee cegggeagag ggtcaccate 60
tcttgttetyg gaagcagete caacatcgga agtaattetg taacttggta ccagcagete 120
ccaggggegyg cccccaaact cctcatttac agtggtaatce ageggeccte aggggtcect 180
gaccgattcet ctgtctccaa gtctggcace tcagectcee tggecatcag tgggetecag 240
tctgagcatg aggctgatta ttactgtgeca gecatgggatg acagcectgaa tggttttgtg 300
gtc 303
<210> SEQ ID NO 10
<211> LENGTH: 303
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer
<400> SEQUENCE: 10
ctgectgtge tgactcagece ceectceageg tetgggacee cegggeagag ggtcaccate 60
tcttgttetyg gaagcagete caacatcgga agtaattetg taacttggta ccagcagete 120
ccaggggegyg cccccaaact cctcatttac agtggtaatce ageggeccte aggggtcect 180
gaccgactct ctgtctccaa gtctggcace tcagectceee tggecatcag tgggetecag 240
tctgagcatg aggctgatta ttactgtgeca gecatgggatg acagcectgaa tggttttgtg 300
gtc 303
<210> SEQ ID NO 11
<211> LENGTH: 105
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 11

Leu

1

Ile

Trp

Tyr

65

Ser

Gly

Val Gln Ser Gly Ala Glu Val

Ser

Val

Pro

50

Thr

Ser

Val

Cys

Arg

35

Gly

Ile

Leu

Arg

Lys Gly Ser Gly Tyr

20

Gln Met Pro Gly Lys

40

Asp Ser Asp Thr Arg

55

Ser Ala Asp Lys Ser

70

Lys Ala Ser Asp Thr

85

Gly Ser Pro Phe Asp

100

<210> SEQ ID NO 12
<211> LENGTH: 315

Lys

Ser

25

Gly

Tyr

Ile

Ala

Tyr
105

Lys

10

Phe

Leu

Ser

Ser

Met
90

Pro

Thr

Glu

Pro

Thr
75

Tyr

Gly Glu Ser

Ser Tyr Trp

Trp Met Gly
45

Ser Phe Gln
60

Ala Tyr Leu

Tyr Cys Ala

Leu Lys
15

Ile Gly

Ile Ile

Gly Gln
Gln Trp
80

Arg Arg
95
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 12

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag
ggttctggat acagctttac cagctactgg atcggetggg tgcgecagat geccgggaaa
ggcctggagt ggatggggat catctatcct ggtgactctg ataccagata cageccegtec
ttccaaggee aggtcaccat ctcagccgac aagtccatca gecaccgecta cctgcagtgg
agcagcctga aggectegga caccgecatg tattactgtg cgaggegggg ggttegggga
tccecttttyg actac

<210> SEQ ID NO 13

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 13

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag
ggttctggat acaggttttc cagctactgg atcgectggg tgcgecacgt geccgggaaa
ggcctggagt ggatgggtat catttatcct ggttactctg aaaccagata caaccegteg
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg
agcagactga gggcctegga caccgecatg tattactgtg cgaggegggg ggatggggga
tccecttttyg acaac

<210> SEQ ID NO 14

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 14

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag
ggttctggat acaggttttc cagctactgg atcgectggg tgcgecacgt geccgggaaa
ggcctggagt ggatgggtat catttatcct ggttactctg aaaccagata caaccegteg
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg
agcagactga gggcctegga caccgecatg tattactgtg cggggegggyg ggatggggga

tccecttttyg acaac

<210> SEQ ID NO 15

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 15
ctggtgcagt ctggagcaga ggtgaagaag cceggggagt ctctgaagat ctectgtaag

ggttctggat acaggttttc cagctactgg atcgectggg tgcgecacgt geccgggaaa

60

120

180

240

300

315

60

120

180

240

300

315

60

120

180

240

300

315

60

120
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ggcctggagt ggatgggtat catttatcct ggttactctg aaaccagata caaccegtceg 180
tcccaaggec acgtcaccat ctcttccgac aagtctaatg gcaccgecta cctgecagtgg 240

agcagactga gggcctegga caccgecatg tattactgtg cgaggegggg ggatggggga 300

tceecttttg acaac 315

<210> SEQ ID NO 16

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 16

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag 60
ggttctggat acaggttttc cagctacttyg atcgectggg tgcgecacgt geccgggaaa 120
ggcctggagt ggatgggtat catttatcct ggttactctg aaaccagata caaccegteg 180
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg 240

agcagactga gggcctegga caccgecatg tattactgtg cgaggegggdyg gggtggggga 300

tceecttttg acaac 315

<210> SEQ ID NO 17

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 17

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag 60
ggttctgggt acaggttttce cagctactgg atcgectggg tgcgecacgt geccgggaaa 120
ggcctggagt ggatgggtat catttatcct ggttactctg aaaccagata caaccegteg 180
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg 240

agcagactga gggcctegga caccgecatg tattactgtg cgaggegggg ggatggggga 300

tceecttttg acaac 315

<210> SEQ ID NO 18

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 18

ctggtgcagt ctggggctga ggtgaaaaag cccggggagt ctctgaagat ctectgtaag 60
ggttctggat acaggttttc cagctactgg atcgectggg tgcgecacgt geccgggaaa 120
ggcctggagt ggatgggtat catttatcct ggttactctg aaaccagata caaccegteg 180
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg 240

agcagactga gggcctegga caccgecatg tattactgtg cgaggegggg ggatggggga 300

tceecttttg acaac 315
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<210> SEQ ID NO 19

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 19

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag
ggttctggat acaggttttc cagctactgg atcgectggg tgcgecacgt geccgggaaa
ggcctggagt ggatgggtat catttatctt ggttactctg aaaccagata caaccegteg
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg
agcagactga gggcctegga caccgecatg tattactgtg cgaggegggg ggatggggga
tccecttttyg acaac

<210> SEQ ID NO 20

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 20

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag
ggttctggat acaggttttc cagctactgg atcgectggg tgcgecacgt geccgggaaa
ggcctggagt ggatgggtat catttatcct ggtcactctg aaaccagata caaccegteg
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg
agcagactga gggcctegga caccgecatg tattactgtg cgaggegggg ggatggggga
tccecttttyg acaac

<210> SEQ ID NO 21

<211> LENGTH: 315

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 21

ctggtgcagt ctggagcaga ggtgaaaaag cceggggagt ctctgaagat ctectgtaag
ggttctggat acaggttttc cagctactgg atcgectggg tgcgecacgt geccgggaaa
ggcctggagt ggatgggtat catttatcct ggttactctg aaaccagata caaccegteg
ttccaaggee acgtcaccat ctettecgac aagtctaatg gecaccgecta cctgcagtgg

agcaggctga gggectegga caccgecatg tattactgtg cgaggegggg ggatggggga

tccecttttyg acaac

<210> SEQ ID NO 22

<211> LENGTH: 97

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 22

Asp Ile Gln Leu Thr Gln Ser Pro Ser Phe Leu Ser Ala Ser Val Gly

60

120

180

240

300

315

60

120

180

240

300

315

60

120

180

240

300

315
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1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Leu Asn Ser Tyr Pro Leu
85 90 95

Thr

<210> SEQ ID NO 23

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 23

gacatccagt tgacccagtce tccatcctte ctgtctgcat ctgtaggaga cagagtcacce 60
atcacttgce gggccagtca gggcattage agttatttag cctggtatca gcaaaaacca 120
gggaaagccee ctaagctcct gatctatget geatccactt tgcaaagtgg ggtcccatca 180
aggttcageg gcagtggatc tgggacagaa ttcactcteca caatcagcag cctgcagcect 240
gaagattttg caacttatta ctgtcaacag cttaatagtt accccctcac t 291

<210> SEQ ID NO 24

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 24

gacatccaga tgacccagtce tccatcctte ctgtctgcat ctgtgggaga cagagtcacce 60
atcacttgce gggccagtca gggcattgee ggttatttag cctggtatca gcaaaaacca 120
ggcaaagccee ctaaactcct gatatatgcet gcatccactt tacaaagtgg ggtcccgtca 180
aggttcageg gcagtggatc agggacagac ttcactcteca caatcaacgg cctgcagect 240
gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t 291

<210> SEQ ID NO 25

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 25

gacatccaga tgacccagtce tccatcctte ctgtetgeat ctgtgggaga cagagtcacc 60
atcacttgece gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca 120
ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca 180

aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect 240
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gaagattttg caacttatca ctgtcaacag cttaataatt tcccccccac t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 291

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Primer

SEQUENCE: 26

gacatccaga tgacccagtce tccatcctte ctgtetgeat ctgtgggaga cagagtcacc

atcgettgee gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca

ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca

aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect

gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 291

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Primer

SEQUENCE: 27

gacatccgga tgacccagte tcecatcctte ctgtetgeat ctgtgggaga cagagtcacce

atcacttgece gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca

ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca

aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect

gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 291

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Primer

SEQUENCE: 28

gacatccgga tgacccagte tcecatcctte ctgtetgeat ctgtgggaga cagagtcacce

atcacttgece gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca

ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca

aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect

gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 291

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Primer

SEQUENCE: 29

gacatccgga tgacccagte tccatcctee ctgtctacat ctgtgggaga cagagtcacce

atcacttgece gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca

291

60

120

180

240

291

60

120

180

240

291

60

120

180

240

291

60

120
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ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca
aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect
gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t

<210> SEQ ID NO 30

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 30

gacatccaga tgacccagtce tccatcttee gtgtetgeat ctgtgggaga cagagtcacc
atcacttgece gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca
ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca
aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect
gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t

<210> SEQ ID NO 31

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 31

gecatccaga tgacccagte tcecatcttee gtgtetgeat ctgtgggaga cagagtcacce
atcacttgece gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca
ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca
aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect
gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t

<210> SEQ ID NO 32

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 32

gacatccaga tgacccagtce tccatcctee ctgtetgeat ctgtgggaga cagagtcacce
atcacttgece gggccagtca gggcattgee ggttatttag cetggtatca gcaaaaacca
ggcaaagccee ctaaactcct gatatatget geatccactt tacaaagtgg ggtcccegtca

aggttcageg gcagtggatce agggacagac ttcactcteca caatcaacgg cctgcagect

gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t

<210> SEQ ID NO 33

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 33

180

240

291

60

120

180

240

291

60

120

180

240

291

60

120

180

240

291
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gacatccaga tgacccagtce tccatcctcee ctgtctacat ctgtgggaga cagagtcacce 60
atcacttgce aggcgagtca ggacattgec aactatttaa attggtatca gcaaaaacca 120
ggcaaagccee ctaaactcct gatatatgcet gcatccactt tacaaagtgg ggtcccgtca 180
aggttcageg gcagtggatc agggacagac ttcactcteca caatcaacgg cctgcagect 240
gaagattttg caacttatca ctgtcaacag cttaataatt tcccectcac t 291

<210> SEQ ID NO 34

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 34

Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala Ser
1 5 10 15

Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Gly Tyr Tyr
20 25 30

Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met Gly
35 40 45

Trp Ile Asn Pro Asn Ser Gly Gly Thr Asn Tyr Ala Gln Lys Phe Gln
50 55 60

Gly Arg Val Thr Met Thr Arg Asp Thr Ser Ile Ser Thr Ala Tyr Met

Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Asp Gln Val Val Thr Gly Thr Gln Phe Tyr Tyr Tyr Tyr Gly Met
100 105 110

Asp Val

<210> SEQ ID NO 35

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 35

gtgcagetygyg tgcagtcetgg ggctgaggtg aagaagectyg gggcctcagt gaaggtctec 60
tgcaaggctt ctggatacac cttcaccgge tactatatge actgggtgeyg acaggceccct 120
ggacaagggc ttgagtggat gggatggatc aaccctaaca gtggtggcac aaactatgea 180
cagaagtttce agggcagggt caccatgacc agggacacgt ccatcagcac agcctacatg 240
gagctgagea ggctgagate tgacgacacg gecgtgtatt actgtgegag agatcaggtg 300
gtgactggga cccagttcta ctactactac ggtatggacg tce 342

<210> SEQ ID NO 36

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 36
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gtgcagetygyg tgcagtctgg ggctgaactg aagaagectyg gggcctcagt gaaggtctec 60
tgcagggctt ctggagacac cttcaccgac tactatatge actgggtccg acagtcccct 120
ggacaagggc ttgagtggat gggttgggtc aaccctaaca gtggtggcac aaactacgca 180
cagaagttte tgggcagggt caccttgacce agggacacgt ccatcagcac agtctacatg 240
gaactgagta ggcttagatc tgacgacacg ggcgtatatt attgtgcgag agatcagggg 300
gagactggga cccagttcta ctactactat ggtatggatg tce 342
<210> SEQ ID NO 37
<211> LENGTH: 342
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer
<400> SEQUENCE: 37
gtgcagetygyg tacagtctgg ggctgaactg aagaagectg gggcctcagt gaaggtctec 60
tgcagggctt ctggagacac cttcaccgac tactatatge actgggtccg acagtcccct 120
ggacaagggc ttgagtggat gggttgggtc aaccctaaca gtggtggcac aaactacgca 180
cagaagttte tgggcagggt caccttgacce agggacacgt ccatcagcac agtctacatg 240
gaactgagta ggcttagatc tgacgacacg ggcgtatatt attgtgcgag agatcagggg 300
gagactggga cccagttcta ctactactat ggtatggatg tce 342
<210> SEQ ID NO 38
<211> LENGTH: 342
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer
<400> SEQUENCE: 38
gtgcagetygyg tacagtctgg ggctgaactg aagaagectg gggcctcagt gaaggtctec 60
tgcagggcett ctggagacgc cttcaccgac tactatatge actgggtccg acagtcccct 120
ggacaagggc ttgagtggat gggttgggtc aaccctaaca gtggtggcac aaactacgca 180
cagaagttte tgggcagggt caccttgacce agggacacgt ccatcagcac agtctacatg 240
gaactgagta ggcttagatc tgacgacacg ggcgtatatt attgtgcgag agatcagggg 300
gagactggga cccagttcta ctactactat ggtatggatg tce 342

<210> SEQ ID NO 39

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 39

Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser Ser
1 5 10 15

Val Lys Val Ser Cys Lys Ala Ser Gly Gly Thr Phe Ser Ser Tyr Ala
20 25 30

Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met Gly
35 40 45

Gly Ile Ile Pro Ile Phe Gly Thr Ala Asn Tyr Ala Gln Lys Phe Gln
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-continued

50 55 60

Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr Met
65 70 75 80

Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Thr Glu Asp Asp Tyr Ser Thr Thr Gly His Ile Asp Tyr
100 105

<210> SEQ ID NO 40

<211> LENGTH: 327

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 40

gtgcagetygyg tgcagtctgg ggctgaggtg aagaagectg ggtccteggt gaaggtctec 60
tgcaaggctt ctggaggcac cttcagcage tatgctatca getgggtgeg acaggeccct 120
ggacaagggc ttgagtggat gggagggatc atccctatct ttggtacagce aaactacgca 180
cagaagttce agggcagagt cacgattacc geggacaaat ccacgagcac agcctacatg 240
gagctgageca gectgagate tgaggacacg gecgtgtatt actgtgegac agaagatgac 300
tacagtacaa cgggacacat agactac 327

<210> SEQ ID NO 41

<211> LENGTH: 327

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 41

gtgcagetygyg tgcagtctgg ggctgaggtg aagaagectg ggtccteggt gaaggtctec 60
tgcaaggctt ctggaggcac cttcatcacc tttggtctga actggctgeyg acaggeccct 120
ggacaagggc ttgagtggat gggagtgatc atccccatcg ttgagagagt gaactacgca 180
gagaggttge agggcagagt cacgataacc gcggacaagt ccacgaacac tgcctacctg 240
gagctgageca gcectgaaage tgaggacacg gecgtgtatt actgtgegac agaagatgac 300
tacagtacaa cgggacacat agacttc 327

<210> SEQ ID NO 42

<211> LENGTH: 327

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 42

gtgcagetgg tgcagtcetgg ggctgaggtyg aagaagcectg ggtecteggt gaaggtetec 60
tgcaaggctt ctggaggcac cttcatcace tttggtetga actggetgeg acaggcccct 120
ggacaagggc ttgagtggat gggagtgatc atccccateg ttgagagagt gaactacgeca 180
gagaggttgce agggcagagt cacgataacc gcggacaagt ccacgaacac tgectacctg 240
gagctgagca gcctgaaage tgaggacacyg gccgtgtatt actgtgegac agaagatgac 300

tacagtacga cgggacacat agacttc 327
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<210> SEQ ID NO 43
H: 327

<211> LENGT.
<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

gtgcagctgg

tgcaaggett

ggacaagggc

gagaggttge

gagctgagca

tacagtacaa

RE:

NCE :

43

tacagtctgyg ggctgaggty

ctggagacac cttcatcacc

ttgagtggat gggagtgatc

agggcagagt cacgataacc

gectgaaage tgaggacacyg

cgggacacat agacttce

<210> SEQ ID NO 44

<211> LENGT.
<212> TYPE:

H: 97

PRT

Synthetic Primer

aagaagcctyg

tttggtctga

atccccatct

geggacaagt

gecgtgtatt

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

Asp Ile Gln
1

Asp Arg Val

Leu Ala Trp
35

Tyr Asp Ala
50
Ser Gly Ser

Asp Asp Phe

Thr

RE:

NCE :

Met

Thr

20

Tyr

Ser

Gly

Ala

44

Thr

5

Ile

Gln

Ser

Thr

Thr
85

<210> SEQ ID NO 45
H: 291

<211> LENGT.
<212> TYPE:

DNA

Gln Ser Pro

Thr Cys Arg

Gln Lys Pro

40

Leu Glu Ser
55

Glu Phe Thr
70

Tyr Tyr Cys

Ser

Ala

25

Gly

Gly

Leu

Gln

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

RE:

NCE :

45

gacatccaga tgacccagtce tecttecace

atcacttgee

gggaaagcce

aggttcageg

gatgattttg

gggccagtca gagtattagt

ctaagctect gatctatgat

gcagtggatce tgggacagaa

caacttatta ctgccaacag

<210> SEQ ID NO 46
H: 291

<211> LENGT.

Thr

10

Ser

Lys

Val

Thr

Gln
90

Synthetic Primer

Leu

Gln

Ala

Pro

Ile

Tyr

Synthetic Primer

ctgtctgeat

agctggttgg

gectcecagtt

ttcactctca

tataatagtt

ggtecteggt gaaggtctece
actggctgeg acaggccect
ttgagagagt gaactacgca
ccacgaacac tgcctacctyg

actgtgcgac agaagatgac

Ser Ala Ser Val Gly

Ser Ile Ser Ser Trp
30

Pro Lys Leu Leu Ile
45

Ser Arg Phe Ser Gly
60

Ser Ser Leu Gln Pro
80

Asn Ser Tyr Ser Pro
95

ctgtaggaga cagagtcacc
cctggtatca gcagaaacca
tggaaagtgg ggtcccatca
ccatcagcag cctgcagect

attctecccac t

60

120

180

240

300

327

60

120

180

240

291
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 46

gacatccaga tgacccagtce tecttecace ctgtetgecat ctataggaga cagagtcaac

attacttgcce gggccagtca gagtattggt aactggttgg tetggtatca gcacaaacca

gggaaagccee ctaagttcct tatctatgat gectccactt tgcacagtgg ggtcccatca

aggttcageg gcagtggatce tgggacagaa ttcactcteca ccatcagecag cctgcagect

gatgattttg caacttatta ctgccaagag tataaaagtg attctcccac t

<210> SEQ ID NO 47

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 47

gacatccaga tgacccagtce tecttecace ctgtetgecat ctataggaga cagagtcaac

attacttgcce gggccagtca gagtattggt aactggttgg tetggtatca gcacaaacca

gggaaagccee ctaagttcct tatctatgat gectccactt tgegcagtgg ggtcccatca

aggttcageg gcagtggatce tgggacagaa ttcactcteca ccatcagecag cctgcagect

gatgattttg caacttatta ctgccaagag tataaaagtg attctcccac t

<210> SEQ ID NO 48

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 48

gacatccgga tgacccagte tecttcecace ctgtetgecat ctataggaga cagagtcaac

attacttgcce gggccagtca gagtattggt aactggttgg tetggtatca gcacaaacca

gggaaagccee ctaagttcct tatctatgat gectccactt tgcacagtgg ggtcccatca

aggttcageg gcagtggatce tgggacagaa ttcactcteca ccatcagecag cctgcagect

gatgattttg caacttatta ctgccaagag tataaaagtg attctcccac t

<210> SEQ ID NO 49

<211> LENGTH: 97

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 49

Asp Ile Gln Met Thr Gln Ser Pro Ser
1 5

Asp Arg Val Thr Ile Thr Cys Gln Ala
20 25

Leu Asn Trp Tyr Gln Gln Lys Pro Gly
35 40

Ser Leu Ser Ala Ser Val Gly
10 15

Ser Gln Asp Ile Ser Asn Tyr
30

Lys Ala Pro Lys Leu Leu Ile
45

60

120

180

240

291

60

120

180

240

291

60

120

180

240

291
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Tyr Asp Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Tyr Asp Asn Leu Pro Trp
85 90 95

Thr

<210> SEQ ID NO 50

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 50

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cagagtcacce
atcacttgce aggcgagtca ggacattage aactatttaa attggtatca gcagaaacca
gggaaagccee ctaagctcct gatctacgat gcatccaatt tggaaacagg ggtcccatca
aggttcagtg gaagtggatc tgggacagat tttactttca ccatcagcag cctgcagcect
gaagatattyg caacatatta ctgtcaacag tatgataatc tcccttggac g

<210> SEQ ID NO 51

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 51

gacatccaga tgacccagtce tccatcctcee ctgtctacat ctgtaggaga cagagtcacce
atcacttgce aggcgagtca ggacattage aactatttaa attggtatca acagaaacca
gggaaagccee ctaaactcct gatctccgat gcatccaatt tggaaacagg ggtcccatca
aggttcagtg gaagtggatc tgggacagat tttactttca ctatcagcag cctgcagcect
gaagatattyg caacatatta ctgtcaacag tatgataatc tcccttggac g

<210> SEQ ID NO 52

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 52

gacatccaga tgacccagtce tccatcctcee ctgtctacat ctgtaggaga cagagtcacce
attacttgce aggcgagtca ggacattage aactatttaa attggtatca acagaaacca
gggaaagccee ctaaactcct gatctccgat gcatccaatt tggaaacagg ggtcccatca

aggttcagtyg gaagtggatc tgggacagat tttacttteca ctatcagcag cctgcagect

gaagatattg caacatatta ctgtcaacag tatgataatc tcecttggac g

<210> SEQ ID NO 53

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

60

120

180

240

291

60

120

180

240

291

60

120

180

240

291
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 53

gacatccaga tgacccagtce tccatcctcee ctgtctacat ctgtaggaga cagagtcacce 60
atcacttgce aggcgagtca ggacattage aactatttaa attggtatca acagaaacca 120
gggaaagccee ctaaactcct gatctccgat gcatccaatt tggaaacagg ggtcccatceg 180
aggttcagtg gaagtggatc tgggacagat tttactttca ctatcagcag cctgcagcect 240
gaagatattg caacatatta ctgtcaacag tatgataatc tcccttggac g 291
<210> SEQ ID NO 54

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 54

gacatccgga tgacccagte tccatcctcee ctgtctacat ctgtaggaga cagagtcacce 60
atcacttgce aggcgagtca ggacattage aactatttaa attggtatca acagaaacca 120
gggaaagccee ctaaactcct gatctccgat gcatccaatt tggaaacagg ggtcccatca 180
aggttcagtg gaagtggatc tgggacagat tttactttca ctatcagcag cctgcagcect 240
gaagatattg caacatatta ctgtcaacag tatgataatc tcccttggac g 291
<210> SEQ ID NO 55

<211> LENGTH: 291

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer

<400> SEQUENCE: 55

gecatcegga tgacccagte tccatcctcee ctgtctacat ctgtaggaga cagagtcacce 60
atcacttgce aggcgagtca ggacattage aactatttaa attggtatca acagaaacca 120
gggaaagccee ctaaactcct gatctccgat gcatccaatt tggacacagg ggtcccatca 180
aggttcagtg gaagtggatc tgggacagat tttactttca ctatcagcag cctgcagcect 240
gaagatattg caacatatta ctgtcaacag tatgataatc tcccttggac g 291

1. A method for treating cerebral cavernous malforma-
tions (CCMs) in a patient determined to be in need thereof
comprising administering a therapeutically effective amount
of a B-cell immunomodulation therapy to the patient.

2. The method of claim 1, wherein the B-cell immuno-
modulation therapy is a B-cell depletion therapy.

3. The method of claim 1 or 2, wherein the B-cell
immunomodulation therapy comprises an antibody.

4. The method of claim 3, wherein the antibody is a
human antibody, humanized antibody, recombinant anti-
body, chimeric antibody, an antibody derivative, a veneered
antibody, a diabody, a monoclonal antibody, or a polyclonal
antibody.

5. The method of any one of claims 1-4, wherein the
antibody is a human antibody.

6. The method of any one of claims 1-5, wherein the
antibody comprises one or more of anti-CD20, anti-BLyS,
anti-CD19, anti-CD22, and Abatacept.

7. The method of any one of claims 1-5, wherein the
B-cell immunomodulation therapy comprises one or more of
belimumab, rituximab, ocrelizumab, ofatumumab, MDX-
1342, epratuzumab, and atacicept.

8. The method of any one of claims 1-7, wherein the
B-cell immunomodulation therapy reduces or inhibits B-cell
activation and/or survival.

9. The method of claim 8, wherein the B-cell immuno-
modulation therapy comprises a B-lymphocyte stimulator
(BLyS)-specific inhibitor.

10. The method of claim 8, wherein the B-cell immuno-

modulation therapy comprises atacicept or belimumab, or
both.
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11. The method of claim 10, wherein the B-cell immu-
nomodulation therapy comprises belimumab.

12. The method of any one of claims 1-11, wherein the
method is for treating Stage 11 CCMs.

13. The method of any one of claims 1-12, wherein the
CCM is sporadic.

14. The method of any one of claims 1-12, wherein the
CCM is familial.

15. The method of any one of claims 1-14, wherein the
method further comprises surgical resection of the CCM.

16. The method of any one of claims 1-15, wherein the
patient has been previously treated for CCM with radiosur-
gery or surgical resection.

17. The method of any one of claims 1-15, wherein the
method further comprises radiosurgery.

18. The method of any one of claims 1-17, wherein the
method further comprises administration of an additional
immunomodulating agent.

19. The method of claim 18, wherein the additional
immunomodulating agent is administered concomitantly.

20. The method of claim 18 or 19, wherein the additional
immunomodulating agent is a co-stimulation inhibitor.

21. The method of any one of claims 18-20, wherein the
additional immunomodulating agent is Abatacept.

22. The method of any one of claims 1-21, wherein the
method further comprises administration of a Rho-kinase
(ROCK) inhibitor.

23. The method of claim 22, wherein the Rho-kinase
inhibitor is fasudil.

24. The method of any one of claims 1-23, wherein the
method further comprises administration of a HMG-CoA
reductase inhibitor.

25. The method of claim 24, wherein the HMG-CoA
reductase inhibitor is a statin.

26. The method of any one of claims 1-25, wherein the
B-cell immunomodulation therapy is administered parent-
erally.

27. The method of any one of claims 1-26, wherein the
B-cell immunomodulation therapy is administered intrave-
nously.
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28. The method of any one of claims 1-27, wherein the
method further comprises monitoring the patient for B-cell
immunomodulation.

29. The method of claim 28, wherein the patient is
monitored by magnetic resonance imaging (MRI).

30. The method of claim 28 or 29, wherein the blood of
the patient is assayed for B-cell immunomodulation.

31. A pharmaceutical composition comprising a B-cell
depleting agent and a ROCK inhibitor.

32. The pharmaceutical composition of claim 31, wherein
the B-cell immunomodulation therapy comprises an anti-
body.

33. The pharmaceutical composition of claim 32, wherein
the antibody is a human antibody, humanized antibody,
recombinant antibody, chimeric antibody, an antibody
derivative, a veneered antibody, a diabody, a monoclonal
antibody, or a polyclonal antibody.

34. The pharmaceutical composition of any one of claims
32-33, wherein the antibody is a human antibody.

35. The pharmaceutical composition of any one of claims
32-34, wherein the antibody comprises one or more of
anti-CD20, anti-BLyS, anti-CD19, anti-CD22, and Abata-
cept.

36. The pharmaceutical composition of any one of claims
31-35, wherein the B-cell immunomodulation therapy com-
prises one or more of belimumab, rituximab, ocrelizumab,
ofatumumab, MDX-1342, epratuzumab, and atacicept.

37. The pharmaceutical composition of any one of claims
31-36, wherein the B-cell immunomodulation therapy
reduces or inhibits B-cell activation and/or survival.

38. The pharmaceutical composition of claim 37, wherein
the B-cell immunomodulation therapy comprises a B-lym-
phocyte stimulator (BLyS)-specific inhibitor.

39. The pharmaceutical composition of claim 37, wherein
the B-cell immunomodulation therapy comprises one or
both of atacicept and belimumab.

40. The pharmaceutical composition of any one of claims
31-39, wherein the ROCK inhibitor is fasudil.

41. The pharmaceutical composition of any one of claims
31-40, wherein the composition further comprises a HMG-
CoA reductase inhibitor.

42. The pharmaceutical composition of claim 41, wherein
the HMG-CoA reductase inhibitor is a statin.

#* #* #* #* #*



