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ANTIBODY FORMULATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C. § 371 of International Application No. PCT/EP2017/
066803, filed Jul. 5, 2017, which claims the benefit of U.S.
Provisional Application No. 62/358,404, filed Jul. 5, 2016,
and European Patent Application No. 16306090.8, filed
Aug. 30, 2016, the disclosures of each of which are explic-
itly incorporated by reference herein.

FIELD OF THE INVENTION

The invention relates to antibody formulations with
extended storage stability in glass containers.

BACKGROUND

CXCRS, also known as Burkitt lymphoma receptor
(BLR1),CD185, MDR15, and MGC117347, is a G protein-
coupled receptor that is a member of the CXC chemokine
receptor family. CXCRS affects B cell migration and tissue
localization, as is demonstrated by CXCRS5 knockout mice
that lack peripheral lymph nodes, have fewer Peyer’s
patches, and have decreased B cell levels. CXCL13, also
known as BLC, is a ligand for CXCR5. CXCLI13 is a B cell
chemoattractant. Anti-CXCRS binding agents are therapeu-
tically relevant, and they have been formulated into drug
products that may be administered to subjects, particularly
human subjects, for the treatment of inflammatory diseases.

Pharmaceutical formulations containing an anti-CXCRS
binding agent suitable for intravenous or subcutaneous
administration must be highly concentrated (at about 20
mg/mL to about 100-150 mg/mL, and even up to 250 mg/mL
or more). However, many problems with such pharmaceu-
tical formulations can occur at high concentrations, includ-
ing increased viscosity, a pH shift, and a solution color
change. In addition, at high binding agent concentrations,
the chance for formation of visible and sub-visible particles,
binding agent aggregates, and/or binding agent half-mol-
ecules is increased. Still further, at high binding agent
concentrations, there is an increased chance of interaction
between the pharmaceutical formulation and its storage
container. Therefore, there remains a need for improved
pharmaceutical formulations that avoid these limitations.

SUMMARY OF THE INVENTION

Provided herein are anti-CXCRS antibody pharmaceutical
formulations with increased storage stability in glass storage
containers.

In a first aspect, the invention provides an antibody
formulation suitable for subcutaneous administration to a
patient. The formulation includes about 50 to about 250
mg/mL of an anti-CXCRS antibody; a citrate buffer; greater
than about 0.01% (w/v) surfactant; greater than about 50
mM amino acid; and greater than about 1% sucrose. The pH
of the formulation is about pH 6.

In one embodiment of the first aspect, the anti-CXCRS
antibody or a fragment thereof includes: (a) a light chain
variable domain comprising the amino acid sequence of
SEQ ID NO: 11, and a heavy chain variable domain com-
prising the amino acid sequence of SEQ ID NO: 12; (b) the
amino acid sequences of RSSKSLLHSSGKTYLY (SEQ ID
NO: 58), RMSNLAS (SEQ ID NO: 59), MQHLEYPYT
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2

(SEQ ID NO: 60), GFSLIDYGVN (SEQ ID NO: 61),
VIWGDGTTY (SEQ ID NO: 62), and IVY (SEQ ID NO:
63); (c) a light chain variable domain comprising the amino
acid sequence of SEQ ID NO: 13, SEQ ID NO: 14, or SEQ
ID NO: 15, and a heavy chain variable domain comprising
the amino acid sequence of SEQ ID NO: 16; (d) the amino
acid sequences of RSSKSLLHSSGKTYLY (SEQ ID NO:
58), RLSNLAS (SEQ ID NO: 64), MQHLEYPYT (SEQ ID
NO: 60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY
(SEQ ID NO: 62), and IVY (SEQ ID NO: 63); (e) the amino
acid sequences of RSSKSLLHSSGKTYLY (SEQ ID NO:
58), RLSSNLAS (SEQ ID NO: 65), MQHLEYPYT (SEQ
ID NO: 60), GFSLIDYGVN (SEQ ID NO: 61),
VIWGDGTTY (SEQ ID NO: 62), and IVY (SEQ ID NO:
63); () a variable light chain (VL) comprising the amino
acid sequence of SEQ ID NO: 17, SEQ ID NO: 19, or SEQ
ID NO: 21, and a variable heavy chain (VH) comprising the
amino acid sequence of SEQ 1D NO: 23; (g) a variable light
chain comprising the amino acid sequence of SEQ ID NO:
30, SEQ ID NO: 31, or SEQ ID NO: 32, and a variable
heavy chain comprising the amino acid sequence of SEQ 1D
NO: 33 or SEQ ID NO: 34; (h) the amino acid sequences of
RSSKSLLHSSGKTYLY (SEQ ID NO: 58), RMSNLA
(SEQ ID NO: 66), MQHLEYPYT (SEQ ID NO: 60),
GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY (SEQ ID
N: 62), and IVY (SEQ ID NO: 63); (i) the amino acid
sequences of RSSKSLLHSSGKTYLY (SEQ ID NO: 58),
RLSNLA (SEQ ID NO: 67), MQHLEYPYT (SEQ ID NO:
60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY
(SEQ ID NO: 62), and IVY (SEQ ID NO: 63); (j) the amino
acid sequences of RSSKSLLHSSGKTYLY (SEQ ID NO:
58), RLSSLA (SEQ ID NO: 68), MQHLEYPYT (SEQ ID
NO: 60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY
(SEQ ID NO: 62), and IVY (SEQ ID NO: 63); (k) a variable
light chain comprising the amino acid sequence of SEQ ID
NO: 35, and a variable heavy chain comprising the amino
acid sequence of SEQ ID NO: 37; (1) a variable light chain
comprising the amino acid sequence of SEQ 1D NO: 39,
SEQ ID NO: 41, or SEQ ID NO: 43, and a variable heavy
chain comprising the amino acid sequence of SEQ ID NO:
45 or SEQ ID NO: 47; (m) a variable light chain comprising
the amino acid sequence of SEQ ID NO: 55, and a variable
heavy chain comprising the amino acid sequence of SEQ 1D
NO: 56 or SEQ ID NO: 57; or (n) the amino acid sequerices
of RSSKSLLHSSGKTYLYW (SEQ ID NO: 69), RMSNLA
(SEQ ID NO: 66), MQHLEYPYT (SEQ ID NO: 60),
GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY (SEQ ID
NO: 62), and IVY (SEQ ID NO: 63).

In another embodiment of the first aspect, the amino acid
is arginine or methionine.

In one embodiment of the first aspect, the surfactant is a
polysorbate.

In a second aspect, the invention provides an antibody
formulation suitable for subcutaneous administration to a
patient. The formulation includes about 100 to about 175
mg/mL of an antibody; about 10 mM citrate buffer; about
0.1% (w/v) surfactant; about 200 mM arginine; and about
4.5 t0 9% sucrose. The pH of the formulation is about pH 6.

In one embodiment of the second aspect, the antibody is
a fully human anti-CXCRS5 antibody.

In another embodiment of the second aspect, the antibody
includes a heavy chain having the amino acid sequence of
SEQ ID NO: 33 and a light chain having the amino acid
sequence of SEQ ID NO: 32.

In a further embodiment of the second aspect, the anti-
body comprises a single chain Fv.
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In another embodiment of the second aspect, the antibody
1s an isolated antibody or fragment thereof that specifically
binds to the extracellular domain of human CXCRS.

In one embodiment of the second aspect, the isolated
antibody or fragment thereof comprises the amino acid
sequences of RSSKSLLHSSGKTYLY (SEQ ID NO: 58),
RLSSLA (SEQ ID NO: 68), MQHLEYPYT (SEQ ID NO:
60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY
(SEQ ID NO: 62), and IVY (SEQ ID NO: 63).

In one embodiment of the second aspect, the surfactant is
a polysorbate.

In another embodiment of the second aspect, the poly-
sorbate is polysorbate 20 or polysorbate 80.

In a third aspect, the invention provides an antibody
formulation that includes about 175 mg/mL of a humanized
1gG4 anti-CXCRS antibody; about 10 mM citrate buffer;
about 1.0 mg/mL polysorbate 80; about 200 mM arginine
HCI; and about 45 mg/mL sucrose. The pH of the formu-
lation is about pH 6.

In one embodiment of the third aspect, the humanized
1gG4 anti-CXCRS5 antibody includes a heavy chain having
the amino acid sequence of SEQ ID NO: 33 and a light chain
having the amino acid sequence of SEQ ID NO: 32.

In a fourth aspect, the invention provides a container
including the antibody formulation according to any of the
preceding aspects or embodiments.

In one embodiment of the fourth aspect, the container is
a prefilled syringe, a vial, or an autoinjector.

In another embodiment of the fourth aspect, the container
includes the antibody formulation according to any of the
preceding aspects or embodiments in a lyophilized form.

In a fifth aspect, the invention provides a kit including the
container of the fourth aspect and any embodiments thereof,
and a label or instructions for the administration and use of
the antibody formulation.

In one embodiment of the fifth aspect, administration is by
injection.

In a sixth aspect, the invention provides an antibody
formulation according to any of the preceding aspects or
embodiments for use in a method of diagnosis or treatment
of the human or animal body.

In a seventh aspect, the invention provides a method for
treating rheumatoid arthritis including administering to a
subject in need thereof the antibody formulation according
to any of the preceding aspects or embodiments.

In an eighth aspect, the invention provides a lyophilized
form of the antibody formulation according to any of the
preceding aspects or embodiments.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a photomicrograph of a cellulose filter after
filtration of a first anti-CXCRS antibody formulation pla-
cebo. Magnification is 50x.

FIG. 2 is a photomicrograph of a cellulose filter after
filtration of second anti-CXCRS antibody formulation pla-
cebo. Magnification is 50x.

FIG. 3 is a photomicrograph of a cellulose filter after
filtration of third anti-CXCRS5 antibody formulation placebo.
Magnification is 50x.

FIG. 4 is a photomicrograph of a cellulose filter after
filtration of a first anti-CXCRS antibody drug product (DP;
SAR113244) stored in Nalgene bottle. Magnification is 50x.

FIG. § is a photomicrograph of the cellulose filter of FIG.
4 at 200x magnification.
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FIG. 6 is a photomicrograph of a cellulose filter after
filtration of a second anti-CXCRS5 antibody DP. Magnifica-
tion is 50x.

FIG. 7 is a photomicrograph of a cellulose filter after
filtration of a first control anti-CXCR5 antibody DP. Mag-
nification is 50x. The first control anti-CXCRS antibody DP
is a “Stardust free” control formulation (SAR252067) that
demonstrated particle formation similar to the first anti-
CXCRS5 antibody DP, but not Stardust particles. Such occur-
rences demonstrate the difficulty in Stardust particle analy-
sis.

FIG. 8 is a photomicrograph of the cellulose filter of FIG.
7 at 200x magnification.

FIG. 9 is a photomicrograph of a cellulose filter after
filtration of a SAR341403 DP. Magnification is 50x.

FIG. 10 is a photomicrograph of the cellulose filter of
FIG. 9 at 200x magnification.

FIG. 11 is a photomicrograph of a cellulose filter after
filtration of a second control anti-CXCRS antibody DP
(SAR341403). Magnification is 50x. The second control
anti-CXCR5 antibody DP is another “Stardust free” control
formulation that demonstrated particle formation similar to
the first anti-CXCRS antibody DP, and further demonstrates
the difficulty in Stardust particle analysis.

FIG. 12 is a photomicrograph of the cellulose filter of
FIG. 11 at 200x magnification.

FIG. 13 is a DLS measurement size distribution chart for
DP SAR113244 solution stored in a plastic bottle (Stardust-
free solution).

FIG. 14 is a DLS measurement size distribution chart for
DP solution stored in glass vials (Stardust-containing solu-
tion).

FIG. 15 shows a FT-IR spectrum of a particle (top trace)
from sample; bottom trace indicates spectrum for a protein
as comparison; a broad band at 3300 ¢m™* and two amide
bands at 1650 cm™, 1520 cm™, respectively, are typical for
proteins.

FIG. 16 is a Raman spectrum of a particle that was
identified as protein; first trace indicates spectrum of particle
from sample; second trace indicates spectrum of particle
from sample with subtracted background; third trace indi-
cates comparison of best match from database (protein).

FIG. 17 is a FT-IR spectrum of a particle that was
identified as protein. The first trace indicates FT-IR spectrum
of particle from sample; the second trace indicates best
match with database (polyethylene); the third trace indicates
spectrum for a protein as comparison; a broad band at 3300
em™ and two amide bands at 1650 cm™, 1520 cm™’,
respectively, are typical for proteins.

FIG. 18 is a Raman spectrum of a particle that was
identified as protein. The first trace indicates spectrum of
particle from sample; second trace indicates spectrum of
particle from sample with subtracted background,; third trace
indicates comparison of best match from database that was
identified as polyethylene.

FIG. 19 illustrates the results of particle formation during
mechanical stress study; dark grey=visible particles, light
grey=1-2 particles, pointed white=mostly clear solution,
white=particle free solution; bars indicate from left to right:
Formulations A, H, B, C, and D (see Table No. 1).

FIG. 20 illustrates the results of particle formation during
mechanical stress study; dark grey=visible particles,
checkered=Stardust or Stardust like particles, light grey=1-2
particles, pointed  white=mostly clear  solution,
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white=particle free solution; bars indicate from left to right:
Formulations A, H, E, F, and G (see Table No. 1).

DETAILED DESCRIPTION

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as is commonly
understood by one of ordinary skill in the art.

It is noted here that as used in this specification and the
appended claims, the singular forms “a,” “an,” and “the”
also include plural reference, unless the context clearly
dictates otherwise.

The term “about” or “approximately” means within 10%,
such as within 5% (or 1% or less) of a given value or range.

The terms “administer” or “administration” refers to the
act of injecting or otherwise physically delivering a sub-
stance as it exists outside the body (e.g., a formulation of the
invention) into a patient, such as by mucosal, intradermal,
intravenous, subcutaneous, intramuscular delivery and/or
any other method of physical delivery described herein or
known in the art. When a disease, or a symptom thereof, is
being treated, administration of the substance typically
occurs after the onset of the disease or symptoms thereof.
When a disease or a symptom thereof, is being prevented,
administration of the substance typically occurs before the
onset of the disease or symptoms thereof.

In the context of a polypeptide, the term “analog” refers
to a polypeptide that possesses a similar or identical function
as a CXCRS polypeptide, a fragment of a CXCRS polypep-
tide, a CXCRS epitope, or an anti-CXCRS5 antibody, but
does not necessarily comprise a similar or identical amino
acid sequence of a CXCRS5 polypeptide, a fragment of a
CXCRS5 polypeptide, a CXCRS epitope, or an anti-CXCRS
antibody, or possesses a similar or identical structure of a
CXCRS5 polypeptide, a fragment of a CXCRS5 polypeptide,
a CXCRS epitope, or an anti-CXCRS antibody.

A polypeptide that has a similar amino acid sequence
refers to a polypeptide that satisfies at least one of the
following: (a) a polypeptide having an amino acid sequence
that is at least 30%, at least 35%, at least 40%, at least 45%,
at least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, or at least 99% identical to the amino acid
sequence of a CXCRS polypeptide, a fragment of a CXCRS
polypeptide, a CXCRS epitope, or an anti-CXCRS antibody
described herein; (b) a polypeptide encoded by a nucleotide
sequence that hybridizes under stringent conditions to a
nucleotide sequence encoding a CXCRS5 polypeptide, a
fragment of a CXCRS polypeptide, a CXCRS epitope, or an
anti-CXCRS antibody (or VH or VL region thereof)
described herein of at least 5 amino acid residues, at least 10
amino acid residues, at least 15 amino acid residues, at least
20 amino acid residues, at least 25 amino acid residues, at
least 40 amino acid residues, at least 50 amino acid residues,
at least 60 amino residues, at least 70 amino acid residues,
at least 80 amino acid residues, at least 90 amino acid
residues, at least 100 amino acid residues, at least 125 amino
acid residues, or at least 150 amino acid residues (see, e.g.,
Sambrook et al. (2001) Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y.; Maniatis et al. (1982) Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Press, Cold Spring
Harbor, N.Y.); and (¢) a polypeptide encoded by a nucleotide
sequence that is at least 30%, at least 35%, at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, or at least 99% identical to the
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nucleotide sequence encoding a CXCRS5 polypeptide, a
fragment of a CXCRS polypeptide, a CXCRS epitope, or an
anti-CXCRS antibody (or VH or VL region thereof)
described herein. A polypeptide with similar structure to a
CXCRS polypeptide, a fragment of a CXCRS polypeptide,
a CXCRS epitope, or an anti-CXCRS5 antibody refers to a
polypeptide that has a similar secondary, tertiary or quater-
nary structure of a CXCRS polypeptide, a fragment of a
CXCRS5 polypeptide, a CXCRS5 epitope, or a CXCRS anti-
body. The structure of a polypeptide can be determined by
methods known to those skilled in the art, including but not
limited to, X-ray crystallography, nuclear magnetic reso-
nance, and crystallographic electron microscopy.

An “antagonist” or “inhibitor” refers to a molecule
capable of inhibiting one or more biological activities of a
target molecule. Antagonists can interfere with the binding
of a receptor to a ligand and vice versa, by incapacitating or
killing cells activated by a ligand, and/or by interfering with
receptor or ligand activation (e.g., tyrosine kinase activa-
tion) or signal transduction after ligand binding to a receptor.
The antagonist can completely block receptor-ligand intet-
actions or can substantially reduce such interactions. All
such points of intervention by an antagonist shall be con-
sidered equivalent for purposes of the instant invention.

For example, an “antagonist™ or “inhibitor” of CXCRS
refers to a molecule capable of inhibiting one or more
biological activities, such as signaling, by CXCRS. Thus,
included within the scope of the invention are antagonists
(e.g., neutralizing antibodies) that bind to CXCRS, CXCL13
or other ligands of CXCRS, or a complex of CXCR5 and a
ligand thereof, such as CXCL13; amino acid sequence
variants or derivatives of CXCRS5 or CXCL13 which antago-
nize the interaction between CXCRS5 and a ligand, such as
CXCL13; soluble CXCRS, optionally fused to a heterolo-
gous molecule such as an immunoglobulin region (e.g., an
immunoadhesin); a complex comprising CXCRS5 in asso-
ciation with another receptor or biological molecule; syn-
thetic or native sequence peptides which bind to CXCRS3;
and so on.

The terms “antibody,” “immunoglobulin,” or “Ig” may be
used interchangeably herein. The term antibody includes,
but is not limited to, synthetic antibodies, monoclonal anti-
bodies, recombinantly produced antibodies, multispecific
antibodies (including bi-specific antibodies), human anti-
bodies, humanized antibodies, chimeric antibodies, intra-
bodies, single-chain Fvs (scFv) (e.g., including monospe-
cific, bispecific, etc.), camelized antibodies, Fab fragments,
F(ab") fragments, disulfide-linked Fvs (sdFv), anti-idiotypic
(anti-Id) antibodies, and epitope-binding fragments of any of
the above. In particular, antibodies include immunoglobulin
molecules and immunologically active portions of immu-
noglobulin molecules, i.e., antigen binding domains or mol-
ecules that contain an antigen-binding site that specifically
binds to a CXCRS antigen (e.g., one or more complemen-
tarity determining regions (CDRs) of an anti-CXCRS anti-
body). The anti-CXCRS5 antibodies can be of any type (e.g,,
1gG, IgE, IgM, IgD, IgA, and IgY), any class (e.g., 1gG1,
1gG2, 1gG3, IgG4, IgAl, and IgA2), or any subclass (e.g.,
IgG2a and IgG2b) of immunoglobulin molecule. In some
embodiments, the anti-CXCRS antibodies are humanized,
such as humanized monoclonal anti-CXCRS antibodies. In
certain embodiments, the anti-CXCRS5 antibodies are IgG
antibodies, and in particular, humanized IgG4 antibodies.

As used herein, the term “anti-CXCRS antibody” means
an antibody or polypeptide derived therefrom (a derivative)
that binds specifically to human CXCRS as defined herein,
including, but not limited to, molecules that inhibit or
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substantially reduce the binding of CXCRS5 to its ligands
and/or inhibit CXCRS5 activity. For example, a contemplated
anti-CXCRS antibody includes an isolated antibody or frag-
ment thereof that specifically binds to the extracellular
domain of human CXCRS, such as those disclosed in U.S.
Pat. No. 8,647,622, incorporated herein by reference for all
purposes. In particular, contemplated anti-CXCRS antibod-
ies of the present disclosure have a variable light chain
including the amino acid sequence of SEQ ID NO: 32 and
a variable heavy chain including the amino acid sequence of
SEQ ID NO: 33 of U.S. Pat. No. 8,647,622. In another
embodiment, an isolated antibody or fragment thereof that
specifically binds to the extracellular domain of human
CXCR5 includes the amino acid sequences of
RSSKSLLHSSGKTYLY (SEQ ID NO: 58), RLSSLA (SEQ
ID NO: 68), MQHLEYPYT (SEQ ID NO: 60),
GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY (SEQ ID
NO: 62), and IVY (SEQ ID NO: 63) of U.S. Pat. No.
8,647,622.

The term “B cell activity” means higher than normal B
cell levels, which can be local, or evidence of a biological
manifestation or function of a B cell, such as antibody
expression, Bruton’s tyrosine kinase presence or activity,
expression or presence of CD19, expression or presence of
B cell activating factor, and so on.

The term “binding agent” means any molecule, such as an
antibody, a siRNA, a nucleic acid, an aptamer, a protein, or
a small molecule organic compound, that binds or specifi-
cally binds to CXCRS, or a variant or a fragment thereof.

The term “by-product” includes undesired products,
which detract or diminish the proportion of therapeutic/
prophylactic binding agent, such as an antibody, in a given
formulation. For example, typical by-products include
aggregates of the antibody, fragments of the antibody, e.g.
produced by degradation of the antibody by deamidation or
hydrolysis, or mixtures thereof. Typically, aggregates are
complexes that have a molecular weight greater than the
monomer antibody. Antibody degradation products may
include, for example, fragments of the antibody, for
example, brought about by deamidation or hydrolysis. Typi-
cally, degradation products are complexes that have a
molecular weight less than the monomer antibody. In the
case of an IgG antibody, such degradation products are less
than about 150 kD.

The terms “composition” and “formulation” are intended
to encompass a product containing the specified ingredients
(e.g., an anti-CXCRS antibody) in, optionally, the specified
amounts, as well as any product that results, directly or
indirectly, from the combination of the specified ingredients
in, optionally, the specified amounts.

The terms “constant region” and “constant domain” refer
to a carboxy terminal portion of the light and heavy chain
that is not directly involved in binding of the antibody to
antigen but exhibits various effector functions, such as
interaction with the Fc¢ receptor. The terms refer to the
portion of an immunoglobulin molecule having a more
conserved amino acid sequence relative to the other portion
of the immunoglobulin, the variable domain, which contains
the antigen-binding site. The constant domain contains the
CHI, CH2, and CH3 domains of the heavy chain and the
CHL domain of the light chain.

The term “CXCRS5” relates to the naturally occurring,
known molecule found on lymphocytes, particularly B cells,
and particularly naive B cells; to such a molecule isolated
from such cells; to such a molecule manufactured recombi-
nantly using known materials and means, and using a
nucleic acid encoding a CXCRS; as well as to portions of
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CXCRS, such as the extracellular (EC) domain, that retain
the characteristics and properties relevant to the practice of
the instant invention, such as CXCL13 binding. A soluble
CXCRS5 molecule can consist essentially of the EC domain
of CXCRS5, which includes, generally, about the first sixty
amino acids of the molecule, that is, the amino terminal
portion of CXCRS.

CXCRS is a non-promiscuous receptor. CXCL13 is a
ligand of CXCRS and is expressed constitutively on stromal
cells, such as follicular dendritic cells, and in lymphoid
tissues. CXCL13 specifically attracts B cells and a small
subset of T cells called B helper follicular T cells, TFH. This
may not be unexpected given the many interactions between
T cell and B cell populations in the immune system. More-
over, activated T cells induce or upregulate CXCRS expres-
sion. Infiltration of lymphocytes into tertiary, ectopic ger-
minal centers (GCs) has been found to correlate well with
increased disease severity and tolerance breakdown in cet-
tain disorders that present with such atypical lymph node-
like structures. Using in vivo murine models, such as
CXCRS5-/- and CXCL13-/- mice, the absence of either the
receptor or the ligand results in an altered GC fine archi-
tecture due to altered T and B cell localization, and possibly
interaction. These mice are also protected against develop-
ing severe collagen-induced arthritis (CIA). As CXCRS is
selectively expressed on mature B cells, which are linked to
the pathogenesis of RA, blocking this receptor will modulate
the arthritogenic response in affected individuals. Rheuma-
toid arthritis treatment with biologics (i.e., anti-TNF-o. and
anti-CD20 antibodies, Rituximab) has shown to be clinically
effective; in particular, patients on B cell-directed therapy
have shown long-lasting improvements in clinical signs and
symptoms. Selective targeting of CXCRS, which is only
expressed on mature B cells and B helper T cells, will not
affect B cell development or immunocompromise the
patient. Unlike Rituximab, the instant anti-CXCRS5 antibody
is a neutralizing antibody that does not mediate cell cyto-
toxicity.

A “CXCRS disease” is a malady, disorder, disease, con-
dition, abnormality, and so on, that is characterized by or
caused by overexpression or increased levels of CXCL13 or
other CXCRS ligand, increased levels of B cells, increased
levels of B cell activity, increased levels of CXCRS, or
improper metabolism and activity of CXCRS5.

The term “epitope” refers to a localized region on the
surface of an antigen, such as a CXCR5 polypeptide, or
CXCRS polypeptide fragment, that is capable of being
bound to one or more antigen binding regions of a binding
agent, such as an antibody, and that has antigenic or immu-
nogenic activity in an animal, such as a mammal, for
example, a human, that is capable of eliciting an immune
response. An epitope having immunogenic activity is a
portion of a polypeptide that elicits an antibody response in
an animal. An epitope having antigenic activity is a portion
of a polypeptide to which an antibody specifically binds, as
determined by any method well known in the art, for
example, such as an immunoassay. Antigenic epitopes need
not necessarily be immunogenic. Epitopes usually consist of
chemically active surface groupings of molecules, such as
amino acids or sugar side chains, and have specific three-
dimensional structural characteristics, as well as specific
charge characteristics. A region of a polypeptide contribut-
ing to an epitope may be contigunous amino acids of the
polypeptide or the epitope may come together from two or
more non-contiguous regions of the polypeptide. The
epitope may or may not be a three-dimensional surface
feature of the antigen. Anti-CXCRS antibodies may specifi-
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cally bind to an epitope of the monomeric (denatured) form
of CXCRS, an epitope of the trimeric (native) form of
CXCRS, or both the monomeric (denatured) form and the
trimeric (native) form of CXCRS.

The term “excipients” refers to inert substances that are
commonly used as a diluent, vehicle, preservative, binder,
stabilizing agent, etc. for drugs and includes, but is not
limited to, proteins (e.g., serum albumin, etc.), amino acids
(e.g., aspartic acid, glutamic acid, lysine, arginine, glycine,
histidine, etc.), fatty acids and phospholipids (e.g., alkyl
sulfonates, caprylate, etc.), surfactants (e.g., SDS, polysor-
bate, nonionic surfactant, etc.), saccharides (e.g., sucrose,
maltose, trehalose, etc.), and polyols (e.g., mannitol, sorbi-
tol, etc.). See, also, Remington’s Pharmaceutical Sciences
(1990) Mack Publishing Co., Easton, Pa., which is hereby
incorporated by reference in its entirety for all purposes.

In the context of a peptide or polypeptide, the term
“fragment” refers to a peptide or polypeptide that comprises
less than the full-length amino acid sequence. Such a frag-
ment may arise, for example, from a truncation at the amino
terminus, a truncation at the carboxy terminus, and/or an
internal deletion of a residue(s) from the amino acid
sequence. Fragments can result, for example, from alterna-
tive RNA splicing or from in vivo protease activity. In
certain embodiments, hCXCRS5 fragments include polypep-
tides comprising an amino acid sequence of at least 5
contiguous amino acid residues, at least 10 contiguous
amino acid residues, at least 15 contiguous amino acid
residues, at least 20 contiguous amino acid residues, at least
25 contiguous amino acid residues, at least 40 contiguous
amino acid residues, at least 50 contiguous amino acid
residues, at least 60 contiguous amino residues, at least 70
contiguous amino acid residues, at least 80 contiguous
amino acid residues, at least 90 contiguous amino acid
residues, at least contiguous 100 amino acid residues, at
least 125 contiguous amino acid residues, at least 150
contiguous amino acid residues, at least 175 contiguous
amino acid residues, at least 200 contiguous amino acid
residues, or at least 250 contiguous amino acid residues of
the amino acid sequence of a CXCRS polypeptide or an
antibody that specifically binds to a CXCRS5 polypeptide. In
a specific embodiment, a fragment of a CXCRS polypeptide
or an antibody that specifically binds to a CXCRS5 antigen
retains at least 1, at least 2, or at least 3 functions of the
polypeptide or antibody.

The terms “fully human antibody” or “human antibody”
are used interchangeably herein and refer to an antibody that
comprises a human variable region and, possibly a human
constant region. In specific embodiments, the terms refer to
an antibody that comprises a variable region and constant
region of human origin. In a specific embodiment, the
antibodies are fully human antibodies. The term “fully
human antibody” includes antibodies having variable and
constant regions corresponding to human germline immu-
noglobulin sequences as described by Kabat et al. (See
Kabat et al. (1991) Sequences of Proteins of Immunological
Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242). Methods
of producing fully human antibodies are known in the art.

The phrase “recombinant human antibody” includes
human antibodies that are prepared, expressed, created, or
isolated by recombinant means, such as antibodies
expressed using a recombinant expression vector transfected
into a host cell, antibodies isolated from a recombinant,
combinatorial human antibody library, antibodies isolated
from an animal (e.g., a mouse or cow) that is transgenic
and/or transchromosomal for human immunoglobulin genes
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(see, e.g., Taylor, L. D. et al. (1992) Nucl. Acids Res.
20:6287-6295) or antibodies prepared, expressed, created, or
isolated by any other means that involves splicing of human
immunoglobulin gene sequences to other DNA sequences.
Such recombinant human antibodies can have variable and
constant regions derived from human germline immuno-
globulin sequences (See Kabat et al., 1991). In certain
embodiments, however, such recombinant human antibodies
are subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic
mutagenesis), and thus, the amino acid sequences of the VH
and VL regions of the recombinant antibodies are sequences
that while derived from and related to human germline VH
and VL sequences, may not naturally exist within the human
antibody germline repertoire in vivo.

An “TgG4 binding agent” or a “binding agent comprising
at least a portion of an [gG4 Fc region” both refer to binding
agents described herein that include at least a fragment of
IgG4 Fe. In certain embodiments, the fragment comprises
10, 20, 30, 40, 50, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 210 or 220 amino acids of the IgG4 Fe region.
In other embodiments, the fragment includes 10-50, 50-100,
100-150, or 150-200 amino acids of the 1gG4 Fe region. In
other embodiments, the portion of the 1gG4 Fc region can
have a certain homology to the IgG4 Fe region. For example,
the IgG4 binding agent can include a portion of a protein
with greater than 50, 60, 70, 80, 90, 93, 95, 96, 97, 98, 99,
or 100% homology to the IgG4 Fc region. Exemplary Fc
regions of IgG4 are described throughout the specification.

The term “heavy chain”, when used in reference to an
antibody, refers to five distinct types, called alpha (o), delta
(A), epsilon (g), gamma (y), and mu (p), based on the amino
acid sequence of the heavy chain constant domain. These
distinct types of heavy chains are well known in the art and
give rise to five classes of antibodies, IgA, IgD, IgE, IgG,
and IgM, respectively, including four subclasses of IgG,
namely IgG1, IgG1, IgG3, and IgG4. In some embodiments,
the heavy chain is a human heavy chain.

“Humanized” forms of non-human (e.g., murine) anti-
bodies are chimeric immunoglobulins, immunoglobulin
chains or fragments thereof (such as, Fv, Fab, Fab', F(ab')2
or other target-binding subsequences of antibodies) that
contain sequences derived from non-human immunoglobu-
lin, as compared to a human antibody. In general, the
humanized antibody will comprise substantially all of one,
and typically two, variable domains, in which all or sub-
stantially all of the CDR regions correspond to those of a
non-human immunoglobulin and all or substantially all of
the FR regions are those of a human immunoglobulin
template sequence. The humanized antibody may also com-
prise at least a portion of an immunoglobulin constant region
(Fc), typically that of the human immunoglobulin template
chosen. In general, the goal is to have an antibody molecule
that is minimally immunogenic in a human. Thus, it is
possible that one or more amino acids in one or more CDRs
also can be changed to one that is less immunogenic to a
human host, without substantially minimizing the specific
binding function of the one or more CDRs to CXCRS or to
CXCL13. Alternatively, the FR can be non-human but those
amino acids most immunogenic are replaced with those less
immunogenic. Nevertheless, CDR grafting is not the only
way to obtain a humanized antibody. For example, modify-
ing just the CDR regions may be insufficient as it is not
uncommon for framework residues to have a role in deter-
mining the three-dimensional structure of the CDR loops
and the overall affinity of the antibody for its ligand. Hence,
any means can be practiced so that the non-human parent
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antibody molecule is modified to be one that is less immu-
nogenic to a human, and global sequence identity with a
human antibody is not always a necessity. So, humanization
also can be achieved, for example, by the mere substitution
of just a few residues, particularly those which are exposed
on the antibody molecule and not buried within the mol-
ecule, and hence, not readily accessible to the host immune
system. Such a method is taught herein with respect to
substituting “mobile” or “flexible” residues on the antibody
molecule, the goal being to reduce or dampen the immuno-
genicity of the resultant molecule without comprising the
specificity of the antibody for its epitope or determinant.
See, for example, Studnicka et al., Prot Eng 7(6)805-814,
1994; Lazar et al., Mol Immunol. 2007 March; 44(8):1986-
98 (2007); Sims et al., ] Immunol 151:2296 (1993); Chothia
et al., J Mol Biol 196:901 (1987); Carter et al., Proc Natl
Acad Sci USA 89:4285 (1992); Presta et al., ] Immunol
151:2623 (1993), WO 2006/042333, and U.S. Pat. No.
5,869,619.

An “isolated” or “purified” binding agent, such as an
antibody, is substantially free of cellular material or other
contaminating proteins from the cell or tissue source from
which the binding agent is derived, or substantially free of
chemical precursors or other chemicals when chemically
synthesized. For example, the language “substantially free
of cellular material” includes preparations of an antibody in
which the antibody is separated from cellular components of
the cells from which it is isolated or recombinantly pro-
duced. Thus, an antibody that is substantially free of cellular
material includes preparations of antibody having less than
about 30%, 20%, 10%, or 5% (by dry weight) of heterolo-
gous protein (also referred to herein as a “contaminating
protein”). When the antibody is recombinantly produced, it
is also desirable to be substantially free of culture medium,
i.e., culture medium represents less than about 20%, 10%, or
5% of the volume of the protein preparation. When the
antibody is produced by chemical synthesis, in some
embodiments, it is substantially free of chemical precursors
or other chemicals, i.e., it is separated from chemical pre-
cursors or other chemicals that are involved in the synthesis
of the protein. Accordingly, such preparations of the anti-
body have less than about 30%, 20%, 10%, or 5% (by dry
weight) of chemical precursors or compounds other than the
antibody of interest. In some embodiments, anti-CXCRS
antibodies are isolated or purified.

The term “human CXCRS,” “hCXCR5” or “hCXCRS
polypeptide” and similar terms refer to the polypeptides
(“polypeptides,” “peptides” and “proteins” are used inter-
changeably herein) disclosed in U.S. Pat. No. 8,647,622, and
synthesized or isolated from a suitable cell source, and
related polypeptides, including SNP variants thereof.
Related polypeptides include allelic variants (e.g., SNP
variants); splice variants; fragments; derivatives; substitu-
tion, deletion, and insertion variants; fusion polypeptides;
and interspecies homologs, in some embodiments, which
retain CXCRS activity and/or are sufficient to generate an
anti-CXCR5 immune response. Also encompassed are
soluble forms of CXCRS5 that are sufficient to generate an
anti-CXCRS immunological response. As those skilled in
the art will appreciate, an anti-CXCRS binding agent, such
as an antibody, can bind to a CXCRS polypeptide, polypep-
tide fragment, antigen, and/or epitope, as an epitope is part
of the larger antigen, which is part of the larger polypeptide
fragment, which, in turn, is part of the larger polypeptide.

The term “Kabat numbering” and like terms, are recog-
nized in the art and refer to a system of numbering amino
acid residues that are more variable (i.e., hypervariable) than
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other amino acid residues in the heavy and light chain
variable regions of an antibody, or an antigen binding
portion thereof. (See Kabat et al. (1971) Ann. NY Acad. Sci.
190:382-391 and Kabat et al. (1991)).

The term “light chain” when used in reference to an
antibody refers to two distinct types, called kappa (k) of
lambda (M) based on the amino acid sequence of the constant
domains. Light chain amino acid sequences are well known
in the art. In some embodiments, the light chain is a human
light chain.

The terms “manage,” “managing,” and “management”
refer to the beneficial effects that a subject derives from a
therapy (e.g., a prophylactic or therapeutic agent), which
does not result in a cure of the infection. In certain embodi-
ments, a subject is administered one or more therapies (e.g.,
prophylactic or therapeutic agents, such as a formulation of
the invention) to “manage” a CXCR5-mediated disease
(e.g., theumatoid arthritis) or one or more symptoms thereof
to prevent the progression or worsening of the disease.

The term “monoclonal antibody” refers to an antibody
obtained from a population of homogenous or substantially
homogeneous antibodies, and each monoclonal antibody
will typically recognize a single epitope on the antigen. In
some embodiments, a “monoclonal antibody” is an antibody
produced by a single hybridoma or other cell. The term
“monoclonal” is not limited to any particular method for
making the antibody. For example, monoclonal antibodies
may be made by the hybridoma method as described in
Kohler et al.; Nature, 256:495 (1975) or may be isolated
from phage libraries. Other methods for the preparation of
clonal cell lines and of monoclonal antibodies expressed
thereby are well known in the art (see, for example, Chapter
11 in: Short Protocols in Molecular Biology, (2002) 5th Ed.;
Ausubel et al., eds., John Wiley and Sons, New York).

The term “pharmaceutically acceptable” means being
approved by a regulatory agency of the Federal or a state
government, or listed in the U.S. Pharmacopeia, European
Pharmacopeia, or other generally recognized Pharmacopeia
for use in animals, and more particularly, in humans.

By “pharmaceutically acceptable excipient” is meant any
inert substance that is combined with an active molecule,
such as a monoclonal antibody, for preparing an agreeable or
convenient dosage form. The “pharmaceutically acceptable
excipient” is an excipient that is non-toxic to recipients at the
dosages and concentrations employed and is compatible
with other ingredients of the formulation including the
monoclonal antibody.

The terms “prevent,” “preventing,” and “prevention”
refer to the total or partial inhibition of the development,
recurrence, onset or spread of a CXCRS-mediated disease
and/or symptom related thereto, resulting from the admin-
istration of a therapy or combination of therapies provided
herein (e.g., a combination of prophylactic or therapeutic
agents, such as a formulation of the invention).

The term “prophylactic agent” refers to any agent that can
totally or partially inhibit the development, recurrence,
onset, or spread of a CXCR5-mediated disease and/or symp-
tom related thereto in a subject. In certain embodiments, the
term “prophylactic agent” refers to a formulation of the
invention. In certain other embodiments, the term “prophy-
lactic agent” refers to an agent other than a formulation of
the invention. In some embodiments, a prophylactic agent is
an agent that is known to be useful to, or has been, or is
currently being used to prevent a CXCRS5-mediated disease
and/or a symptom related thereto, or impede the onset,
development, progression and/or severity of or CXCRS-
mediated disease and/or a symptom related thereto. In
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specific embodiments, the prophylactic agent is a fully
human antibody, such as a fully human monoclonal anti-
body, or a humanized anti-CXCRS5 antibody, such as a
humanized anti-CXCRS monoclonal antibody.

The term “CXCRS antigen” refers to that portion of a
CXCRS5 polypeptide to which a binding agent, such as an
antibody, specifically binds. A CXCRS antigen also refers to
an analog or derivative of a CXCRS polypeptide or fragment
thereof to which a binding agent, such as an antibody,
specifically binds. A region of a CXCRS polypeptide con-
tributing to an epitope may be contiguous amino acids of the
polypeptide, or the epitope may come together from two or
more non-contiguous regions of the polypeptide. The
epitope may or may not be a three-dimensional surface
feature of the antigen. A localized region on the surface of
a CXCRS5 antigen that is capable of eliciting an immune
response is a CXCRS epitope. The epitope may or may not
be a three-dimensional surface feature of the antigen.

The terms “CXCRS5-mediated disease” and “CXCRS-
mediated disorder” are used interchangeably and refer to any
disease that is completely or partially caused by or is the
result of CXCRS5. In certain embodiments, CXCRS5 is aber-
rantly (e.g., highly) expressed on the surface of a cell. In
some embodiments, CXCRS may be aberrantly upregulated
on a particular cell type. In other embodiments, normal,
aberrant, or excessive cell signaling is caused by binding of
CXCRS5 to a CXCRS ligand. In certain embodiments, the
CXCRS ligand is CXCL13. In certain embodiments, the
CXCRS5-mediated disease is rheumatoid arthritis (RA).

The term “saccharide” refers to a class of molecules that
are derivatives of polyhydric alcohols. Saccharides are com-
monly referred to as carbohydrates and may contain differ-
ent amounts of sugar (saccharide) units, e.g., monosaccha-
rides, disaccharides, and polysaccharides.

The terms “specifically binds” or “specifically binding”
mean specifically binding to an antigen or a fragment thereof
and not specifically binding to other antigens. For example,
an antibody that specifically binds to an antigen may bind to
other peptides or polypeptides with lower aflinity, as deter-
mined by, e.g., radioimmunoassays (RIA), enzyme-linked
immunosorbent assays (ELISA), BIACORE®, or other
assays known in the art. Antibodies or variants or fragments
thereof that specifically bind to an antigen may be cross-
reactive with related antigens. In some embodiments, anti-
bodies or variants or fragments thereof that specifically bind
to an antigen do not cross-react with other antigens. An
antibody or a variant or a fragment thereof that specifically
binds to a CXCRS5 antigen can be identified, for example, by
immunoassays, BIACORE®, or other techniques known to
those of skill in the art. Typically, a specific or selective
reaction will be at least twice background signal or noise,
and more typically more than 10 times background. See e.g.,
Paul, ed., 1989, Fundamental Immunology Second Edition,
Raven Press, New York at pages 332-336, for a discussion
regarding antibody specificity.

A “stable” or “stabilized” formulation is one in which the
binding agent, such as an antibody, therein essentially
retains its physical stability, identity, integrity, and/or chemi-
cal stability, identity, integrity, and/or biological activity
upon storage. Various analytical techniques for measuring
protein stability are available in the art and are reviewed in
Peptide and Protein Drug Delivery, 247-301, Vincent Lee
Ed., Marcel Dekker, Inc., New York, N.Y., Pubs. (1991) and
Jones, A. Adv. Drug Delivery Rev. 10:29-90 (1993), for
example. Stability can be measured at a selected temperature
and other storage conditions for a selected time period. The
stability may be determined by at least one of the methods
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selected from the group consisting of visual inspection,
SDS-PAGE, IEF, HPSEC, RFFIT, and kappa/lambda
ELISA. For example, an antibody “retains its physical
stability” in a pharmaceutical formulation, if it shows no
signs of aggregation, precipitation, and/or denaturation upon
visual examination of color and/or clarity, or as measured by
UV light scattering, SDS-PAGE, or by (high-pressure) size
exclusion chromatography (HPSEC). In some embodiments,
when using the formulations of the invention, 5% or less,
typically 4% or less, typically 3% or less, more typically 2%
or less, and particularly 1% or less of the antibodies forms
aggregates, as measured by HPSEC or any other suitable
method for measuring aggregation formation. For example,
an antibody is considered stable in a particular formulation
if the antibody monomer has a purity of about 90%, typically
about 95%, in particular about 98% after a certain prede-
termined period of time under certain storage conditions in
a particular formulation. Chemical stability can be assessed
by detecting and quantifying chemically altered forms of the
protein. Chemical alteration may involve size modification
(e.g., clipping). which can be evaluated using (HP)SEC,
SDS-PAGE, and/or matrix-assisted laser desorption ioniza-
tion/time-of-flight mass spectrometry (MALDI/TOF MS),
for example. Other types of chemical alteration include
charge alteration (e.g., occurring as a result of deamidation),
which can be evaluated by ion-exchange chromatography,
for example. An antibody “retains its biological activity” in
a pharmaceutical formulation at a given time, if the biologi-
cal activity of the antibody at a given time is at least about
90% (within the errors of the assay) of the biological activity
exhibited at the time the pharmaceutical formulation was
prepared, as determined in an antigen binding assay or virus
neutralizing assay, for example.

In one particular embodiment, an antibody formulation
can be “stable against Stardust particle formation,” which
refers to an antibody formulation that does not form Stardust
particles when stored in a glass container under accelerated
conditions for a period of 6 months.

The terms “subject” and “patient” can be used inter-
changeably. As used herein, a subject is typically a mammal,
such as a non-primate (e.g., cows, pigs, horses, cats, dogs,
rats, etc.) or a primate (e.g., monkey and human), and in
some embodiments a human. In one embodiment, the sub-
ject is a mammal, such as a human, having a CXCRS-
mediated disease. In another embodiment, the subject is a
mammal, such as a human, at risk of developing a CXCR5-
mediated disease.

The term “therapeutically effective amount” refers to the
amount of a therapy (e.g., a formulation of the invention)
that is sufficient to reduce and/or ameliorate the severity
and/or duration of a given disease and/or a symptom related
thereto. This term also encompasses an amount necessary
for the reduction or amelioration of the advancement or
progression of a given disease, reduction or amelioration of
the recurrence, development or onset of a given disease,
and/or to improve or enhance the prophylactic or therapeutic
effect(s) of another therapy (e.g., a therapy other than a
formulation of the invention). In some embodiments, the
therapeutically effective amount of an antibody of the inven-
tion is from about 0.1 mg/kg (mg of antibody per kg weight
of the subject) to about 100 mg/kg. In certain embodiments,
a therapeutically effective amount of an antibody provided
therein is about 0.1 mg/kg, about 0.5 mg/kg, about 1 mg/kg,
3 mg/kg, 5 mg/kg, about 10 mg/kg, about 15 mg/kg, about
20 mg/kg, about 25 mg/kg, about 30 mg/kg, about 35 mg/kg,
about 40 mg/kg, about 45 mg/kg, about 50 mg/kg, about 60
mg/kg, about 70 mg/kg, about 80 mg/kg, about 90 mg/kg, or
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about 100 mg/kg (or a range therein). In some embodiments,
“therapeutically effective amount,” as used herein, also
refers to the amount of an antibody of the invention to
achieve a specified result (e.g.,, inhibition of a CXCRS
biological activity of a cell, such as binding to CXCL13).

The term “therapeutic agent” refers to any agent that can
be used in the treatment, management or amelioration of a
CXCRS5-mediated disease and/or a symptom related thereto.
In certain embodiments, the term “therapeutic agent” refers
to a formulation of the invention. In certain other embodi-
ments, the term “therapeutic agent” refers to an agent other
than a formulation of the invention. In some embodiments,
a therapeutic agent is an agent that is known to be useful for,
or has been, or is currently being used for the treatment,
management or amelioration of a CXCR5-mediated disease
or one or more symptoms related thereto.

The term “therapy” refers to any protocol, method, and/or
agent that can be used in the prevention, management,
treatment, and/or amelioration of a disease (e.g., IBD or
GVHD) or CXCRS5-mediated disease (e.g., rheumatoid
arthritis). In certain embodiments, the terms “therapies” and
“therapy” refer to a biological therapy, supportive therapy,
and/or other therapies useful in the prevention, management,
treatment, and/or amelioration of a or CXCRS5-mediated
disease known to one of skill in the art, such as medical
personnel.

The terms “treat,” “treatment,” and “treating” refer to the
reduction or amelioration of the progression, severity, and/or
duration of a CXCR5-mediated disease (e.g., theumatoid
arthritis) resulting from the administration of one or more
therapies (including, but not limited to, the administration of
one or more prophylactic or therapeutic agents, such as a
formulation of the invention). In specific embodiments for
CXCRS, such terms refer to the reduction or inhibition of the
binding of CXCRS to CXCL13, and/or the inhibition or
reduction of one or more symptoms associated with a
CXCRS5-mediated disease, such as rheumatoid arthritis.

The terms “variable region” or “variable domain” refer to
a portion of the light and heavy chains, typically about the
amino-terminal 120 to 130 amino acids in the heavy chain
and about 100 to 110 amino acids in the light chain, which
differ extensively in sequence among antibodies and are
used in the binding and specificity of each particular anti-
body for its particular antigen. The variability in sequence is
concentrated in those regions called complementarity deter-
mining regions (CDRs), while the more highly conserved
regions in the variable domain are called framework regions
(FR). The CDRs of the light and heavy chains are primarily
responsible for the interaction of the antibody with antigen.
Numbering of amino acid positions is according to the EU
Index, as in Kabat et al. (1991) Sequences of proteins of
immunological interest. (U.S. Department of Health and
Human Services, Washington, D.C.) 5th ed. (“Kabat et al.”).
In some embodiments, the variable region is a human
variable region.

As used herein, the terms “Stardust” and “Stardust par-
ticle” can be used interchangeably to refer to particles
occurring in glass containers in association with the pres-
ence of an antibody formulation within the container.

B. Formulations

Formulations of the present disclosure can be found in the
form of liquids and lyophilized powders that comprise an
anti-CXCRS5 binding agent. Further, such formulations may
include buffering agents, surfactants, tonicity agents, amino
acids, and other excipients.
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Binding Agents

In some embodiments of the invention, the anti-CXCRS
antibody is a humanized or a fully human antibody.
Examples of humanized and fully human antibody isotypes
include IgA, IgD, IgE, IgG, and IgM. In some embodiments,
the anti-CXCRS5 antibody is an IgG antibody. There are four
forms of IgG. In some embodiments, the anti-CXCRS
antibody is an 1gG4 antibody. In some embodiments of the
invention, the anti-CXCR5 antibody is a humanized 1gG4
antibody.

Certain embodiments of formulations of the invention
also include variants of anti-CXCRS5 binding agents, such as
antibodies. Variants of anti-CXCRS antibodies may have
similar physicochemical properties based on their high simi-
larity, and therefore are also included within the scope of the
invention. Variants are defined as antibodies with an amino
acid sequence that is at least 95%, at least 97%, for instance
at least 98% or 99% homologous to an anti-CXCRS anti-
body, and capable of competing for binding to a CXCRS
polypeptide, a CXCRS polypeptide fragment, or a CXCRS
epitope. In some embodiments, the variants will ameliorate,
neutralize, or otherwise inhibit CXCRS5 biological activity
(e.g., the binding of CXCL13 to CXCRS). Determining
competition for binding to the target can be done by routine
methods known to the skilled person in the art. In some
embodiments, the variants are human antibodies, and, in
some embodiments, are 1gG4 molecules. In some embodi-
ments, a variant is at least 95%, 96%, 97%, 98%, or 99%
identical in amino acid sequence with a contemplated anti-
body disclosed herein. The term “variant” refers to an
antibody that comprises an amino acid sequence that is
altered by one or more amino acids compared to the amino
acid sequences of the anti-CXCRS antibody. The variant
may have conservative sequence modifications, including
amino acid substitutions, modifications, additions, and/or
deletions.

Examples of modifications include, but are not limited to,
glycosylation, acetylation, pegylation, phosphorylation,
amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, and linkage to a cellular ligand
or other protein. Amino acid modifications can be intro-
duced by standard techniques known in the art, such as
site-directed mutagenesis, molecular cloning, oligonucle-
otide-directed mutagenesis, and random PCR-mediated
mutagenesis in the nucleic acid encoding the antibodies.
Conservative amino acid substitutions include the ones in
which the amino acid residue is replaced with an amino acid
residue having similar structural or chemical properties.
Families of amino acid residues having similar side chains
have been defined in the art. These families include amino
acids with basic side chains (e.g., lysine, arginine, histidine),
acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., asparagine, glutamine,
serine, threonine, tyrosine, cysteine, tryptophan), nonpolar
side chains (e.g., glycine, alanine, valine, leucine, isoleu-
cine, proline, phenylalanine, methionine), beta-branched
side chains (e.g., threonine, valine, isoleucine), and aromatic
side chains (e.g., tyrosine, phenylalanine, tryptophan). It will
be clear to the skilled artisan that classifications of amino
acid residue families other than the one used above can also
be employed. Furthermore, a variant may have non-conser-
vative amino acid substitutions, e.g., replacement of an
amino acid with an amino acid residue having different
structural or chemical properties. Similar minor variations
may also include amino acid deletions or insertions, or both.
Guidance in determining which amino acid residues may be
substituted, modified, inserted, or deleted without abolishing
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immunological activity may be found using computer pro-
grams well known in the art. Computer algorithms, such as,
inter alia, Gap or Bestfit, which are known to a person
skilled in the art, can be used to align optimally amino acid
sequences to be compared and to define similar or identical
amino acid residues. Variants may have the same or differ-
ent, either higher or lower, binding affinities compared to an
anti-CXCRS antibody, but are still capable of specifically
binding to CXCRS5, and may have the same, higher or lower,
biological activity as the anti-CXCRS antibody.

Embodiments of the invention also include antigen-bind-
ing fragments of the anti-CXCRS5 binding agents, such as
antibodies. The term “antigen-binding domain,” “antigen-
binding region,” “antigen-binding fragment,” and similar
terms refer to that portion of an antibody which comprises
the amino acid residues that interact with an antigen and
confer on the binding agent its specificity and aflinity for the
antigen (e.g., the complementary determining regions
(CDR)). The antigen-binding region can be derived from
any animal species, such as rodents (e.g., rabbit, rat or
hamster) and humans. In some embodiments, the antigen-
binding region will be of human origin. Non-limiting
examples of antigen-binding fragments include: Fab frag-
ments, F(ab")2 fragments, Fd fragments, Fv fragments,
single chain Fv (scFv) molecules, dAb fragments, and
minimal recognition units consisting of the amino acid
residues that mimic the hypervariable region of the antibody.

In some embodiments of the invention, the anti-CXCRS
binding agents (or a variant thereof or an antigen-binding
fragment thereof) will ameliorate, neutralize, or otherwise
inhibit CXCRS biological activity in vivo (e.g., the binding
of CXCL13 to CXCRS).

In some embodiments of the invention, the anti-CXCRS
binding agents (or a variant thereof or an antigen-binding
fragment thereof) are antagonist-binding agents that ame-
liorate, neutralize, or otherwise inhibit CXCRS biological
activity in vivo (e.g., the binding of CXCL13 to CXCRS3).

In some embodiments, the anti-CXCRS binding agent (or
a variant thereof or an antigen-binding fragment thereof) is
present in the formulations in an amount from about 50 to
about 500 mg/mL, about 25 to about 400 mg/mL, about 50
to about 250 mg/mL, about 5 mg/mL to about 280 mg/mlL,
about 5 mg/mL to about 200 mg/mL, about 5 mg/mL to
about 125 mg/mL, about 5 mg/ml. to about 75 mg/ml., about
5 mg/mL to about 50 mg/ml., and about 5 mg/mL to about
25 mg/ml. For example, the anti-CXCRS binding agent
may be present in the formulation in an amount of about 5
mg/ml, about 10 mg/ml, about 15 mg/mL, about 20
mg/ml, about 25 mg/ml, about 30 mg/mlL, about 35
mg/ml, about 40 mg/ml, about 45 mg/mL, about 50
mg/ml, about 55 mg/ml, about 60 mg/mL, about 65
mg/ml, about 70 mg/ml, about 75 mg/mL, about 80
mg/ml, about 85 mg/ml, about 90 mg/mL, about 95
mg/ml, about 100 mg/ml, about 105 mg/mlL, about 110
mg/ml, about 115 mg/mL, about 120 mg/mL, about 125
mg/ml, about 130 mg/mL, about 135 mg/mL, about 140
mg/ml, about 145 mg/mL, about 150 mg/mL, about 155
mg/ml, about 160 mg/mL, about 165 mg/mL, about 170
mg/ml, about 175 mg/mL, about 180 mg/mL, about 185
mg/ml, about 190 mg/ml, about 195 mg/mL, about 200
mg/ml, about 205 mg/mL, about 210 mg/mL, about 215
mg/ml, about 220 mg/ml, about 225 mg/ml, about 230
mg/ml, about 235 mg/ml, about 240 mg/mL, about 245
mg/ml, about 250 mg/mL, about 255 mg/mL, about 260
mg/ml, about 265 mg/mL, about 270 mg/mL, about 275
mg/mL, or about 280 mg/mL.
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In alternative embodiments, the anti-CXCRS binding
agent may be present in the formulation in an amount from
about 5 to about 25 mg/mL, from about 26 to about 50
mg/ml, from about 51 to about 75 mg/mL, from about 76
to about 100 mg/mL, from about 101 to about 125 mg/mL,
from about 126 to about 150 mg/mL, from about 151 to
about 175 mg/mL, from about 176 to about 200 mg/mlL,
from about 201 mg/ml. to about 225 mg/mL, from about 226
mg/mL to about 250 mg/mL, from about 251 to about 280
mg/mL, from about 5 to about 25 mg/mL. from about 40 to
about 60 mg/mL, from about 75 to about 85 mg/mL, or from
about 90 to about 110 mg/mlL.

In a first particular embodiment, a contemplated antibody
is an isolated antibody or fragment thereof that specifically
binds to the extracellular domain of human CXCRS. The
antibody, or fragment thereof, can include: (a) a light chain
variable domain comprising the amino acid sequence of
SEQ ID NO: 11, and a heavy chain variable domain com-
prising the amino acid sequence of SEQ ID NO: 12; (b) the
amino acid sequences of RSSKSLLHSSGKTYLY (SEQ ID
NO: 58), RMSNLAS (SEQ ID NO: 59), MQHLEYPYT
(SEQ ID NO: 60), GFSLIDYGVN (SEQ ID NO: 61),
VIWGDGTTY (SEQ ID NO: 62). and IVY (SEQ ID NO:
63); (c) a light chain variable domain comprising the amino
acid sequence of SEQ ID NO: 13, SEQ ID NO: 14, or SEQ
ID NO: 15, and a heavy chain variable domain comprising
the amino acid sequence of SEQ ID NO: 16; (d) the amino
acid sequences of RSSKSLLHSSGKTYLY (SEQ ID NO:
58), RLSNLAS (SEQ ID NO: 64), MQHLEYPYT (SEQ ID
NO: 60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY
(SEQ ID NO: 62), and IVY (SEQ ID NO: 63); (e) the amino
acid sequences of RSSKSLLHSSGKTYLY (SEQ ID NO:
58), RLSSNLAS (SEQ ID NO: 65), MQHLEYPYT (SEQ
ID NO: 60), GFSLIDYGVN (SEQ ID NO: 61),
VIWGDGTTY (SEQ ID NO: 62). and IVY (SEQ ID NO:
63); () a variable light chain (VL) comprising the amino
acid sequence of SEQ ID NO: 17, SEQ ID NO: 19, or SEQ
ID NO: 21, and a variable heavy chain (VH) comprising the
amino acid sequence of SEQ 1D NO: 23; (g) a variable light
chain comprising the amino acid sequence of SEQ ID NO:
30, SEQ ID NO: 31, or SEQ ID NO: 32, and a variable
heavy chain comprising the amino acid sequence of SEQ 1D
NO: 33 or SEQ ID NO: 34; (h) the amino acid sequences of
RSSKSLLHSSGKTYLY (SEQ ID NO: 58), RMSNLA
(SEQ ID NO: 66), MQHLEYPYT (SEQ ID NO: 60),
GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY (SEQ ID
N: 62), and IVY (SEQ ID NO: 63); (i) the amino acid
sequences of RSSKSLLHSSGKTYLY (SEQ ID NO: 58),
RLSNLA (SEQ ID NO: 67), MQHLEYPYT (SEQ ID NO:
60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTITY
(SEQID NO: 62), and IVY (SEQ ID NO: 63); (j) the amino
acid sequences of RSSKSLLHSSGKTYLY (SEQ ID NO:
58), RLSSLA (SEQ ID NO: 68), MQHLEYPYT (SEQ ID
NO: 60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY
(SEQ ID NO: 62), and IVY (SEQ ID NO: 63); (k) a variable
light chain comprising the amino acid sequence of SEQ ID
NO: 35, and a variable heavy chain comprising the amino
acid sequence of SEQ ID NO: 37; (1) a variable light chain
comprising the amino acid sequence of SEQ ID NO: 39,
SEQ ID NO: 41, or SEQ ID NO: 43, and a variable heavy
chain comprising the amino acid sequence of SEQ ID NO:
45 or SEQ ID NO: 47; (m) a variable light chain comprising
the amino acid sequence of SEQ ID NO: 55, and a variable
heavy chain comprising the amino acid sequence of SEQ 1D
NO: 56 or SEQ ID NO: 57; or (n) the amino acid sequences
of RSSKSLLHSSGKTYLYW (SEQ ID NO: 69), RMSNLA
(SEQ ID NO: 66), MQHLEYPYT (SEQ ID NO: 60),
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GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY (SEQ ID
NO: 62), and IVY (SEQ ID NO: 63).

In a second particular embodiment, a contemplated anti-
body is an isolated antibody or fragment thereof that spe-
cifically binds to the extracellular domain of human
CXCRS5. The antibody or fragment thereof comprises a
variable light chain comprising the amino acid sequence of
SEQ ID NO: 32, and a variable heavy chain comprising the
amino acid sequence of SEQ 1D NO: 33.

In a third particular embodiment, a contemplated antibody
is an isolated antibody or fragment thereof that specifically
binds to the extracellular domain of human CXCRS. The
antibody or fragment thereof comprises the amino acid
sequences of RSSKSLLHSSGKTYLY (SEQ ID NO: 58),
RLSSLA (SEQ ID NO: 68), MQHLEYPYT (SEQ ID NO:
60), GFSLIDYGVN (SEQ ID NO: 61), VIWGDGTTY
(SEQ ID NO: 62), and IVY (SEQ ID NO: 63).

In any of the first, second, or third particular embodiments
above, the antibody or fragment thereof can further include
one or more constant regions. The one or more constant
regions domains can consist of C;, Cpp, Cpps, and/or C;.
The one or more constant regions can be from an IgG
antibody, which can be, for example, an IgG4 antibody.

In any of the first, second, or third particular embodiments
above, the antibody or fragment thereof can be a single chain
Fv.

In one embodiment, a pharmaceutical composition is
contemplated comprising a therapeutically effective amount
of the antibody or fragment thereof of any one the first,
second, or third particular embodiments above and a phar-
maceutically acceptable carrier.

Buffering Agents

The formulations of the invention can include a citrate
buffer as a buffering agent. Other buffers may also be used.
A buffering agent maintains a physiologically suitable pH. In
addition, a buffering agent enhances isotonicity and chemi-
cal stability of the formulation. In some embodiments, the
citrate buffer is present in the formulations at a concentration
from about 0.5 mM to about 50 mM, e.g., about 5 mM to
about 15 mM. For example, the citrate buffer can be present
in the formulation at a concentration about 5 mM, about 6
mM, about 7 mM, about 8 mM, about 9 mM, about 10 mM,
about 11 mM, about 12 mM, about 13 mM, about 14 mM,
about 15 mM, about 16 mM, about 17 mM, about 18 mM,
about 19 mM, about 20 mM, about 21 mM, about 22 mM,
about 23 mM, about 24 mM, about 25 mM, about 26 mM,
about 27 mM, about 28 mM, about 29 mM, about 30 mM,
about 31 mM, about 32 mM, about 33 mM, about 34 mM,
about 35 mM, about 36 mM, about 37 mM, about 38 mM,
about 39 mM, about 40 mM, about 41 mM, about 42 mM,
about 43 mM, about 44 mM, about 45 mM, about 46 mM,
about 47 mM, about 48 mM, about 49 mM, or about 50 mM.
In some embodiments, the citrate buffer is present in the
formulation at a concentration from about 7 mM to about 13
mM, such as from about 9 mM to about 11 mM. In some
embodiments, the citrate buffer is present at a concentration
of about 10 mM.

In certain embodiments, the formulations of the invention
have a pH at or below pH 6. In some embodiments, the pH
of the formulations ranges from about 5.0 to about 6.0. For
example, the pH of the formulations may be about 5.0, about
5.1, about 5.2, about 5.3, about 5.4, about 5.5, about 3.6,
about 5.7, about 5.8, about 5.9, and about 6.0. In some
embodiments, the pH of the formulations may range from
about 5.5 to about 6.0. In some embodiments, the pH is
either about 5.5 or about 6.0. The pH of the formulation may
be measured by any means known to those of skill in the art.
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A means for measuring pH is using a pH meter with a
micro-electrode. The pH of the formulation may be adjusted
using any means known in the art. Exemplary chemicals for
altering the pH of the formulations are hydrochloric acid
(HC1) and sodium hydroxide (NaOH).

In certain embodiments, the formulations of the invention
have a pH at or below the isoelectric point (pI) of the binding
agent, such as an antibody. The isoelectric point is the pH at
which a particular molecule or surface carries no net elec-
trical charge. The pl of an anti-CXCRS binding agent may
be determined by any means known to those of skill in the
art. In some embodiments, the pl of an anti-CXCRS anti-
body is determined by denaturated isoelectric focusing. The
pl a fully human IgG4 antibody contemplated herein can
range from about 6.9 to about 9.1.

For example, a contemplated formulation includes an
anti-CXCR5 binding agent and a citrate buffer, wherein the
pH of the formulation is at or below both about pH 6 and the
isoelectric point (pI) of the binding agent. The formulations
of the invention provide significant improvements over
conventional IgG4 binding agent formulations (e.g., phos-
phate buffered saline (PBS) formulations), which form
unwanted byproducts upon increasing the concentration of
the binding agent in the formulation. In particular, the
formulations of the invention have a reduced amount of
aggregates, half-molecules, degradation products, low
molecular weight proteins (LMWPs), high molecular weight
proteins (HMWPs), and rearrangements of acid, basic, and
neutral isoforms of the binding agent in the formulations.
Surfactants

The formulations of the invention can, optionally, further
comprise a surfactant, which is also known as a stabilizing
agent. Surfactants/stabilizing agents are chemical com-
pounds that interact and stabilize biological molecules and/
or general pharmaceutical excipients in a formulation. In
certain embodiments, surfactants may be used in conjunc-
tion with lower temperature storage. Surfactants generally
protect the binding agent from air/solution interface induced
stresses and solution/surface induced stresses, which may
otherwise result in protein aggregation. Surfactants may
include, but are not limited to, polysorbates, glycerin, dicar-
boxylic acids, oxalic acid, succinic acid, fumaric acids,
phthalic acids, and combinations thereof. Those skilled in
the art are aware that other surfactants, e.g. non-ionic or
ionic detergents, can be used as long as they are pharma-
ceutically acceptable, i.e., suitable for administration to
subjects. The surfactant is, in some embodiments, a poly-
sorbate. Examples of polysorbates include polysorbate 20,
polysorbate 40, polysorbate 60, polysorbate 65, and poly-
sorbate 80.

In exemplary embodiments, the surfactant is present in
the formulations in an amount from about 0.001% to about
0.1% (w/v). For example, the surfactant may be present in
the formulations in an amount of about 0.001% (w/v), about
0.002% (w/v), about 0.003% (w/v), about 0.004% (w/v),
about 0.005% (w/v), about 0.006% (w/v), about 0.007%
(w/v), about 0.008% (w/v), about 0.009% (w/v), about
0.01% (w/v), about 0.02% (w/v), about 0.03% (w/v), about
0.04% (w/v), about 0.05% (w/v), about 0.06% (w/v), about
0.07% (w/v), about 0.08% (w/v), about 0.09% (w/v), and
about 0.1% (w/v). In particular embodiments, the surfactant
is present in the formulations from about 0.003% to about
0.05% (w/v), about 0.004% to about 0.025% (w/v), or about
0.005% to about 0.02% (w/v), e.g. about 0.005% (w/v). For
example, polysorbate 20 may be present in an amount from
about 0.001% to about 0.1% (w/v), about 0.002% to about
0.01% (w/v), about 0.003% to about 0.008% (w/v), and
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about 0.004% to about 0.006% (w/v), e.g., about 0.005%
(w/v). In alternative embodiments, polysorbate 20 is present
in an amount from about 0.001% to about 0.1% (w/v), about
0.005% to about 0.05% (w/v), and about 0.0075% to about
0.025% (w/v), e.g., about 0.01% (w/v). In further alternative
embodiments, polysorbate 20 is present in an amount from
about 0.001% to about 0.1% (w/v), about 0.005% to about
0.05% (w/v), and about 0.01% to about 0.03% (w/v), e.g.,
about 0.02% (w/v).

Tonicity Agents

The formulations of the invention may, optionally, further
comprise a tonicity agent. Typically, tonicity agents are used
to adjust or maintain the osmolality of the formulations in
order to bring it closer to the osmotic pressure of body fluids,
such as blood or plasma. Tonicity agents may also maintain
the binding agent levels in a formulation. In part, the tonicity
agent contributes to preserving the level, ratio, or proportion
of the therapeutically active binding agent present in the
formulation. As used herein, the term “tonicity” refers to the
behavior of biologic components in a fluid environment or
solution. Isotonic solutions possess the same osmotic pres-
sure as blood plasma, and can be intravenously infused into
a subject without changing the osmotic pressure of the
subject’s blood plasma. Indeed, in certain embodiments of
the invention, the tonicity agent is present in an amount
sufficient to render the formulation suitable for intravenous
infusion. Often, the tonicity agent serves as a bulking agent
or a stabilizing agent as well. As such, the tonicity agent may
allow the binding agent to overcome various stresses, such
as freezing and shear. Tonicity agents may include, but are
not limited to, saccharides, sugars, glycerol, sorbitol, man-
nitol, sodium chloride, potassium chloride, magnesium chlo-
ride, and other inorganic salts. Those skilled in the art are
aware that other tonicity agents can be used as long as they
are pharmaceutically acceptable, i.e., suitable for adminis-
tration to subjects.

In certain embodiments, the tonicity agent is present in the
formulations in an amount from about 0.1% to 10% (w/v).
For example, the tonicity agent may be present in the
formulation in an amount of about 0.1% (w/v), about 0.2%
(w/v), about 0.3% (w/v), about 0.4% (w/v), about 0.5%
(w/v), about 0.6% (w/v), about 0.7% (w/v), about 0.8%
(w/v), about 0.9% (w/v), about 1% (w/v), about 2% (wW/v),
about 3% (w/v), about 4% (w/v), about 4.5% (w/v), about
5% (w/v), about 5.5% (w/v), about 6% (w/v), about 7%
(w/v), about 8% (w/v), about 9% (w/v), and about 10%
(w/v). Alternatively, the tonicity agent may be present in the
formulation in an amount from about 2% to about 8% (w/v),
from about 3% to about 7% (w/v), and from about 4% to
about 6% (w/v). In further alternative embodiments, the
tonicity agent may be present in the formulation in an
amount from about 0.1% to about 1%, from about 0.1% to
about 0.5%, from about 0.1 to about 0.3%, and about 0.2%.

In certain exemplary embodiments, the tonicity agent is a
saccharide. Examples of saccharides include glucose,
sucrose (which is also known as saccharose), maltose,
trehalose, dextrose, xylitol, fructose and mannitol. For
example, mannitol may be present in an amount of about 1%
to about 10% (w/v), about 2% to about 8% (w/v), or about
3% to about 5% (w/v), e.g., about 4% (w/v). Alternatively,
sucrose (which is also known as saccharose) may be present
in an amount of about 1% to about 10% (w/v), about 3% to
about 8% (w/v), or about 4% to about 6% (w/v), e.g., about
45,5, 5.5, or 6% (w/v).

In certain other exemplary embodiments, the tonicity
agent is sodium chloride. For example, sodium chloride may
be present in an amount of about 0.1% (w/v), about 0.2%
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(w/v), about 0.3% (w/v), about 0.4% (w/v), about 0.5%
(w/v), about 0.6% (w/v), about 0.7% (w/v), about 0.8%
(w/v), about 0.9% (w/v), and about 1% (w/v). Alternatively,
sodium chloride may be present in the formulation in an
amount from about 0.1% to about 1%, from about 0.1% to
about 0.5%, from about 0.1 to about 0.3%, and about 0.2%.

In further exemplary embodiments, the formulations may
comprise one or more tonicity agents. For example, the
formulations may comprise one or more of the above
tonicity agents in the above concentrations. In certain spe-
cific embodiments, the formulations may comprise sucrose
and sodium chloride, wherein each of the sucrose and
sodium chloride concentrations is between about 0.1% to
about 10% (w/v). In some embodiments, the sucrose con-
centration is about 6% and the sodium chloride concentra-
tion is about 0.2%. Alternatively, the sucrose concentration
is about 4.5% and the sodium chloride concentration is about
0.2%.

In certain embodiments of the invention, the osmolality of
the formulations range from about 200 mOsm/kg to about
350 mOsmvkg, about 270 mOsm/kg to about 330 mOsm/kg,
about 280 mOsm/kg to about 320 mOsm/kg, or about 290
mOsm/kg to about 310 mOsm/kg, e.g., about 300 mOsm/kg.
In other words, the formulations of the invention are, in
some embodiments, substantially isotonic, i.e., having sub-
stantially the same osmotic pressure as human blood. Osmo-
lality can be measured by any means known to those of skill
in the art, such as using vapor pressure or ice-freezing type
osmometers. The osmolality of the formulations of the
invention can, for instance, be regulated by the one or more
tonicity agents described herein.

Amino Acids

The formulations of the invention may, optionally, further
comprise an amino acid. Examples of amino acids include,
but are not limited to, glycine, alanine, aspartic acid, lysine,
serine, tyrosine, cysteine, glutamine, methionine, arginine,
and proline. In exemplary embodiments, the amino acid is
present in the formulations in an amount from about 0.1% to
5% (w/v). For example, the amino acid may be present in the
formulation in an amount of about 0.1% (w/v), about 0.2%
(w/v), about 0.3% (w/v), about 0.4% (w/v), about 0.5%
(w/v), about 0.6% (w/v), about 0.7% (w/v), about 0.8%
(w/v), about 0.9% (w/v), about 1.0% (w/v), about 1.1%
(w/v), about 1.2% (w/v), about 1.3% (w/v), about 1.4%
(w/v), about 1.5% (w/v), about 1.6% (w/v), about 1.7%
(w/v), about 1.8% (w/v), about 1.9% (w/v), about 2.0%
(w/v), about 3% (w/v), about 4% (w/v), and about 5% (w/v).
Alternatively, the amino acid is present in the formulation in
an amount from about 1.3% to about 1.8% (w/v), or about
1.4% to about 1.6% (w/v), e.g., about 1.5% (w/v). In further
alternative embodiments, the amino acid is present in the
formulation in an amount from about 0.5% to about 1.5%
(w/v), or about 0.8% to about 1.2% (w/v), e.g., about 1.0%
(w/v). An exemplary amino acid is proline or arginine. For
example, proline may be present in the formulation in an
amount from about 1% to about 2%, (w/v) about 1.3% to
about 1.8% (w/v), about 1.4% to about 1.6% (w/v), e.g.,
about 1.5% (w/v). Alternatively, arginine may be present in
the formulation in an amount from about 0.5% to about 1.5%
(w/v), or about 0.8% to about 1.2% (w/v), e.g., about 1.0%
(W/v).

Other Excipients

Furthermore, the formulations of the invention may com-
prise other excipients including, but not limited to, water for
injection, diluents, solubilizing agents, soothing agents,
additional buffers, inorganic or organic salts, antioxidants, or
the like. In some embodiments, however, the formulations of
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the invention comprise no other excipients, except those
described above. Other pharmaceutically acceptable carri-
ers, excipients, or stabilizers, such as those described in
Remington’s Pharmaceutical Sciences 16th edition, Osol, A.
Ed. (1980) may be included in the formulation provided that
they do not adversely affect the desired characteristics of the
formulation. In a particular embodiment, the formulation is
substantially free of preservatives, although, in alternative
embodiments, preservatives may be added as necessary. For
example, cryoprotectants or lyoprotectants may be included
in lyophilized formulations.
Liquid or Lyophilized Formulations

The formulations of the invention may be liquid formu-
lations or lyophilized formulations. In some embodiments,
the liquid formulations are ready for injection or may be
diluted prior to injection. Alternatively, the formulations
may be lyophilized powders. In some embodiments, the
lyophilized powders are ready to be combined with one of
a plurality of solvent volumes to arrive at a desired concen-
tration just prior to administration.
Exemplary Formulations

In one embodiment of the invention, the invention pro-
vides a stable liquid antibody formulation suitable for sub-
cutaneous administration, the formulation comprising:

a) greater than about 100 mg/mL, e.g., about 100 to about
175 mg/mL, of a fully human anti-CXCRS5 antibody
comprising a heavy chain comprising the amino acid
sequence of SEQ ID NO: 33 and a light chain com-
prising the amino acid sequence of SEQ ID NO: 32;

b) about 10 mM citrate buffer;

c) about 0.1% (w/v) polysorbate 20 or polysorbate 80; and

d) about 200 mM arginine;

e) about 4.5-9% sucrose,

wherein the pH of the formulation is about pH 6.

In another embodiment of the invention, the invention

provides a stable antibody formulation comprising:

a) about 150 to about 175 mg/mL of a humanized 1gG4
anti-CXCRS antibody comprising a heavy chain com-
prising the amino acid sequence of SEQ 1D NO: 33 and
a light chain comprising the amino acid sequence of
SEQ ID NO: 32;

b) about 10 mM citrate buffer;

¢) about 0.1% (w/v) polysorbate 80; and

d) about 200 mM arginine;

e) about 4.5% sucrose, wherein the pH of the formulation
is about pH 6.0.

In a particular embodiment of the invention, the invention

provides a stable antibody formulation comprising:
a) about 175 mg/mL of a humanized 1gG4 anti-CXCRS
antibody comprising a heavy chain comprising the
amino acid sequence of SEQ ID NO: 33 and a light
chain comprising the amino acid sequence of SEQ ID
NO: 32;
b) about 10 mM citrate buffer;
c) about 0.1% polysorbate 80; and
d) about 200 mM arginine;
e) about 4.5% sucrose,
wherein the pH of the formulation is about pH 6.0.
Stability

Contemplated formulations are stable at 5° C. for at least
about 1,2, 3,4,5,6,7,8, 9, 10, 11 or 12 months or more,
and typically at least about 12, 18, or 24 months, or more.
In exemplary embodiments, they are stable at 5° C. for at
least about 6 months or more. In other exemplary embodi-
ments, they are stable at 5° C. for at least about 9 months.
In further exemplary embodiments, they are stable at 5° C.
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for at least about 1 year or more, and typically more than
about 2 years or more than about 4 years.
Modes of Administration

In certain embodiments of the invention, the formulations
are suitable for administration parenterally, intravenously,
intramuscularly, intradermally, subcutaneously, or a combi-
nation thereof. The formulations of the invention are suitable
for delivery by a variety of techniques.

Dosages and Dosage Forms

Effective doses of the formulations of the invention vary
depending upon many different factors, including means of
administration, target site, physiological state of the subject,
whether the subject is human or an animal, other medica-
tions administered, and whether treatment is prophylactic or
therapeutic. Usually, the subject is a human, but non-human
mammals including transgenic mammals can also be treated.
Treatment dosages may need to be titrated to optimize safety
and efficacy.

The formulations of the invention may be administered on
multiple occasions. Intervals between single dosages can be
daily, weekly, biweekly, monthly or yearly. Intervals can
also be irregular. In some methods, the dosage is adjusted to
achieve a certain plasma binding agent, such as an antibody
concentration. Dosage and frequency will vary depending
on the half-life of the anti-CXCRS5 binding agent, such as an
antibody, in the subject. In general, human antibodies show
the longest half-life, followed by humanized antibodies,
chimeric antibodies, and nonhuman antibodies.

In further embodiments, the invention provides a phar-
maceutical unit dosage form comprising a therapeutically
effective amount of a formulation of the invention for the
treatment of one or more diseases in a subject through
administration of the dosage form to the subject. In some
embodiments, the subject is a human. The human may be an
adult or may be an infant. The term “pharmaceutical unit
dosage form” refers to a physically discrete unit suitable as
unitary dosages for the subjects to be treated, each unit
containing a predetermined quantity of active compound
calculated to produce the desired therapeutic/prophylactic
effect in association with the required citrate buffer and pH.

The unit dosage form may be a container comprising the
formulation. Suitable containers include, but are not limited
to, sealed ampoules, vials, bottles, syringes, and test tubes.
The containers may be formed from a variety of materials,
such as glass or plastic, and may have a sterile access port
(for example, the container may be a vial having a stopper
that can be pierced by a hypodermic injection needle). In
some embodiments, the container is a vial. Generally, the
container should maintain the sterility and stability of the
formulation.

In specific embodiments, the formulations are packaged
in 4 mL vials (2R ISO vials) that are made of clear, colorless
type I glass, and closed with a stopper (fluoropolymer-
coated bromobutyl) sealed with flip-of caps with flange
(polypropylene). The vials are, in some embodiments, filled
with 1.7 mL of the formulations so that the vial has an
overfill volume of about 0.2 mL per vial, and an extractable
volume of 1.5 mL. For example, this means that the dosage
strength of antibody (e.g., 175 mg/mL) will be contained
within 1.5 mL of solution.

In one specific embodiment, the formulations are second-
arily packaged in a container, such as a cardboard box, that
protects the vials from light.

Kits

Certain embodiments of the invention include a kit com-
prising a formulation of the invention. The kit may further
comprise one or more containers comprising pharmaceuti-
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cally acceptable excipients, and include other materials
desirable from a commercial and user standpoint, including
filters, needles and syringes. Associated with the kits can be
instructions customarily included in commercial packages
of therapeutic, prophylactic or diagnostic products, that
contain information about, for example, the indications,
usage, dosage, manufacture, administration, contra-indica-
tions, and/or warnings concerning the use of such therapeu-
tic, prophylactic or diagnostic products. The kit can also be
associated with a label that can be any kind of data carrier
(e.g., a leaflet, sticker, chip, print or bar code) comprising
information. In certain embodiments, the instructions etc. as
listed above can be comprised in or on the label. The kit can
further comprise a device for administration of the formu-
lation, and particularly a device that contains the formula-
tion, 1.e., a pre-filled device such as, but not limited to, a
pre-filled syringe or a pre-filled autoinjector. The kit can also
comprise a container comprising the formulation, ie., a
pre-filled container, such as a pre-filled vial, cartouche,
sachet, or ampoule.
Combination of Different Embodiments

In the context of the present invention, any of the herein
described embodiments can be combined with one or more
of the other herein described embodiments unless explicitly
stated to the contrary. Particularly, any of the herein
described binding agents and antibodies and the herein
described formulations thereof can be used in combination
with any of the kits, pre-filled devices or pre-filled contain-
ers, or can be used in the methods of treatment or medical
uses as described herein in connection with the respective
antibody (e.g., the stable formulations comprising the anti-
CXCRS5 antibodies can be combined with any of the herein
described kits, containers or devices). Any of the herein
described binding agents specifically binding an antigen
(e.g., a binding agent specifically binding CXCRS5) can also
be used in any of the methods of treatment that are described
herein in connection with the respective antibodies (i.e.,
anti-CXCRS5) and vice versa.

EXAMPLES

The following Examples illustrate specific embodiments
of the invention. They are set forth for explanatory purposes
only and are not to be taken as limiting the invention.

Example No. 1: Analysis of Stardust Particle
Formation

A) Introduction

The Drug Product (DP), designated as SAR113244 by
Sanofi, is a humanized IgG monoclonal antibody (mAb) that
selectively binds human CXCRS5 and is disclosed in U.S.
Pat. No. 8,647,622. It was developed for parenteral subcu-
taneous administration as a solution for injection at a con-
centration of 100 mg/mL. DP solution for injection was
packaged in 2 mL clear and colorless vials (glass type I)
closed with stoppers (fluoropolymer-coated bromobutyl rub-
ber) and flip-off caps (polypropylene) with flange (alumi-
num).

Formulation development for the SAR113244 mAb con-
cluded in a formulation for a phase I clinical study that
contained arginine at 10 mg/mL, NaCl at 2 mg/mL, poly-
sorbate 20 at 0.01% and citrate buffer at 10 mM and had a
pH of 6 (referred to hereafter as “DP solution”). This
formulation was stable in terms of chemical stability and in
terms of sub-visible particles. However, after approximately
one year, formation of visible particles occurred when the
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formulation was stored in a glass primary packaging mate-
rial, e.g. vials or prefilled syringes. Formation of visible
particles did not occur when the primary packaging material
was plastic (bag or flask).

It was during a compatibility study planned for Phase 1
clinical study that visible particles were found in the DP
solution stored in 2 R ISO glass vials (Schott, Elmsford,
N.Y.). The particles were very small, shiny, and suspended,
and therefore termed “Stardust particles.” The discovery of
the Stardust particles caused the study to be stopped, and the
DP solution batches were put on quarantine. An immediate
action plan was put in place and an online filter option was
investigated and applied for the clinical study. This was
summarized in an amendment which was approved from the
health authorities with no comments, and the study could
restart. However, for further clinical studies it was desirable
to develop a formulation without Stardust particles. Here,
we describe a method to prepare a SAR113244-containing
highly concentrated formulation that is free of Stardust
particles.

Stardust particles were not present in DP solutions stored
in a bag or stored in a Nalgene® bottle. Stardust particles
were also not present in DP solutions stored in glass vials
directly after manufacturing process. Stardust particles in
the glass vials are believed to have occurred approximately
after one year of storage. Other products (for example,
protein therapeutics) filled in the same kind of vials, using
the same stoppers, using the same filling line, using the same
equipment were checked for particles and never developed
any Stardust particles.

Measurements of subvisible particles using Microflow®
imaging or light obscuration in the DP solution were always
in the acceptance range regardless of the presence of Star-
dust particles. No differences in subvisible particles of
samples directly after manufacturing and samples with long
storage time 1 year were detected during the stability
studies. To get rid of the Stardust particles a new, Stardust-
free formulation was then developed for phase II clinical
trials. Ultimately, the formulation demonstrated stability in
glass containers for 6 months under accelerated conditions
(40° C.) and for 12 months at 2-8° C.

B) Methods

Visual Inspection of DP Solution:

Visual inspection of DP solution was performed by
trained staff directly after finalizing the batch of DP. Vials
were tested by inverting the vials once or twice and subse-
quent observation of the vials for 5 to 15 seconds (Labora-
tory 1: Liquid Inspection Viewer Apollo II; Laboratory 2:
Black Box) or observation of rotating vials with no inversion
(Laboratory 3: Seidenader vial inspection machine with a
magnifier). Light source was 2000-3750 Lux.

Glass Delamination in DP Solution Containers:

Glass delamination was analyzed for four different
batches (3 clinical batches, one tech batch). For this purpose,
10 mL of DP solution per batch were tested to determine the
amount of glass elements, namely Si, B, Ca, and Al that
leached into the solution. Four sets of containers were used
for this study: SCHOTT Type I plus (SiO,-coated vials),
SCHOTT standard Fiolax, SCHOTT DC (delamination con-
trolled), and BD prefillable syringes. The different solutions
were stored at 60° C. and analyzed at three different time
points (after 1, 4, and 12 weeks). Visual inspection was
performed by eve and magnifying video camera with respect
to the presence of “flake-like” and/or “non-flake-like” par-
ticles. Ten containers were tested at each time point. Fur-
thermore, optical inspection of 5 empty containers per
control sample set was performed using stereo-microscopy
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with extended depth of focus to determine qualitatively if
there were any indications for glass corrosion or reaction
zones present on the interior surfaces of the containers.
Additionally, 10 emptied containers per sample set and pull
point were analyzed by stereo-microscopy with extended
depth of focus to determine if there are any indications for
glass corrosion or reactive zones present on the interior
surface. On the interior surface of the two “worst” containers

per set for each pull point, SEM cross-sectional analysis was "

performed. In total, 10 mL of placebo solution (containing
10 mM citrate buffer, 2 g/L NaCl, 10 g/L arginine-HCI, 45
2/L sucrose (4.5%), and 0.01% polysorbate 20) pooled from
the containers for each sample set at each pull point were
analyzed to quantitatively determine the amount of glass
elements leached into the solution.

Mechanical Stability Studies:

To determine whether mechanical stress contributed to the
formation of Stardust particles in the DP solution, mechani-
cal stress studies were performed. During manufacturing,
the DP solution was added to the mixing vessel and excipi-
ents were added. A volume of 10 mL of 8 different formu-
lations (see Table No. 1 below—each composition being
based on citrate buffer) were stirred at 200 rpm for either 30
min or 2 h. After mixing the excipients, the solution was
checked for the occurrence of visible particles. The solution
was then filtered and filled in 2R glass vials. Visual Inspec-
tion followed and the solutions were stored at 40° C. for 4
weeks and inspected each week.

TABLE NO. 1

Overview of Tested Formulations.

Sample Composition

Citrate buffer pH 6 100 mg/mL, no DP
100 mg/mL DP with 0.01% PS 20

100 mg/mL DP with 0.05% PS 20

100 mg/mL DP with 0.1% PS 20

100 mg/mL DP with 0.01% PS 80

100 mg/mL DP with 0.05% PS 80

100 mg/mL DP with 0.1% PS 80

100 mg/mL DP with no PS

oo

TQmmgon

DP—drug product (SAR113244).

RapID Studies (Filtration, Raman, and FT-IR):

During this study, 5 DP solution samples were analyzed.
A visual inspection of the DP solutions in closed containers
was performed first. The solutions of each sample were
filtrated on separate gold-coated polycarbonate filter mem-
branes (pore size 0.8 pm) with an active area having a 4 mm
diameter. The emptied vials were rinsed with 2x2 mL of
particle-free water, and the stopper was rinsed with 1x2 mL
of particle-free water. To ensure that all particles were
transferred to the filter, the funnel within the filtration
equipment was rinsed with 8 mlL of particle-free water.
Photographs of the observed particles were taken via video
microscope. Some of the largest particles (>50 um) were
further analyzed applying different spectroscopic methods.
The Raman spectroscopic investigations were performed
manually by image analysis using the Single Particle
Explorer (SPE) manufactured by rap.ID particle Systems
GmbH. This device works with a laser wavelength of 532
nm. For FI-IR and/or ATR spectroscopy, the FT-IR spec-
trometer LUMOS (serial no. 190) manufactured by Bruker
was used. One of the analyzed particles was further inves-
tigated via Scanning FElectron Microscope SEM-EDX (TM
3000) manufactured by Bruker.

20

25

30

35

40

45

50

60

65

28

Filtration—Microscopy:

Particles were isolated from 5 vials of each batch applying
a cellulose nitrate filter with a pore size of 0.45 pm. The
obtained particles were analyzed by optical microscopy. The
particles were further characterized via IR spectroscopy
using the IR microscope Hyperion 2000 at 15x magnifica-
tion.

Measurement of Subvisible Particles:

1. Optical particle counter: An optical particle counter
(HIAC, Hach) was used to measure the amount of
subvisible particles in the protein formulation. As
required by pharmacopoeia (USP, Ph. Eur.), particles
larger than 10 pm and 25 pm were investigated. Detec-
tion of particles is done by photodetectors that detect
optical disturbances of the illumination caused by the
particles in the view volume.

2. Flow-imaging microscopy: Flow-imaging microscopy
(Micro-flow imaging (MFI), Protein simple) was used
to measure the amount of subvisible particles in the
protein formulation. As required by pharmacopoeia
(USP, Ph. Eur.), particles larger than 10 um and 25 um
were investigated. Particles were detected by a digital
camera.

3. SEC: The relative amount of soluble aggregates in the
nanometer size range was measured using size exclu-
sion chromatography (SEC). In addition, the purity or
relative amount of monomer was reported.

4. DLS: The presence of aggregates and particles in the
nanometer size range were measured using dynamic
light scattering (DLS) (Zetasizer Nano-ZS, Malvern).
Hydrodynamic diameter and polydispersity were mea-
sured.

C) Results and Discussion:

Filtering Experiments:

To understand the Stardust particle phenomenon, we tried
to isolate the particles from the SAR113244 drug product
(DP solution). Isolation of particles in a suspension can be
achieved by filtration or by trying to take out the particles
with a pipette or spatula. However, the characterization of
the Stardust particles was very challenging as they could not
be isolated. Filtration on a cellulose filter did not isolate
Stardust particles (see Table No. 2 and FIGS. 1-3). While
filtering three placebo solutions did not lead to any particles
on the filter, DP solution from a Nalgene bottle showed a
significant amount of glittering particles (FIGS. 4 and 5).
Although the absolute number of particles on the filter
seemed lower than for the “Stardust”-affected samples,
aspect and size did not differ substantially from the particles
isolated before. Therefore, the validity of the method of
vacuum filtration to isolate “Stardust™ particles must be
questioned, because DP solution from the Nalgene bottle did
not show any Stardust particles. The Drug Substance of
SAR113244 also showed particles on the filter (FIG. 6),
even though the Drug Substance is Stardust particle-free:
Drug Substance was stored in a plastic bag only in citrate
buffer (old drug substance from phase 1 process) and did not
show particles when visual inspection was performed, but
after filtration, particles could be seen on the filter.

Samples from different protein-based therapeutics
(SAR252067 and SAR341403) again showed the presence
of particles on the filter (FIGS. 7-12), although the solutions
had been clear (Stardust particle-free). These findings show
that vacuum filtration of highly concentrated antibody solu-
tions bears the risk that solution constituents precipitate on
the filter and make the identification of possible subvisible
or visible particles present in the solution impossible.
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TABLE NO. 2 TABLE NO. 4A-continued
Presence of particles on filter paper.
Sample
Presence of Stardust ~ Presence of particles
particles in protein on cellulose filter 5 Gl ke
Sample formulation after filtration ass attac fo yes yes o
Others? ves yes yes yes
SAR113244 Yes Yes
SAR252067 No Yes
SAR341403 No Yes Summary for t0 (initial)
Placebo solution I No No 10
Placebo solution IT No No
Placebo solution IIT No No 10 1 12 13
(1284) (128B) (128C)  (128D)
Measurement by DLS:
The measurement o'f protein aggregates measured 'by 15 Delamination confimed® 1o 0 0 10
Dynamic Light Scattering did show that the DP solution L
. ) . Early indicators for no no no 10
stored plastic bottles with no Stardust particles (FIG. 13) has o
a lower polydispersity index than the Stardust-containing delamination
DP solution stored in glass vials (FIG. 14). This could be an Glass attack 1o 1o no 1o
indication that conformational changes in the SAR113244 » Others? yes yes yes yes
molecule might be the underlying cause for Stardust particle
formatlon. This result, in addltlon to the Vlspal inspection, Summary for 11 (1 week, 60° C)
indicates that the glass container has a role in the Stardust
formation.
Delamination Study: 25 20 21 22 23
One possible cause for Stardust particle formation was (1284)  (128B)  (128C) (128D)
that delamination occurred from the glass vials. Therefore,
a delamination study was performed. The delamination _ .
. . . .. Delamination confirmed ne no no 1o
study was carried out with a placebo solution containing 10 o
mM citrate buffer, 2 g/L NaCl, 10 g/L arginine-HCI, 45 g/L, 3o  Farly indicators for 1o 1o 1o 1o
(4.5%) sucrose and 0.01% polysorbate 20. The placebo deformation”
solutions were stored in different kind of glass vials outlined Glass attack® 1o 1o no 10
in Table No. 3. Others? ves yes yes yes
TABLE NO. 3 33
Primaty Packaging Used for Delamination Study. TABLE NO. 4B
Sampl Pri kagi terial
amp'e [Imary packagms matena Summary of glass corrosion (glass attack) and delamination.
128A 2R ISO Vials (FC) 2
128B 2R ISO Vials Type I plus (TIP) Sample
128C 2R ISO Vials Delamination controlled (DC) R
128D Prefilled syringe (BD Biotech, Hypak SCF, “BD Summary for 12 (4 weeks, 60° C.)
Syringe) 30 31 32 33
(128A4)  (128B)  (128C)  (128D)
No delamination was found under accelerated conditions +° Delamination confimmed® o o o o
o]
(60° C.) (see Table Nos. 4A and 4B) after 1, 4, or 12 weeks. Early Indicators for o o o yes
delamination®
TABLE NO. 4A Glass attack® yes yes yes yes
Others? yes yes yes yes
Sample 50
Summary for t3 (12 weeks, 60° C.)
Summary for control moles (not sterilized)
40 41 ) 43
01 02 03 (128A) (128B) (128C) (128D)
(TIP) (FC) (DC)
55 Delamination confirmed?® no no no no
Delaminarion confirmed® no no no Early indlicatlorsbfor o 1o o yes
Early indicators for no no no delamination
delamination® Glass attack® yes yes yes yes
Glass attack® no no no Others? yes yes yes yes
Others? ves yes yes
“delamination confirmed: sharp edges or delaminated areas (SEM);
o 60 bearly indicators: reaction zone at the interior surface (SEM), coloration observed by visual
Summary for control samples (sterilized) inspection not less than “weak” (SM), Si/B concentration ratio below or equal to 5 and Si
concentration (ICP) above 10 mg/ml ( | mL up to 2 mL filling volume);
05 06 07 08 “others: shallow pits, shallow bumps, small holes, deposits (SEM), weak-to-medium
: scattering obsetved by visual inspection (SM), local reaction zone (lateral dimension
(TIP) (FC) (DC)  (BD syringe) below 20 iND(SEM),
Delamination confirmed® no 10 1no 10 . .
Farly indicators for 0 o o . 65  However, an increased concentration of glass components

delamination”

(Al Si, B, Ca) was detected in the solution over long storage
(12 weeks, 60° C.)(see Table No. 5).



US 11,207,407 B2

31
TABLE NO. 5

32

Congentrations of Dissolved Glass Elements (ICP-
analyses) Under Accelerated Conditions.

Limit of
Quantitation Placebo bulk
Element Unit Method (LOQ) solution
B mg/L ICP-OES 0.5 <0.5
Al mg/L ICP-MS 0.01 <0.01
Ca mgL ICP-MS 0.05 0.087
Si mg/L ICP-OES 0.5 <0.5
t0: Initial samples
Sample 10 Sample 11 Sample 12 Sample 13
FElement  Unit Method 128A 128B 128C 128D
B mg/L ICP-OES <0.5 <0.5 <0.5 <0.5
Al mg/L ICP-MS 0.047 <0.01 0.057 <0.01
Ca mg/L ICP-MS 0.19 0.11 0.23 0.10
Si mg/L ICP-OES 0.70 0.61 0.60 0.71
tl: 1 week at 60° C.
Sample 20 Sample 21 Sample 22 Sample 23
FElement  Unit Method 128A 128B 128C 128D
B mg/L ICP-OES <0.5 <0.5 0.52 <0.5
Al mg/L ICP-MS 0.52 <0.01 0.55 0.018
Ca mg/L ICP-MS 0.29 0.10 0.32 0.13
Si mg/L ICP-OES 34 6.8 3.7 0.69
t2: 4 weeks at 60° C.
Sample 30 Sample 31 Sample 32 Sample 33
Element  Unit Method 128A 128B 128C 128D
B mg/L ICP-OES 1.36 <0.5 1.28 0.75
Al mg/L ICP-MS 1.8 0.21 1.9 0.99
Ca mg/L ICP-MS 0.48 0.17 0.50 0.20
Si mg/L ICP-OES 12.5 19.6 12.6 11.0

Based on these observations, it is very likely that the glass
components (Al, Si, B, Ca) initiate the particle formation, as
this is the only difference that was observed when comparing
the mAb formulation in vials compared to the formulation in
a Nalgene® bottle. Placebo studies showed no delamination,
but a leaching of some components, which can also be
assumed for DP-solutions with protein. Moreover, this study
established that Stardust particles do not occur in the
absence of protein.

RapID—Study:

The goal of this study was to determine what the Stardust
particles consist of. Previous filtration studies were unsuc-
cessful as it was not possible to isolate the particles on filters.
RapID offers a solution with gold filters. Here, the DP
solution was filtered on a gold filter and then analyzed using
FT-IR (FIG. 15) and Raman spectroscopy (FIG. 16). The
results showed that in 3 of 5 vials, protein particles were
detected. In the other vials, polyethylene has been detected
(FIGS. 17 and 18). The samples that contained polyethylene
most likely also contained protein as typical absorption
peaks for protein above 3000 cm™! were also seen in FT-IR
analysis (FIG. 17). It must be stated that the samples were
very old (4 years—shelf life=3 years). Therefore, additional
studies need to be performed with samples where Stardust
particles have just been detected. However, it is believed that
protein aggregation, at least in part, underlies Stardust
particle formulation. Therefore, new antibody formulations
designed to avoid protein aggregation are believed to able to
avoid Stardust particle formulation.
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Further, while Stardust particles were discovered and
described in the context of a specific anti-CXCRS antibody,
it is believed that other antibodies could exhibit similar
storage problems and could thus potentially benefit from the
proposed antibody formulations presented herein.

Example No. 2: Development of Stardust
Particle-Free Formulations

A) Introduction:

To avoid Stardust particle formation, a new formulation
had to be developed. During this process, chemical stability
and absence of sub-visible particles were equally important.

B) Methods and Results:

To get a robust formulation that is not prone to aggregate
over a prolonged period of time mechanical stress studies
were performed on various experimental samples. The
samples were stressed using a magnetic stirrer, and after
filtration and storage under accelerated conditions, the
samples were tested regarding Stardust particle formation
(visual inspection). With the mechanical stress study, it
could be shown that increased concentrations of Polysorbate
20 or Polysorbate 80 decreases the amount of particles in the
antibody formulation. Based on these results a stability
study was performed, in which highly concentrated
SAR113244 formulations up to 175 mg/ml were tested in
glass vials and prefilled syringes. No Stardust particles were
observed for any SAR113244 concentration when the Poly-
sorbate 20 or Polysorbate 80 concentration was at 0.1%.
Fven at accelerated conditions (6 month, 40° C.) visual
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particles were not present. Therefore, highly concentrated
formulations containing 100-175 mg/ml were put on sta-
bility and no Stardust particles formed. Chemical stability
was achieved when the formulation contained about 100-
175 mg/ml, SAR113244, about 200 mM arginine, about
4.5-9% sucrose, about 0.1% polysorbate 20 or about 0.1%
polysorbate 80 and about 10 mM citrate buffer.

Mechanical Stress Study:

Experimental formulations were made by first adding the
drug product (SAR113244) to the mixing vessel and excipi-
ents were subsequently added (see Table No. 1 above). After
mixing the excipients, the solutions were filtered and added
to a glass vial. Finally, the final formulations were visually
inspected.

The vials were subjected to a mechanical stress study as
described above. The results are shown in FIGS. 19 and 20.
With the mechanical stress study, it was shown that particles
form even after filtration during storage. However, this
process of visible particle formation can be reduced and
even stopped by increasing the polysorbate concentration.
Based on these results, it was postulated that a Stardust
particle-free formulation can be achieved by increasing the
polysorbate concentration. Moreover, Stardust particle-free
formulations can be achieved using either Polysorbate 20 or
Polysorbate 80.

Stability Study:

The inclusion of surfactants in protein-containing phar-
maceutical formulations is widely known, and common
surfactants are Polysorbate 20 and Polysorbate 80. The use
of amino acids, such as arginine and methionine, as stabi-
lizers is also known. However, the inventors have observed
that for the SAR113244 antibody, particle formation occurs
after storage (12 months) only when the primary packaging
material consists of glass. To identify stable formulations of
SAR113244, pharmaceutically relevant formulations of the
antibody were made with concentrations of polysorbate
higher than 0.01% and concentrations of an amino acid
higher than 50 mM (see Table No. 6 below). These formu-
lations were stored in glass vials or glass syringes and
subjected to stability studies under accelerated conditions (at
40° C.) and particle formation was measured (see Table No.
7.
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The results of the stability study showed that a high
amount of arginine (200 mM) results in a stable, Stardust
particle-free formulation for 6 months even if the polysor-
bate content was at 0.01%. It was desired to achieve even
higher concentrations of mAb and to achieve a formulation
that is stable for a prolonged period of time. The earlier
results showed that a high concentration of arginine in a
formulation (Table No. 5) and a high amount of polysorbate
(FIGS. 19 and 20) were beneficial. These observations were
taken into account, and a new stability study was performed
using high amount of arginine and polysorbate.

TABLE NO. 6

Composition of formulation tested for 6 months.

Sample Composition

SAR113244_14_124A 150 mg/ml SAR113244, 45 g/L Sucrose, 200 mM
Arginine HCI, 2 mg/ml NaCl, 0.1 mg/ml PS20, 10
mM Citrate buffer pH 6.0

150 mg/ml SAR113244, 45 g/1. Sucrose, 200 mM
Arginine HCL, 0.1 mg/ml PS20, 10 mM Citrate
buffer pH 6.0

150 mg/ml SAR113244, 60 g/L Sucrose, 200 mM
Arginine HCL, 0.1 mg/ml PS20, 10 mM Citrate
buffer pH 6.0

150 mg/ml SAR113244, 90 g/L Sucrose, 200 mM
Arginine HC, 0.1 mg/ml PS20, 10 mM Citrate
buffer pH 6.0

SAR113244_14_124B

SAR113244_14_124C

SAR113244_14_124D

The samples of Table No. 6 were stored at different
temperatures (5° C., 25° C., 40° C. and -20° C.) in 2R ISO
vials for 2 weeks (T0.5), 1 month (T1), 3 months (T3), and
6 months (T6) to determine their stability using methods as
described in Example No. 1. A control set of samples was
also measured at day zero (T0). The results are shown in
Table No. 7.

TABLE NO. 7

Results of stability under accelerated conditions for formulations 124A-D

MFI MFI HIAC HIAC

SEC [particles = [particles = DLS  [patticles =  [particles =
Sample [% Monomer] 10 pm] 25 pm] [nm] 10 pm] 25 pm]
SAR113244_14_124A TO 97.6 88 0 12.21 28 0
SAR113244_14_124B TO 97.6 92 0 12.39 5 2
SAR113244_14_124C TO 975 153 42 12.87 23 5
SAR113244_14_124D TO 97.6 4 0 13.99 85 2
SAR113244_14_124A T0.5 40° C, 973 12.49
SAR113244_14_124B T0.5 40° C. 975 12.44
SAR113244_14_124C T0.5 40° C. 974 12.92
SAR113244_14_124D T0.5 40° C. 975 13.9
SAR113244_14_124A T1 -20° C. 97.6 12.18 2 0
SAR113244_14_124AT1 5° C. 97.7 12.24 5 0
SAR113244_14_124A T1 25° C. 978 12.12 7 0
SAR113244_14_124A T1 40° C. 96.8 12.41 57 0
SAR113244_14_124B T1 -20° C, 97.6 12.42 5 0
SAR113244_14_124B T1 5° C. 911 12.34 0 0
SAR113244_14_124B T1 25° C. 97.8 12.23 38 0
SAR113244_14_124B T1 40° C. 96.8 12.52 35 2
SAR113244_14_124C T1 -20° C. 975 12.64 5 0
SAR113244_14_124C T1 5° C. 917 12.81 2 0
SAR113244_14_124C T1 25° C. 978 12.56 7 0
SAR113244_14_124C T1 40° C. 96.8 12.81 7 0
SAR113244_14_124D T1 -20° C. 97.6 13.94 10 0
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TABLE NO. 7-continued
Results of stability under accelerated conditions for formulations 124A-D
MFI MFI HIAC HIAC
SEC [particles =  [particles = DLS [partticles =  [particles =

Sample [% Monomer] 10 um] 25 pm] [nm] 10 um] 25 pm]
SAR113244_14_124D T1 5° C. 97.6 13.88 10 0
SAR113244 14 124D T1 25° C. 97.8 13.58 2 0
SAR113244 14 124D T1 40° C. 96.9 13.93 12 2
SAR113244_14_124A T3 -20° C. 97.6 338 54 12.25 13 2
SAR113244_14_124A T3 5° C. 97.8 54 3 12.12 12 1
SAR113244_14_124A T3 25° C. 97.7 80 14 1233 17 1
SAR113244 14 124A T3 40° C. 93.8 63 0 13.28 13 1
SAR113244_ 14 124B T3 -20° C. 97.6 101 6 12.2 6 1
SAR113244_14_124B T3 5° C. 97.7 17 6 12.18 9 1
SAR113244 14 124B T3 25° C. 97.7 195 23 12.11 6 1
SAR113244_14_124B T3 40° C. 94.0 109 0 13.02 15 0
SAR113244_14_124C T3 -20° C. 97.6 224 3 12.87 5 0
SAR113244_14_124C T3 5° C. 97.7 635 84 12.67 10 2
SAR113244 14 124C T3 25° C. 97.7 75 0 12.62 7 0
SAR113244_14_124C T3 40° C. 93.9 995 138 13.59 6 1
SAR113244_14_ 124D T3 -20° C. 97.5 172 14 13.98 11 1
SAR113244_14_124D T3 5° C. 97.8 20 3 1445 15 0
SAR113244 14 124D T3 25° C. 97.7 118 6 1345 3 0
SAR113244_14_124D T3 40° C. 94.3 204 29 13.7 5 0
SAR113244_14_124A T6 -80° C. 97.6

SAR113244_14_124A T6 -20° C. 97.6

SAR113244 14 124A T6 5° C. 97.7

SAR113244_14_124A T6 25° C. 97.5

SAR113244_14_124A T6 40° C. 88.5

SAR113244_14_124B T6 -80° C. 97.5

SAR113244_14_124B T6 -20° C. 97.5

SAR113244 14 124B T6 5° C. 97.7

SAR113244_ 14 124B T6 25° C. 97.4

SAR113244 14 124B T6 40° C. 88.3

SAR113244_14_124C T6 -80° C. 97.6

SAR113244_14_124C T6 -20° C. 97.6

SAR113244_14_124C T6 5° C. 97.7

SAR113244 14 124C T6 25° C. 97.4

SAR113244_14_124C T6 40° C. 88.4

SAR113244_14_ 124D T6 -80° C. 97.5

SAR113244_14_ 124D T6 -20° C. 97.5

SAR113244 14 124D T6 5° C. 97.7

SAR113244_ 14 124D T6 25° C. 97.5

SAR113244_14_124D T6 40° C. 88.5
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In a subsequent test, new formulations based on Formu-

TABLE NO. 8-continued

lation 124D with even higher mAb concentrations were
made and tested for stability, as described above. Further,

Composition of formulation put on stability for 6 month.

increased polysorbate concentrations were also tested due to

the results associated with Table No. 5. The new formula- 45

Sample Composition

tions are described in Table No. 8 below, where Formula-
tions A and B were stored in 2R ISO vials, and Formulations
C and D were stored in prefilled syringes (1 mL Hypak BD).

TABLE NO. 8 50

Composition of formulation put on stability for 6 month.

Sample Composition

SAR113244 15_133B 175 mg/ml SAR113244, 45 ¢/L. Sucrose, 200
mM Arginine HCI, 1.0 mg/ml PS80, 10 mM
Citrate buffer pH 6.0

150 mg/ml SAR113244, 45 g/L Sucrose, 200
mM Arginine HCI, 1.0 mg/ml PS80, 10 mM
Citrate buffer pH 6.0

175 mg/ml SAR113244 45 g/L Sucrose, 200
mM Arginine HCI, 1.0 mg/ml PS80, 10 mM

Citrate buffer pH 6.0

SAR113244_15_133C

SAR113244_15_133D

SAR113244 15 133A 150 mg/ml SAR113244, 45 g/L. Sucrose, 200
mM Arginine HCI, 1.0 mg/ml PS80, 10 mM

Citrate buffer pH 6.0
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Stability was tested for the formulations of Table No. 8,
and the results are shown in Table No. 9.

TABLE NO. 9

Stability of formulations 133A-D under accelerated conditions.

HIAC HIAC
SEC [particles = [particles = DLS
Sample [% Monomer] 10 pm] 25 pm] [nm]
SAR113244_15_133A TO 98.8 10 0 13.754
SAR113244 15 133B TO 98.7 5 0 14.072
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TABLE NO. 9-continued
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Stability of formulations 133A-D under accelerated conditions.

HIAC HIAC

SEC [particles = [particles = DLS
Sample [% Monomer] 10 pm] 25 pm] [nm]
SAR113244_15_133C TO 98.7 140 8 13.41
SAR113244_15_133D TO 98.7 18 0 14.072
SAR113244_15_133AT1 -20° C. 98.7 33 2 13.084
SAR113244_15_133AT1 5°C. 98.7 3 0 13.302
SAR113244 15_133AT1 25° C. 98.7 3 0 13.156
SAR113244_15_133AT1 40° C. 97.8 8 0 13.452
SAR113244 15 133B T1 -20° C. 98.4 3 0 13.758
SAR113244_15_133BT1 5° C. 98.6 3 0 13.774
SAR113244 15_133B T1 25° C. 98.8 20 3 13.856
SAR113244_15_133B T1 40° C. 97.8 2 0 14.074
SAR113244_15_133C T1 -20° C. 98.7 288 5 13.346
SAR113244_15_133C T1 5° C. 98.8 187 2 13.388
SAR113244_15_133C T1 25° C. 98.7 60 3 13.424
SAR113244_15_133C T1 40° C. 97.9 77 0 13.526
SAR113244_15_133D T1 -20° C. 98.6 82 3 13.878
SAR113244_15_133D T1 5° C. 98.8 218.3 2 13.818
SAR113244 15 133D T1 25° C. 98.8 373 10 13.72
SAR113244_15_133D T1 40° C. 97.7 147 17 14.142
SAR113244 15_133A 2 Mo -20° C. 98.8 13.49
SAR113244_15_133A 2 Mo 5° C. 98.8 13.44
SAR113244_15_133A 2 Mo 25° C. 98.8 13.458
SAR113244_15_133A 2 Mo 40° C. 96.7 14.044
SAR113244_15_133B 2 Mo -20° C. 98.8 7.014
SAR113244_15_133B 2 Mo 5° C. 98.8 13.998
SAR113244_15_133B 2 Mo 25° C. 98.6 13.906
SAR113244_15_133B 2 Mo 40° C. 96.3 14.566
SAR113244 15 133A, T3 3 Mo -20° C. 98.8 30 2 13.55
SAR113244 15 133A, T3 3 Mo 5° C. 98.8 17 0 13.6
SAR113244 15_133A, T3 3 Mo 25° C. 98.7 5 0 13.43
SAR113244_15_133A, T3 3 Mo 40° C. 95.0 3 2 13.92
SAR113244_15_133B, T3 3 Mo -20° C. 98.7 3 0 13.96
SAR113244_15_133B, T3 3 Mo 5° C. 98.8 7 0 13.92
SAR113244_15_133B, T3 3 Mo 25° C. 98.7 2 2 13.73
SAR113244_15_133B, T3 3 Mo 40° C. 94.4 10 0 14.54
SAR113244_15_133C, T3 3 Mo -20° C. 98.8 197 12 13.02
SAR113244_15_133C, T3 3 Mo 5° C. 98.8 172 2 13.36
SAR113244 15 133C, T3 3 Mo 25° C. 98.8 100 2 13.47
SAR113244_15_133C, T3 3 Mo 40° C. 95.0 73 0 14.33
SAR113244 _15_133D, T3 3 Mo -20° C. 98.7 213 7 13.97
SAR113244_15_133D, T3 3 Mo 5° C. 98.8 105 3 13.87
SAR113244_15_133D, T3 3 Mo 25° C. 98.7 2 2 13.86
SAR113244_15_133D, T3 3 Mo 40° C. 94.4 72 3 14.63
SAR113244_15_133A, T6 6 Mo -80° C. 98.7 30 10 13.54
SAR113244_15_133A, T6 6 Mo -20° C. 98.8 62 0 13.44
SAR113244_15_133A,T6 6 Mo +5° C. 98.8 53 2 13.16
SAR113244_15_133A, T6 6 Mo +25° C. 98.6 20 5 13.27
SAR113244 15 133A, T6 6 Mo +40° C. 89.5 7 0 15.56
SAR113244_15_133B, T6 6 Mo -80° C. 98.6 10 0 14.02
SAR113244_15_133B, T6 6 Mo -20° C. 98.6 22 0 13.91
SAR113244_15_133B, T6 6 Mo +5° C. 98.6 7 2 13.7
SAR113244_15_133B, T6 6 Mo +25° C. 98.4 15 0 13.71
SAR113244_15_133B, T6 6 Mo +40° C. 88.2 2 3 16.26
SAR113244_15_133C, T6 6 Mo -80° C. 98.7 75 5 135
SAR113244_15_133C, T6 6 Mo -20° C. 98.8 233 25 134
SAR113244_15_133C, T6 6 Mo +5° C. 98.8 113 12 13.38
SAR113244_15_133C, T6 6 Mo +25° C. 98.5 218 12 13.27
SAR113244 15 133C, T6 6 Mo +40° C. 90.0 130 17 15.49
SAR113244_15_133D, T6 6 Mo -80° C. 98.6 147 5 13.9
SAR113244_15_133D, Té 6 Mo -20° C. 98.6 85 3 13.8
SAR113244_15_133D, T6 6 Mo +5° C. 98.7 7 5 13.7
SAR113244_15_133D, T6 6 Mo +25° C. 98.3 7 0 13.84
SAR113244_15_133D, T6 6 Mo +40° C. 88.5 7 10 16.03

Based on the results of the stability study, it is shown that 60 under acceptance criteria of the authorities. To achieve

the formulation of high antibody concentration, Stardust
particle-free preparations was achieved. Indeed, an antibody
concentration of up to 175 mg/mL was stable under accel-
erated conditions (40° C.) for 6 months (see e.g., Formula-
tion B). The amount of particles detected when using
prefilled syringes as a primary packaging material was
slightly elevated compared to 2R ISO wvials, but still well

65

nearly no subvisible particles under the accelerated condi-
tions tested (40° C. for 6 month) with experimental formu-
lations having such high concentrations of a protein prone to
aggregation was absolutely unexpected and represents a
huge breakthrough in establishing highly stable high con-
centration antibody formulations. Indeed, such high anti-
body concentration formulations may allow use of autoin-
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jectors for administration of the antibody formulations.
Moreover, such antibody formulations could lead to even
greater shelf-life for antibodies stored in glass containers for
extended periods of time at high concentrations.

Having described the invention in detail and by reference
to specific embodiments thereof, it will be apparent that
modifications and variations are possible without departing
from the scope of the invention defined in the appended

40

claims. More specifically, although some aspects of the
present invention are identified herein as particularly advan-
tageous, it is contemplated that the present invention is not
necessarily limited to these particular aspects of the inven-
tion. In alternative embodiments, percentages disclosed
herein may otherwise vary in amount by =10, 20, or 30%
from values disclosed herein.
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MNYPTLEMDLENLEDLFWELDRLDNYNTSLVENHLC
ctteceggaattesargtnmagctgsagsagte
cttecggaattesargtnmagetygsagsagtewyy
ggaggatccatagacagatgggggtgtegttttgge
ggagctcgayattgtgmtsacmcarwctmea
tatagagctcaagcttggatggtgggaagatggatacagttggtgce
ccaagctgtgtectrtec
cgacaagtcgactageecttgaccaggeatee
wtctetrgagtcagtggy
cgactagtcgactggtgggaagatggatacag

DIVMTQAAPSVAVTPRESVSISCRSSKSLLHSSGKTYLYWFLORPGQSPQL
LIYRMSNLASGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

QVQLKESGPGLVAPSQSLSITCTVSGFSLIDYGVNWIRQPPGKGLEWLGV I
WGDGTTYYNSALKSRLS IRKDNSQSQVFLKMNSLQTDDTAMYYCARIVYWG
QGTLVTVSA

DIVMTQSALSVAVTPGESVSISCRSSKSLLHSSGKTYLYWFLQRPGQSPQL
LIYRMSNLASGVPDRFSGSGSGTAFTLKISRVEAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

DIVMTQSALSVAVTPGESVSISCRSSKSLLHSSGKTYLYWFLORPGQSPQL
LIYRLSNLASGVPDRFSGSGSGTAFTLKISRVEAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

DIVMTQSALSVAVTPGESVSISCRSSKSLLHSSGKTYLYWFLQRPGQSPQL
LIYRLSSNLASGVPDRFSGSGSGTAFTLKISRVEAEDVGVYYCMQHLEYPY
TFGGGTKLEIK

QVQLQESGPGLVAPSESLSITCTVSGFSLIDYGVNWIRQPPGKGLEWLGV I
WGDGTTYYNPSLKSRLS ISKDNSKSQVFLKMNSLTAADTAMYYCARIVYWG
QGTLVTVSS

MGWSCIILFLVATATGVHSDIVMTQSALSVAVTPGESVSISCRSSKSLLHS
SGKTYLYWFLQRPGQSPQLLIYRMSNLASGVPDRFSGSGSGTAFTLKISRY
EAEDVGVYYCMQHLEYPYTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

gctagcaccatgggetggagetgcatcatcectgtteetggtggecacegece
accggcgtgcacagcgacatcegtgatgacccagagegecectecagegtggec
gtgaccceeggegagagegtgageatecagetgecgcageagcaagagecetg
ctgecacagcagceggcaagacctacetgtactggttectgcagegececgyge
cagagccceccagcetgcectgatcectaccgeatgagcaacctggecageggegtyg
ceegaccgcettecageggcageggcageggeaccgectteacectgaagatc
agccgegtggaggecgaggacgtgggegtgtactactgeatgeageacctg
gagtaccectacacctteggeggeggeaccaagetggagatcaagegtacg
gtggeegetectteegtgtteatettecctecctecgacgageagetgaag
teeggeaccgectecgtggtgtgtetgetgaacaacttetacectegggag
gccaaggtgcagtggaaggtggacaacgecctgcagtecggcaactceecag
gagtccgtecaccgagcaggactccaaggacageacctactecetgtectece
accctgaccectgtecaaggecgactacgagaagcacaaggtgtacgectgt
gaggtgacccaccagggcectgtecagecctgtgaccaagtecttecaaccgy

ggcgagtgctgaagett

MGWSCIILFLVATATGVHSDIVMTQSALSVAVTPGESVSISCRSSKSLLHS
SGKTYLYWFLQRPGQSPQLLIYRLSNLASGVPDRFSGSGSGTAFTLKISRY
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-continued
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SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
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EAEDVGVYYCMQHLEYPYTFGGGTKLEIKRTVAAPSVF IFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

gctagcaccatgggetggagetgcatcatectgttectggtggecaccgee
accggecgtgcacagcgacatcecgtgatgacccagagegecctcagegtggee
gtgacceecggcgagagegtgagcatcagetgecgcagcagcaagagecty
ctygcacagcagcggcaagacctacctgtactggttectgcagegececegge
cagagcccccagcetgctgatcetacegectgagcaacctggecageggegty
ccegaccgetteageggeageggcagceggeaccgecttcacectgaagate
agccgegtggaggecgaggacgtgggegtgtactactgcatgcagcaccty
gagtaccectacacctteggeggeggeaccaagetggagat caagegtacy
gtggecgetectteegtgtteatettecctecctecgacgageagetgaayg
teeggeacegeetecgtggtgtygtetgetgaacaacttetacectegggay
gccaaggtgecagtggaaggtggacaacgecctgecagtceggeaacteccayg
gagtccgtecaccgagcaggacteccaaggacagcacctacteectgtectee
accctgaccectgtecaaggecgactacgagaagcacaaggtgtacgeetgt
gaggtgacccaccagggcctgtcecagecctgtgaccaagtecttcaaceygy
ggcgagtgctgaagett

MGWSCIILFLVATATGVHSDIVMTQSALSVAVTPGESVSISCRSSKSLLHS
SGKTYLYWFLQRPGQSPQLLIYRLSSLASGVPDRFSGSGSGTAFTLKISRV
EAEDVGVYYCMQHLEYPYTFGGGTKLEIKRTVAAPSVF IFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQOWKVDNALQSGNSQESVTEQDSKDSTYSLSSILT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

gctagcaccatgggetggagetgcatecatectgttectggtggecaccgec
accggegtgcacagcgacatcgtgatgacccagagegecctecagegtggec
gtgacccecggcgagagegtgagcatecagetgecgecagecagcaagagectyg
ctgcacagcagecggcaagacctacctgtactggttectgcagegececegge
cagagcccccagcetgctgatcetacegectgagcagectggecageggegty
ccegaccegetteageggeageggeageggeacegecttcacectgaagate
agccgegtggaggecgaggacgtgggegtgtactactgeatgeageacety
gagtaccectacacctteggeggeggeaccaagetggagatcaagegtacy
gtggccegetectteegtgtteatctteectecctecgacgageagcetgaay
tceggecaccgectecgtggtgtgtetgetgaacaacttetacectegggag
gccaaggtgcagtggaaggtggacaacgcecctgcagtecggcaacteccayg
gagtccgtcaccgagcaggactccaaggacagcacctactecctgtectee
accctgaccectgtecaaggecgactacgagaagcacaaggtgtacgeetgt
gaggtgacccaccagggcctgtecagecctgtgaccaagtecttcaacegg

ggcgagtgctgaagett

MGWSCIILFLVATATGVHSQVQLQESGPGLVAPSESLSITCTVSGFSLIDY
GVNWIRQPPGKGLEWLGVIWGDGTTYYNPSLKSRLS ISKDNSKSQVEFLKMN
SLTAADTAMYYCARIVYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSS
SLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLG

gctagcaccatgggetggagetgecateatectgttectggtggecacegee
accggegtgcacagecaggtgcagetgeaggagageggeceeggectggty
gcccccagegagagectgageatcacctgecaccgtgageggettecagecty
atcgactacggcgtgaactggateccgecagceeccecggcaagggectggag
tggctgggcgtgatctggggegacggceaccacctactacaaccecagecty
aagagccgcctgagcatectecaaggacaacagcaagagcecaggtgttecty
aagatgaacagcctgaccgecgecgacacegcecatgtactactgegeecge
atcgtgtactggggccagggcaccetggtgaccgtgagcagegecageace
aagggccctteegtgtteectetggececttgeteceggtecaccteegay
tcecacegecgcetetgggetgectggtgaaggactacttecectgagectgty
accgtgtectggaactetggegecetgacetecggegtgcacacetteccet
gcegtgetgeagtecteeggectgtactecctgtectecegtggtgacegty
cettectectecctgggcaccaagacctacacctgtaacgtggaccacaay
ccttcecaacaccaaggtggacaagegggtggagtccaagtacggecctect
tgecccttectgecctgecectgagttectgggeggacctagegtgttecty
ttecctectaagectaaggacacectgatgateteceggaceectgaggty
acctgtgtggtggtggacgtgteccaggaggaccectgaggtecagttecaac
tggtacgtggacggcgtggaggtgecacaacgccaagaccaagect cgggay
gagcagttcaattccacctaccgggtggtgtetgtgetgaccegtgetgeac
caggactggctgaacggcaaagaatacaagtgtaaggtcetecaacaaggge
ctgcectectecatcgagaaaaccatctccaaggecaagggcecagectagg
gagcctcaggtgtacaccetgectectagecaggaagagatgaccaagaac
caggtgtcectgacctgtetggtgaagggettctacecttecgacategee
gtggagtgggagtecaacggecagectgagaacaactacaagaccaccect
cctgtgetggactecgacggetecttettectgtactecaggetgacegtyg
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gacaagtcceggtggcaggagggeaacgtettttectgetecgtgatgeac
gaggccctgeacaaccactacacccagaagtecetgteectgtet ctggge
tgaagett

KPGQPPRLLIYDASNRATGIPA
TDDTAMYYCARI
SEDSALYYCARD

DIVMTQAAPSVAVTPRESVSISCRSSKSLLHS SGKTYLYWFLORPGQSPQL
LIYRMSNLASGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

QVQLKESGPGLVAPSQSLSITCTVSGFSLIDYGVNWIRQPPGKGLEWLGVI
WGDGTTYYNSALKSRLSIRKDNSQSQVFLKMNSLOTDDTAMYYCARIVYWG
QGTLVTVSA

DIVMTQAAPSVAVTPGASVSISCRSSKSLLHSSGKTYLYWFLQRPGQSPQL
LIYRMSNLASGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

DIVMTQAAPSVAVTPGASVSISCRSSKSLLHS SGKTYLYWFLQRPGQSPQL
LIYRLSNLASGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

DIVMTQAAPSVAVTPGASVSISCRSSKSLLHS SGKTYLYWFLQRPGQSPQL
LIYRLSSLASGVPDRFSGSGSGTAFTLRISRVEAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

QVQLKESGPGLVAPSESLSITCTVSGFSLIDYGVNWIRQPPGKGLEWLGVI
WGDGTTYYNPSLKSRLSISKDNSKSQVFLKVISLITDDTAMYYCARIVYWG
QGTLVTVSA

EVQLKESGPGLVAPGGSLSITCTVSGFSLIDYGVNWIRQPPGKGLEWLGVI
WGDGTTYYNAPLKGRLSISKDNSKSQVFLOMNSLKTDDTAMYY CARIVYWG
QGTLVTIVSS

MGWSCIILFLVATATGVHSDIVMTQAAPSVAVTPRESVSISCRSSKSLLHS
SGKTYLYWFLQRPGQSPQLLIYRMSNLASGVPDRFSGSGSGTAFTLRISRV
EAEDVGVYYCMQHLEYPYTFGGGTKLEIKRTVAAPSVF IFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

gctagcaccatgggetggagetgcatcatectgttectggtggecaccgee
accggcgtgcacagcgacatcecgtgatgacccaggecgeccccagegtggee
gtgacceececgegagagegtgagecatecagetgecgcageagcaagagecety
ctygcacagcagcggcaagacctacctgtactggttectgcagegececegge
cagagcccccagcetgcetgatcetacegcatgagcaacctggecageggegty
ccegaccgetteageggeageggcageggeaccgecttcacectgegeate
agccgegtggaggecgaggacgtgggegtgtactactgcatgcagcaccty
gagtaccectacacctteggeggeggeaccaagetggagatcaagegtacy
gtggecgetectteegtgtteatettecctecctecgacgageagetgaayg
teceggecacegectecgtggtgtgtetgetgaacaacttetacectegggay
gccaaggtgecagtggaaggtggacaacgecctgecagtceggeaacteccayg
gagtccgtecaccgagcaggacteccaaggacagcacctacteectgtectee
accctgaccectgtecaaggecgactacgagaagcacaaggtgtacgeetgt
gaggtgacccaccagggcctgtcecagecctgtgaccaagtecttcaaceygy
ggcgagtgctgaagett

MGWSCIILFLVATATGVHSQVQLKESGPGLVAPSQSLSITCTVSGFSLIDY
GVNWIRQPPGKGLEWLGVIWGDGTTYYNSALKSRLS IRKDNSQSQVFLKMN
SLQTDDTAMYYCARIVYWGQGTLVTVSAASTKGPSVFPLAPCSRSTSESTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSS
SLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHQODWLNGKEYKCKVSNKGLPS STEKTISKAKGQPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVESCSVMHEALHNHY TQKSLSLSLG

gctagcaccatgggetggagetgcatecatectgttectggtggecaccgec
accggegtgcacagecaggtgcagetgaaggagageggeceeggectggty
gcccccagecagagectgageatcacctgecaccegtgageggettecagecty
atcgactacggecgtgaactggatcegcecagecceeccggcaagggectggay
tggctgggegtgatctggggcegacggcaccacctactacaacagegeecty
aagagccgectgageatecgeaaggacaacagecagagecaggtgttecty
aagatgaacagcctgcagaccgacgacaccgecatgtactactgegeeege
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SEQ ID NO:
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40

41

42

43

44

atcgtgtactggggccagggcaccetggtgaccgtgagegeecgecageace
aagggecctteegtgttecctetggececttgeteceggtecaceteecgay
teccacegeegetetgggetgectggtgaaggactacttecectgageetgty
accgtgtectggaactetggegecetgaceteeggegtgecacacettecet
gcegtgetgeagtecteeggectgtactecctgtectecegtggtgacegty
ccttectectecctgggcaccaagacctacacctgtaacgtggaccacaag
cettecaacaccaaggtggacaagegggtggagtccaagtacggecetect
tgcccttectgecctgecectgagttectgggeggacctagegtgttecty
ttecctectaagectaaggacaccetgatgatcteceggacecctgaggty
acctgtgtggtggtggacgtgtcccaggaggaccctgaggtecagttcaac
tggtacgtggacggcgtggaggtgcacaacgccaagaccaagcectcgggay
gagcagttcaattecacctacegggtggtgtetgtgetgacegtgetgeac
caggactggctgaacggcaaagaatacaagtgtaaggtctecaacaaggge
ctgceetectecategagaaaaccatetecaaggecaagggecagectagy
gagcctcaggtgtacacectgectectagecaggaagagatgaccaagaac
caggtgtccctgacctgtetggtgaagggettctacecttecgacategee
gtggagtgggagtccaacggecagectgagaacaactacaagaccaccect
cectgtgctggactecgacggcetecttettectgtacteccaggctgacegty
gacaagtcccggtggcaggagggcaacgtettttectgetecgtgatgeac
gaggccctgecacaaccactacacccagaagtecectgtecctgtetetggge
tgaagctt

MGWSCIILFLVATATGVHSDIVMTQAAPSVAVTPGASVSISCRSSKSLLHS
SGKTYLYWFLQRPGQSPQLLIYRMSNLASGVPDRFSGSGSGTAFTLRISRV
EAEDVGVYYCMQHLEYPYTFGGGTKLEIKRTVAAPSVF IFPPSDEQLKSGT
ASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

gctagcaccatgggetggagetgcateatectgttectggtggecaccgec
accggegtgcacagcgacatcgtgatgacccaggecgecceccagegtggee
gtgaccceeggcegecagegtgagcatcagetgecgcagcagcaagagecty
ctgcacagcageggcaagacctacetgtactggttectgcagegececegge
cagageccccagetgetgatetacegeatgageaacetggecageggegty
ceegacegetteageggeageggeageggeacegectteaceetygegeate
agccgegtggaggecgaggacgtgggegtgtactactgcatgecagecacetyg
gagtacccctacacctteggeggcegygcaccaagetggagatcaagegtacy
gtggecgetecttecgtgtteatcttecctecctecgacgageagetgaayg
tceggecaccgectecgtggtgtgtetgetgaacaacttctaccctcgggay
gccaaggtgcagtggaaggtggacaacgceectgcagtecggcaacteccag
gagtccgtcaccgagcaggactccaaggacagcacctactecctgtectec
accctgaccctgtecaaggecgactacgagaagcacaaggtgtacgeetgt
gaggtgacccaccagggcectgtecagecctgtgaccaagtecttcaacegyg

ggcgagtgctgaagett

MGWSCIILFLVATATGVHSDIVMTQAAPSVAVTPGASVSISCRSSKSLLHS
SGKTYLYWFLQRPGQSPQLLIYRLSNLASGVPDRFSGSGSGTAFTLRISRV
EAEDVGVYYCMQHLEYPYTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

gctagcaccatgggetggagetgcatecatectgttectggtggecaccgec
accggegtgcacagcegacatcegtgatgacecaggecgeccecagegtggee
gtgacccecggegecagegtgageatecagetgecgeageagcaagagecety
ctgcacagcageggcaagacctacetgtactggttectgecagegeceegge
cagagcccccagectgetgatcectaccgectgagcaacctggecageggegtyg
ccegaccgcttecageggcageggecageggeaccgecttcacectgegeate
agccgegtggaggecgaggacgtgggegtgtactactgeatgcageaccty
gagtaccectacacctteggeggcggcaccaagctggagat caagegtacy
gtggccgetectteegtgtteatctteccteccteccgacgageagetgaayg
tceggeaccgectecgtggtgtgtetgetgaacaacttctaccctcgggay
gccaaggtgcagtggaaggtggacaacgceectgcagtecggcaacteccag
gagtccgtcaccgagcaggactcecaaggacagceacctactecetgtectee
accctgaccctgtecaaggecgactacgagaagcacaaggtgtacgeetgt
gaggtgacccaccagggectgtecageectgtgaccaagtecttecaaccgy

ggcgagtgctgaagett

MGWSCIILFLVATATGVHSDIVMTQAAPSVAVTPGASVSISCRSSKSLLHS
SGKTYLYWFLQRPGQSPQLLIYRLSSLASGVPDRFSGSGSGTAFTLRISRV
EAEDVGVYYCMQHLEYPYTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

gctagcaccatgggetggagetgcatcatectgttectggtggecaccgee
accggegtgcacagcgacatcgtgatgacccaggecgecceccagegtggece
gtgaccceeggcegecagegtgagcatcagetgecgcagcagcaagagecty
ctgcacagcageggcaagacctacetgtactggttectgecagegeceegge
cagagcccccagetgetgatcectaccgectgagcagectggecageggegtyg

46



US 11,207,407 B2
47

-continued

TABLE OF SEQUENCES

SEQ ID NO:
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SEQ ID NO:
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ccegaccgetteageggecageggcageggeaccgecttcacectgegeate
agccgegtggaggecgaggacgtgggegtgtactactgeatgeagceaccty
gagtaccectacacctteggeggeggeaccaagetggagatcaagegtacy
gtggeegetectteegtgtteatettecctecctecgacgageagetgaay
tceggecaccgectecgtggtgtgtetgetgaacaacttetacectegggag
gccaaggtgecagtggaaggtggacaacgecctgecagtceggeaacteccayg
gagtccgtcaccgagecaggactccaaggacageacctactecetgtectec
accctgaccctgtecaaggecgactacgagaagcacaaggtgtacgectgt
gaggtgacccaccagggcctgtcecagecctgtgaccaagtecttcaaceyyg

ggcgagtgctgaagett

MGWSCIILFLVATATGVHSQVQLKESGPGLVAPSESLSITCTVSGFSLIDY
GVNWIRQPPGKGLEWLGVIWGDGTTYYNPSLKSRLS ISKDNSKSQVFLKVT
SLTTDDTAMYYCARIVYWGQGTLVTVSAASTKGPSVFPLAPCSRSTSESTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSS
SLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLG

gctagcaccatgggetggagetgcateatectgttectggtggecaccgee
accggegtgcacagecaggtgcagetgaaggagageggeceeggectggty
gecececcagegagagectgageatcacetgeacegtgageggcetteageetyg
atcgactacggcgtgaactggateccgecagceeccecggcaagggectggag
tggctgggcegtgatctggggegacggcaccacctactacaaccccagectyg
aagagccgcectgagcatcagcaaggacaacagcaagagcecaggtgttecty
aaggtgaccagcctgaccaccgacgacacegcecatgtactactgegeecge
atcgtgtactggggccagggcaccetggtgaccgtgagegecgecageace
aagggccctteegtgtteectetggececttgeteceggtecaccteegay
tcecaccgecgcetetgggetgectggtgaaggactacttecctgagectgty
accgtgtectggaactetggegecetgacetecggegtgcacacettecct
geegtgctgeagtectecggectgtacteecctgtectecgtggtgacegty
cettectecteectgggeaccaagacctacacctgtaacgtggaccacaay
ccttecaacaccaaggtggacaagegggtggagtcecaagtacggecctect
tgceccettectgeectgecectgagttectgggeggacctagegtgttectyg
ttecctectaagectaaggacaccetgatgatcteceggacccctgaggty
acctgtgtggtggtggacgtgtcccaggaggaccctgaggtecagttcaac
tggtacgtggacggcgtggaggtgecacaacgccaagaccaagect cgggay
gagcagttcaatteccacctaccgggtggtgtetgtgetgaccegtgetgeac
caggactggctgaacggcaaagaatacaagtgtaaggtctccaacaaggge
ctgccetectecategagaaaaccatctecaaggecaagggecagectagy
gagcctcaggtgtacaccetgectectagecaggaagagatgaccaagaac
caggtgtecctgacctgtetggtgaagggettetacecttecgacategee
gtggagtgggagtccaacggccagectgagaacaactacaagaccaccect
cctgtgetggactecgacggetecttettectgtactecaggetgacegtyg
gacaagtcceggtggeaggagggcaacgtettttectgetecgtgatgeac
gaggccctgeacaaccactacacccagaagteectgtecctgtetetggge
tgaagctt

MGWSCIILFLVATATGVHSEVQLKESGPGLVAPGGSLSITCTVSGFSLIDY
GVNWIRQPPGKGLEWLGVIWGDGTTYYNAPLKGRLS ISKDNSKSQVFLOMN
SLKTDDTAMYYCARIVYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSS
SLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPS SIEKTISKAKGQPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQKSLSLSLG

gctagcaccatgggetggagetgcatecatectgttectggtggecaccgec
accggegtgcacagcegaggtgcagetgaaggagageggeceeggectggty
geeccecggeggeagectgageatcacctgeacegtgageggcetteageety
atcgactacggcgtgaactggateccgecagceeccecggcaagggectggag
tggctgggcgtgatctggggegacggceaccacctactacaacgecceecty
aagggccgcectgagcatcagcaaggacaacagcaagagcecaggtgttecty
cagatgaacagectgaagaccgacgacacegecatgtactactgegeecege
ategtgtactggggecagggeacectggtgacegtgageagegecageace
aagggccctteegtgttecctetggececttgeteceggtecacctecgay
tccaccgecgetetgggetgectggtgaaggactacttecctgagectgty
accgtgtectggaactetggegecctgacetecggegtgcacacettecct
geegtgectgeagtectecggectgtactecctgtecteegtggtgacegty
ccttectectecctgggcaccaagacctacacctgtaacgtggaccacaag
ccttecaacaccaaggtyggacaagegggtggagtccaagtacggecctect
tgcccttectgecctgecectgagttectgggeggacctagegtgttecty
ttecctectaagectaaggacacccetgatgateteceggacecctgaggty
acctgtgtggtggtggacgtgtceccaggaggaccctgaggtccagtteaac
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tggtacgtggacggcgtggaggtgcacaacgccaagaccaagcectcgggay
gagcagttcaattecacctacegggtggtgtetgtgetgaccegtgetgeac
caggactggctgaacggcaaagaatacaagtgtaaggtctecaacaaggge
ctgceetectecategagaaaaccatetecaaggecaagggecagectagy
gagcctcaggtgtacacectgectectagecaggaagagatgaccaagaac
caggtgtccctgacctgtetggtgaagggettctacecttecgacategee
gtggagtgggagtccaacggecagcectgagaacaactacaagaccaccect
cectgtgctggactecgacggcetecttettectgtacteccaggctgacegty
gacaagtcccggtggcaggagggcaacgtettttectgetecgtgatgeac
gaggccctgecacaaccactacacccagaagteectgteectgtetetggge
tgaagctt

50

SEQ ID NO: 49 ELLGG

SEQ ID NO: 50 MISRT

SEQ ID NO: 51 HHHHHH

SEQ ID NO: 52 PGKAPQLLIYRMSNL

SEQ ID NO: 53 PGKAPKLLIYAASSL

SEQ ID NO: 54 SLIDYGVNWIRQPPG

SEQ ID NO: 55 DIVMTQAAPSVAVTPGQSVSISCRSSKSLLHSSGKTYLYWFLQHPGKAPQL
LIYRMSNLASGVPDRFSGSGSGTAFTLTISGVQAEDVGVYYCMQHLEYPYT
FGGGTKLEIK

SEQ ID NO: 56 QVQLQESGPGLVAPSQSLSITCTVSGFSLIDYGVNWIRQPPGKGLEWLGVI
WGDGTTYYNSALKSRLSISKDTSKSQVFLKMNSLTTDDTAMYYCARIVYWG
QGTLVTVSAAK

SEQ ID NO: 57 QVQLQESGPGLVAPSQSLSITCTVSGFSLIDYGVNWIRQPPGKGLEWLGVI
WGDGTTYYPSALKSRLSISKDTSKSQVFLKMNSLTTDDTAMYYCARIVYWG
QGTLVTVSAAK

SEQ ID NO: 58 RSSKSLLHSSGKTYLY

SEQ ID NO: 59 RMSNLAS

SEQ ID NO: 60 MQHLEYPYT

SEQ ID NO: 61 GFSLIDYGVN

SEQ ID NO: 62 VIWGDGTTY

SEQ ID NO: 63 IVY

SEQ ID NO: 64 RLSNLAS

SEQ ID NO: 65 RLSSNLAS

SEQ ID NO: 66 RMSNLA

SEQ ID NO: 67 RLSNLA

SEQ ID NO: 68 RLSSLA

SEQ ID NO: 69 RSSKSLLHSSGKTYLYW

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 69

<210> SEQ ID NO 1

<211>» LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Asn Tyr Pro Thr Leu Glu Met Asp Leu Glu Asn Leu Glu 2Asp Leu

1

5 10 15
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51

-continued

52

Phe Trp Glu Leu Asp Arg Leu Asp Asn Tyr Asn Thr Ser Leu Val Glu

20 25 30

Asn His Leu Cys
35

<210> SEQ ID NO 2

<211>» LENGTH: 32

<212> TYPE: DNA

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

<223> OTHER INFORMATICON: Description of Artificial Sequence:

primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
«222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 2

cttceggaat tosargtnma gcetgsagsag tc

<210> SEQ ID NO 3

<211> LENGTH: 35

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<220> FEATURE:
«<221> NAME/KEY: misc_feature
«222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 3

cttccggaat tosargtnma gcetgsagsag towgg

«<210> SEQ ID NO 4

«<211> LENGTH: 36

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 4

ggaggatcca tagacagatg ggggtgtegt tttgge

<210> SEQ ID NO 5

<211> LENGTH: 31

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 5

ggagctcgay attgtgmtsa cmcarwctme a

«<210> SEQ ID NO 6

<211> LENGTH: 46

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 6

tatagagcte aagcttggat ggtgggaaga tggatacagt tggtgce

Synthetic

32

Synthetic

35

Synthetic

Synthetic

31

Synthetic
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-continued

<210>
«211>
<212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
primer

<400> SEQUENCE: 7

ccaagetgtyg tcetrtee

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

SEQ ID NO 8

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
primer

«<400> SEQUENCE: 8

cgacaagteg actageectt gaccaggeat cc

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

SEQ ID NO 9

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
primer

<400> SEQUENCE: 9

wtetetrgayg tcagtggy

<210>
<211>
«212>
<213>
<220>
<223>

SEQ ID NO 10

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
primer

<400> SEQUENCE: 10

cgactagtceg actggtggga agatggatac ag

<210> SEQ ID NO 11
<211l> LENGTH: 112
<212> TYPE: PRT
<213> ORGANISM: Mus sp.

<400> SEQUENCE: 11

Ala Ser

10

Asp Ile Val Met Thr Pro

1 5

Gln Ala

Ser Ser

25

Glu Ser Val Ser Ile Ser

20

Cys Arg

Ser Gly Lys Thr Leu Phe Leu

35

Tyr Tyr Trp

40

Gln Leu
50

Pro Leu Ile Tyr Arg Met Ser Asn

55
Thr

Ser Ser

70

Asp Ser

65

Arg Phe Gly Gly Gly

Val Val

90

Glu Ala

85

Ser Arg Val Glu Asp Gly

Artificial Sequence: Synthetic

18

Artificial Sequence: Synthetic

32

Artificial Sequence: Synthetic

18

Artificial Sequence: Synthetic

32

Val Ala Val Thr Pro

15

Arg

Leu Hisg Ser

30

Lys Ser Leu

Gln Pro Gln Ser

45

Arg Gly

Ala
60

Leu Ser Gly Val Pro

Ala
75

Phe Thr Ile

80

Leu 2rg

Met Gln His

95

Tyr Tyr Cys
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-continued

Leu Glu Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> SEQ ID NO 12
<211> LENGTH: 111
<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 12

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

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ile Asp Tyr
20 25 30

Gly Val Asn Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu
35 40 45

Gly Val Ile Trp Gly Asp Gly Thr Thr Tyr Tyr Asn Ser Ala Leu Lys
50 55 60

Ser Arg Leu Ser Ile Arg Lys Asp Asn Ser Gln Ser Gln Val Phe Leu
65 70 75 80

Lys Met Asn Ser Leu Gln Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala
85 90 85

Arg Ile Val Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser 2la
100 105 110

«<210> SEQ ID NO 13

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 13

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

Glu Ser Val Ser Ile Ser Cys Arg Ser Ser Lys Ser Leu Leu His Ser
20 25 30

Ser Gly Lys Thr Tyr Leu Tyr Trp Phe Leu Gln Arg Pro Gly Gln Ser
35 40 45

Pro Gln Leu Leu Ile Tyr Arg Met Ser Asn Leu Ala Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gln His
85 90 95

Leu Glu Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> SEQ ID NO 14

<21l> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 14

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

Glu Ser Val Ser Ile Ser Cys Arg Ser Ser Lys Ser Leu Leu His Ser
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-continued

58

Ser

Pro

Asp

65

Ser

Leu

20 25

Gly Lys Thr Tyr Leu Tyr Trp Phe Leu
35 40

Gln Leu Leu Ile Tyr Arg Leu Ser Asn
50 55

Arg Phe Ser Gly Ser Gly Ser Gly Thr
70

Arg Val Glu Ala Glu Asp Val Gly Val
85 90

Glu Tyr Pro Tyr Thr Phe Gly Gly Gly
100 105

<210> SEQ ID NO 15

<211>» LENGTH: 113

<212> TYPE: PRT

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

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 15

Asp

1

Glu

Ser

Pro

Pro

65

Ile

Lys

Ile Val Met Thr Gln Ser Ala Leu Ser
5 10

Ser Val Ser Ile Ser Cys Arg Ser Ser
20 25

Gly Lys Thr Tyr Leu Tyr Trp Phe Leu
35 40

Gln Leu Leu Ile Tyr Arg Leu Ser Ser
50 55

Asp Arg Phe Ser Gly Ser Gly Ser Gly
70

Ser Arg Val Glu Ala Glu Asp Val Gly
85 90

Leu Glu Tyr Pro Tyr Thr Phe Gly Gly
100 105

«<210> SEQ ID NO 16

«211> LENGTH: 111

<212> TYPE: PRT

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

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 16

Gln
1

Ser

Gly

Gly

Ser

65

Lys

Val Gln Leu Gln Glu Ser Gly Pro Gly
5 10

Leu Ser Ile Thr Cys Thr Val Ser Gly
20 25

Val Asn Trp Ile Arg Gln Pro Pro Gly
35 40

Val Ile Trp Gly Asp Gly Thr Thr Tyr
50 55

Arg Leu Ser Ile Ser Lys Asp Asn Ser
70

Met Asn Ser Leu Thr Ala Ala Asp Thr
85 90

30

Gln Arg Pro Gly Gln
45

Leu Ala Ser Gly Val
60

Ala Phe Thr Leu Lys
75

Tyr Tyr Cys Met Gln
95

Thr Lys Leu Glu Ile
110

Artificial Sequence:

Val Ala Val Thr Pro
15

Lys Ser Leu Leu His
30

Gln Arg Pro Gly Gln
45

Asn Leu Ala Ser Cly
60

Thr Ala Phe Thr Leu
75

Val Tyr Tyr Cys Met
95

Gly Thr Lys Leu Glu
110

Artificial Sequence:

Leu Val Ala Pro Ser
15

Phe Ser Leu Ile Asp
30

Lys Gly Leu Glu Trp
45

Tyr Asn Pro Ser Leu
60

Lys Ser Gln Val Phe
75

Ala Met Tyr Tyr Cys
95

Ser
Pro
Ile
80

His

Lys

Synthetic

Gly

Ser

Ser

Val

Lys

80

Gln

Ile

Synthetic

Glu

Tyr

Leu

Lys

Leu

80

Ala



59

US 11,207,407 B2

-continued

60

Arg Ile Val Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser

100 105 110
<210> SEQ ID NO 17
<211> LENGTH: 238
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220>» FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

«<400> SEQUENCE:

Met Gly Trp Ser

1

Val

Thr

Leu

Gly

65

Gly

Leu

Glu

Ser
145

Ala

Lys

Asp

225

<210>
<211>
«212>
<213>
<220>
<223>

<400>

His

Pro

His

50

Gln

Val

Lys

Gln

Ile

130

Asp

Asn

Leu

Asp

Tyr

210

Ser

Ser

Gly

35

Ser

Ser

Pro

Ile

His

115

Lys

Glu

Phe

Gln

Ser

195

Glu

Ser

Asp

20

Glu

Ser

Pro

Asp

Ser

100

Leu

Arg

Gln

Tyr

Ser

180

Thr

Lys

Pro

17

Cys Ile Ile Leu

Ile Val Met Thr

Ser Val Ser Ile

40

Gly Lys Thr Tyr
55

Gln Leu Leu Ile
70

Arg Phe Ser Gly

Arg Val Glu Ala

Glu Tyr Pro Tyr

120

Thr Val Ala Ala
135

Leu Lys Ser Gly
150

Pro Arg Glu Ala
165

Gly Asn Ser Gln
Tyr Ser Leu Ser
200

His Lys Val Tyr
215

Val Thr Lys Ser
230

SEQ ID NO 18
LENGTH :
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence: Synthetic

731

polynucleotide

SEQUENCE :

18

gctageacca tgggetggag ctgcatcate

cacagcgaca tegtgatgac ccagagegece

gtgagcatca gctgecgcag cagcaagage

tactggttee tgcagegece cggecagage

Phe Leu Val Ala Thr Ala Thr Gly
10 15

Gln Ser Ala Leu Ser Val 2Ala Val
25 30

Ser Cys Arg Ser Ser Lys Ser Leu
45

Leu Tyr Trp Phe Leu Gln Arg Pro
60

Tyr Arg Met Ser Asn Leu Ala Ser
75 80

Ser Gly Ser Gly Thr Ala Phe Thr
90 95

Glu Asp Val Gly Val Tyr Tyr Cys
105 110

Thr Phe Gly Gly Gly Thr Lys Leu
125

Pro Ser Val Phe Ile Phe Pro Pro
140

Thr Ala Ser Val Val Cys Leu Leu
155 160

Lys Val Gln Trp Lys Val Asp Asn
170 175

Glu Ser Val Thr Glu Gln 2Asp Ser
185 190

Ser Thr Leu Thr Leu Ser Lys Ala
205

Ala Cys Glu Val Thr His Gln Gly
220

Phe Asn Arg Gly Glu Cys
235

ctgtteoctgg tggecaccge caccggegtg
ctecagegtgy cogtgaccee cggegagage
ctgctgcaca gcageggcaa gacctacctg

ccecagetge tgatctaceg catgageaac

Synthetic

60

120

180

240
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62

-continued
ctggcecageg gegtgecega ccgcetteage ggcageggea gcggcaccge cttecaccctg 300
aagatcagcc gcgtggaggce cgaggacgtg ggegtgtact actgcatgca gcacctggag 360
tacccetaca cctteggegg cggeaccaag ctggagatca agegtacggt ggeegetecet 420
tecgtgttea tettecctee cteecgacgag cagectgaagt ccggcaccge cteegtggtyg 480
tgtctgctga acaactteta ccctegggag gocaaggtge agtggaaggt ggacaacgec 540
ctgcagteeg gcaactcecca ggagtecegte accgagcagyg actccaagga cagcacctac 600
tcectgtect ccaccctgac cctgtcecaag gecgactacg agaagcacaa ggtgtacgec 660
tgtgaggtga cccaccaggg cctgtcecage cctgtgacca agtecttcaa ccggggegag 720
tgctgaaget t 731
<210> SEQ ID NO 19
<211> LENGTH: 238
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyp

eptide

<400> SEQUENCE: 19

Met Gly Trp
1

Val His Ser
Thr Pro Gly
35

Leu His Ser
50

Gly Gln Ser
65

Gly Val Pro

Leu Lys Ile

Met Gln His

115

Glu Ile Lys
130

Ser Asp Glu
145

Asn Asn Phe

Ala Leu Gln

Lys Asp Ser

195

Asp Tyr Glu
210

Leu Ser Ser
225

<210> SEQ I
<211> LENGT
<212> TYPE:

Ser Cys Il
5

Asp Ile Va
20

Glu Ser Va

Ser Gly Ly

Pro Gln Le
70

e Ile Leu

1 Met Thr

1 Ser Ile
40

s Thr Tyr
55

u Leu Ile

Asp Arg Phe Ser Gly

85

Ser Arg Va
100

Leu Glu Ty

Arg Thr Va

Gln Leu Ly

15

Tyr Pro Ar
165

Ser Gly As
180

Thr Tyr Se

Lys His Ly

1 Glu Ala
r Pro Tyr
120

1 Ala Ala
135

s Ser Gly
0

g Glu Ala

n Ser Gln

r Leu Ser
200

s Val Tyr
215

Pro Val Thr Lys Ser

23

D NO 20
H: 731
DNA

0

Phe Leu Val
10

Gln Ser Ala
25

Ser Cys Arg

Leu Tyr Trp

Tyr Arg Leu
75

Ser Gly Ser
90

Glu Asp Val
105

Thr Phe Gly

Pro Ser Val

Thr Ala Ser

155

Lys Val Gln
170

Glu Ser Val
185

Ser Thr Leu

Ala Cys Glu

Phe Asn Arg
235

<213> ORGANISM: Artificial Sequence

Ala Thr 2Zla
Leu Ser Val
20

Ser Ser Lys
45

Phe Leu Gln
60

Ser Asn Leu

Gly Thr ZAla

Gly Val Tyr

110

Gly Gly Thr
125

Phe Ile Phe
140

Val Val Cys

Trp Lys Val

Thr Glu Gln
190

Thr Leu Ser
205

Val Thr His
220

Gly Glu Cys

Thr Gly
15

2la Val

Ser Leu

2Arg Pro

Ala Ser

80

Phe Thr
95

Tyr Cys

Lys Leu

Pro Pro

Leu Leu

160
Asp Asn
175
Asp Ser

Lys Ala

Gln Gly



63

US 11,207,407 B2

-continued

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 20

gctagcacca
cacagcgaca
gtgagcatca
tactggttcce
ctggecageg
aagatcagcce
taccectaca
tcegtgttea
tgtctgctga
ctgcagteeg
tececctgtect
tgtgaggtga
tgctgaagcet
«210> SEQ I

<211> LENGT
<212> TYPE:

tgggetggag
tcgtgatgac
gctgecgeag
tgcagcgcce
gcgtgecega
gegtggagge
cctteggegg
tettecctee
acaacttcta
gcaactccea
ccaccctgac
cccaccaggg
t

D NO 21

H: 238
PRT

ctgcatcatce
ccagagcgcec
cagcaagagc
cggccagage
ccgetteage
cgaggacgtyg
cggcaccaag
ctccgacgag
ccctegggay
ggagtcegte
cctgtecaag

cctgtecage

ctgttcetgg
ctcagcgtgyg
ctgctgcaca
ccccagetge
ggcageggea
ggcgtgtact
ctggagatca
cagctgaagt
gccaaggtge
accgagcagg
gccgactacy

cctgtgacca

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 21

Met Gly Trp
1

Val His Ser
Thr Pro Gly
35

Leu His Ser
50

Gly Gln Ser
65

Gly Val Pro

Leu Lys Ile

Met Gln His
115

Glu Ile Lys
130

Ser Asp Glu
145

Asn Asn Phe

Ala Leu Gln

Ser Cys Il

Asp Ile Va
20

Glu Ser Va

Ser Gly Ly

Pro Gln Le
70

e Ile Leu

1 Met Thr

1 Ser Ile
40

s Thr Tyr
55

u Leu Ile

Asp Arg Phe Ser Gly

Ser Arg Va
100

Leu Glu Ty

Arg Thr Va

Gln Leu Ly

15

Tyr Pro Ar
165

Ser Gly As
180

1 Glu Ala

r Pro Tyr
120

1 Ala Ala
135

s Ser Gly
[¢]

g Glu Ala

n Ser Gln

Phe Leu Val
10

Gln Ser Ala
25

Ser Cys Arg

Leu Tyr Trp

Tyr Arg Leu
75

Ser Gly Ser
90

Glu Asp Val
105

Thr Phe Gly

Pro Ser Val

Thr Ala Ser

155

Lys Val Gln
170

Glu Ser Val
185

tggccaccge

cecgtgaccee

gcagcggcaa

tgatctaccy

geggeacege

actgcatgca

agcegtacggt

ceggeacege

agtggaaggt

actccaagga

agaagcacaa

agtccttcaa

Ala

Leu

Ser

Phe

60

Ser

Gly

Gly

Gly

Phe
140
Val

Trp

Thr

Thr

Ser

Ser

45

Leu

Ser

Thr

Val

Gly

125

Ile

Val

Lys

Glu

Artificial Sequence:

Ala

Val

30

Lys

Gln

Leu

2la

Tyr

110

Thr

Phe

Cys

Val

Gln
190

caccggcgtg 60
cggcgagagce 120
gacctacctg 180
cctgagcaac 240
cttcacccetg 300
gcacctggag 360
ggcegetect 420
ctcegtggtyg 480
ggacaacgcc 540
cagcacctac 600
ggtgtacgcce 660
ccggggegag 720

731

Synthetic

Thr Gly
15

2la Val

Ser Leu

Arg Pro

2la Ser
80

Phe Thr
95

Tyr Cys

Lys Leu

Pro Pro

Leu Leu
160

Agsp Asn
175

Asp Ser
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ued

66

Lys Asp Ser Thr Tyr Ser Leu Ser

195

200

Agp Tyr Glu Lys His Lys Val Tyr

210

215

Leu Ser Ser Pro Val Thr Lys Ser
230

225

<210> SEQ ID NO 22
<211> LENGTH: 731

<212> TYPE:

DNA

Ser Thr Leu

Ala Cys Glu

Phe Asn Arg
235

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of Artificial Sequence:

polyn

RE:

ucleotide

<400> SEQUENCE: 22

gctagcacca
cacagcgaca
gtgagcatca
tactggttce
ctggccageyg
aagatcagcce
tacccctaca
tecegtgttea
tgtctgcetga
ctgcagteceyg
tcectgtect
tgtgaggtga
tgetgaaget
<210> SEQ I

<211> LENGT
<212> TYPE:

tgggctggag
tcgtgatgac
gctgecgeay
tgcagcgece
gcgtgcccga
gcgtggagge
cctteggegg
tettecetee
acaacttcta
gcaactccca
ccaccctgac
cccaccaggg
t

D NO 23

H: 456
PRT

ctgcatcatc
ccagagcgcc
cagcaagagc
cggccagage
ccgcttcage
cgaggacgtyg
cggcaccaag
ctcecgacgay
ccetegggayg
ggagtccgte
cctgtecaag

cctgtecage

ctgttcetgg
ctcagcgtgg
ctgctgeaca
ccecagetge
ggcageggea
ggcgtgtact
ctggagatca
cagctgaagt
gccaaggtge
accgagcagyg
gcegactacyg

cctgtgacca

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 23

Met Gly Trp
1

Val His Ser

Pro Ser Glu
35

Ile Asp Tyr
50

Glu Trp Leu
65
Ser Leu Lys

Val Phe Leu

Tyr Cys Ala

Ser Cys Ile Ile Leu

5

Gln Val Gln Leu Gln

20

Ser Leu Ser Ile Thr

40

Gly Val Asn Trp Ile

55

Gly Val Ile Trp Gly

70

Ser Arg Leu Ser Ile

85

Lys Met Asn Ser Leu

100

Arg Ile Val Tyr Trp

Phe Leu Val
10

Glu Ser Gly
25

Cys Thr Val

Arg Gln Pro

Asp Gly Thr

75

Ser Lys Asp
90

Thr Ala Ala
105

Gly Gln Gly

Thr Leu Ser
205

Val Thr His
220

Gly Glu Cys

tggccacecge
ccgtgaccce
gcageggceaa
tgatctaccyg
gcggcaccge
actgcatgca
agcgtacggt
ceggeacege
agtggaaggt
actccaagga
agaagcacaa

agtccttcaa

Artificial Sequence:

Ala Thr 2Zla

Pro Gly Leu
30

Ser Gly Phe
45

Pro Gly Lys
60

Thr Tyr Tyr

Asn Ser Lys

Asp Thr 2Ala

110

Thr Leu Val

Lys Ala

Gln Gly

Synthetic
caccggegtyg 60
cggcgagagc 120
gacctacctg 180
cctgagcagce 240
cttcaccctg 300
gcacctggag 360
ggccgctect 420
cteegtggtyg 480
ggacaacgcc 540
cagcacctac 600
ggtgtacgec 660
ccggggcgag 720

731

Synthetic

Thr Gly
15

Val Ala
Ser Leu
Gly Leu
ZAsn Pro

80

Ser Gln
95

Met Tyr
Thr Val
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-continued

115 120 125

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys
130 135 140

Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys
145 150 155 160

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu
165 170 175

Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu
180 185 190

Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr
195 200 205

Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val
210 215 220

Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro
225 230 235 240

Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
245 250 255

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
260 265 270

Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr
275 280 285

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
290 295 300

Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
305 310 315 320

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser 2Asn Lys
325 330 335

Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln
340 345 350

Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met
355 360 365

Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro
370 375 380

Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn
385 390 395 400

Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu
405 410 415

Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val
420 425 430

Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln
435 440 445

Lys Ser Leu Ser Leu Ser Leu Gly
450 455

<210> SEQ ID NO 24

<211> LENGTH: 1385

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 24
gctageacca tgggetggag ctgcatcate ctgtteoctgg tggccaccege caccggegtg 60

cacagccagg tgcagctgca ggagagegge cccggcectgg tggeccecag cgagagectyg 120
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70

-continued
agcatcacct gcaccgtgag cggcttcagc ctgatcgact acggcgtgaa ctggatccgce 180
cagccecccceg gcaagggect ggagtggetg ggegtgatcet ggggegacgyg caccacctac 240
tacaacceca gectgaagay cegectgage atctecaagg acaacagcaa gagecaggty 300
ttcctgaaga tgaacagect gaccgecgcee gacaccgceca tgtactactg cgcccgeatce 360
gtgtactggg gccagggcac cctggtgacc gtgagcagcg ccagcaccaa gggceccttece 420
gtgttcccte tggcccecttg ctcececggtee acctecgagt ccaccgecge tctgggetge 480
ctggtgaagg actacttccc tgagectgtg accgtgtect ggaactctgg cgecctgace 540
teceggegtge acaccttece tgeegtgetyg cagtecteeyg gecetgtacte cetgtectec 500
gtggtgaccyg tgcecttecte ctcecectggge accaagacct acacctgtaa cgtggaccac 660
aagcctteca acaccaaggt ggacaagcgg gtggagtcca agtacggcecc tocttgecect 720
tcectgecctyg ccectgagtt cctgggegga cctagegtgt tectgttece toctaagect 780
aaggacacce tgatgatcte ccggacccct gaggtgacct gtgtggtggt ggacgtgtec 840
caggaggace ctgaggtcca gttcaactgg tacgtggacyg gegtggaggt geacaacgee 900
aagaccaagc ctcgggagga gcagttcaat tccacctacce gggtggtgte tgtgetgacce 960
gtgctgcacc aggactggct gaacggcaaa gaatacaagt gtaaggtctc caacaagggc 1020
ctgcectect ccatcgagaa aaccatctcc aaggccaagg gccagcctag ggagectcag 1080
gtgtacacce tgcctectag ccaggaagag atgaccaaga accaggtgtce cctgacctgt 1140
ctggtgaagy gettetacee ttecgacate geegtggagt gggagtecaa cggecagect 1200
gagaacaact acaagaccac ccctcctgtg ctggactceg acggctcctt cttectgtac 1260
teccaggctga ccgtggacaa gtcececggtgyg caggagggca acgtetttte ctgcteecgty 1320
atgcacgagg ccctgcacaa ccactacacc cagaagtccce tgtccctgte tctgggetga 1380
agett 1385

<210> SEQ ID NO 25
<211> LENGTH: 22

<212> TYPE:

PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

Lys Pro Gly Gln Pro Pro Arg Leu Leu Ile Tyr Asp Ala Ser Asn Arg

1

5

Ala Thr Gly Ile Pro Ala

20

<210> SEQ ID NO 26
<211> LENGTH: 12

<212> TYPE:

PRT

«213> ORGANISM: Mus musculus

<400> SEQUENCE: 26

10

Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala Arg Ile

1

5

<210> SEQ ID NO 27
«<211> LENGTH: 12

<212> TYPE:

PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

10

Ser Glu Asp Ser Ala Leu Tyr Tyr Cys Ala Arg Asp

15
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72

<210> SEQ ID NO 28

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 28

Asp Ile Val Met Thr Gln Ala Ala Pro Ser
1 5 10

Glu Ser Val Ser Ile Ser Cys Arg Ser Ser
20 25

Ser Gly Lys Thr Tyr Leu Tyr Trp Phe Leu
35 40

Pro Gln Leu Leu Ile Tyr Arg Met Ser Asn
50 55

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr
65 70

Ser Arg Val Glu Ala Glu Asp Val Gly Val
85 90

Leu Glu Tyr Pro Tyr Thr Phe Gly Gly Gly
100 105

<210> SEQ ID NO 29

<211> LENGTH: 111

<212 TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 29

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

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly
20 25

Gly Val Asn Trp Ile Arg Gln Pro Pro Gly
35 40

Gly Val Ile Trp Gly Asp Gly Thr Thr Tyr
50 55

Ser Arg Leu Ser Ile Arg Lys Asp Asn Ser
65 70

Lys Met Asn Ser Leu Gln Thr Asp Asp Thr
85 90

Arg Ile Val Tyr Trp Gly Gln Gly Thr Leu
100 105

<210> SEQ ID NO 30

«<211> LENGTH: 112

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of
polypeptide

<400> SEQUENCE: 30

Asp Ile Val Met Thr Gln Ala Ala Pro Ser
1 5 10

Ala Ser Val Ser Ile Ser Cys Arg Ser Ser
20 25

Ser Gly Lys Thr Tyr Leu Tyr Trp Phe Leu
35 40

Val Ala Val Thr Pro
15

Lys Ser Leu Leu His
30

Gln Arg Pro Gly Gln
45

Leu Ala Ser Gly Val
60

Ala Phe Thr Leu Arg
75

Tyr Tyr Cys Met Gln
95

Thr Lys Leu Glu Ile
110

Leu Val Ala Pro Ser
15

Phe Ser Leu Ile 2sp
30

Lys Gly Leu Glu Trp
45

Tyr Asn Ser 2Zla Leu
60

Gln Ser Gln Val Phe
75

Ala Met Tyr Tyr Cys
95

Val Thr Val Ser 2la
110

Artificial Sequence:

Val Ala Val Thr Pro
15

Lys Ser Leu Leu His
30

Gln Arg Pro Gly Gln
45

Arg

Ser

Ser

Pro

Ile

80

His

Lys

Gln

Tyr

Leu

Lys

Leu

80

Ala

Synthetic

Gly

Ser

Ser
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74

Pro
Asp
65

Ser

Leu

Gln Leu Leu Ile Tyr Arg Met Ser Asn
50 55

Arg Phe Ser Gly Ser Gly Ser Gly Thr
70

Arg Val Glu Ala Glu Asp Val Gly Val
85 90

Glu Tyr Pro Tyr Thr Phe Gly Gly Gly
100 105

<210> SEQ ID NO 31

<211> LENGTH: 112

<212> TYPE: PRT

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

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 31

Asp

1

Ala

Ser

Pro

Asp

65

Ser

Leu

Ile Val Met Thr Gln Ala Ala Pro Ser
5 10

Ser Val Ser Ile Ser Cys Arg Ser Ser
20 25

Gly Lys Thr Tyr Leu Tyr Trp Phe Leu
35 40

Gln Leu Leu Ile Tyr Arg Leu Ser Asn
50 55

Arg Phe Ser Gly Ser Gly Ser Gly Thr
70

Arg Val Glu Ala Glu Asp Val Gly Val
85 90

Glu Tyr Pro Tyr Thr Phe Gly Gly Gly
100 105

<210> SEQ ID NO 32

<211> LENGTH: 112

<212> TYPE: PRT

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

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 32

Asp
1
Ala

Ser

Pro
Asp
65

Ser

Leu

Ile Val Met Thr Gln Ala Ala Pro Ser
Ser Val Ser Ile Ser Cys Arg Ser Ser
20 25

Gly Lys Thr Tyr Leu Tyr Trp Phe Leu
35 40

Gln Leu Leu Ile Tyr Arg Leu Ser Ser
50 55

Arg Phe Ser Gly Ser Gly Ser Gly Thr
70

Arg Val Glu Ala Glu Asp Val Gly Val
85 90

Glu Tyr Pro Tyr Thr Phe Gly Gly Gly
100 105

<210> SEQ ID NO 33

Leu Ala Ser Gly Val
60

Ala Phe Thr Leu Arg
75

Tyr Tyr Cys Met Gln
95

Thr Lys Leu Glu Ile
110

Artificial Sequence:

Val Ala Val Thr Pro
15

Lys Ser Leu Leu His
30

Gln Arg Pro Gly Gln
45

Leu Ala Ser Gly Val
60

Ala Phe Thr Leu Arg
75

Tyr Tyr Cys Met Gln
95

Thr Lys Leu Glu Ile
110

Artificial Sequence:

Val Ala Val Thr Pro
15

Lys Ser Leu Leu His
30

Gln Arg Pro Gly Gln
45

Leu Ala Ser Gly Val
60

Ala Phe Thr Leu 2Arg
75

Tyr Tyr Cys Met Gln
95

Thr Lys Leu Glu Ile
110

Pro
Ile
80

His

Lys

Synthetic

Gly

Ser

Ser

Pro

Ile

80

His

Lys

Synthetic

Gly

Ser

Ser

Pro

Ile

80

His

Lys
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<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 33

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

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ile Asp Tyr
20 25 30

Gly Val Asn Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu
35 40 45

Gly Val Ile Trp Gly Asp Gly Thr Thr Tyr Tyr Asn Pro Ser Leu Lys
50 55 60

Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu
65 70 75 80

Lys Val Thr Ser Leu Thr Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala
85 90 95

Arg Ile Val Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser 2Ala
100 105 110

«<210> SEQ ID NO 34

«<211> LENGTH: 111

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 34

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

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ile Asp Tyr
20 25 30

Gly Val Asn Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu
35 40 45

Gly Val Ile Trp Gly Asp Gly Thr Thr Tyr Tyr Asn Ala Pro Leu Lys
50 55 60

Gly Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu
65 70 75 80

Gln Met Asn Ser Leu Lys Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala
85 90 85

Arg Ile Val Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
100 105 110

«<210> SEQ ID NO 35

<211> LENGTH: 238

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICON: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 35

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly
1 5 10 15

Val His Ser Asp Ile Val Met Thr Gln Ala Ala Pro Ser Val Ala Val
20 25 30
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ued

78

Thr Pro Arg
35

Leu Hig Ser
50

Gly Gln Ser
65

Gly Val Pro

Leu Arg Ile

Met Gln His

115

Glu Ile Lys
130

Ser Asp Glu
145

Asn Asn Phe

Ala Leu Gln

Lys Asp Ser

195

Asp Tyr Glu
210

Leu Ser Ser
225

<210> SEQ I
<211> LENGT
<212> TYPE:

Glu Ser Va

Ser Gly Ly

Pro Gln Le
70

1 Ser Ile
40

s Thr Tyr
55

u Leu Ile

Asp Arg Phe Ser Gly

85

Ser Arg Va
100

Leu Glu Ty

Arg Thr Va

Gln Leu Ly

15

1 Glu Ala
T Pro Tyr
120

1 Ala Ala
135

s Ser Gly
0

Tyr Pro Arg Glu Ala

165

Ser Gly As
180

n Ser Gln

Thr Tyr Ser Leu Ser

Lys His Ly

200

s Val Tyr
215

Pro Val Thr Lys Ser

23

D NO 36
H: 731
DNA

0

Ser Cys Arg

Leu Tyr Trp

Tyr Arg Met

75

Ser Gly Ser
90

Glu Asp Val
105

Thr Phe Gly

Pro Ser Val

Thr Ala Ser

155

Lys Val Gln
170

Glu Ser Val
185

Ser Thr Leu

Ala Cys Glu

Phe Asn Arg
235

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyn

RE:

ucleotide

<400> SEQUENCE: 3¢

gctagecacca

cacagcgaca

gtgagcatca

tactggttce

ctggccagey

cgcatcagece

tacccctaca

tecegtgttea

tgtctgctga

ctgcagtecy

teectgtect

tgtgaggtga

tgctgaagcet

<210> SEQ I
<211> LENGT

tgggctggag
tcgtgatgac
gctgecgeay
tgcagcgece
gcgtgcccga
gcgtggagge
cctteggegg

tcttecctee

acaacttcta

gcaactccca

¢caccectgac

cccaccaggg

D NO 37
H: 456

ctgcatcatce
ccaggeegec
cagcaagage
cggccagage
cagetteage
cgaggacgtg
cggcaccaag
cteegacgay
ccctegggay
ggagtcegte
cctgtecaay

cctgtecage

ctgttcetgg
cccagecgtgg
ctgctgeaca
ccecagetge
ggcageggea
ggcgtgtact
ctggagatca
cagctgaagt
gccaaggtge
accgagcagg
gccgactacyg

cctgtgacca

Ser Ser Lys
45

Phe Leu Gln
60

Ser Asn Leu

Gly Thr 2Ala

Gly Val Tyr

110

Gly Gly Thr
125

Phe Ile Phe
140

Val Val Cys

Trp Lys Val

Thr Glu Gln

190

Thr Leu Ser
205

Val Thr His
220

Gly Glu Cys

tggccacecge
ccgtgaccce
gcageggceaa
tgatctaccyg
gcggcaccge
actgcatgca
agcgtacggt
ceggeacege
agtggaaggt
actccaagga
agaagcacaa

agtccttcaa

Ser Leu

Arg Pro

2la Ser
80

Phe Thr
95

Tyr Cys

Lys Leu

Pro Pro

Leu Leu
160

Agp Asn
175

2Asp Ser

Lys Ala

Gln Gly

caccggcgtyg
ccgcgagagce
gacctacctg
catgagcaac
cttcaccctyg
gcacctggag
ggcegetect
ctcegtyggty
ggacaacgcc
cagcacctac
ggtgtacgece

c¢cggggcgayg

Artificial Sequence: Synthetic

60

120

180

240

300

360

420

480

540

600

720

731
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<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of
polypeptide

<400> SEQUENCE:

Met Gly Trp Ser

1

Val

Pro

Ile

Glu

65

Ala

Val

Tyr

Ser

Ser

145

Asp

Thr

Tyr

Lys

Asp

225

Ala

Pro

Val

Val

Gln

305

Gln

Gly

Pro

Thr

His

Ser

Asp

50

Trp

Leu

Phe

Cys

Ala

130

Arg

Tyr

Ser

Ser

Thr

210

Lys

Pro

Lys

Val

Asp

290

Phe

Asp

Leu

Arg

Lys
370

Ser

Gln

35

Tyr

Leu

Lys

Leu

Ala

115

Ala

Ser

Phe

Gly

Leu

195

Tyr

Arg

Glu

Asp

Asp

275

Gly

Asn

Trp

Pro

Glu
355

Asn

Gln

20

Ser

Gly

Gly

Ser

Lys

100

Arg

Ser

Thr

Pro

Val

180

Ser

Thr

Val

Phe

Thr

260

Val

Val

Ser

Leu

Ser
340

Pro

Gln

37

Cys Ile

Val Gln

Leu Ser

Val Asn

Val Ile
70

Arg Leu
85

Met Asn

Ile Val

Thr Lys

Ser Glu
150

Glu Pro
165

His Thr

Ser Val

Cys Asn

Glu Ser

230

Leu Gly
245

Leu Met

Ser Gln

Glu Val

Thr Tyr

310
Asn Gly
325
Ser Ile

Gln Val

Val Ser

Ile

Leu

Ile

Trp

55

Trp

Ser

Ser

Tyr

Gly

135

Ser

Val

Phe

Val

Val

215

Lys

Gly

Ile

Glu

His

295

Arg

Lys

Glu

Tyr

Leu
375

Leu

Lys

Thr

40

Ile

Gly

Ile

Leu

Trp

120

Pro

Thr

Thr

Pro

Thr

200

Asp

Tyr

Pro

Ser

Asp

280

Asn

Val

Glu

Lys

Thr
360

Thr

Phe

Glu

25

Cys

Arg

Asp

Arg

Gln

105

Gly

Ser

Ala

Val

Ala

185

Val

His

Gly

Ser

Arg

265

Pro

Ala

Val

Tyr

Thr

345

Leu

Cys

Leu

10

Ser

Thr

Gln

Gly

Lys

90

Thr

Gln

Val

Ala

Ser

170

Val

Pro

Lys

Pro

Val

250

Thr

Glu

Lys

Ser

Lys
330
Ile

Pro

Leu

Artificial Sequence:

Val

Gly

Val

Pro

Thr

75

Asp

Asp

Gly

Phe

Leu

155

Trp

Leu

Ser

Pro

Pro

235

Phe

Pro

Val

Thr

Val

315

Cys

Ser

Pro

Val

Ala

Pro

Ser

Pro

€0

Thr

Asn

Asp

Thr

Pro

140

Gly

Asn

Gln

Ser

Ser

220

Cys

Leu

Glu

Gln

Lys

300

Leu

Lys

Lys

Ser

Lys
380

Thr

Gly

Gly

45

Gly

Tyr

Ser

Thr

Leu

125

Leu

Cys

Ser

Ser

Ser

205

Asn

Pro

Phe

Val

Phe

285

Pro

Thr

Val

Ala

Gln
365

Gly

2la

Leu

30

Phe

Lys

Tyr

Gln

Ala

110

Val

Ala

Leu

Gly

Ser

190

Leu

Thr

Ser

Pro

Thr

270

Asn

Arg

Val

Ser

Lys
350

Glu

Phe

Thr

15

Val

Ser

Gly

Asn

Ser

95

Met

Thr

Pro

Val

2la

175

Gly

Gly

Lys

Cys

Pro

255

Cys

Trp

Glu

Leu

Asn
335
Gly

Glu

Tyr

Synthetic

Gly

Ala

Leu

Leu

Ser

80

Gln

Tyr

Val

Cys

Lys

160

Leu

Leu

Thr

Val

Pro

240

Lys

Val

Tyr

Glu

His

320

Lys

Gln

Met

Pro
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81

-continued

82

Ser Asp Ile
385

Tyr Lys Thr
Tyr Ser Arg
Phe Ser Cys

435
Lys Ser Leu

450

<210> SEQ I
<211> LENGT
<212> TYPE:

Ala Val Glu Trp Glu Ser Asn Gly
390 395

Thr Pro Pro Val Leu Asp Ser Asp

405

410

Leu Thr Val Asp Lys Ser Arg Trp

420

425

Ser Val Met His Glu Ala Leu His

440

Ser Leu Ser Leu Gly

D NO 38
H: 1385
DNA

455

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Gln Pro Glu Asn Asn

Gly Ser Phe

Gln Glu Gly

430

Asn His Tyr
445

400

Phe Leu
415

2Asn Val

Thr Gln

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyn

ucleotide

<400> SEQUENCE: 38

gctagcacca
cacagccagg
agcatcacct
cagcececccg
tacaacagey
ttcctgaaga
gtgtactggy
gtgttcccte
ctggtgaagg
teceggegtyge
gtggtgaceg
aagcctteca
tcetgeectyg
aaggacacce
caggaggacce
aagaccaagc
gtgctgcace
ctgcectect
gtgtacacce
ctggtgaagyg
gagaacaact
tecaggetga
atgcacgagg
agett

<210> SEQ I

<211> LENGT
<212> TYPE:

tgggetggag
tgcagctgaa
gcaccgtgag
gcaagggect
ceetgaagag
tgaacagect
gcecagggeac
tggceccettg
actacttcce
acaccttece
tgccttecte
acaccaaggt
ccecctgagtt
tgatgatcte
ctgaggteca
ctcgggagga
aggactggct
ccatcgagaa
tgccteetag
gcttctaccece
acaagaccac
cegtggacaa

ccetgcacaa

D NO 39
H: 238
PRT

ctgcatcatc ctgttcetgg
ggagagcgge cccggectygy
cggcttcage ctgatcgact
ggagtggcetg ggegtgatct
cegectgage atccegcaagy
gcagaccgac gacaccgceca
cctggtgace gtgagcgecyg
ctceceggtee acctccgagt
tgagecetgty accgtgtect
tgecegtgety cagtecteey
ctceetggge accaagacct
ggacaagcgg gtggagtcca
cctgggegga cctagegtgt
ccggaccect gaggtgacet
gttcaactgg tacgtggacy
gcagttcaat tccacctacce
gaacggcaaa gaatacaagt
aaccatctcc aaggccaagdg
ccaggaagag atgaccaaga
ttcegacate gecgtggagt
ccctectgty ctggacteeg

gteceeggtygyg caggagggca

ccactacacc cagaagtceccce

tggccaccge
tggcecccag
acggcgtgaa
ggggegacdg
acaacagceca
tgtactactg
ccagcaccaa
ccaccgecge
ggaactctgg
geetgtacte
acacctgtaa
agtacggccc
tectgttece
gtgtggtggt
gegtggaggt
gggtggtgte
gtaaggtcte
gccagectag
accaggtgte

gggagtccaa

acggeteett

acgtetttte

tgtcectgte

caccggegty
ccagagcctyg
ctggatccge
caccacctac
gagecaggty
cgceegeatce
gggcccttece
tctgggetge
cgecectgace
cctgtectee
cgtggaccac
tcecttgecect
tcctaagect
ggacgtgtee
gcacaacgee
tgtgctgacc
caacaagggc
ggagcctcag
cctgacetgt
cggccagect
cttcectgtac
ctgeteegty

tctgggctga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1385
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<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 39

Met Gly Trp
1

Val His Ser
Thr Pro Gly
35

Leu His Ser
50

Gly Gln Ser
65

Gly Val Pro

Leu Arg Ile

Met Gln His

115

Glu Ile Lys
130

Ser Asp Glu
145

Asn Asn Phe

Ala Leu Gln

Lys Asp Ser

195

Asp Tyr Glu
210

Leu Ser Ser
225

«210> SEQ I
<211> LENGT
<212> TYPE:

Ser Cys Il
5

Asp Ile Va
20

Ala Ser Va

Ser Gly Ly

Pro Gln Le
70

e Ile Leu

1 Met Thr

1 Ser Ile
40

s Thr Tyr
55

u Leu Ile

Asp Arg Phe Ser Gly

85

Ser Arg Va
100

Leu Glu Ty

Arg Thr Va

Gln Leu Ly

15

Tyr Pro Ar
165

Ser Gly As
180

Thr Tyr Se

Lys His Ly

1 Glu Ala
r Pro Tyr
120

1 Ala Ala
135

s Ser Gly
0

g Glu Ala

n Ser Gln

r Leu Ser
200

s Val Tyr
215

Pro Val Thr Lys Ser

23

D NO 40
H: 731
DNA

0

Phe Leu Val
10

Gln Ala Ala
25

Ser Cys Arg

Leu Tyr Trp

Tyr Arg Met

75

Ser Gly Ser
920

Glu Asp Val
105

Thr Phe Gly

Pro Ser Val

Thr Ala Ser

155

Lys Val Gln
170

Glu Ser Val
185

Ser Thr Leu

Ala Cys Glu

Phe Asn Arg
235

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 40

gctageacca

cacagcgaca

gtgagcatca

tactggttee

ctggecageyg

cgcatcagee

tacccctaca

tecegtgttea

tgggetggag

tegtgatgac

gctgecgeay

tgcagegeee

gcgtgecega

gegtggagge

cctteggegy

tcttecctee

ctgcatcatc

ccaggeegee

cagcaagagc

cggecagage

cogcetteage

cgaggacgtg

cggcaccaay

cteegacgag

ctgttectgy

cccagegtgyg

ctgctgcaca

ceccagetye

ggcagcggca

ggegtgtact

ctggagatca

cagctgaagt

Artificial Sequence:

Ala Thr 2Zla
Pro Ser Val
30

Ser Ser Lys
45

Phe Leu Gln
60

Ser Asn Leu

Gly Thr Ala

Gly Val Tyr

110

Gly Gly Thr
125

Phe Ile Phe
140

Val Val Cys

Trp Lys Val

Thr Glu Gln

190

Thr Leu Ser
205

Val Thr His
220

Gly Glu Cys

tggccacege
cegtgacccee
gcagcggcaa
tgatetacey
gcggeaccgce
actgeatgea
agcgtacggt

ceggeacege

Thr Gly
15

2la Val

Ser Leu

2Arg Pro

2la Ser
80

Phe Thr
95

Tyr Cys

Lys Leu

Pro Pro

Leu Leu
160

Asp Asn
175

Asp Ser

Lys Ala

Gln Gly

caccggegtyg
cggegecage
gacctacctg
catgageaac
cttcaccctg
gcacctggag

ggcegetect

cteegtyggtyg

Synthetic

Artificial Sequence: Synthetic

60

120

180

240

300

360

420

480
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86

-continued
tgtctgctga acaacttecta ccectegggag gccaaggtge agtggaaggt ggacaacgec 540
ctgcagteeg gcaactccca ggagtceegte accgagcagg actccaagga cagcacctac 600
tecectgtect ccaccctgac cctgtecaag gecgactacg agaagcacaa ggtgtacgece 660
tgtgaggtga cccaccaggg cctgtceccage cctgtgacca agtecttcaa ccggggegag 720
tgctgaagcet t 731
<210> SEQ ID NO 41
<211> LENGTH: 238
«212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polypeptide

<400> SEQUENCE: 41

Met Gly Trp Ser Cys Ile

1

Val

Thr

Leu

Gly

65

Gly

Leu

Glu

Ser

145

Ala

Lys

Asp

Leu
225

<210>
<21l>
<212>
<213>
<220>
<223>

<400>

gctagcacca tgggetggag ctgcatcate ctgtteoetygg tggecaccge caceggegtyg

His

Pro

His

50

Gln

Val

Arg

Gln

Ile

130

Asp

Asn

Leu

Asp

Tyr

210

Ser

Ser

Gly

35

Ser

Ser

Pro

Ile

His

115

Lys

Glu

Phe

Gln

Ser

195

Glu

Ser

Asp Ile Val
20

Ala Ser Val

Ser Gly Lys

Pro Gln Leu

70

Asp Arg Phe
85

Ser Arg Val
100

Leu Glu Tyr

Arg Thr Val

Gln Leu Lys
150

Tyr Pro Arg
165

Ser Gly Asn
180

Thr Tyr Ser

Lys His Lys

Pro Val Thr
230

SEQ ID NO 42
LENGTH: 731
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

SEQUENCE: 42

Ile

Met

Ser

Thr

55

Leu

Ser

Glu

Pro

Ala

135

Ser

Glu

Ser

Leu

Val

215

Lys

Leu

Thr

Ile

40

Tyr

Ile

Gly

Ala

Tyr

120

Ala

Gly

Ala

Gln

Ser

200

Tyr

Ser

Phe

Gln

25

Ser

Leu

Tyr

Ser

Glu

105

Thr

Pro

Thr

Lys

Glu

185

Ser

Ala

Phe

Leu

10

Ala

Cys

Tyr

Arg

Gly

90

Asp

Phe

Ser

Ala

Val

170

Ser

Thr

Cys

Asn

Val

Ala

Arg

Trp

Leu

75

Ser

Val

Gly

Val

Ser

155

Gln

Val

Leu

Glu

Arg
235

Ala

Pro

Ser

Phe

60

Ser

Gly

Gly

Gly

Phe

140

Val

Trp

Thr

Thr

Val

220

Gly

Thr

Ser

Ser

45

Leu

Asn

Thr

Val

Gly

125

Ile

Val

Lys

Glu

Leu

205

Thr

Glu

Ala

Val

30

Lys

Gln

Leu

Ala

Tyr

110

Thr

Phe

Cys

Val

Gln

190

Ser

His

Cys

Thr

15

2la

Ser

Arg

2la

Phe

95

Tyr

Lys

Pro

Leu

Asp

175

Asp

Lys

Gln

Gly

Val

Leu

Pro

Ser

80

Thr

Cys

Leu

Pro

Leu

160

Asn

Ser

Ala

Gly

60
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88

-continued
cacagcgaca tcgtgatgac ccaggcecgec cccagegtgg ccgtgaccece cggegecage 120
gtgagcatca gctgecgcag cagcaagagce ctgctgcaca gcageggcaa gacctacctg 180
tactggttee tgcagegeee cggecagage ccccagcetge tgatetaceg cctgagcaac 240
ctggccageg gegtgcecga ccgcttcage ggcagceggca geggcaccge cttceaccectyg 300
cgcatcagee gogtggagge cgaggacgtg ggegtgtact actgecatgea gcacctggayg 360
tacccectaca cctteggegg cggcaccaag ctggagatca agegtacggt ggecgetcect 420
tcegtgttea tetteectec ctecgacgag cagectgaagt ccggcaccge cteegtggtyg 480
tgtctgetga acaactteta ccectegggag gecaaggtge agtggaaggt ggacaacgec 540
ctgcagtccg gcaactecca ggagtcecegte accgagcagg actccaagga cagcacctac 600
tecectgtect ccaccctgac cctgtecaag gecgactacy agaagcacaa ggtgtacgec 660
tgtgaggtga cccaccaggg cctgtccage cctgtgacca agtecttcaa ccggggcgag 720
tgctgaagct t 731
<210> SEQ ID NO 43
<211> LENGTH: 238
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyp

eptide

«<400> SEQUENCE: 43

Met Gly Trp
1

Val His Ser
Thr Pro Gly
35

Leu Hig Ser
50

Gly Gln Ser
65

Gly Val Pro

Leu Arg Ile

Met Gln His
115

Glu Ile Lys
130

Ser Asp Glu
145

Asn Asn Phe

Ala Leu Gln

Lys Asp Ser

195

Asp Tyr Glu
210

Leu Ser Ser
225

Ser Cys Il
5

Asp Ile Va
20

Ala Ser Va

Ser Gly Ly

Pro Gln Le
70

e Ile Leu

1 Met Thr

1 Ser Ile
40

s Thr Tyr
55

u Leu Ile

Asp Arg Phe Ser Gly

85

Ser Arg Va
100

Leu Glu Ty

Arg Thr Va

Gln Leu Ly

15

Tyr Pro Ar
165

Ser Gly As
180

Thr Tyr Se

Lys His Ly

1 Glu Ala
r Pro Tyr
120

1 Ala Ala
135

s Ser Gly
0

g Glu Ala

n Ser Gln

r Leu Ser
200

s Val Tyr
215

Pro Val Thr Lys Ser

23

0

Phe Leu Val
10

Gln Ala Ala
25

Ser Cys Arg

Leu Tyr Trp

Tyr Arg Leu
75

Ser Gly Ser
90

Glu Asp Val
105

Thr Phe Gly

Pro Ser Val

Thr Ala Ser
155

Lys Val Gln
170

Glu Ser Val
185

Ser Thr Leu

Ala Cys Glu

Phe Asn Arg
235

Ala Thr Ala
Pro Ser Val
30

Ser Ser Lys
45

Phe Leu Gln
60

Ser Ser Leu

Gly Thr Ala

Gly Val Tyr

110

Gly Gly Thr
125

Phe Ile Phe
140

Val Val Cys

Trp Lys Val

Thr Glu Gln

190

Thr Leu Ser
205

Val Thr His
220

Gly Glu Cys

Thr Gly
15

2la Val

Ser Leu

Arg Pro

2la Ser

80

Phe Thr
95

Tyr Cys

Lys Leu

Pro Pro

Leu Leu

160
Asp Asn
175
Asp Ser

Lys Ala

Gln Gly
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<210> SEQ I
«211> LENGT
<212> TYPE:

D NO 44
H: 731
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyn

ucleotide

<400> SEQUENCE: 44

gctagcacca
cacagcgaca
gtgagcatca
tactggttee
ctggcecageg
cgcatcagcece
taccccetaca
tecegtgttea
tgtctgctga
ctgcagteceg
tcectgtect
tgtgaggtga
tgctgaagcet
<210» SEQ I

<211> LENGT
<212> TYPE:

tgggctggag
tegtgatgac
gctgecgeag
tgcagcgcece
gcgtgccega
gcgtggagge
ccttegygegg
tettecetece
acaacttcta
gcaactccca
ccaccctgac
cccaccaggg
t

D NO 45

H: 456
PRT

ctgcatcatc
ccaggeegee
cagcaagagce
cggccagage
ccgctteage
cgaggacgtyg
cggcaccaay
ctcegacgag
ccctegggay
ggagtccgte
cctgtccaag

cetgtecage

ctgttcectgg
cccagegtgg
ctgctgcaca
ccccagetge
ggeageggea
ggcgtgtact
ctggagatca
cagctgaagt
gccaaggtge
accgagcagg
gccgactacyg

cetgtgacea

<213> ORGANISM: Artificial Sequence

«220> FEATU

<223> OTHER INFORMATION: Description of

polyp

RE:

eptide

<400> SEQUENCE: 45

Met Gly Trp
1

Val His Ser
Pro Ser Glu
35

Ile Asp Tyr
50

Glu Trp Leu
65

Ser Leu Lys

Val Phe Leu

Tyr Cys Ala

115

Ser Ala Ala
130

Ser Arg Ser
145

Ser Cys Ile Ile Leu

Gln Val Gln Leu Lys

20

Ser Leu Ser Ile Thr

40

Gly Val Asn Trp Ile

55

Gly Val Ile Trp Gly

70

Ser Arg Leu Ser Ile

85

Lys Val Thr Ser Leu

100

Arg Ile Val Tyr Trp

120

Ser Thr Lys Gly Pro

135

Thr Ser Glu Ser Thr
150

Phe Leu Val
10

Glu Ser Gly
25

Cys Thr Val

Arg Gln Pro

Asp Gly Thr
75

Ser Lys Asp
90

Thr Thr Asp
105

Gly Gln Gly

Ser Val Phe

Ala Ala Leu
155

tggccaccge
cegtgacece
gcageggcaa
tgatctacey
gcggcaccge
actgcatgca
agegtacggt
ceggeacege
agtggaaggt
actccaagga
agaagcacaa

agtcettcaa

Artificial Sequence:

Ala Thr 2la

Pro Gly Leu
30

Ser Gly Phe
45

Pro Gly Lys
60

Thr Tyr Tyr

Asn Ser Lys
Asp Thr Ala
110

Thr Leu Val
125

Pro Leu 2la
140

Gly Cys Leu

caccggegtyg 60
cggegecage 120
gacctacctg 180
cctgagcagce 240
cttcaccctyg 300
gcacctggag 360
ggcegetect 420
ctcegtggtg 480
ggacaacgcc 540
cagcacctac 600
ggtgtacgcce 660
ccggggegag 720

731

Synthetic

Thr Gly
15

Val Ala

Ser Leu

Gly Leu

Asn Pro

80

Ser Gln

95

Met Tyr

Thr Val

Pro Cys

Val Lys
160
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92

Asp Tyr Phe

Thr Ser Gly

Tyr Ser Leu

195

Lys Thr Tyr
210

Asp Lys Arg
225

Ala Pro Glu

Pro Lys Asp

Val Val Asp
275

Val Asp Gly
290

Gln Phe Asn
305

Gln Asp Trp

Gly Leu Pro

Pro Arg Glu
355

Thr Lys Asn
370

Ser Asp Ile
385

Tyr Lys Thr

Tyr Ser Arg

Phe Ser Cys
435

Lys Ser Leu
450

<210> SEQ I
<211> LENGT
<212> TYPE:

Pro Glu Pro Val Thr

165

Val His Thr Phe Pro

180

Ser Ser Val Val Thr

200

Thr Cys Asn Val Asp

215

Val Glu Ser Lys Tyr
230

Phe Leu Gly Gly Pro

245

Thr Leu Met Ile Ser

260

Val Ser Gln Glu Asp

280

Val Glu Val His Asn

295

Ser Thr Tyr Arg Val
310

Leu Asn Gly Lys Glu

325

Ser Ser Ile Glu Lys

340

Pro Gln Val Tyr Thr

360

Gln Val Ser Leu Thr

375

Ala Val Glu Trp Glu
390

Thr Pro Pro Val Leu

405

Leu Thr Val Asp Lys

420

Ser Val Met His Glu

440

Ser Leu Ser Leu Gly

D NO 4¢
H: 1385
DNA

455

Val Ser Trp
170

Ala Val Leu
185

Val Pro Ser

His Lys Pro

Gly Pro Pro

235

Ser Val Phe
250

Arg Thr Pro
265

Pro Glu Val

Ala Lys Thr

Val Ser Val

315

Tyr Lys Cys
330

Thr Ile Ser
345

Leu Pro Pro

Cys Leu Val

Ser Asn Gly
395

Asp Ser Asp
410

Ser Arg Trp
425

Ala Leu His

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Asn Ser Gly
Gln Ser Ser
190

Ser Ser Leu
205

Ser Asn Thr
220

Cys Pro Ser

Leu Phe Pro

Glu Val Thr

270

Gln Phe Asn
285

Lys Pro Arg
300

Leu Thr Val

Lys Val Ser

Lys Ala Lys

350

Ser Gln Glu
365

Lys Gly Phe
380

Gln Pro Glu

Gly Ser Phe

Gln Glu Gly
430

Asn His Tyr
445

2la Leu
175

Gly Leu

Gly Thr

Lys Val

Cys Pro
240

Pro Lys
255

Cys Val

Trp Tyr

Glu Glu

Leu His
320

Asn Lys
335

Gly Gln

Glu Met

Tyr Pro

Asn Asn

400

Phe Leu
415

Asn Val

Thr Gln

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyn

ucleotide

<400> SEQUENCE: 46

gctageacca

cacagccagyg

agcatcacct

cagcceeecy

tacaacccca

ttcctgaagyg

tgggetggag

tgcagctgaa

gcaccgtgayg

gcaagggccet

gcctgaagayg

tgaccagect

ctgcatcatce

ggagagcegge

cggctteage

ggagtggetg

ccgectgage

gaccaccgac

ctgtteoctgy

cceggectygy

ctgatcgact

ggcgtgatcet

atcagcaagyg

gacaccgcca

tggccacege

tggcecccay

acggegtgaa

ggggegacygg

acaacagcaa

tgtactactg

caccggegty

cgagagecty

ctggatcege

caccacctac

gagccaggtyg

cgceegeatce

60

120

180

240

300

360
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-continued
gtgtactggg gccagggcac cctggtgacce gtgagegecg ccagcaccaa gggcecttec 420
gtgttceete tggeeccttyg cteceggtee accteegagt ccacegecge tetgggetge 480
ctggtgaagyg actactteee tgagectgtg acegtgtect ggaactetgg cgeectgace 540
teccggegtge acaccttece tgcegtgetg cagtectecg gectgtacte cctgtectec 600
gtggtgaccyg tgccttecte ctecectggge accaagacct acacctgtaa cgtggaccac 660
aagcctteca acaccaaggt ggacaagegg gtggagtcca agtacggcecec tccttgecct 720
tecetgecetg ccectgagtt cctgggegga cctagegtgt teetgttceee toctaagect 780
aaggacacce tgatgatete ceggaccect gaggtgacet gtgtggtggt ggacgtgtee 840
caggaggacc ctgaggtcca gttcaactgg tacgtggacg gcgtggaggt gcacaacgcec 900
aagaccaagc ctecgggagga gcagttcaat tccacctace gggtggtgte tgtgetgacc 960
gtgctgcace aggactggct gaacggcaaa gaatacaagt gtaaggtctc caacaagggc 1020
ctgceeteet ccatcgagaa aaccatctec aaggccaagg gccagectag ggagectceag 1080
gtgtacacce tgectectag ccaggaagag atgaccaaga accaggtgte cctgacctgt 1140
ctggtgaagg gcttctaccce ttccgacatc gccgtggagt gggagtccaa cggccagect 1200
gagaacaact acaagaccac ccctectgtg ctggactecg acggcetectt cttectgtac 1260
tccaggctga ccgtggacaa gtcececggtgg caggagggca acgtctttte ctgcteegtyg 1320
atgcacgagg ccctgcacaa ccactacacce cagaagtccce tgtccctgte tctgggetga 1380
agett 1385
<210> SEQ ID NO 47
<211> LENGTH: 456
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polyp

eptide

<400> SEQUENCE: 47

Met Gly Trp
1

Val His Ser
Pro Gly Gly
35

Ile Asp Tyr
50

Glu Trp Leu
65

Pro Leu Lys

Val Phe Leu

Tyr Cys Ala

115

Ser Ser Ala
130

Ser Arg Ser
145

Asp Tyr Phe

Ser Cys Ile Ile Leu

5

Glu Val Gln Leu Lys

20

Ser Leu Ser Ile Thr

40

Gly Val Asn Trp Ile

55

Gly Val Ile Trp Gly

70

Gly Arg Leu Ser Ile

85

Gln Met Asn Ser Leu

100

Arg Ile Val Tyr Trp

120

Ser Thr Lys Gly Pro

135

Thr Ser Glu Ser Thr
150

Pro Glu Pro Val Thr

Phe Leu Val
10

Glu Ser Gly
25

Cys Thr Val

Arg Gln Pro

Asp Gly Thr
75

Ser Lys Asp
90

Lys Thr Asp
105

Gly Gln Gly

Ser Val Phe

Ala Ala Leu

155

Val Ser Trp

Ala Thr 2la

Pro Gly Leu
30

Ser Gly Phe
45

Pro Gly Lys
60

Thr Tyr Tyr

Asn Ser Lys

Asp Thr 2la
110

Thr Leu Val
125

Pro Leu Zla
140

Gly Cys Leu

Asn Ser Gly

Thr Gly
15

Val Ala

Ser Leu

Gly Leu

2sn Ala

80

Ser Gln
95

Met Tyr

Thr Val

Pro Cys

Val Lys

160

2la Leu
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Thr Ser Gly
Tyr Ser Leu
195

Lys Thr Tyr
210

Asp Lys Arg
225

Ala Pro Glu

Pro Lys Asp

Val Val Asp

275

Val Asp Gly
290

Gln Phe Asn
305

Gln Asp Trp

Gly Leu Pro

Pro Arg Glu
355

Thr Lys Asn
370

Ser Asp Ile
385

Tyr Lys Thr

Tyr Ser Arg

Phe Ser Cys
435

Lys Ser Leu
450

<210> SEQ I
<211> LENGT
<212> TYPE:

165

Val His Thr Phe Pro

180

Ser Ser Val Val Thr

200

Thr Cys Asn Val Asp

215

Val Glu Ser Lys Tyr
230

Phe Leu Gly Gly Pro

245

Thr Leu Met Ile Ser

260

Val Ser Gln Glu Asp

280

Val Glu Val His Asn

295

Ser Thr Tyr Arg Val
310

Leu Asn Gly Lys Glu

325

Ser Ser Ile Glu Lys

340

Pro Gln Val Tyr Thr

360

Gln Val Ser Leu Thr

375

Ala Val Glu Trp Glu
390

Thr Pro Pro Val Leu

405

Leu Thr Val Asp Lys

420

Ser Val Met His Glu

440

Ser Leu Ser Leu Gly

D NO 48
H: 1385
DNA

455

170

Ala Val Leu
185

Val Pro Ser

His Lys Pro

Gly Pro Pro

235

Ser Val Phe
250

Arg Thr Pro
265

Pro Glu Val

Ala Lys Thr

Val Ser Val

315

Tyr Lys Cys
330

Thr Ile Ser
345

Leu Pro Pro

Cys Leu Val

Ser Asn Gly
395

Agp Ser Asp
410

Ser Arg Trp
425

Ala Leu His

<213> ORGANISM: Artificial Sequence

«<220> FEATU

RE:

Gln Ser Ser
190

Ser Ser Leu
205

Ser Asn Thr
220

Cys Pro Ser

Leu Phe Pro

Glu Val Thr

270

Gln Phe Asn
285

Lys Pro Arg
300

Leu Thr Val

Lys Val Ser

Lys Ala Lys

350

Ser Gln Glu
365

Lys Gly Phe
380

Gln Pro Glu

Gly Ser Phe

Gln Glu Gly
430

Asn His Tyr
445

175

Gly Leu

Gly Thr

Lys Val

Cys Pro
240

Pro Lys
255

Cys Val

Trp Tyr

Glu Glu

Leu His
320

Asn Lys
335

Gly Gln

Glu Met

Tyr Pro

Asn Asn

400

Phe Leu
415

2Asn Val

Thr Gln

<223> OTHER INFORMATICON: Description of Artificial Sequence: Synthetic

polyn

ucleotide

<400> SEQUENCE: 48

gctageacca

cacagegagy

agcatcacct

cagcececeg

tacaacgcce

ttectgeaga

tgggctggag

tgcagetgaa

gcaccgtgag

geaagggect

ccetgaaggyg

tgaacagcet

ctgcatcatc

ggagagegge

cggctteage

ggagtggety

cagectgage

gaagaccgac

ctgttectgy

ceeggectyy

ctgatcgact

ggcgtgatet

atcagcaagyg

gacaccgeca

tggccaccge

tggecceeyy

acggegtgaa

ggggegacgg

acaacagcaa

tgtactactg

caccggegty

cggeagecty

ctggatcege

caccacctac

gagccaggtyg

cgecegeate

60

120

180

240

300

360
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-continued

98

gtgtactggy gccagggcac cctggtgacce gtgagcageg ccagcaccaa gggeccttece 420

gtgttcccte tggcccecttg ctcececggtee acctecgagt ccaccgecge tctgggetge 480
ctggtgaagg actacttcce tgagectgtg accgtgtect ggaactetgy cgecectgace 540
teccggegtge acaccttece tgcegtgetg cagtectecg gectgtacte cctgtectec 600
gtggtgaccg tgccttecte ctcoctggge accaagacct acacctgtaa cgtggaccac 660
aagccttcca acaccaaggt ggacaagcgg gtggagtcca agtacggecc tccttgecct 720
tcectgecctyg ccectgagtt cctgggegga cctagegtgt tectgttece toctaagect 780
aaggacacce tgatgatcte ccggaccect gaggtgacct gtgtggtggt ggacgtgtec 840
caggaggacc ctgaggtcca gttcaactgg tacgtggacg gcgtggaggt gcacaacgcec 900
aagaccaagc ctcgggagga gcagttcaat tccacctacce gggtggtgte tgtgetgace 960

gtgctgcace aggactggct gaacggcaaa gaatacaagt gtaaggtctc caacaaggge 1020

ctgcectect ccatcgagaa aaccatctcee aaggccaagg gccagectag ggagectcag 1080

gtgtacacce tgectcectag ccaggaagag atgaccaaga accaggtgte cctgacctgt 1140

ctggtgaagg gcttctaccce ttccgacatc gccgtggagt gggagtccaa cggccagect 1200

gagaacaact acaagaccac ccctcctgtg ctggactccg acggctcectt cttectgtac 1260

tccaggctga ccgtggacaa gtceceggtgg caggagggca acgtctttte ctgcteegtyg 1320

atgcacgagg ccctgcacaa ccactacacc cagaagtccce tgtccctgte tctgggetga 1380

agett

<210> SEQ ID NO
<21l> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Glu Leu Leu Gly
1

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE: PRT
<213> ORGANISM:

«<400> SEQUENCE:

Met Ile Ser Arg
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
«<213> ORGANISM:
«220> FEATURE:

49

Homo sapiens
49

Gly

5

50

Homo sapiens
50

Thr

5

51

Artificial Sequence

1385

<223> OTHER INFORMATION: Description of Artificial Sequence:
6x His tag

Synthetic

<400> SEQUENCE: 51

Hig Hie His His His His
1 5

<210> SEQ ID NO 52

<211> LENGTH: 15

<212>» TYPE: PRT

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

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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100

peptide

<400> SEQUENCE:

52

Pro Gly Lys Ala Pro Gln Leu Leu Ile Tyr Arg Met Ser Zsn Leu

1 5
<210> SEQ ID NO 53
<211>» LENGTH: 15
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
«223>
peptide
<400> SEQUENCE: 53

10

15

Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Ser Leu

1

<210>
«211>
<212>
<213>
<220>
<223>

peptide

<400> SEQUENCE:

15

5

SEQ ID NO 54
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence: Synthetic

54

10

15

Ser Leu Ile Asp Tyr Gly Val Asn Trp Ile Arg Gln Pro Pro Gly

1 5 10

<210> SEQ ID NO 55

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of

polypeptide

<400> SEQUENCE: 55

Asp Ile Val Met Thr Gln Ala Ala Pro Ser

1 5 10

Gln Ser Val Ser Ile Ser Cys Arg Ser Ser
20 25

Ser Gly Lys Thr Tyr Leu Tyr Trp Phe Leu

35 40
Pro Gln Leu Leu Ile Tyr Arg Met Ser Asn
50 55

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr

65 70

Ser Gly Val Gln Ala Glu Asp Val Gly Val

85 90

Leu Glu Tyr Pro Tyr Thr Phe Gly Gly Gly
100 105

<210> SEQ ID NO 56

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223>

polypeptide

<400> SEQUENCE:

56

Artificial Sequence: Synthetic

Val

Lys

Gln

Leu

Ala

75

Tyr

Thr

Ala

Ser

His

Ala

60

Phe

Tyr

Lys

Val

Leu

Pro

45

Ser

Thr

Cys

Leu

Thr

Leu

30

Gly

Gly

Leu

Met

Glu
110

15

Pro

15

His

Lys

Val

Thr

Gln

95

Ile

OTHER INFORMATION: Description of Artificial Sequence: Synthetic

Gly

Ser

Ala

Pro

Ile

80

His

Lys

OTHER INFORMATION: Description of Artificial Sequence: Synthetic

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln
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-continued
1 5 10 15
Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ile Asp Tyr
20 25 30
Gly Val Asn Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu
35 40 45
Gly Val Ile Trp Gly Asp Gly Thr Thr Tyr Tyr Asn Ser Ala Leu Lys
50 55 60
Ser Arg Leu Ser Ile Ser Lys Asp Thr Ser Lys Ser Gln Val Phe Leu
65 70 75 80
Lys Met Asn Ser Leu Thr Thr Asp Asp Thr Ala Met Tyr Tyr Cys Ala
85 90 95
Arg Ile Val Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ala Ala
100 105 110
Lys
«210> SEQ ID NO 57
<211> LENGTH: 113
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
<400> SEQUENCE: 57
Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln
1 5 10 15
Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Ile 2Asp Tyr
20 25 30
Gly Val Asn Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu
35 40 45
Gly Val Ile Trp Gly Asp Gly Thr Thr Tyr Tyr Pro Ser Ala Leu Lys
50 55 60
Ser Arg Leu Ser Ile Ser Lys Asp Thr Ser Lys Ser Gln Val Phe Leu
65 70 75 80
Lys Met Asn Ser Leu Thr Thr Asp Asp Thr Ala Met Tyr Tyr Cys 2Ala
85 90 95
Arg Ile Val Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ala Ala
100 105 110
Lys
<210> SEQ ID NO 58
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 58

Arg Ser Ser Lys Ser Leu Leu His Ser Ser Gly Lys Thr Tyr Leu Tyr

1

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

<400>

5

SEQ ID NO 59
LENGTH: 7
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

10

OTHER INFORMATION: Synthetic peptide

SEQUENCE: 59

15
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-continued

104

Arg Met Ser Asn Leu Ala Ser
1 5

<210> SEQ ID NO 60

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 60

Met Gln His Leu Glu Tyr Pro Tyr Thr
1 5

<210> SEQ ID NO 61

<211> LENGTH: 10

<212>» TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 61

Gly Phe Ser Leu Ile Asp Tyr Gly Val Asn
1 5 10

<210> SEQ ID NO 62

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 62

Val Ile Trp Gly Asp Gly Thr Thr Tyr
1 5

«210> SEQ ID NO 63

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 63

Ile Val Tyr
1

<210> SEQ ID NO 64

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

«<400> SEQUENCE: 64

Arg Leu Ser Asn Leu Ala Ser
1 5

<210> SEQ ID NO 65

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 65

Arg Leu Ser Ser Asn Leu Ala Ser
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-continued

«210>
<211l>
<212>
<213>
<220>
<223>

SEQ ID NO 66

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 66

Arg Met Ser Asn Leu Ala
1 5

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

SEQ ID NO 67

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 67

Arg Leu Ser Asn Leu Ala
1 5

<210>
<211l>
<212>
<213>
«220>
<223>

SEQ ID NO 68

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 68

Arg Leu Ser Ser Leu Ala
1 5

<210>
«211>
<212>
<213>
<220>
<223>

SEQ ID NO 69

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 69

Arg Ser Ser Lys Ser Leu Leu His Ser Ser Gly Lys Thr Tyr
1 5 10

Trp

Leu Tyr
15

What is claimed is:

1. An antibody formulation suitable for subcutaneous
administration to a patient, the formulation comprising:

a) about 100 to about 175 mg/mL of an antibody;
b) about 10 mM citrate buffer;

¢) about 0.1% (w/v) surfactant;

d) about 200 mM arginine; and

e) about 4.5 to 9% sucrose,

50

55

wherein the pH of the formulation is about pH 6, wherein
the antibody is a fully human anti-CXCRS antibody,
and wherein the antibody comprises a heavy chain
comprising the amino acid sequence of SEQ ID NO: 33
and a light chain comprising the amino acid sequence
of SEQ ID NO: 32.

2. The antibody formulation of claim 1, wherein the
antibody comprises a single chain Fv.

65

3. The antibody formulation of claim 1, wherein the
antibody is an isolated antibody or antigen-binding fragment
thereof that specifically binds to the extracellular domain of
human CXCRS.

4. The antibody formulation of claim 3, wherein the
isolated antibody or antigen-binding fragment thereof com-
prises the amino acid sequences of RSSKSLLHSSGKTYLY
(SEQ ID NO: 58), RLSSLA (SEQ ID NO: 68), MQHLEY-
PYT (SEQ ID NO: 60), GFSLIDYGVN (SEQ ID NO: 61),
VIWGDGTTY (SEQ ID NO: 62), and IVY (SEQ ID NO:

0 63).

5. The antibody formulation of claim 1, wherein the
surfactant is a polysorbate.
6. The antibody formulation of claim 1, wherein the
polysorbate is polysorbate 20 or polysorbate 80.
7. An antibody formulation, comprising:
a) about 175 mg/mL of a humanized IgG4 anti-CXCRS
antibody;
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b) about 10 mM citrate buffer;

¢) about 1.0 mg/mL polysorbate 80;

d) about 200 mM arginine HCI; and

e) about 45 mg/mL sucrose,

wherein the pH of the formulation is about pH 6, wherein

the humanized [gG4 anti-CXCRS antibody comprises a
heavy chain comprising the amino acid sequence of
SEQ ID NO: 33 and a light chain comprising the amino
acid sequence of SEQ ID NO: 32.

8. A container comprising the antibody formulation of
claim 1.

9. The container of claim 8, wherein the container is a
prefilled syringe, a vial, or an autoinjector.

10. A kit, comprising the container of claim 9 and a label
or instructions for the administration and use of the antibody
formulation.

11. The kit of claim 10, wherein administration is by
injection.

12. A lyophilized form of the antibody formulation of
claim 1.

20

108
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