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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to compositions for use in methods for the treatment of asthma. In particular the
invention relates to the treatment of asthma by administering type V Collagen (colV) or tolerogenic fragments thereof.

Description of the Related Art

[0002] Asthma is a heterogeneous disorder of the airways that afflicts millions of people. Airway inflammation, hyper-
responsiveness, and obstruction characterize the condition. The disease often causes spasms of the bronchial smooth
muscle system, and affects both the upper and lower respiratory tracts. There are several forms of asthma, characterized
by varying degrees of severity. Mild asthma, for example, is defined as brief episodes of wheezing, with or without
dyspnea or cough. Moderately severe asthma is defined as wheezing and dyspnea, and can be with or without cough
and expectoration, but generally interferes with daily activities and/or sleeping. Severe asthma is characterized by
incapacitation due to dyspnea, and the afflicted patient typically is unable to eat or sleep normally, is very anxious, and
is often exhausted. A condition known as status asthmaticus is the most severe form of asthma, and generally requires
intensive hospital care, and may even prove fatal. The disease may occur as a result of both allergic and nonallergic
mechanisms.

[0003] While there are several treatments available for relieving the symptoms and discomfort associated with asthma,
there are no cures. Moreover, the current treatments often cause side effects that exacerbate the discomfort and pre-
cipitate other debilitating conditions. Mild asthma generally is treated with beta-adrenergic drugs, as well as antihista-
mines, especially in the case of children, to prevent or abort sporadic episodes. Moderately severe and severe asthma
are generally treated with adrenergic agents and bronchodilators, as well as corticosteroids. Other actions caused by
antiasthmatic agents which limit their widespread use include headache, fatigue, dry mouth, nervousness, and in some
cases addiction and substance abuse. Recent advances in the understanding of the pathogenesis and treatment of
asthma is discussed more fully in Am J Respir Crit Care Med. 2008 May 15;177(10):1068-73.

[0004] Because asthma is so prevalent in both children and adults, there is an ongoing need for agents that can treat
the disease, or at least relieve the symptoms that accompany the disease, without causing undesirable side effects. The
present invention provides compositions and methods for the treatment of asthma and other advantages as described
in the detailed description.

BRIEF SUMMARY OF THE INVENTION

[0005] One aspect of the present invention provides a compound for use in a method for treating asthma comprising
administering to an asthma patient a therapeutically effective amount of type V collagen, or a tolerogenic fragment
thereof. In one embodiment of the methods, the type V collagen or tolerogenic fragment thereof is administered orally,
and may be administered at a dose of between 0.1 mg and 0.5 mg. In further embodiments, the type V collagen or
tolerogenic fragment thereof is administered intravenously, by intrapulmonary instillation, by inhalation, or intramuscu-
larly. In a yet a further embodiment, the method further comprises administering to the asthma patient a corticosteroid,
a bronchodilator and/or a leukotriene modifier, or other known treatment for asthma.

[0006] A further aspect of the invention provides a compound for use in a method for preventing the development or
worsening of asthma in a subject at risk for developing asthma comprising administering to the subject a therapeutically
effective amount of type V collagen, or a tolerogenic fragment thereof. In one embodiment, the type V collagen or
tolerogenic fragment thereof is administered orally and in certain embodiments, may be administered at a dose of
between 0.1 mg and 0.5 mg. In a further embodiment, the type V collagen or tolerogenic fragment thereof is administered
intravenously, by intrapulmonary instillation, by inhalation, intramuscularly, or by a combination of one or more of these
routes.

[0007] One aspect of the present invention provides a method for identifying an asthma patient as a candidate for
collagen V tolerance therapy comprising, contacting at least a portion of a sample of blood from the patient with collagen
V or an antigenic fragment thereof; and measuring the level of antibodies that bind to the collagen V or antigenic fragment
thereof (i.e., measuring the level of Type V collagen-specific antibodies); wherein the presence of antibodies bound to
the collagen V is indicative of asthma. In this regard, collagen V-specific antibody level may be used in conjuction with
other clinical factors as described herein in diagnosing asthma. In one embodiment, the collagen V or antigenic fragment
thereof is conjugated to a bead. In a further embodiment, the measuring comprises contacting the antibodies that bind
to the collagen V or antigenic fragment thereof with a fluorescently labeled anti-lgG antibody; and detecting by flow
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cytometry the amount of flurescently labeled anti-IgG antibody bound to the antibodies bound to the collagen V.
[0008] Another aspect of the present invention provides a method for identifying an individual at risk for developing
asthma, comprising: contacting at least a portion of a sample of blood from the individual with collagen V or an antigenic
fragment thereof; and measuring the level of antibodies that bind to the collagen V or an antigenic fragment thereof (i.e.,
measuring the level of Type V collagen-specific antibodies); wherein the presence of antibodies that bind to the collagen
V is associated with a higher risk than would be expected in an individual with no antibodies that bind to the collagen V.
In one embodiment, the collagen V or antigenic fragment thereof is conjugated to a bead. In another embodiment, the
measuring comprises contacting the antibodies that bind to the collagen V or antigenic fragment thereof with a fluores-
cently labeled anti-lgG antibody; and detecting by flow cytometry the amount of fluorescently labeled anti-lgG antibody
bound to the antibodies bound to the collagen V.

[0009] In certain embodiments of the methods for diagnosing or measuring risk for developing asthma, the anti-IgG
antibody used in the methods detects all IgG subtypes. In further embodiments, the anti-lgG antibody specifically detects
the 1IgG1 subtype, or the IgG2 subtype, or the IgG3 subtype, or the 1gG4 subtype. In this regard, a switch from one
subtype to another subtype may occur during the course of disease and may indicate worsening of disease. Therefore,
an increase in one subtype over time may indicate worsening of disease.

[0010] A further aspect of the invention provides a method for monitoring the progression of asthma in an individual
comprising, contacting at least a portion of a first sample of blood from the individual with collagen V or an antigenic
fragment thereof; measuring the level of antibodies that bind to the collagen V or antigenic fragment thereof in the first
sample of blood; contacting at least a portion of a second sample of blood from the individual taken at a later time point,
with collagen V or an antigenic fragment thereof; measuring the level of antibodies that bind to the collagen V or antigenic
fragment thereof in the second sample of blood; and comparing the level of antibodies that bind to the collagen V or
antigenic fragment thereof in the second sample of blood to the level of antibodies that bind to the collagen V or antigenic
fragment thereof in the first sample of blood; wherein an increase in the level of antibodies bound to the collagen V in
the second sample as compared to the first sample is indicative of worsening of asthma and a decrease in the level of
antibodies bound to the collagen V in the second sample as compared to the first sample is indicative of amelioration
of asthma. Other clinical indicators of asthma may be used in conjuction with the methods provided herein. In certain
embodiments, an increase in anti-collagen V antibodies of a particular IgG subtype (e.g., IgG1, IgG2, IgG3, or IgG4) is
indicative of a progression of asthma. In certain embodiments, the collagen V or antigenic fragment thereof is conjugated
to a bead. In another embodiment, the measuring comprises contacting the antibodies that bind to the collagen V or
antigenic fragment thereof with a fluorescently labeled anti-lgG antibody; and detecting by flow cytometry the amount
of flurescently labeled anti-lgG antibody bound to the antibodies bound to the collagen V. In certain embodiments of the
methods for monitoring progression the anti-lgG antibody detects all IgG subtypes. In other embodiments, the anti-IgG
antibody specifically detects the IgG1, I1gG2, 1IgG3 or IgG4 subtype.

[0011] These and other aspects of the invention will be evident upon reference to the following detailed description
and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 is a bar graph showing elevated anti-type V collagen antibodies in COPD patients.

Figure 2 is a bar graph showing elevated anti-type V collagen antibodies in asthma patients.

Figure 3 shows prevention of ovalbumin-induced airway hyperresponsiveness in mice following intravenous admin-
istration of collagen V. n =5 in all groups except col V where n = 2 - 5 for each data point.

Figures 4A-4E are bar graphs showing induction of IFN-y transcripts in lung mononuclear cells by intravenous
administration of col(v). Quantitative PCR was performed for the IL-4, IL-5, IL-13, IFN-y and IL-10 cytokines shown.
Only Col(V) IV induced IFN-y transcripts in lung mononuclear cells. Data represent lung mononuclear cells of RNA
pooled from 5 mice in each group.

DETAILED DESCRIPTION OF THE INVENTION

Type V Collagen

[0013] Collagen protein is made of polypeptide chains composed of a repeated sequence of amino acids primarily
consisting of hydroxyproline (Hyp), glycine (Gly), and proline (Pro). Collagen is one of the most predominant proteins
found in the human body, comprising about 80-85% of the extracellular matrix (ECM) in the dermal layer of normal (non-
wounded) skin tissue.

[0014] Collagens are classified into several types based on sequence identity and function. Types |, I, & Il collagen
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molecules make up the main fibers of most animal extracellular structures. Type | forms about 90% of the body’s collagen
and is the primary component of bone, skin and tendons. Type Il makes up the major fibers of cartilage. Collagen fibers
are arranged in rigid plates in bones, in parallel bundles in tendons, and in a dense meshwork in cartilage. Type | and
lesser amounts of type Ill make up tendons and skin. Type IV collagen molecules make up very fine, unstriated fibers
present in basal laminae. Type V Collagen (colV) is a minor collagen present in the lung (Madri and Furthmayr, Human
Pathology, 11:353-366, 1980) and is located in the peribronchiolar connective tissues (Madri and Furthmayr, Am. J.
Pathol., 94:323-332, 1979), alveolar interstitium (Konomi et al., 1984), and capillary basement membranes (Madri and
Furthmayr, 1979, Supra). Over a dozen other collagen types are known but are less well characterized.

[0015] Collagen polypeptide chains are characterized by a core helical domain made up of repeating glycine-X-Y
triplets and globular N-terminal and C-terminal domains. Three such chains are wound around one another in a superhelix
to generate an individual ropelike collagen molecule.

[0016] Previous work has demonstrated that autoimmunity to colV is associated with chronic allograft dysfunction
(including obliterative bronchiolitis, bronchiolitis obliterans syndrome (BOS)), lung allograft rejection and with risk of
developing IPF (see e.g., U.S. Patent 7,348,005 and WO 2007/120947). Furthermore, this work showed that adminis-
tration of colV induced tolerance to alloantigens and to colV (see e.g., WO 2007/120947; Fig. 10). However, prior to the
present invention, no association with autoimmunity to colV had been shown in asthma

[0017] Thus, the present invention relates to inducing tolerance to colV in asthma patients, or in subjects at risk for
developing this disease.

[0018] ColV polynucleotide and polypeptide sequences are known to the skilled person and are available in public
databases. lllustrative colV polynucleotides and polypeptides of the present invention include, but are not limited to
Homo sapien collagen, type V, alpha 1 (COL5A1), mRNA NCBI Reference Sequence: NM_000093.3 version
Gl1:89276750 (SEQ ID NO:1); alpha 1 type V collagen preproprotein [Homo sapiens]: Accession NP_000084, version
Gl:89276751 (SEQ ID NO:2); Homo sapien collagen, type V, alpha 2 (COL5A2), mRNA; accession NM_000393, version
G1:89363016 (SEQ ID NO:3); alpha 2 type V collagen preproprotein [Homo sapiens]; accession NP_000384, version
Gl:89363017 (SEQ ID NO:4); Homo sapien collagen, type V, alpha 3 (COL5A3), mRNA; accession NM_015719,
NM_015719.3, GI:110735434 (SEQ ID NO:5); collagen, type V, alpha 3 preproprotein [Homo sapien]; accession
NP_056534, version NP_056534.2, GI:110735435 (SEQ ID NO:6).

[0019] As would be recognized by the skilled person, the preprocollagen is processed in a cell into procollagen which
is exported from the cell and eventually formed into collagen fibrils and fibers. Thus, the present invention specifically
contemplates procollagen and other processed or mature forms of collagen proteins described herein. In this regard,
for example, amino acids 1-26 of SEQ ID NO:4 corresponds to the signal peptide which is cleaved during processing,
amino acids 27-1229 is the collagen alpha-2(V) chain, and amino acids 1230-1499 correspond to the c-terminal propep-
tide. These positions within the sequences specifically disclosed herein would be recognized by the skilled person and
are available through various public databases where annotation of sequences is provided. It should also be noted that
certain amino acids of the collagen proteins are modified during processing (e.g., proline to hydroxyproline). Mature,
modified forms of the type V collagen chains, particularly alpha-2 chains, are specifically contemplated herein. As noted
elsewhere, the type V collagen and alpha chains thereof for use in the present invention may be purified from a variety
of sources or produced recombinantly.

[0020] As used herein, the term "polypeptide" is used in its conventional meaning, i.e., as a sequence of amino acids.
The polypeptides are not limited to a specific length of the product; thus, peptides, oligopeptides, and proteins are
included within the definition of polypeptide, and such terms may be used interchangeably herein unless specifically
indicated otherwise. This term also does not refer to or exclude post-expression modifications of the polypeptide, for
example, glycosylations, acetylations, phosphorylations and the like, as well as other modifications known in the art,
both naturally occurring and non-naturally occurring. A polypeptide may be an entire protein, or a subsequence thereof.
Particular polypeptides of interest in the context of this invention are amino acid subsequences comprising tolerogenic
fragments.

[0021] The present invention, in another aspect, provides polypeptide fragments comprising at least about 5, 10, 15,
20, 25, 50, or 100 contiguous amino acids, or more, including all intermediate lengths, of a collagen polypeptide com-
positions set forth herein, such as those set forth in SEQ ID NOs: 2, 4 or 6, or those encoded by a polynucleotide
sequence set forth in a sequence of SEQ ID NOs: 1, 3 or 5.

[0022] In another aspect, the present invention provides variants of the polypeptide compositions described herein.
Polypeptide variants generally encompassed by the present invention will typically exhibit at least about 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97 %, 98%, or 99% or more identity (determined as described below),
along its length, to a polypeptide sequences set forth herein.

[0023] In one embodiment, the polypeptide fragments and variants provided by the present invention are immunolog-
ically tolerogenic as described herein.

[0024] A polypeptide "variant," as the term is used herein, is a polypeptide that typically differs from a polypeptide
specifically disclosed herein in one or more substitutions, deletions, additions and/or insertions. Such variants may be
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naturally occurring or may be synthetically generated, for example, by modifying one or more of the above polypeptide
sequences of the invention and evaluating their tolerogenic activity as described herein and/or using any of a number
of techniques well known in the art.

[0025] Inmany instances, a variant will contain conservative substitutions. A "conservative substitution" is one in which
an amino acid is substituted for another amino acid that has similar properties, such that one skilled in the art of peptide
chemistry would expect the secondary structure and hydropathic nature of the polypeptide to be substantially unchanged.
Modifications may be made in the structure of the polynucleotides and polypeptides of the present invention and still
obtain a functional molecule that encodes a variant or derivative polypeptide with desirable characteristics, e.g., with
tolerogenic characteristics. When it is desired to alter the amino acid sequence of a polypeptide to create an equivalent,
or even an improved, tolerogenic variant or portion of a polypeptide of the invention, one skilled in the art will typically
change one or more of the codons of the encoding DNA sequence according to Table 1.

[0026] For example, certain amino acids may be substituted for other amino acids in a protein structure without
appreciable loss of interactive binding capacity with structures such as, for example, antigen-binding regions of antibodies
or binding sites on substrate molecules. Since it is the interactive capacity and nature of a protein that defines that
protein’s biological functional activity, certain amino acid sequence substitutions can be made in a protein sequence,
and, of course, its underlying DNA coding sequence, and nevertheless obtain a protein with like properties. It is thus
contemplated that various changes may be made in the peptide sequences of the disclosed compositions, or corre-
sponding DNA sequences which encode said peptides without appreciable loss of their tolerogenic utility or activity.

Table 1

Amino Acids Codons
Alanine Ala A GCA GCC GCG GcCu
Cysteine Cys C UGC UGU
Aspartic acid Asp D GAC GAU
Glutamic acid Glu E GAA GAG
Phenylalanine Phe F uucC uuu
Glycine Gly G GGA GGC GGG GGU
Histidine His H CAC CAU
Isoleucine lle I AUA AUC AUU
Lysine Lys K AAA AAG
Leucine Leu L UUA UUG CUA CucC CuG Cuu
Methionine Met M AUG
Asparagine Asn N AAC AAU
Proline Pro P CCA CCC CCG CCuU
Glutamine Gin Q CAA CAG
Arginine Arg R AGA AGG CGA CGC CGG cCcau
Serine Ser S AGC AGU UCA ucc UCG UCU
Threonine Thr T ACA ACC ACG ACU
Valine Val \Y, GUA GUC GUG GuUU
Tryptophan Trp w UGG
Tyrosine Tyr Y UAC UAU

[0027] In making such changes, the hydropathic index of amino acids may be considered. The importance of the
hydropathic amino acid index in conferring interactive biologic function on a protein is generally understood in the art
(Kyte and Doolittle, 1982). It is accepted that the relative hydropathic character of the amino acid contributes to the
secondary structure of the resultant protein, which in turn defines the interaction of the protein with other molecules, for
example, enzymes, substrates, receptors, DNA, antibodies, antigens, and the like. Each amino acid has been assigned
a hydropathic index on the basis of its hydrophobicity and charge characteristics (Kyte and Doolittle, 1982). These values
are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9);
alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine
(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).

[0028] Itisknown inthe artthatcertain amino acids may be substituted by other amino acids having a similar hydropathic
index or score and still result in a protein with similar biological activity, i.e., still obtain a biological functionally equivalent
protein. In making such changes, the substitution of amino acids whose hydropathic indices are within =2 is preferred,



10

15

20

25

30

35

40

45

50

55

EP 2 421 552 B1

those within =1 are particularly preferred, and those within 0.5 are even more particularly preferred. Itis also understood
in the art that the substitution of like amino acids can be made effectively on the basis of hydrophilicity. U. S. Patent
4,554,101 states that the greatest local average hydrophilicity of a protein, as governed by the hydrophilicity of its adjacent
amino acids, correlates with a biological property of the protein.

[0029] As detailed in U. S. Patent 4,554,101, the following hydrophilicity values have been assigned to amino acid
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 £ 1); glutamate (+3.0 = 1); serine (+0.3); asparagine (+0.2);
glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 = 1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine
(-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). Itis understood
that an amino acid can be substituted for another having a similar hydrophilicity value and still obtain a biologically
equivalent, and in particular, an immunologically equivalent protein. In such changes, the substitution of amino acids
whose hydrophilicity values are within =2 is preferred, those within =1 are particularly preferred, and those within 0.5
are even more particularly preferred.

[0030] As outlined above, amino acid substitutions are generally therefore based on the relative similarity of the amino
acid side-chain substituents, for example, their hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary
substitutions that take various of the foregoing characteristics into consideration are well known to those of skill in the
art and include: arginine and lysine; glutamate and aspartate; serine and threonine; glutamine and asparagine; and
valine, leucine and isoleucine.

[0031] In addition, any polynucleotide may be further modified to increase stability in vivo. Possible modifications
include, but are not limited to, the addition of flanking sequences at the 5" and/or 3’ ends; the use of phosphorothioate
or 2° O-methyl rather than phosphodiesterase linkages in the backbone; and/or the inclusion of nontraditional bases
such as inosine, queosine and wybutosine, as well as acetyl- methyl-, thio- and other modified forms of adenine, cytidine,
guanine, thymine and uridine.

[0032] Amino acid substitutions may further be made on the basis of similarity in polarity, charge, solubility, hydropho-
bicity, hydrophilicity and/or the amphipathic nature of the residues. For example, negatively charged amino acids include
aspartic acid and glutamic acid; positively charged amino acids include lysine and arginine; and amino acids with un-
charged polar head groups having similar hydrophilicity values include leucine, isoleucine and valine; glycine and alanine;
asparagine and glutamine; and serine, threonine, phenylalanine and tyrosine. Other groups of amino acids that may
represent conservative changes include: (1) ala, pro, gly, glu, asp, gln, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, ile, leu,
met, ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his. A variant may also, or alternatively, contain nonconservative
changes. In a preferred embodiment, variant polypeptides differ from a native sequence by substitution, deletion or
addition of five amino acids or fewer. Variants may also (or alternatively) be modified by, for example, the deletion or
addition of amino acids that have minimal influence on the tolerogenicity, secondary structure and hydropathic nature
of the polypeptide.

[0033] As noted above, polypeptides may comprise a signal (or leader) sequence at the N-terminal end of the protein,
which co-translationally or post-translationally directs transfer of the protein. The polypeptide may also be conjugated
to a linker or other sequence for ease of synthesis, purification or identification of the polypeptide (e.g., poly-His), or to
enhance binding of the polypeptide to a solid support. For example, a polypeptide may be conjugated to animmunoglobulin
Fc region.

[0034] When comparing polypeptide sequences, two sequences are said to be "identical" if the sequence of amino
acids in the two sequences is the same when aligned for maximum correspondence, as described below. Comparisons
between two sequences are typically performed by comparing the sequences over a comparison window to identify and
compare local regions of sequence similarity. A "comparison window" as used herein, refers to a segment of at least
about 20 contiguous positions, usually 30 to about 75, 40 to about 50, in which a sequence may be compared to a
reference sequence of the same number of contiguous positions after the two sequences are optimally aligned.
[0035] Optimalalignmentofsequences forcomparison may be conducted using the Megalign programinthe Lasergene
suite of bioinformatics software (DNASTAR, Inc., Madison, WI), using default parameters. This program embodies
several alignment schemes described in the following references: Dayhoff, M.O., (1978) A model of evolutionary change
in proteins - Matrices for detecting distant relationships. In Dayhoff, M.O. (ed.) Atlas of Protein Sequence and Structure,
National Biomedical Research Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990) Unified Approach
to Alignment and Phylogenes, pp. 626-645 Methods in Enzymology vol. 183, Academic Press, Inc., San Diego, CA;
Higgins, D.G. and Sharp, P.M., CABIOS 5:151-153 (1989); Myers, E.W. and Muller W., CABIOS 4:11-17 (1988); Rob-
inson, E.D., Comb. Theor 11:105 (1971); Saitou, N. Nei, M., Mol. Biol. Evol. 4:406-425 (1987); Sneath, P.H.A. and Sokal,
R.R., Numerical Taxonomy - the Principles and Practice of Numerical Taxonomy, Freeman Press, San Francisco, CA
(1973); Wilbur, W.J. and Lipman, D.J., Proc. Natl. Acad., Sci. USA 80:726-730 (1983).

[0036] Alternatively, optimal alignment of sequences for comparison may be conducted by the local identity algorithm
of Smith and Waterman, Add. APL. Math 2:482 (1981), by the identity alignment algorithm of Needleman and Wunsch,
J. Mol. Biol. 48:443 (1970), by the search for similarity methods of Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:
2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA in
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the Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575 Science Dr., Madison, WI), or by
inspection.

[0037] One preferred example of algorithms that are suitable for determining percent sequence identity and sequence
similarity are the BLAST and BLAST 2.0 algorithms, which are described in Altschul et al., Nucl. Acids Res. 25:3389-3402
(1977), and Altschul et al., J. Mol. Biol. 215:403-410 (1990), respectively. BLAST and BLAST 2.0 can be used, for
example with the parameters described herein, to determine percent sequence identity for the polynucleotides and
polypeptides of the invention. Software for performing BLAST analyses is publicly available through the National Center
for Biotechnology Information. For amino acid sequences, a scoring matrix can be used to calculate the cumulative
score. Extension of the word hits in each direction are halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumulative score goes to zero or below, due to the accumulation of
one or more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T and X determine the sensitivity and speed of the alignment.

[0038] In one preferred approach, the "percentage of sequence identity" is determined by comparing two optimally
aligned sequences over a window of comparison of at least 20 positions, wherein the portion of the polypeptide sequence
in the comparison window may comprise additions or deletions (i.e., gaps) of 20 percent or less, usually 5 to 15 percent,
or 10 to 12 percent, as compared to the reference sequences (which does not comprise additions or deletions) for optimal
alignment of the two sequences. The percentage is calculated by determining the number of positions at which the
identical amino acid residue occurs in both sequences to yield the number of matched positions, dividing the number of
matched positions by the total number of positions in the reference sequence (i.e., the window size) and multiplying the
results by 100 to yield the percentage of sequence identity.

[0039] Within other illustrative embodiments, a polypeptide may be a fusion polypeptide that comprises multiple
polypeptides as described herein, or that comprises at least one polypeptide as described herein and an unrelated
sequence, such as a His tag for purification, or a targeting peptide. A fusion partner may, for example, assistin expressing
the protein (an expression enhancer) at higher yields than the native recombinant protein. Other fusion partners may
be selected so as to increase the solubility of the polypeptide or to enable the polypeptide to be targeted to desired
intracellular compartments. Still further fusion partners include affinity tags, which facilitate purification of the polypeptide.
In certain embodiments, a fusion partner increases the tolerogenicity of the polypeptide or increases its uptake by cells.
In further embodiments, a fusion partner comprises an immune response enhancer.

[0040] Fusion polypeptides may generally be prepared using standard techniques, including chemical conjugation.
Preferably, a fusion polypeptide is expressed as a recombinant polypeptide, allowing the production of increased levels,
relative to a non-fused polypeptide, in an expression system. Briefly, DNA sequences encoding the polypeptide com-
ponents may be assembled separately, and ligated into an appropriate expression vector. The 3’ end of the DNA
sequence encoding one polypeptide component is ligated, with or without a peptide linker, to the 5’ end of a DNA
sequence encoding the second polypeptide component so that the reading frames of the sequences are in phase. This
permits translation into a single fusion polypeptide that retains the biological activity of both component polypeptides.
[0041] A peptide linker sequence may be employed to separate the first and second polypeptide components by a
distance sufficient to ensure that each polypeptide folds into its secondary and tertiary structures. Such a peptide linker
sequence is incorporated into the fusion polypeptide using standard techniques well known in the art. Suitable peptide
linker sequences may be chosen based on the following factors: (1) their ability to adopt a flexible extended conformation;
(2) their inability to adopt a secondary structure that could interact with functional epitopes on the first and second
polypeptides; and (3) the lack of hydrophobic or charged residues that might react with the polypeptide functional epitopes.
Preferred peptide linker sequences contain Gly, Asn and Ser residues. Other near neutral amino acids, such as Thr and
Ala may also be used in the linker sequence. Amino acid sequences which may be usefully employed as linkers include
those disclosed in Maratea et al., Gene 40:39-46, 1985; Murphy et al., Proc. Natl. Acad. Sci. USA 83:8258-8262, 1986;
U.S. Patent No. 4,935,233 and U.S. Patent No. 4,751,180. The linker sequence may generally be from 1 to about 50
amino acids in length. Linker sequences are not required when the first and second polypeptides have non-essential N-
terminal amino acid regions that can be used to separate the functional domains and prevent steric interference.
[0042] The ligated DNA sequences are operably linked to suitable transcriptional or translational regulatory elements.
The regulatory elements responsible for expression of DNA are located only 5’ to the DNA sequence encoding the first
polypeptides. Similarly, stop codons required to end translation and transcription termination signals are only present
3’ to the DNA sequence encoding the second polypeptide.

[0043] One embodiment of the invention involves fusion polypeptides, and the polynucleotides encoding them, wherein
the fusion partner comprises a targeting signal capable of directing a polypeptide to the endosomal/lysosomal compart-
ment, as describedin U.S. PatentNo. 5,633,234. A tolerogenic polypeptide of the invention, when fused with this targeting
signal, will associate more efficiently with MHC class Il molecules and thereby provide enhanced in vivo stimulation of
appropriate CD4* T cells specific for the polypeptide.

[0044] Polypeptides of the invention are prepared using any of a variety of well known synthetic and/or recombinant
techniques, the latter of which are further described below. Polypeptides, portions and other variants generally less than
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about 150 amino acids can be generated by synthetic means, using techniques well known to those of ordinary skill in
the art. In one illustrative example, such polypeptides are synthesized using any of the commercially available solid-
phase techniques, such as the Merrifield solid-phase synthesis method, where amino acids are sequentially added to
a growing amino acid chain. See Merrifield, J. Am. Chem. Soc. 85:2149-2146, 1963. Equipment for automated synthesis
of polypeptides is commercially available from suppliers such as Perkin ElImer/Applied BioSystems Division (Foster City,
CA), and may be operated according to the manufacturer’s instructions.

[0045] In general, polypeptide compositions (including fusion polypeptides) of the invention are isolated. An "isolated"
polypeptide is one that is removed from its original environment. For example, a naturally-occurring protein or polypeptide
is isolated if it is separated from some or all of the coexisting materials in the natural system. Preferably, such polypeptides
are also purified, e.g., are at least about 90% pure, more preferably at least about 95% pure and most preferably at least
about 99% pure.

[0046] ColV protein may be purified from a variety of sources or may be purchased from a commercial source (Col-
laborative Biomedical Products/ Becton, Dickinson and Company, Franklin Lakes, NJ USA). In order to practice some
embodiments it may be necessary to obtain pure or partially pure collagen or a tolerogenic fragment, epitope or antigenic
portion thereof. These materials for example type V collagen or fragments thereof can be readily obtained by a variety
of means including but not limited to animal sources, human cadavers, or recombinant means. Additional methods
include partial digests of collagen such as type V collagen. In this regard, Human type V collagen may be extracted from
human placenta or other sources and purified by differential NaCl precipitation (Seyer and Kang, 1989). For example,
placental tissues are minced, washed, and suspended in 0.5 M acetic acid containing 0.2 M NaCl, and digested by
pepsin at 4°C. Supernatants are aspirated from centrifuged specimens, the pellet collected and the extraction procedure
repeated. The supernatants are combined from the two digests, and col(V) was purified from the supernatants by
differential NaCl precipitation from 0.5 M acetic acid (Smith ef al., 1985; Seyer and Kang, 1989). The type V collagen is
generally soluble in 0.7 M NaCl and precipitated in 1.2 M NaCl.

[0047] For those embodiments where it is required to purify a.(V) chains, the cycle of solubilization in acetic acid and
NaCl precipitation may be repeated until a type V preparation with an a-chain ratio o 1 (V)/ o 2(V) of approximately 2 is
obtained as determined by SDS-polyacrylamide gel electrophoresis (Smith et al., 1985), or other appropriate method
known to the skilled artisan. Separation of o 1 (V) from a 2(V) may be achieved by chromatography on DEAE-cellulose
(Seyer and Kang, 1989) or other methods known to the skilled person, such as those described in Protein Purification
Protocols, Ed. Shawn Doonan, Humana Press, 1996). The o 1(V) and o 2(V) chains may be eluted from the column,
and purity confirmed by SDS-polyacrylamide gel electrophoresis as previously reported (Smith, Jr. et al, 1985). Intact
col(V), or a 1(V) and a 2(V) chains may be diluted in PBS (0.5 mg/ml) or other appropriate buffer until use.

[0048] The presentinvention, in certain embodiments, provides polynucleotides encoding the collagen proteins of the
present invention. lllustrative polynucleotides are those set forth in SEQ ID NOs:1, 3 and 5, and fragments thereof that
encode a tolerogenic fragment of a collagen protein as described herein.

[0049] The terms "DNA" and "polynucleotide" are used essentially interchangeably herein to refer to a DNA molecule
that has been isolated free of total genomic DNA of a particular species. "Isolated", as used herein, means that a
polynucleotide is substantially away from other coding sequences, and that the DNA molecule does not contain large
portions of unrelated coding DNA, such as large chromosomal fragments or other functional genes or polypeptide coding
regions. Of course, this refers to the DNA molecule as originally isolated, and does not exclude genes or coding regions
later added to the segment by the hand of man.

[0050] As will be understood by those skilled in the art, the polynucleotide compositions of this invention can include
genomic sequences, extra-genomic and plasmid-encoded sequences and smaller engineered gene segments that
express, or may be adapted to express, proteins, polypeptides, peptides and the like. Such segments may be naturally
isolated, or modified synthetically by the hand of man.

[0051] Polynucleotides compositions of the present invention may be identified, prepared and/or manipulated using
any of a variety of well established techniques (see generally, Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratories, Cold Spring Harbor, NY, 1989; Ausubel et al. (2001 Current Protocols in Molecular
Biology, Greene Publ. Assoc. Inc. & John Wiley & Sons, Inc., NY, NY) and other like references).

[0052] Manytemplate dependent processes are available to amplify a target sequences of interest presentin a sample.
One of the best known amplification methods is the polymerase chain reaction (PCR™) which is described in detail in
U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159.

[0053] Anyofanumberofothertemplate dependentprocesses, many of which are variations of the PCR ™ amplification
technique, are readily known and available in the art. lllustratively, some such methods include the ligase chain reaction
(referred to as LCR), described, for example, in Eur. Pat. Appl. Publ. No. 320,308 and U.S. Patent No. 4,883,750; Qbeta
Replicase, described in PCT Intl. Pat. Appl. Publ. No. PCT/US87/00880; Strand Displacement Amplification (SDA) and
Repair Chain Reaction (RCR). Still other amplification methods are described in Great Britain Pat. Appl. No. 2 202 328,
and in PCT Intl. Pat. Appl. Publ. No. PCT/US89/01025. Other nucleic acid amplification procedures include transcription-
based amplification systems (TAS) (PCT Intl. Pat. Appl. Publ. No. WO 88/10315), including nucleic acid sequence based
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amplification (NASBA) and 3SR. Eur. Pat. Appl. Publ. No. 329,822 describes a nucleic acid amplification process involving
cyclically synthesizing single-stranded RNA ("ssRNA"), ssDNA, and double-stranded DNA (dsDNA). PCT Intl. Pat. Appl.
Publ. No. WO 89/06700 describes a nucleic acid sequence amplification scheme based on the hybridization of a pro-
moter/primer sequence to a target single-stranded DNA ("ssDNA") followed by transcription of many RNA copies of the
sequence. Other amplification methods such as "RACE" (Frohman, 1990), and "one-sided PCR" (Ohara, 1989) are also
well-known to those of skill in the art.

[0054] An amplified portion of a polynucleotide of the present invention may be used to isolate a full length gene from
a suitable library (e.g., a tumor cDNA library) using well known techniques.

[0055] Aswillbe alsorecognized by the skilled artisan, polynucleotides of the invention may be single-stranded (coding
or antisense) or double-stranded, and may be DNA (genomic, cDNA or synthetic) or RNA molecules. RNA molecules
may include HhNRNA molecules, which contain introns and correspond to a DNA molecule in a one-to-one manner, and
mRNA molecules, which do not contain introns. Additional coding or non-coding sequences may, but need not, be
present within a polynucleotide of the present invention, and a polynucleotide may, but need not, be linked to other
molecules and/or support materials.

[0056] Polynucleotides may comprise a native sequence (i.e., an endogenous sequence that encodes a polypep-
tide/protein of the invention or a portion thereof) or may comprise a sequence that encodes a variant or derivative,
preferably a tolerogenic variant or derivative, of such a sequence.

[0057] In other related embodiments, the presentinvention provides polynucleotide variants having substantial identity
to the sequences disclosed herein in SEQ ID NOs: 1, 3 and 5, for example those comprising at least 70% sequence
identity, preferably at least 75%), 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or higher, sequence identity compared
to a polynucleotide sequence of this invention using the methods described herein, (e.g., BLAST analysis using standard
parameters, as described below). One skilled in this art will recognize that these values can be appropriately adjusted
to determine corresponding identity of proteins encoded by two nucleotide sequences by taking into account codon
degeneracy, amino acid similarity, reading frame positioning and the like.

[0058] Typically, polynucleotide variants will contain one or more substitutions, additions, deletions and/or insertions,
preferably such that the tolerogenic activity of the polypeptide encoded by the variant polynucleotide is not substantially
diminished relative to a polypeptide encoded by a polynucleotide sequence specifically set forth herein. The term "var-
iants" should also be understood to encompasses homologous genes of xenogenic origin.

[0059] In additional embodiments, the present invention provides polynucleotide fragments comprising or consisting
of various lengths of contiguous stretches of sequence identical to or complementary to one or more of the sequences
disclosed herein. For example, polynucleotides are provided by this invention that comprise or consist of at least about
10, 15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400, 500 or 1000 or more contiguous nucleotides of one or more of the
sequences disclosed herein as well as all intermediate lengths there between. It will be readily understood that "inter-
mediate lengths", in this context, means any length between the quoted values, such as 16, 17, 18, 19, efc.; 21, 22, 23,
etc.; 30, 31, 32, efc.; 50, 51, 52, 53, etc.; 100, 101, 102, 103, etc.; 150, 151, 152, 153, etc.; including all integers through
200-500; 500-1,000, and the like. A polynucleotide sequence as described here may be extended at one or both ends
by additional nucleotides not found in the native sequence. This additional sequence may consist of 1, 2, 3,4, 5, 6, 7,
8,9,10,11,12,13, 14, 15, 16, 17, 18, 19, or 20 nucleotides at either end of the disclosed sequence or at both ends of
the disclosed sequence.

[0060] Inanotherembodimentoftheinvention, polynucleotide compositions are provided that are capable of hybridizing
under moderate to high stringency conditions to a polynucleotide sequence provided herein, or a fragment thereof, or
acomplementary sequence thereof. Hybridization techniques are well known in the art of molecular biology. For purposes
of illustration, suitable moderately stringent conditions for testing the hybridization of a polynucleotide of this invention
with other polynucleotides include prewashing in a solution of 5 X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing
at 50°C-60°C, 5 X SSC, overnight; followed by washing twice at 65°C for 20 minutes with each of 2X, 0.5X and 0.2X
SSC containing 0.1 % SDS. One skilled in the art will understand that the stringency of hybridization can be readily
manipulated, such as by altering the salt content of the hybridization solution and/or the temperature at which the
hybridization is performed. For example, in another embodiment, suitable highly stringent hybridization conditions include
those described above, with the exception that the temperature of hybridization is increased, e.g., to 60-65°C or 65-70°C.
[0061] In one embodiment, such polynucleotide variants encode polypeptides that have a level of tolerogenic activity
of at least about 50%, preferably at least about 70%, and more preferably at least about 90%, 95%, 96%, 97%, 98%,
99%, or more, of that for a polypeptide sequence specifically set forth herein.

[0062] The polynucleotides of the present invention, or fragments thereof, regardless of the length of the coding
sequence itself, may be combined with other DNA sequences, such as promoters, polyadenylation signals, additional
restriction enzyme sites, multiple cloning sites, other coding segments, and the like, such that their overall length may
vary considerably. It is therefore contemplated that a nucleic acid fragment of almost any length may be employed, with
the total length preferably being limited by the ease of preparation and use in the intended recombinant DNA protocol.
For example, illustrative polynucleotide segments with total lengths of about 10,000, about 5000, about 3000, about
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2,000, about 1,000, about500, about 200, about 100, about 50 base pairs in length, and the like, (including all intermediate
lengths) are contemplated to be useful in many implementations of this invention.

[0063] When comparing polynucleotide sequences, two sequences are said to be "identical" if the sequence of nu-
cleotides inthe two sequences is the same when aligned for maximum correspondence, as described below. Comparisons
between two sequences are typically performed by comparing the sequences over a comparison window to identify and
compare local regions of sequence similarity. A "comparison window" as used herein, refers to a segment of at least
about 20 contiguous positions, usually 30 to about 75, 40 to about 50, in which a sequence may be compared to a
reference sequence of the same number of contiguous positions after the two sequences are optimally aligned.
[0064] Optimalalignmentofsequences forcomparison may be conducted using the Megalign programinthe Lasergene
suite of bioinformatics software (DNASTAR, Inc., Madison, WI), using default parameters. This program embodies
several alignment schemes described in the following references: Dayhoff, M.O. (1978) A model of evolutionary change
in proteins - Matrices for detecting distant relationships. In Dayhoff, M.O. (ed.) Atlas of Protein Sequence and Structure,
National Biomedical Research Foundation, Washington DC Vol. 5, Suppl. 3, pp. 345-358; Hein J., Unified Approach to
Alignment and Phylogenes, pp. 626-645 (1990); Methods in Enzymology vol. 183, Academic Press, Inc., San Diego,
CA; Higgins, D.G. and Sharp, P.M., CABIOS 5:151-153 (1989); Myers, E.W. and Muller W., CABIOS 4:11-17 (1988);
Robinson, E.D., Comb. Theor 11:105 (1971); Saitou, N. Nei, M., Mol. Biol. Evol. 4:406-425 (1987); Sneath, P.H.A. and
Sokal, R.R., Numerical Taxonomy - the Principles and Practice of Numerical Taxonomy, Freeman Press, San Francisco,
CA (1973); Wilbur, W.J. and Lipman, D.J., Proc. Natl. Acad., Sci. USA 80:726-730 (1983).

[0065] Alternatively, optimal alignment of sequences for comparison may be conducted by the local identity algorithm
of Smith and Waterman, Add. APL. Math 2:482 (1981), by the identity alignment algorithm of Needleman and Wunsch,
J. Mol. Biol. 48:443 (1970), by the search for similarity methods of Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:
2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575 Science Dr., Madison, WI), or by
inspection.

[0066] One preferred example of algorithms that are suitable for determining percent sequence identity and sequence
similarity are the BLAST and BLAST 2.0 algorithms, which are described in Altschul et al., Nucl. Acids Res. 25:3389-3402
(1977), and Altschul et al., J. Mol. Biol. 215:403-410 (1990), respectively. BLAST and BLAST 2.0 can be used, for
example with the parameters described herein, to determine percent sequence identity for the polynucleotides of the
invention. Software for performing BLAST analyses is publicly available through the National Center for Biotechnology
Information. In one illustrative example, cumulative scores can be calculated using, for nucleotide sequences, the pa-
rameters M (reward score for a pair of matching residues; always >0) and N (penalty score for mismatching residues;
always <0). Extension of the word hits in each direction are halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumulative score goes to zero or below, due to the accumulation of
one or more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, and expectation (E) of 10, and the BLOSUM®62 scoring matrix (see
Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)) alignments, (B) of 50, expectation (E) of 10, M=5,
N=-4 and a comparison of both strands.

[0067] Preferably, the "percentage of sequence identity" is determined by comparing two optimally aligned sequences
over a window of comparison of atleast 20 positions, wherein the portion of the polynucleotide sequence in the comparison
window may comprise additions or deletions (i.e., gaps) of 20 percent or less, usually 5 to 15 percent, or 10 to 12 percent,
as compared to the reference sequences (which does not comprise additions or deletions) for optimal alignment of the
two sequences. The percentage is calculated by determining the number of positions at which the identical nucleic acid
bases occurs in both sequences to yield the number of matched positions, dividing the number of matched positions by
the total number of positions in the reference sequence (i.e., the window size) and multiplying the results by 100 to yield
the percentage of sequence identity.

[0068] It will be appreciated by those of ordinary skill in the art that, as a result of the degeneracy of the genetic code,
there are many nucleotide sequences that encode a polypeptide as described herein. Some of these polynucleotides
bear minimal homology to the nucleotide sequence of any native gene. Nonetheless, polynucleotides that vary due to
differences in codon usage are specifically contemplated by the presentinvention. Further, alleles of the genes comprising
the polynucleotide sequences provided herein are within the scope of the present invention. Alleles are endogenous
genes thatare altered as a result of one or more mutations, such as deletions, additions and/or substitutions of nucleotides.
The resulting mRNA and protein may, but need not, have an altered structure or function. Alleles may be identified using
standard techniques (such as hybridization, amplification and/or database sequence comparison).

[0069] Therefore, in another embodiment of the invention, a mutagenesis approach, such as site-specific mutagenesis,
is employed for the preparation of tolerogenic variants and/or derivatives of the polypeptides described herein. By this
approach, specific modifications in a polypeptide sequence can be made through mutagenesis of the underlying poly-
nucleotides that encode them. These techniques provides a straightforward approach to prepare and test sequence
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variants, for example, incorporating one or more of the foregoing considerations, by introducing one or more nucleotide
sequence changes into the polynucleotide.

[0070] Site-specific mutagenesis allows the production of mutants through the use of specific oligonucleotide sequenc-
es which encode the DNA sequence of the desired mutation, as well as a sufficient number of adjacent nucleotides, to
provide a primer sequence of sufficient size and sequence complexity to form a stable duplex on both sides of the
deletion junction being traversed. Mutations may be employed in a selected polynucleotide sequence to improve, alter,
decrease, modify, or otherwise change the properties of the polynucleotide itself, and/or alter the properties, activity,
composition, stability, or primary sequence of the encoded polypeptide.

[0071] In certain embodiments of the present invention, the inventors contemplate the mutagenesis of the disclosed
polynucleotide sequences to alter one or more properties of the encoded polypeptide, such as the tolerogenicity of a
polypeptide. The techniques of site-specific mutagenesis are well-known in the art, and are widely used to create variants
of both polypeptides and polynucleotides. For example, site-specific mutagenesis is often used to alter a specific portion
of a DNA molecule. In such embodiments, a primer comprising typically about 14 to about 25 nucleotides or so in length
is employed, with about 5 to about 10 residues on both sides of the junction of the sequence being altered.

[0072] As will be appreciated by those of skill in the art, site-specific mutagenesis techniques have often employed a
phage vector that exists in both a single stranded and double stranded form. Typical vectors useful in site-directed
mutagenesis include vectors such as the M13 phage. These phage are readily commercially-available and their use is
generally well-known to those skilled in the art. Double-stranded plasmids are also routinely employed in site directed
mutagenesis that eliminates the step of transferring the gene of interest from a plasmid to a phage.

[0073] In general, site-directed mutagenesis in accordance herewith is performed by first obtaining a single-stranded
vector or melting apart of two strands of a double-stranded vector that includes within its sequence a DNA sequence
that encodes the desired peptide. An oligonucleotide primer bearing the desired mutated sequence is prepared, generally
synthetically. This primer is then annealed with the single-stranded vector, and subjected to DNA polymerizing enzymes
such as E. coli polymerase | Klenow fragment, in order to complete the synthesis of the mutation-bearing strand. Thus,
a heteroduplex is formed wherein one strand encodes the original non-mutated sequence and the second strand bears
the desired mutation. This heteroduplex vector is then used to transform appropriate cells, such as E. coli cells, and
clones are selected which include recombinant vectors bearing the mutated sequence arrangement.

[0074] The preparation of sequence variants of the selected peptide-encoding DNA segments using site-directed
mutagenesis provides a means of producing potentially useful species and is not meant to be limiting as there are other
ways in which sequence variants of peptides and the DNA sequences encoding them may be obtained. For example,
recombinant vectors encoding the desired peptide sequence may be treated with mutagenic agents, such as hydroxy-
lamine, to obtain sequence variants. Specific details regarding these methods and protocols are found in the teachings
of Maloy et al., 1994; Segal, 1976; Prokop and Bajpai, 1991; Kuby, 1994; and Maniatis et al., 1982.

[0075] As used herein, the term "oligonucleotide directed mutagenesis procedure" refers to template-dependent proc-
esses and vector-mediated propagation which resultin an increase in the concentration of a specific nucleic acid molecule
relative to its initial concentration, or in an increase in the concentration of a detectable signal, such as amplification. As
used herein, the term "oligonucleotide directed mutagenesis procedure” is intended to refer to a process that involves
the template-dependent extension of a primer molecule. The term template dependent process refers to nucleic acid
synthesis of an RNA or a DNA molecule wherein the sequence of the newly synthesized strand of nucleic acid is dictated
by the well-known rules of complementary base pairing (see, for example, Watson, 1987). Typically, vector mediated
methodologies involve the introduction of the nucleic acid fragment into a DNA or RNA vector, the clonal amplification
of the vector, and the recovery of the amplified nucleic acid fragment. Examples of such methodologies are provided by
U. S. Patent No. 4,237,224.

[0076] In another approach for the production of polypeptide variants of the present invention, recursive sequence
recombination, as described in U.S. Patent No. 5,837,458, may be employed. In this approach, iterative cycles of
recombination and screening or selection are performed to "evolve" individual polynucleotide variants of the invention
having, for example, enhanced tolerogenic activity.

[0077] In other embodiments of the invention, polynucleotide sequences or fragments thereof which encode polypep-
tides of the invention, or fusion proteins or functional equivalents thereof, may be used in recombinant DNA molecules
to direct expression of a polypeptide in appropriate host cells. Due to the inherent degeneracy of the genetic code, other
DNA sequences that encode substantially the same or a functionally equivalent amino acid sequence may be produced
and these sequences may be used to clone and express a given polypeptide.

[0078] As will be understood by those of skill in the art, it may be advantageous in some instances to produce polypep-
tide-encoding nucleotide sequences possessing non-naturally occurring codons. For example, codons preferred by a
particular prokaryotic or eukaryotic host can be selected to increase the rate of protein expression or to produce a
recombinant RNA transcript having desirable properties, such as a half-life which is longer than that of a transcript
generated from the naturally occurring sequence.

[0079] Moreover, the polynucleotide sequences of the present invention can be engineered using methods generally
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known in the art in order to alter polypeptide encoding sequences for a variety of reasons, including but not limited to,
alterations which modify the cloning, processing, and/or expression of the gene product. For example, DNA shuffling by
random fragmentation and PCR reassembly of gene fragments and synthetic oligonucleotides may be used to engineer
the nucleotide sequences. In addition, site-directed mutagenesis may be used to insert new restriction sites, alter glyc-
osylation patterns, change codon preference, produce splice variants, or introduce mutations, and so forth.

[0080] In another embodiment of the invention, natural, modified, or recombinant nucleic acid sequences may be
ligated to a heterologous sequence to encode a fusion protein. For example, to screen peptide libraries for inhibitors of
polypeptide activity, it may be useful to encode a chimeric protein that can be recognized by a commercially available
antibody. A fusion protein may also be engineered to contain a cleavage site located between the polypeptide-encoding
sequence and the heterologous protein sequence, so that the polypeptide may be cleaved and purified away from the
heterologous moiety.

[0081] Sequences encoding a desired polypeptide may be synthesized, in whole or in part, using chemical methods
well known in the art (see Caruthers, M. H. et al. (1980) Nucl. Acids Res. Symp. Ser. 215-223, Horn, T. et al. (1980)
Nucl. Acids Res. Symp. Ser. 225-232). Alternatively, the protein itself may be produced using chemical methods to
synthesize the amino acid sequence of a polypeptide, or a portion thereof. For example, peptide synthesis can be
performed using various solid-phase techniques (Roberge, J. Y. et al. (1995) Science 269:202-204) and automated
synthesis may be achieved, for example, using the ABI 431A Peptide Synthesizer (Perkin Elmer, Palo Alto, CA).
[0082] A newly synthesized peptide may be substantially purified by preparative high performance liquid chromatog-
raphy (e.g., Creighton, T. (1983) Proteins, Structures and Molecular Principles, WH Freeman and Co., New York, N.Y.)
or other comparable techniques available in the art. The composition of the synthetic peptides may be confirmed by
amino acid analysis or sequencing (e.g., the Edman degradation procedure). Additionally, the amino acid sequence of
a polypeptide, or any part thereof, may be altered during direct synthesis and/or combined using chemical methods with
sequences from other proteins, or any part thereof, to produce a variant polypeptide.

[0083] In order to express a desired polypeptide, the nucleotide sequences encoding the polypeptide, or functional
equivalents, may be inserted into appropriate expression vector, i.e., a vector which contains the necessary elements
for the transcription and translation of the inserted coding sequence. Methods which are well known to those skilled in
the art may be used to construct expression vectors containing sequences encoding a polypeptide of interest and
appropriate transcriptional and translational control elements. These methods include in vitro recombinant DNA tech-
niques, synthetic techniques, and in vivo genetic recombination. Such techniques are described, for example, in Sam-
brook, J. et al. (1989) Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, Plainview, N.Y., and Ausubel
et al. (2001-2008 Current Protocols in Molecular Biology, Greene Publ. Assoc. Inc. & John Wiley & Sons, Inc., NY, NY).
[0084] A variety of expression vector/host systems may be utilized to contain and express polynucleotide sequences.
These include, but are not limited to, microorganisms such as bacteria transformed with recombinant bacteriophage,
plasmid, or cosmid DNA expression vectors; yeast transformed with yeast expression vectors; insect cell systems infected
with virus expression vectors (e.g., baculovirus); plant cell systems transformed with virus expression vectors (e.g.,
cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or with bacterial expression vectors (e.g., Ti or pBR322
plasmids); or animal cell systems.

[0085] The "control elements" or "regulatory sequences" present in an expression vector are those non-translated
regions of the vector-enhancers, promoters, 5’ and 3’ untranslated regions-which interact with host cellular proteins to
carry out transcription and translation. Such elements may vary in their strength and specificity. Depending on the vector
system and host utilized, any number of suitable transcription and translation elements, including constitutive and in-
ducible promoters, may be used. For example, when cloning in bacterial systems, inducible promoters such as the hybrid
lacZ promoter of the pBLUESCRIPT phagemid (Stratagene, La Jolla, Calif.) or pSPORT1 plasmid (Gibco BRL, Gaith-
ersburg, MD) and the like may be used. Inmammalian cell systems, promoters from mammalian genes or from mammalian
viruses are generally preferred. If it is necessary to generate a cell line that contains multiple copies of the sequence
encoding a polypeptide, vectors based on SV40 or EBV may be advantageously used with an appropriate selectable
marker.

[0086] In bacterial systems, any of a number of expression vectors may be selected depending upon the use intended
for the expressed polypeptide. For example, when large quantities are needed, for example for the induction of antibodies,
vectors which direct high level expression of fusion proteins that are readily purified may be used. Such vectors include,
but are not limited to, the multifunctional E. coli cloning and expression vectors such as pBLUESCRIPT (Stratagene),
in which the sequence encoding the polypeptide of interest may be ligated into the vector in frame with sequences for
the amino-terminal Met and the subsequent 7 residues of B-galactosidase so that a hybrid protein is produced; pIN
vectors (Van Heeke, G. and S. M. Schuster (1989) J. Biol. Chem. 264:5503-5509); and the like. pPGEX Vectors (Promega,
Madison, Wis.) may also be used to express foreign polypeptides as fusion proteins with glutathione S-transferase
(GST). In general, such fusion proteins are soluble and can easily be purified from lysed cells by adsorption to glutathione-
agarose beads followed by elution in the presence of free glutathione. Proteins made in such systems may be designed
to include heparin, thrombin, or factor XA protease cleavage sites so that the cloned polypeptide of interest can be
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released from the GST moiety at will.

[0087] In the yeast, Saccharomyces cerevisiae, a number of vectors containing constitutive or inducible promoters
such as alpha factor, alcohol oxidase, and PGH may be used. For reviews, see Ausubel et al. (supra) and Grant et al.
(1987) Methods Enzymol. 153:516-544.

[0088] In cases where plant expression vectors are used, the expression of sequences encoding polypeptides may
be driven by any of a number of promoters. For example, viral promoters such as the 35S and 19S promoters of CaMV
may be used alone or in combination with the omega leader sequence from TMV (Takamatsu, N. (1987) EMBO J.
6:307-311. Alternatively, plant promoters such as the small subunit of RUBISCO or heat shock promoters may be used
(Coruzzi, G. et al. (1984) EMBO J. 3:1671-1680; Broglie, R. et al. (1984) Science 224:838-843; and Winter, J. et al.
(1991) Results Probl. Cell Differ. 17:85-105). These constructs can be introduced into plant cells by direct DNA trans-
formation or pathogen-mediated transfection. Such techniques are described in a number of generally available reviews
(see, for example, Hobbs, S. or Murry, L. E. in McGraw Hill Yearbook of Science and Technology (1992) McGraw Hill,
New York, N.Y_; pp. 191-196).

[0089] An insect system may also be used to express a polypeptide of interest. For example, in one such system,
Autographa californica nuclear polyhedrosis virus (AcNPV) is used as a vector to express foreign genes in Spodoptera
frugiperda cells or in Trichoplusia larvae. The sequences encoding the polypeptide may be cloned into a non-essential
region of the virus, such as the polyhedrin gene, and placed under control of the polyhedrin promoter. Successful insertion
of the polypeptide-encoding sequence will render the polyhedrin gene inactive and produce recombinant virus lacking
coat protein. The recombinant viruses may then be used to infect, for example, S. frugiperda cells or Trichoplusia larvae
in which the polypeptide of interest may be expressed (Engelhard, E. K. etal. (1994) Proc. Natl. Acad. Sci. 91 :3224-3227).
[0090] In mammalian host cells, a number of viral-based expression systems are generally available. For example,
in cases where an adenovirus is used as an expression vector, sequences encoding a polypeptide of interest may be
ligated into an adenovirus transcription/translation complex consisting of the late promoter and tripartite leader sequence.
Insertion in a non-essential E1 or E3 region of the viral genome may be used to obtain a viable virus which is capable
of expressing the polypeptide in infected host cells (Logan, J. and Shenk, T. (1984) Proc. Natl. Acad. Sci. 81:3655-3659).
In addition, transcription enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be used to increase expression
in mammalian host cells.

[0091] Specific initiation signals may also be used to achieve more efficient translation of sequences encoding a
polypeptide of interest. Such signals include the ATG initiation codon and adjacentsequences. In cases where sequences
encoding the polypeptide, its initiation codon, and upstream sequences are inserted into the appropriate expression
vector, no additional transcriptional or translational control signals may be needed. However, in cases where only coding
sequence, or a portion thereof, is inserted, exogenous translational control signals including the ATG initiation codon
should be provided. Furthermore, the initiation codon should be in the correct reading frame to ensure translation of the
entire insert. Exogenous translational elements and initiation codons may be of various origins, both natural and synthetic.
The efficiency of expression may be enhanced by the inclusion of enhancers which are appropriate for the particular
cell system which is used, such as those described in the literature (Scharf, D. et al. (1994) Results Probl. Cell Differ.
20:125-162).

[0092] In addition, a host cell strain may be chosen for its ability to modulate the expression of the inserted sequences
or to process the expressed protein in the desired fashion. Such modifications of the polypeptide include, but are not
limited to, acetylation, carboxylation. glycosylation, phosphorylation, lipidation, and acylation. Post-translational process-
ing which cleaves a "prepro" form of the protein may also be used to facilitate correct insertion, folding and/or function.
Different host cells such as CHO, COS, HelLa, MDCK, HEK293, and WI38, which have specific cellular machinery and
characteristic mechanisms for such post-translational activities, may be chosen to ensure the correct modification and
processing of the foreign protein.

[0093] For long-term, high-yield production of recombinant proteins, stable expression is generally preferred. For
example, cell lines which stably express a polynucleotide of interest may be transformed using expression vectors which
may contain viral origins of replication and/or endogenous expression elements and a selectable marker gene on the
same or on a separate vector. Following the introduction of the vector, cells may be allowed to grow for 1-2 days in an
enriched media before they are switched to selective media. The purpose of the selectable marker is to confer resistance
to selection, and its presence allows growth and recovery of cells which successfully express the introduced sequences.
Resistantclones of stably transformed cells may be proliferated using tissue culture techniques appropriate to the cell type.
[0094] Any number of selection systems may be used to recover transformed cell lines. These include, but are not
limited to, the herpes simplex virus thymidine kinase (Wigler, M. et al. (1977) Cell 11:223-32) and adenine phosphori-
bosyltransferase (Lowy, I. et al. (1990) Cell 22:817-23) genes which can be employed in tk- or aprt- cells, respectively.
Also, antimetabolite, antibiotic or herbicide resistance can be used as the basis for selection; for example, dhfr which
confers resistance to methotrexate (Wigler, M. et al. (1980) Proc. Natl. Acad. Sci. 77:3567-70); npt, which confers
resistance to the aminoglycosides, neomycin and G-418 (Colbere-Garapin, F. et al (1981) J. Mol. Biol. 150:1-14); and
als or pat, which confer resistance to chlorsulfuron and phosphinotricin acetyltransferase, respectively (Murry, supra).
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Additional selectable genes have been described, for example, trpB, which allows cells to utilize indole in place of
tryptophan, or hisD, which allows cells to utilize histinol in place of histidine (Hartman, S. C. and R. C. Mulligan (1988)
Proc. Natl. Acad. Sci. 85:8047-51). The use of visible markers has gained popularity with such markers as anthocyanins,
beta-glucuronidase and its substrate GUS, and luciferase and its substrate luciferin, being widely used not only to identify
transformants, but also to quantify the amount of transient or stable protein expression attributable to a specific vector
system (Rhodes, C. A. et al. (1995) Methods Mol. Biol. 55:121-131).

[0095] Although the presence/absence of marker gene expression suggests that the gene of interest is also present,
its presence and expression may need to be confirmed. For example, if the sequence encoding a polypeptide is inserted
within a marker gene sequence, recombinant cells containing sequences can be identified by the absence of marker
gene function. Alternatively, a marker gene can be placed in tandem with a polypeptide-encoding sequence under the
control of a single promoter. Expression of the marker gene in response to induction or selection usually indicates
expression of the tandem gene as well.

[0096] Alternatively, host cells that contain and express a desired polynucleotide sequence may be identified by a
variety of procedures known to those of skill in the art. These procedures include, but are not limited to, DNA-DNA or
DNA-RNA hybridizations and protein bioassay or immunoassay techniques which include, for example, membrane,
solution, or chip based technologies for the detection and/or quantification of nucleic acid or protein.

[0097] A variety of protocols for detecting and measuring the expression of polynucleotide-encoded products, using
either polyclonal or monoclonal antibodies specific for the product are known in the art. Examples include enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA), and fluorescence activated cell sorting (FACS). A two-site,
monoclonal-based immunoassay utilizing monoclonal antibodies reactive to two non-interfering epitopes on a given
polypeptide may be preferred for some applications, but a competitive binding assay may also be employed. These and
other assays are described, among other places, in Hampton, R. et al. (1990; Serological Methods, a Laboratory Manual,
APS Press, St Paul. Minn.) and Maddox, D. E. et al. (1983; J. Exp. Med. 158:1211-1216).

[0098] A wide variety of labels and conjugation techniques are known by those skilled in the art and may be used in
various nucleic acid and amino acid assays. Means for producing labeled hybridization or PCR probes for detecting
sequences related to polynucleotides include oligolabeling, nick translation, end-labeling or PCR amplification using a
labeled nucleotide. Alternatively, the sequences, or any portions thereof may be cloned into a vector for the production
of an mMRNA probe. Such vectors are known in the art, are commercially available, and may be used to synthesize RNA
probes in vitro by addition of an appropriate RNA polymerase such as T7, T3, or SP6 and labeled nucleotides. These
procedures may be conducted using a variety of commercially available kits. Suitable reporter molecules or labels, which
may be used include radionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic agents as well as sub-
strates, cofactors, inhibitors, magnetic particles, and the like.

[0099] Host cells transformed with a polynucleotide sequence of interest may be cultured under conditions suitable
for the expression and recovery of the protein from cell culture. The protein produced by a recombinant cell may be
secreted or contained intracellularly depending on the sequence and/or the vector used. As will be understood by those
of skill in the art, expression vectors containing polynucleotides of the invention may be designed to contain signal
sequences which direct secretion of the encoded polypeptide through a prokaryotic or eukaryotic cell membrane. Other
recombinant constructions may be used to join sequences encoding a polypeptide of interest to nucleotide sequence
encoding a polypeptide domain which will facilitate purification of soluble proteins. Such purification facilitating domains
include, but are not limited to, metal chelating peptides such as histidine-tryptophan modules that allow purification on
immobilized metals, protein A domains that allow purification on immobilized immunoglobulin, and the domain utilized
in the FLAGS extension/affinity purification system (Immunex Corp., Seattle, Wash.). The inclusion of cleavable linker
sequences such as those specific for Factor XA or enterokinase (Invitrogen. San Diego, Calif.) between the purification
domain and the encoded polypeptide may be used to facilitate purification. One such expression vector provides for
expression of a fusion protein containing a polypeptide of interest and a nucleic acid encoding 6 histidine residues
preceding a thioredoxin or an enterokinase cleavage site. The histidine residues facilitate purification on IMIAC (immo-
bilized metal ion affinity chromatography) as described in Porath, J. et al. (1992, Prot. Exp. Purif. 3:263-281) while the
enterokinase cleavage site provides a means for purifying the desired polypeptide from the fusion protein. A discussion
of vectors which contain fusion proteins is provided in Kroll, D. J. et al. (1993; DNA Cell Biol. 12:441-453).

[0100] In addition to recombinant production methods, polypeptides of the invention, and fragments thereof, may be
produced by direct peptide synthesis using solid-phase techniques (Merrifield J. (1963) J. Am. Chem. Soc. 85:2149-2154).
Protein synthesis may be performed using manual techniques or by automation. Automated synthesis may be achieved,
for example, using Applied Biosystems 431A Peptide Synthesizer (Perkin Elmer). Alternatively, various fragments may
be chemically synthesized separately and combined using chemical methods to produce the full length molecule.

Tolerance

[0101] Immunological tolerance is defined as immune unresponsiveness to an antigen, usually an antigen implicated
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in causing disease. Although tolerance may be induced by administering antigens by different routes, oral tolerance
refers to the oral administration of the antigen, which has resulted in suppression of disease activity in several animal
models including experimental autoimmune encephalomyelitis-a rodent model of multiple sclerosis, myasthenia gravis,
uveitis, insulin dependent diabetes, and collagen-induced arthritis (Faria and Weiner 1999). Early results from clinical
trials in humans suggest that oral tolerance is effective in autoimmune uveitis, diabetes, nickel allergy, and possibly
multiple sclerosis (Faria and Weiner 1999; Duda et al. 2000). There are few studies reporting oral tolerance induction
in organ transplantation (Sayegh et al. 1996; Hancock et al. 1993; Ishido et al. 1999; Sayegh et al. 1992a; Sayegh et
al. 1992b). In each report, tolerance was induced by feeding donor MHC-derived peptides or feeding allogeneic cells
prior to transplantation (Sayegh et al. 1996; Hancock et al. 1993; Ishido et al. 1999; Sayegh et al. 1992a; Sayegh et al.
1992b). These techniques were effective in preventing rejection of cardiac and corneal allografts (Sayegh et al. 1996;
Hancock et al. 1993; Ishido et al. 1999; Sayegh et al. 1992a; Sayegh ef al. 1992b; Faria and Weiner 1999). In addition
to diminished disease activity, immune suppression induced by oral tolerance in these studies was also quantitated by
down regulation of delayed type hypersensitivity (DTH) responses to target antigens, as well as diminished cellular and
humoral immunity (Faria and Weiner 1999; Mayer 2000; Garside and Mowat 1997).

[0102] There are three mechanisms by which oral (and other routes of administration) tolerance down regulates
antigen-specific immune responses: 1. active suppression of antigen specific cells, 2. clonal anergy of antigen specific
cells, and 3. clonal deletion of antigen specific cells (Faria and Weiner 1999, Miller et al. 1991; Chen et al. 1994; Chen
et al. 1995). Although all three mechanisms can be operative simultaneously in response to oral tolerance, active
suppression and clonal anergy are the key mechanisms of immune suppression induced by oral tolerance (Faria and
Weiner 1999).

[0103] Active suppression describes the regulation of one lymphocyte subset by another in an antigen-specific manner.
Depending on the antigen and disease state, the suppressor cells may be CD4+ and/or CD8+ T-lymphocytes which
migrate from peripheral lymphoid tissues, such as spleen and peripheral lymph nodes, to sites of disease activity.
Adoptive transfer of these cells to naive recipients has confirmed the role of these cells in active suppression in rodent
models of ovalbumin-induced hypersensitivity, and multiple sclerosis. In vitro evidence of active suppression is demon-
strated by data showing that tolerized lymphocytes from animals can suppress proliferation of other antigen-specific T-
lymphocytes across a transwell cell culture system (Faria and Weiner 1999; Miller et al. 1991).

[0104] Clonal anergy refers to unresponsiveness of antigen-specific T-lymphocytes, which is characterized by dimin-
ished proliferation after exposure to an antigen, and is involved in oral tolerance in several animal models. Anergy could
be the result of production of soluble suppressive factors by CD4+ or CD8+ T-lymphocytes themselves, other T-lym-
phocytes or cells in the local environment, or as result of decreased expression of appropriate costimulatory molecules
(Faria and Weiner 1999). Clonal deletion refers to the elimination of antigen-specific T-lymphocytes, but has been
reported rarely as a mechanism of oral tolerance to an antigen (Chen et al. 1995).

[0105] The soluble mediators that suppress the immune response during oral tolerance are derived mainly from
regulatory or suppressor T-lymphocytes (Faria and Weiner 1999). There are five types of T-lymphocytes described by
the cytokines they produce: Th1-type that produce interleukin-2 (IL-2) and gamma interferon (yIFN); Th2-type that
produce IL-4 and IL-10; Th3-type that produce high levels or transforming growth factor beta (TGF- B), alone, or in
conjunction with very low levels of IL-4, IL-10, or yIFN; Tr1 cells that produce high levels of IL-10 in conjunction with low
levels of TGF- B (Faria and Weiner et al. 1999; Mayer 2000; Garside and Mowat 1997; Groux et al. 1997); and Th17
cells that produce IL-17 (see e.g., Immunol Rev. 2008, 226:87-102; Nature. 2006 May 11;441(7090):235-8). Since Th3,
Th2,and Tr1-T-lymphocytes have been shown to be the major mediators of active suppression induced by oral tolerance,
then TGF- 3, IL-4 and IL-10 are believed to be key cytokines in this process (Teng et al. 1998; Shi et al. 1999b). A report
from Barone et al., and others showing that oral tolerance induction occurred in the absence of these cytokines suggests
that other mediators or cells could suppress the immune response (Barone et al. 1998; Shi et al. 1999a).

[0106] Although studies of oral tolerance have focused on T-lymphocyte-derived cytokines that suppress immune
responses, nitric oxide, which is not produced by T-lymphocytes, is known to be a potent suppressor of alloimmmune
responses (Garside and Mowat 1997). These data and others showing that nitric oxide modulates apoptosis, which is
involved in the rejection response (Meyer et al. 1998; Kallio et al. 1997; Shiraishi et al. 1997; Shiraishi et al. 1995; Medot-
Pirenne et al. 1999), suggests that nitric oxide could be a mediator of oral tolerance and prevent the rejection response.
TGF- B, is a potent inducer of nitric oxide synthesis, and is a key mediator of active suppression in oral tolerance (Faria
and Weiner 1999; Meyer et al. 1998; Vodovotz et al. 1998; Vodovitz et al. 1999). Therefore, immunosuppression induced
by TGF- B in the tolerized host could be mediated, in part, by nitric oxide. However, production of nitric oxide in response
to oral tolerance is unknown.

[0107] Antigen-specific T-lymphocyte activation induced by APCs requires bi-directional interaction between the T-
lymphocyte and APC. Initially, APCs present MHC molecules thatbind to the T-cell-receptor which stimulates upregulated
expression of CD40-ligand (CD40L) on T-lymphocytes. CD40L, in turn, binds to its receptor, CD40, on the APC. Signaling
through CD40 induces the expression of CD80 and CD86 on the APC which, upon binding to their receptor, CD28, on
the T-lymphocyte, results in co-stimulation and subsequent T-lymphocyte activation (Liu et al. 1999; Li et al. 1999;
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Lederman and Siciu-Foca 1999). Although studies of oral tolerance induction have focused on T-lymphocyte function,
a recent study from Taams et al (1998), reported that tolerance induction may affect function of APCs, with similar data
from other investigators (Wu ef al. 1998; Finkelman et al. 1996; Viney et al. 1998). For example, a report from Wu. et
al (1998), showing that expression of CD80 is decreased on APCs from the lymph nodes and spleens of orally tolerized
mice suggests that ineffective APCs could contribute to impaired T-lymphocyte activation in tolerized recipients. Fur-
thermore, studies in vitro showing that suppressor T-lymphocytes inhibit expression of CD86 in APCs highlights another
mechanism of how tolerance induces impaired APC function (Liu et al. 1999; Li et al. 1999; Lederman and Siciu-Foca
1999).

[0108] Administration of col(V) prevents proliferative responses to alloantigens, in addition to preventing proliferative
responses to itself, and prevents the development of acute rejection pathology in recipient lungs (see e.g., U.S. Patent
7,348,005; WO 2007/120947). Thus, col(V) may induce anergy to donor alloantigens and to itself; or alternatively, the
lack of proliferative responses to donor antigens and to colV may be due to clonal deletion of alloantigen-specific lung
lymphocytes; or yet alternatively may result from suppressor cell activity.

[0109] Without being bound by theory, tolerance induction by colV may be induced through linked suppression (see,
e.g., Hum Immunol. 2008 Nov;69(11):715-20). Also, it is thought that differential binding of colV to the collagen receptors
on lymphocytes, leading to differential activation signals may be involved (see e.g., Cell Signal. 2006 Aug;18(8):1108-16).
For example, only collagen V induced IL-17 signaling in T cells.

[0110] Oral administration of antigens is an effective method of inducing peripheral T-cell tolerance. This phenomenon,
often referred to as oral tolerance, has been well studied in various models of autoimmune diseases in animals including
encephalomyelitis, uveitis, diabetes, myasthenia gravis, and arthritis. However, the mechanisms for inducing tolerance
are not completely understood. All of the known mechanisms for tolerance induction, including clonal anergy, clonal
deletion, and regulation by IL-4, IL-10, or TGF-beta-mediated active suppression may have arole in oral tolerance (Faria
and Weiner, 1999). Generally, higher doses of antigen are reported to induce anergy or clonal deletion (Chen et al.,
1995; Whitacre et al., 1991), whereas low doses induce cytokine regulation and active suppression (Faria and Weiner,
1999; Chen et al., 1994). In the animal model of cardiac transplantation, oral administration of allogeneic splenocytes
has been shown to be effective in tolerance induction by bypassing Th1 activation and selectively stimulating induction
of Th-2 derived inhibitory cytokines such as IL-4 (Hancock et al., 1993; Ishido et al., 1999).

[0111] Thus, oral tolerance is a method of downregulating an immune response in a subject by orally administering
an antigen (i.e. by feeding) to the subject. Oral tolerance is characterized by decreased levels of systemic antibody
production, as well as decreased delayed type hypersensitivity responses (DTH), T cell proliferation, cytotoxic responses
and graft rejection (Alpan et al. 2001. J. Immunol. 166:4843-52; Chen et al. 1995. Nature 376:177-80; Weiner. 1997.
Imm. Today. 7:335-44; Sayegh et al. 1992. Transplantation. 53:163-6).

[0112] Other routes for inducing tolerance are also contemplated herein, in particular by intramuscular, subcutaneous,
intradermal and intravenous injection. Intradermal injections are contemplated herein where low doses tend to induce
tolerance and high doses induce an immune response.

[0113] Studies of tolerance have focused primarily on the effect of the tolerizing antigen on T-lymphocyte function,
and the role of T-lymphocytes in suppressing immune activation (Faria and Weiner 1999; Mayer 2000; Garside and
Mowat 1997). However, immune responses to any antigen require interactions between APCs and T-lymphocytes, and
the T-lymphocyte may affect APC function (Liu et al. 1999; Li et al. 1999; Lederman and Siciu-Foca 1999). Therefore,
down-regulated antigen presentation by APCs from tolerized hosts could contribute to tolerance induction either indirectly
as aresult of interactions with suppressor T-lymphocytes, or possibly as a result of direct effects of the tolerizing antigen
on the APC.

[0114] Thus, in certain aspects of the invention, the present invention provides methods for restoring or reinforcing
self-tolerance to colV in asthma patients. One embodiment is a method of treating asthma by administering colV either
by oral therapy (Yasufuku et al, 2001 ; Yasufuku, et al, 2002) interstitially into the lung or by other desensitization
strategies on a dosage regimen designed to increase the patient tolerance for collagens including, but not necessarily
limited to colV and antigenic components and variants thereof.

[0115] By "tolerogenic fragment" is meant a fragment that can induce tolerance to the full-length protein of which it is
a fragment (e.qg., full-length type V collagen, and tolerogenic fragments thereof). In certain embodiments, a tolerogenic
fragment can induce tolerance to the full-length type V collagen at least as well as the full-length type V collagen protein
can and in certain embodiments may be more effective than the full-length collagen protein at inducing tolerance.
However, in certain embodiments, a tolerogenic fragment induces tolerance to the full-length type V collagen but may
not induce tolerance as effectively as the full-length type V collagen protein. Such tolerogenic fragments may still be
useful in the present invention particularly where said tolerogenic fragments have other advantageous properties, such
as ease of preparation or purification as compared to the full-length protein. As would be recognized by the skilled
person, a variety of known assays can be used to assess induction of tolerance, including measuring delayed-type
hypersensitivity (DTH) responses, measuring cytokine productions by ELISA or other methods, T cell proliferation or
cytotoxicity assays, B cell proliferation assays, antibody production, and the like. Such assays are known in the art and
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are described, for example, in Current Protocols in Immunology, Edited by: John E. Coligan, Ada M. Kruisbeek, David
H. Margulies, Ethan M. Shevach, Warren Strober (2001 John Wiley & Sons, NY, NY); Ausubel et al. (2001 Current
Protocols in Molecular Biology, Greene Publ. Assoc. Inc. & John Wiley & Sons, Inc., NY, NY); US Patent No. 7,348,005;
and elsewhere.

[0116] Thus, a tolerogenic fragment is a fragment of a tolerogenic polypeptide such as type V collagen, or any one or
more of the alpha chains thereof, that itself is immunologically tolerogenic (i.e., induces tolerance) with regard to the
specific B-cells and/or T-cells that recognize the polypeptide via their surface receptors (e.g., B cell antibody receptor
or T cell receptor). Tolerogenic fragments may generally be identified using well known techniques, such as those
summarized in Paul, Fundamental Immunology, 3rd ed., (Raven Press, 1993) and references cited therein. Such tech-
niques include screening polypeptides for the ability to reduce T cell and/or B cell reactivity. As used herein, antisera
and antibodies are "antigen-specific" if they specifically bind to an antigen (i.e., they react specifically with the protein in
an ELISA or other immunoassay, and do not react detectably with unrelated proteins). Such antisera and antibodies
may be prepared as described herein, and using well-known techniques.

[0117] In one embodiment, a tolerogenic fragment of a polypeptide of the present invention is a portion that induces
B celland/or T cell tolerance at alevel that is not substantially less than the tolerogenic activity of the full-length polypeptide
(e.g., in an appropriate assay such as antibody production, which may be measured by ELISA, and/or T cell reactivity
assay (T cell proliferation or cytokine production assay). Preferably, the level of tolerogenic activity of the tolerogenic
portion is at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or greater than about 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% of the tolerogenic activity of the full-length polypeptide. In some instances, tolerogenic
fragments will be identified that have a level of tolerogenic activity greater than that of the corresponding full-length
polypeptide, e.g., having greater than about 100%, 110%, 120%, 130%, 140% or 150% or more tolerogenic activity.
[0118] In certain embodiments, tolerogenic fragments may be identified using computer analysis, such as the Tsites
program (see Rothbard and Taylor, EMBO J. 7:93-100, 1988; Deavin et al., Mol. Immunol. 33:145-155, 1996), which
searches for peptide motifs that have the potential to elicit Th responses. CTL peptides with motifs appropriate for binding
to murine and human class | or class Il MHC may be identified according to BIMAS (Parker et al., J. Immunol. 152:163,
1994) and other HLA peptide binding prediction analyses. Alternatively, portions that bind to a particular MHC molecule
can be identified by using defined peptide binding motifs such as those described in Rammensee et al., Immunogenetics
41:178-228, 1995. To confirm peptide binding to murine and human class | or class || MHC molecules, peptide binding
assays known in the art may be used. To confirm immunogenicity or tolerogenicity, a peptide may be tested using an
HLA A2 or other transgenic mouse model and/or an in vitro stimulation assay using dendritic cells, fibroblasts or peripheral
blood cells.

[0119] It should be noted that in certain embodiments, a tolerogenic fragment of the invention is also an immunogenic
fragment. In this regard, as would be recognized by the skilled artisan, highly immunogenic fragments, such as immu-
nodominant epitopes of proteins like colV, may be tolerogenic when administered correctly, e.g., generally in low doses
over extended periods of time. Thus, the present invention also contemplates the identification and use of immunogenic
fragments of colV where such immunogenic fragments may be used to induce tolerance. In this regard, the level of
immunogenic activity of an immunogenic portion is at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or greater
than about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the immunogenic activity of the full-length
polypeptide. In some instances, immunogenic fragments will be identified that have a level of immunogenic activity
greater than that of the corresponding full-length polypeptide, e.g., having greater than about 100%, 110%, 120%, 130%,
140% or 150% or more immunogenic activity.

[0120] The same analyses may be used to identify immunogenic fragments that are used to identify tolerogenic
fragments, including using computer analysis, such as the Tsites program (see Rothbard and Taylor, EMBO J. 7:93-100,
1988; Deavin et al., Mol. Immunol. 33:145-155, 1996), which searches for peptide motifs that have the potential to elicit
Th responses. CTL peptides with motifs appropriate for binding to murine and human class | or class || MHC may be
identified according to BIMAS (Parker et al., J. Immunol. 152:163, 1994) and other HLA peptide binding prediction
analyses. Alternatively, portions that bind to a particular MHC molecule can be identified by using defined peptide binding
motifs such as those described in Rammensee et al., Immunogenetics 41:178-228, 1995. To confirm peptide binding
to murine and human class | or class Il MHC molecules, peptide binding assays known in the art may be used. To confirm
immunogenicity or tolerogenicity, a peptide may be tested using an HLA A2 or other transgenic mouse model and/or an
in vitro stimulation assay using dendritic cells, fibroblasts or peripheral blood cells.

[0121] Intact type V collagen or any one or more of its component alpha chains that have tolerogenic orimmunogenic
activity, are contemplated for use in the methods of the presentinvention. As such, a tolerogenic fragment orimmunogenic
fragment of collagen V may refer to a fragment of intact type V collagen or may refer to a tolerogenic or immunogenic
fragment of any one of the component alpha chains. In certain embodiments, the colV as used herein may comprise
the collagen molecule composed of the three alpha chains. In a further embodiment, colV may comprise any one or
more of the alpha chains, such as those set forth in SEQ ID NOs:2, 4 or 6, encoded by the polynucleotides set forth in
SEQ ID NOs:1, 3, or 5, or a tolerogenic fragment or an immunogenic fragment thereof.
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[0122] In certain embodiments, two or more tolerogenic or immunogenic fragments may be used concurrently, either
administered separately, mixed in a composition, or as a fusion protein. In this regard, any number of tolerogenic
fragments or immunogenic fragments may be used to induce tolerance to colV, such as 2, 3,4, 5, 6, 7, 8, 9, 10 or more
tolerogenic or immunogenic fragments, either in a composition as separate fragments or as a fusion protein, with or
without linkers. In certain embodiments, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or
more fragments may be used in the methods of the present invention.

[0123] Detecting the presence of antibodies to collagen in accordance with some embodiments may be accomplished
using any of a number of immunoassay procedures, such as by ELISA procedures. A wide range of immunoassay
techniques is available as can be seen by reference to standard immunoassay textbooks these include, but are not
limited to singlesite and two-site or "sandwich" assays of the non-competitive types, as well as the traditional competitive
binding assays.

[0124] Sandwich assays are among the most useful and commonly used antibody based assay methods and may be
used to practice various embodiments. A number of variations of the sandwich assay technique exist, and all are intended
to be encompassed by various embodiments. Briefly, in a typical assay to detect antibodies in a sample, an unlabelled
antigen is immobilized on a solid substrate and the sample to be tested is contacted with the bound antigen molecule.
After a suitable period of incubation, i.e. for a period of time sufficient to allow formation of an antibody-antigen complex,
a second antibody such as anti-human IgG, labeled with a reporter molecule capable of producing a detectable signal,
is then added and incubated, allowing time sufficient for the formation of an antibody-antigen-labeled antibody. Any
unreacted material is washed away, and the presence of the antibody to be detected in the sample is determined by
observation of a signal produced by the reporter molecule. The results may either be qualitative, e.g., by simple obser-
vation of the visible signal, or may be quantitated by comparing the signal generated by a sample of interest with a
control sample containing known amounts of antibody to be detected. Variations on this assay include a simultaneous
assay, in which both the sample and labeled antibody are added simultaneously to the bound antigen. These techniques
are well known, including any minor variations as will be readily apparent to those in the art. In the typical sandwich
assay, antigen is immobilized, for example by being either covalently or passively bound to a solid surface. In some
embodiments the solid surface is typically glass or a polymer, the most commonly used polymers being cellulose,
polyacrylamide, nylon, polystyrene, polyvinyl chloride or polypropylene. The solid supports may be in the form of tubes,
beads, discs, or microplates, or any other surface suitable for conducting an immunoassay. Various binding processes
are well-known in the art and generally consist of crosslinking, covalent binding or physical adsorption of the antigen to
a given surface. The immobilized antigen is then washed in preparation for the addition of the test sample. An aliquot
of the sample to be tested is then contacted with the immobilized antigen and incubated for a period of time sufficient
(e.g. 2-40 minutes) and under suitable conditions (e.g. 25°C) to allow binding of any antibody to collagen present in the
sample. The actual length of contact time, buffer conditions, temperatures and the like are readily adjustable parameters
and are typically readily arrived at for a given test. Following the incubation period, the immobilized antigen including
any bound antibody is washed and dried, and incubated with a second antibody specific for the bound antibody, for
example anti-human IgG. The second antibody is linked to a reporter molecule which is used to indicate the binding of
the second antibody to the antibody-immobilized antigen complex.

[0125] One particular method for measuring antibodies to colV is described in WO 2007/120947. Specifically, this
bead assay detects antibodies to type V collagen as may be present in serum and/or lung lavage fluid from patients that
have an autoimmune response type V collagen. Type V collagen-coated beads along with other necessary reagents
are provided for this assay. Briefly, a typical assay is as follows: 1) Streptavidin-coated beads (e.g., such as those from
Polyscience, Warrington, PA) are washed with sterile PBS. Beads are suspended in an appropriate volume of PBS with
human type V collagen. 2) A positive control is generated by following the same procedures in 1 above, using rabbit
antibody to human collagen V antibody (Bioten) (Abeam, Cambridge, MA). 3) For each assay, conjugated beads are
washed in PBS, and incubated in PBS plus serum of lung lavage fluid. The beads are then washed with PBS containing
10% FCS. 4) The beads are then suspended in sterile PBS+10% FBS and incubated at room temperature with secondary
antibody. Typically, anti-human IgG antibody conjugated with R-PE is used (Sigma, Saint Louis) although as would be
understood by the skilled artisan, other suitable antibodies are available. In this regard, anti-human IgG1-, 1IgG2-, IgG3-,
or IgG4-specific antibodies may be used in certain embodiments in order to detect switching from one subtype to another
during the course of disease. The beads are washed in PBS containing 10% FCS, suspended in PBS/FCS solution and
analyzed using a flow cytometer. For the positive control, known amounts of anti-colV antisera or antibody may be added
to the bead assay.

[0126] Typically, antibodies to colV found in COPD and asthma patients are 1gG but other classes of antibodies may
also be present, such as IgM. Further, in certain embodiments of the present invention, the subtype of IgG antibodies
to type V collagen as may be present in serum and/or lung lavage fluid from patients changes through the course of the
disease. In this regard, the 1gG subtype switching may occur during the course of a disease and certain subtypes may
be indicative of worsening disease. Thus, any one or more of the IgG subtypes may be present during the course of
disease, e.g. IgG1, 1gG2, IgG3, or IgG4, or any combination thereof. The present invention provides for methods for
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detecting Type V collagen-specific IgG1, 1I9G2, 1gG3, IgG4 subtype antibodies using the bead assay as described herein.
As would be recognized by the skilled person, IgG subtype-specific antibodies are commercially available and may be
used in the methods described herein. In certain embodiments, an increase in IgG1 indicates worsening of disease. In
another embodiment, a switch to IgG2 subtype indicates worsening of disease. In further embodiment, a switch to IgG3
subtype indicates worsening of disease. In yet an additional embodiment, a switch to IgG4 subtype indicates worsening
of disease.

Compositions, Pharmaceutical Compositions and Methods of Use

[0127] Administration of the tolerogenic compounds or compositions of the invention, or their pharmaceutically ac-
ceptable salts, in pure form or in an appropriate pharmaceutical composition, can be carried out via any of the accepted
modes of administration of agents for serving similar utilities. As noted elsewhere herein, one route contemplated herein
for inducing tolerance is oral administration. However, any of a variety of other routes may also be used, in particular
including intravenous, intramuscular, intradermal, subcutaneous injection, and other routes. The pharmaceutical com-
positions of the invention can be prepared by combining a compound of the invention with an appropriate pharmaceutically
acceptable carrier, diluent or excipient, and may be formulated into preparations in solid, semi-solid, liquid or gaseous
forms, such as tablets, capsules, powders, granules, ointments, solutions, suppositories, injections, inhalants, gels,
microspheres, and aerosols. In addition, other pharmaceutically active ingredients (including other immunosuppressive
agents) and/or suitable excipients such as salts, buffers and stabilizers may, but need not, be present within the com-
position.

[0128] Administration may be achieved by a variety of different routes, including oral, parenteral, nasal, intravenous,
intradermal, subcutaneous or topical. Preferred modes of administration depend upon the nature of the condition to be
treated or prevented. An amount that, following administration, reduces, inhibits, prevents or delays the onset of an anti-
colV immune response or clinical indication of such a response is considered effective.

[0129] In certain embodiments, the amount administered is sufficient to result in reduced immune activity as described
elsewhere herein (e.g., T cell response, B cell response, anti-colV antibody level, and the like). The precise dosage and
duration of treatment is a function of the disease being treated and may be determined empirically using known testing
protocols or by testing the compositions in model systems known in the art and extrapolating therefrom. Controlled
clinical trials may also be performed. Dosages may also vary with the severity of the condition to be alleviated. A
pharmaceutical composition is generally formulated and administered to exert a therapeutically useful effect while min-
imizing undesirable side effects. The composition may be administered one time, or may be divided into a number of
smaller doses to be administered at intervals of time. For any particular subject, specific dosage regimens may be
adjusted over time according to the individual need.

[0130] The compositions of the present invention may be administered alone or in combination with other known
treatments, such as immunosuppressive regimens, radiation therapy, chemotherapy, transplantation, oral collagen ther-
apy, immunotherapy, hormone therapy, photodynamic therapy, etc.

[0131] Typical routes of administering these and related pharmaceutical compositions thus include, without limitation,
oral, topical, transdermal, inhalation, intrapulmonary instillation, parenteral, sublingual, buccal, rectal, vaginal, and in-
tranasal. The term parenteral as used herein includes subcutaneous injections, intravenous, intramuscular, intrasternal
injection or infusion techniques. Compositions of the invention are formulated so as to allow the active ingredients
contained therein to be bioavailable upon administration of the composition to a patient. Compositions that will be
administered to a subject or patient take the form of one or more dosage units, where for example, a tablet may be a
single dosage unit, and a container of a compound of the invention in aerosol form may hold a plurality of dosage units.
Actual methods of preparing such dosage forms are known, or will be apparent, to those skilled in this art; for example,
see Remington: The Science and Practice of Pharmacy, 20th Edition (Philadelphia College of Pharmacy and Science,
2000). The composition to be administered will, in any event, contain a therapeutically effective amount of a compound
of the invention, or a pharmaceutically acceptable salt thereof, for treatment of a disease or condition of interest in
accordance with the teachings of this invention.

[0132] A pharmaceutical composition of the invention may be in the form of a solid or liquid. In one aspect, the carrier(s)
are particulate, so that the compositions are, for example, in tablet or powder form. The carrier(s) may be liquid, with
the compositions being, for example, an oral oil, injectable liquid or an aerosol, which is useful in, for example, inhalatory
administration.

[0133] In certain embodiments, the therapeutic compound(s) are directly administered as a pressurized aerosol or
nebulized formulation to the patient’s lungs via inhalation. Such formulations may contain any of a variety of known
aerosol propellants useful for endopulmonary and/or intranasal inhalation administration. In addition, water may be
present, with or without any of a variety of cosolvents, surfactants, stabilizers (e.g., antioxidants, chelating agents, inert
gases and buffers). For compositions to be administered from multiple dose containers, antimicrobial agents are typically
added. Such compositions are also generally filtered and sterilized, and may be lyophilized to provide enhanced stability
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and to improve solubility.

[0134] When intended for oral administration, the pharmaceutical composition is preferably in either solid or liquid
form, where semi-solid, semi-liquid, suspension and gel forms are included within the forms considered herein as either
solid or liquid.

[0135] Asa solid composition for oral administration, the pharmaceutical composition may be formulated into a powder,
granule, compressed tablet, pill, capsule, chewing gum, wafer or the like form. Such a solid composition will typically
contain one or more inert diluents or edible carriers. In addition, one or more of the following may be present: binders
such as carboxymethylcellulose, ethyl cellulose, microcrystalline cellulose, gum tragacanth or gelatin; excipients such
as starch, lactose or dextrins, disintegrating agents such as alginic acid, sodium alginate, Primogel, corn starch and the
like; lubricants such as magnesium stearate or Sterotex; glidants such as colloidal silicon dioxide; sweetening agents
such as sucrose or saccharin; a flavoring agent such as peppermint, methyl salicylate or orange flavoring; and a coloring
agent.

[0136] When the pharmaceutical composition is in the form of a capsule, for example, a gelatin capsule, it may contain,
in addition to materials of the above type, a liquid carrier such as polyethylene glycol or oil.

[0137] The pharmaceutical composition may be in the form of a liquid, for example, an elixir, syrup, solution, emulsion
or suspension. The liquid may be for oral administration or for delivery by injection, as two examples. When intended
for oral administration, preferred composition contain, in addition to the present compounds, one or more of a sweetening
agent, preservatives, dye/colorant and flavor enhancer. In a composition intended to be administered by injection, one
or more of a surfactant, preservative, wetting agent, dispersing agent, suspending agent, buffer, stabilizer and isotonic
agent may be included.

[0138] The liquid pharmaceutical compositions of the invention, whether they be solutions, suspensions or other like
form, may include one or more of the following adjuvants: sterile diluents such as water for injection, saline solution,
preferably physiological saline, Ringer’s solution, isotonic sodium chloride, fixed oils such as synthetic mono or diglyc-
erides which may serve as the solvent or suspending medium, polyethylene glycols, glycerin, propylene glycol or other
solvents; antibacterial agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or dextrose. The parenteral preparation can be enclosed
in ampoules, disposable syringes or multiple dose vials made of glass or plastic. Physiological saline is a preferred
adjuvant. An injectable pharmaceutical composition is preferably sterile.

[0139] A liquid pharmaceutical composition of the invention intended for either parenteral or oral administration should
contain an amount of a compound of the invention such that a suitable dosage will be obtained. Typically, this amount
is at least 0.01% of a compound of the invention in the composition. When intended for oral administration, this amount
may be varied to be between 0.1 and about 70% of the weight of the composition. Certain oral pharmaceutical compo-
sitions contain between about 4% and about 75% of the compound of the invention. Certain pharmaceutical compositions
and preparations according to the present invention are prepared so that a parenteral dosage unit contains between
0.01 to 10% by weight of the compound prior to dilution of the invention.

[0140] The pharmaceutical composition of the invention may be intended for topical administration, in which case the
carrier may suitably comprise a solution, emulsion, ointment or gel base. The base, for example, may comprise one or
more of the following: petrolatum, lanolin, polyethylene glycols, bee wax, mineral oil, diluents such as water and alcohol,
and emulsifiers and stabilizers. Thickening agents may be present in a pharmaceutical composition for topical admin-
istration. If intended for transdermal administration, the composition may include a transdermal patch or iontophoresis
device. Topical formulations may contain a concentration of the compound of the invention from about 0.1 to about 10%
w/v (weight per unit volume).

[0141] The pharmaceutical composition of the invention may be intended for rectal administration, in the form, for
example, of a suppository, which will melt in the rectum and release the drug. The composition for rectal administration
may contain an oleaginous base as a suitable nonirritating excipient. Such bases include, without limitation, lanolin,
cocoa butter and polyethylene glycol.

[0142] The pharmaceutical composition of the invention may include various materials, which modify the physical form
of a solid or liquid dosage unit. For example, the composition may include materials that form a coating shell around the
active ingredients. The materials that form the coating shell are typically inert, and may be selected from, for example,
sugar, shellac, and other enteric coating agents. Alternatively, the active ingredients may be encased in a gelatin capsule.
[0143] The pharmaceutical composition of the invention in solid or liquid form may include an agent that binds to the
compound of the invention and thereby assists in the delivery of the compound. Suitable agents that may act in this
capacity include a monoclonal or polyclonal antibody, a protein or a liposome.

[0144] The pharmaceutical composition of the invention may consist of dosage units that can be administered as an
aerosol. The term aerosol is used to denote a variety of systems ranging from those of colloidal nature to systems
consisting of pressurized packages. Delivery may be by a liquefied or compressed gas or by a suitable pump system
that dispenses the active ingredients. Aerosols of compounds of the invention may be delivered in single phase, bi-
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phasic, or tri-phasic systems in order to deliver the active ingredient(s). Delivery of the aerosol includes the necessary
container, activators, valves, subcontainers, and the like, which together may form a kit. One of ordinary skill in the art,
without undue experimentation may determine preferred aerosols.

[0145] The pharmaceutical compositions of the invention may be prepared by methodology well known in the phar-
maceutical art. For example, a pharmaceutical composition intended to be administered by injection can be prepared
by combining a compound of the invention with sterile, distilled water so as to form a solution. A surfactant may be added
to facilitate the formation of a homogeneous solution or suspension. Surfactants are compounds that non-covalently
interact with the compound of the invention so as to facilitate dissolution or homogeneous suspension of the compound
in the aqueous delivery system.

[0146] Thecompounds of the invention, or their pharmaceutically acceptable salts, are administered in a therapeutically
effective amount, which will vary depending upon a variety of factors including the activity of the specific compound
employed; the metabolic stability and length of action of the compound; the age, body weight, general health, sex, and
diet of the patient; the mode and time of administration; the rate of excretion; the drug combination; the severity of the
particular disorder or condition; and the subject undergoing therapy. Generally, a therapeutically effective daily dose is
(for a 70 kg mammal) from about 0.001 mg/kg (i.e., 0.07 mg) to about 100 mg/kg (i.e., 7.0 g); preferably a therapeutically
effective dose is (for a 70 kg mammal) from about 0.01 mg/kg (i.e., 0.7 mg) to about 50 mg/kg (i.e., 3.5 g); more preferably
a therapeutically effective dose is (for a 70 kg mammal) from about 1 mg/kg (i.e., 70 mg) to about 25 mg/kg (i.e., 1.75 g).
[0147] In certain embodiments, the dose of colV administered orally is from .001 mg to 500mg per day. In one particular
embodiment, the oral dose of colV as described herein is from 0.01 mg to 50mg per day. In a further embodiment, the
oral dose of colV as described herein is from 0.1 mg to 0.5mg per day. In one embodiment, the oral dose of colV is 0.01,
0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, or 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,0.8,0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,1.8,1.9,2.0,2.1,2.2,2.3,24,2.5,2.6,2.7,2.8,2.9,3.0, 3.1,3.2,3.3,3.4,3.5,3.6,3.7,3.8,3.9,4.0,4.1,4.2,4.3,
4.4,45,46,4.7,4.8, 4.9, or 5.0 mg per day. In another embodiment, the oral dose of colV may be 5.1, 5.2, 5.3, 5.4,
55,5.6,5.7,5.8,5.9,6.0,6.1,6.2,6.3,6.4,6.5,6.6,6.7,6.8,6.9,7.0,7.1,7.2,7.3,7.4,7.5,7.6,7.7,7.8,7.9,or 8.0 mg
per day. In certain embodiments, the dose may given in a single dose, or may be given in multiple doses over the course
of the day, for example in 2, 3 or 4 doses per day for a total of a particular mg/day dose.

[0148] As described elsewhere herein, in certain embodiments, a therapeutically effective dose of colV as used herein
is a dose sufficient to induce tolerance to colV measured using any of a variety of methods as described herein. In certain
embodiments, induction of tolerance to colV results in a decrease in serum anti-colV antibodies as measured using the
methods described herein, such as an ELISA. In a further embodiment, a therapeutically effective dose of colV as used
herein is a dose sufficient to induce T cell tolerance to colV as measured using any of a variety of methods as described
herein, such as cytokine release assays, intracellular cytokine staining and flow cytometry, ELISPOT, and the like.
Functional T cell assays, such as proliferation of cytotoxicity assays may also be used.

[0149] Compounds of the invention, or pharmaceutically acceptable salts thereof, may also be administered simulta-
neously with, prior to, or after administration of one or more other therapeutic agents. Such combination therapy includes
administration of a single pharmaceutical dosage formulation which contains a compound of the invention and one or
more additional active agents, as well as administration of the compound of the invention and each active agent in its
own separate pharmaceutical dosage formulation. For example, a compound of the invention and the other active agent
can be administered to the patient together in a single oral dosage composition such as a tablet or capsule, or each
agent administered in separate oral dosage formulations. Where separate dosage formulations are used, the compounds
of the invention and one or more additional active agents can be administered at essentially the same time, i.e., con-
currently, or at separately staggered times, i.e., sequentially; combination therapy is understood to include all these
regimens.

[0150] The compounds of the presentinvention may be administered to an individual afflicted with a disease or disorder
as described herein, such as severe and persistent asthma. For in vivo use for the treatment of human disease, the
compounds described herein are generally incorporated into a pharmaceutical composition prior to administration. A
pharmaceutical composition comprises one or more of the compounds described herein in combination with a physio-
logically acceptable carrier or excipient as described elsewhere herein. To prepare a pharmaceutical composition, an
effective amount of one or more of the compounds is mixed with any pharmaceutical carrier(s) or excipient known to
those skilled in the art to be suitable for the particular mode of administration. A pharmaceutical carrier may be liquid,
semi-liquid or solid. Solutions or suspensions used for parenteral, intradermal, subcutaneous or topical application may
include, for example, a sterile diluent (such as water), saline solution, fixed oil, polyethylene glycol, glycerin, propylene
glycol or other synthetic solvent; antimicrobial agents (such as benzyl alcohol and methyl parabens); antioxidants (such
as ascorbic acid and sodium bisulfite) and chelating agents (such as ethylenediaminetetraacetic acid (EDTA)); buffers
(such as acetates, citrates and phosphates). If administered intravenously, suitable carriers include physiological saline
or phosphate buffered saline (PBS), and solutions containing thickening and solubilizing agents, such as glucose, pol-
yethylene glycol, polypropylene glycol and mixtures thereof.

[0151] The compounds described herein may be prepared with carriers that protect it against rapid elimination from
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the body, such as time release formulations or coatings. Such carriers include controlled release formulations, such as,
but not limited to, implants and microencapsulated delivery systems, and biodegradable, biocompatible polymers, such
as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, polyorthoesters, polylactic acid and others known to those
of ordinary skill in the art.

[0152] In certain embodiments, adjuvants which assist in inducing tolerance include dexamethasone (see e.g., Y.
Kang, et al., J. Immunol. 2008, 180: 5172-5176), lipopolysaccharides (LPS) and cholera toxin f-subunit and may be
added to the formulations. Certain other tolerogenic carriers are also contemplated for use with the colV compositions
ofthe presentinvention. Such carriersinclude mineral oil carriers such as incomplete, Freund’s adjuvant (IFA) or complete
Freund’s adjuvant (CFA). IFA is an emulsion of mineral oil. CFA is a preparation of mineral oil containing various amounts
of killed organisms of Mycobacterium. However, IFA and CFA are not allowed for human use because the mineral oil
is not metabolizable and cannot be degraded by the body.

[0153] In certain embodiments, fat emulsions, which have been in use for many years for intravenous nutrition of
human patients, can also act as a vehicle for tolerogenic polypeptide therapy using the polypeptides of the present
invention. Two examples of such emulsions are the available commercial fat emulsions known as Intralipid and Lipofundin.
"Intralipid” is a registered trademark of Kabi Pharmacia, Sweden, for a fat emulsion for intravenous nutrition, described
in U.S. Pat. No. 3,169,094. "Lipofundin” is a registered trademark of B. Braun Melsungen, Germany. Both contain
soybean oil as fat (100 or 200 g in 1,000 ml distilled water: 10% or 20%, respectively). Egg-yolk phospholipids are used
as emulsifiers in Intralipid (12 g/l distilled water) and egg-yolk lecithin in Lipofundin (12 g/l distilled water). Isotonicity
results from the addition of glycerol (25 g/l) both in Intralipid and Lipofundin. It is believed that these vehicles are actually
biologically active carriers which when complexed with the suspected auto-antigen, promote a TH1 to TH2 shift of the
autoimmune T cells. In certain embodiments, such a vehicle is a fat emulsion comprising 10-20% triglycerides of plant
and/or animal origin, 1.2-2.4% phospholipids of plant and/or animal origin, 2.25-4.5% osmo-regulator, 0-0.05% anti-
oxidant, and sterile water to 100%.

[0154] In certain embodiments, colV or toleragenic fragments thereof may be linked to the diphtheria toxin receptor
to enhance Gl uptake.

[0155] The tolerogenic compositions of the present invention may be used to treat asthma.

[0156] Inone embodiment the invention provides a method for treating asthma comprising administering to an asthma
patient a therapeutically effective amount of type V collagen, or a tolerogenic fragment thereof, or an immunogenic
fragment thereof administered in a dose effective toinduce tolerance. In this regard, the asthma patient may have severe,
persistent asthma. In another embodiment, the present invention provides methods for reducing the severity of asthma
in an asthma patient.

[0157] As noted elsewhere herein, intact colV or any one or more of its component o chains may be administered, or
atolerogenic fragment of any of the aforementioned molecules. Further, also as noted elsewhere herein, animmunogenic
fragment of intact colV or any one or more of its component o chains may be administered in any of the methods
described herein, using a dose effective to induce tolerance to colV. Such a dose will vary depending upon a variety of
factors including the activity of the specific proteins or fragments employed; the metabolic stability and length of action
ofthese compounds; the age, body weight, general health, sex, and diet of the patient; the mode and time of administration;
the rate of excretion; the drug combination; the severity of the particular disorder or condition; and the subject undergoing
therapy. Thus, such tolerogenic doses may be determined empirically using known testing protocols or by testing the
compositions in model systems known in the art and extrapolating therefrom. Controlled clinical trials may also be
performed. Dosages may also vary with the severity of the condition to be alleviated.

[0158] As would be readily appreciated by the skilled artisan, a variety of factors can be assessed to determine the
effectiveness of the compounds and methods of the invention for treating, preventing, or reducing the severity of asthma.
Such factors include typical clinical symptoms of asthma which can be assessed by the skilled clinician. These symptoms
may include, but are not limited to: for asthma: wheezing; chest tightness or pain; rapid heart rate; sweating; peak flow
rates as measured by a peak flow meter; frequent cough, especially at night; loss of breath easily or shortness of breath;
feeling very tired or weak when exercising; wheezing or coughing after exercise; feeling tired, easily upset, grouchy, or
moody; decreases or changes in lung function as measured on a peak flow meter; signs of a cold, or allergies (sneezing,
runny nose, cough, nasal congestion, sore throat, and headache); trouble sleeping. The compositions and methods of
the present invention can be used in conjunction with other known treatments for asthma, such as, but not limited to
corticosteroids (e.g., prednisone, fluticasone, methylprednisolone), bronchodilators (e.g., short- and long-acting 2-
agonists, theophylline, pirbuterol, ephedrine, albuterol, salmeterol, levalbuterol, clenbuterol ipratropium bromide), and
leukotriene modifiers (e.g., montelukast, zafirlukast, zileuton).

References

[0159] The following references, to the extent that they provide exemplary procedural or other details supplementary
to those set forth herein, are specifically mentioned. Chen, Inobe, Marks, Gonnella, Kuchroo, Weiner, "Peripheral deletion

22



10

15

20

25

30

35

40

45

50

55

EP 2 421 552 B1

of antigen-reactive T cells in oral tolerance," Nature, 376:177-180, 1995. Chen, Kuchroo, Inobe, Hafler, Weiner, "Reg-
ulatory T-cell clones induced by oral tolerance: suppression of autoimmune encephalomyelitis," Science, 265:1237-1240,
1994. Chiang, Mainardi, Seyer, "Type V(A-B) collagen induces platelet aggregation,” J. Lab. Clin. Med., 95:99-107,
1980. Cremer, Ye, Terato, Owens, Seyer, Kang, "Type Xl collagen-induced arthritis in the Lewis rat: characterization of
cellular and humoral immune responses to native types XI, V, and Il collagen and constituent a-chains," J. Immunol.
153:824-832, 1994. Danzer, Kirchner, Rink, "Cytokine interactions in human mixed lymphocyte culture," Transplantation,
57(11):1638-1642, 1994. DeMeester, Rolfe, Kunkel, Swiderski, Lincoln, Deeb, Strieter, "The bimodal expression of tumor
necrosis factor- o in association with rat lung reimplantation and allograft rejection," J. Immunol., 150(6):2494-2505,
1993. Faria and Weiner, "Oral tolerance: mechanisms and therapeutic applications," Adv. Immunol., 73:153-264, 1999.
Fedoseyeva, Zhang, Orr, Levin, Buncke, Benichou, "De novo autoimmunity to cardiac myosin after heart transplantation
and its contribution to the rejection process," J. Immunol., 162:6836-42, 1999. Garrovillo, Ali, Oluwole, "Indirect allorec-
ognition in acquired thymic tolerance: induction of donor-specific tolerance to rat cardiac allografts by allopeptide-pulsed
host dendritic cells," Transplantation, 68:1827-1834, 1999. Hancock, Sayegh, Kwok, Weiner, Carpenter, "Oral, but not
intravenous, alloantigen prevents accelerated allograft rejection by selective intragraft Th2 cell activation," Transplan-
tation, 55:1112-1118, 1993. Hanson, Gorman, Oui, Cheah, Solomon, Trowsdale, "The human « 2(XI) collagen gene
(COL11A2) maps to the centromeric of the major histocompatibility complex on chromosome 6," Genomics, 5:925-931,
1989. Hirt, You, Moller, Boeke, Starke, Spranger, Wottge, "Development of obliterative bronchiolitis after allogeneic rat
lung transplantation: Implication of acute rejection and the time point of treatment," J. Heart Lung Transplant., 18:542-548,
1999. Huang, Fuchimoto, Scheier-Dolberg, Murphy, Neville, Sachs, J. Clin. Invest., 105:173-181, 2000. Ishido, Matsuoka,
Matsuno, Nakagawa, Tanaka, "Induction of donor-specific hyporesponsiveness and prolongation of cardiac allograft
survival by jejunal administration of donor splenocytes," Transplantation, 68:1377-1382, 1999. lyer, Woo, Cornejo, Gao,
McCoubrey, Maines, Buelow, "Characterization and biologic significance ofimmunosuppressive peptide D2702.75-84(E
o V) binding protein," J. Bio. Chem., 273(5):2692-2697, 1998. Joo, Pepose, Stuart, "T-cell mediated responses in a
murine model of orthotopic corneal transplantation," Invest. Ophthalmol. Vis. Sci., 36:1530-1540, 1995. Konomi, Hayashi,
Nakayasu, Arima, "Localization of type V collagen and type IV collagen in human cornea, lung, and skin," Am. J. Pathol.,
116:417-426, 1984. Krensky and Clayberger, "HLA-derived peptides as novel immunosuppressives," Nephrol. Dial.
Transplant., 12:865-878, 1997. Lowry, Marghesco, Blackburn, "Immune mechanisms in organ allograft rejection. VI.
Delayed-type hypersensitivity and lymphotoxin in experimental renal allograft rejection," Transplantation., 40:183-188,
1985. Madri and Furthmayr, "Collagen polymorphism in the lung," Human Pathology, 11:353-366, 1980. Madri and
Furthmayr, "Isolation and tissue localization of type AB2 collagen from normal lung parenchyma," Am. J. Pathol.,
94:323-332, 1979. Marck, Prop, Widevuur, "Lung transplantation in the rat. lll. Functional studies in iso- and allografts,"
J. Surgical Res., 35:149-158, 1983. Matsumura, Marchevsky, Zuo, Kass, Matloff, Jordan, "Assessment of pathological
changes associated with chronic allograft rejection and tolerance in two experimental models of rat lung transplantation,"
Transplantation., 59:1509-1517, 1995. Morris and Bachinger, "Type Xl collagen is a heterotrimer with the composition
(1,2 a, 3 a) retaining non-triple helical domains. J. Biological Chem., 262:11345-11350, 1987. Murphy, Magee, Alex-
ander, Waaga, Snoeck, Vella, Carpenter, Sayagh, "Inhibition of allorecognition by a human class || MHC-derived peptide
through the induction of apoptosis," J. Clin. Invest., 103:859-867, 1999. Nosner, Goldberg, Naftzger, Lyu, Clayberger,
Krensky, "HLA-derived peptides which inhibit T cell function bind to members of the heat-shock protein 70 family," J.
Exp. Med., 183:339-348, 1996. Oluwole, Chowdhury, Jin, Hardy, "Induction of transplantation intolerance to rat cardiac
allografts by intrathymic inoculation of allogeneic soluble peptides," Transplantation, 56(6):1523-1527, 1993. Prop, Nieu-
wenhuis, Wildevuur, "Lung allograft rejection in the vrat. |. Accelerated rejection caused by graft
lymphocytes," Transplantation, 40:25-30, 1985. Prop, Wildevuur, Nieuwenhuis, "Lung allograft rejection in the rat. Il.
Specific immunological properties of lung grafts," Transplantation, 40:126-131, 1985. Sayagh, Watschinger,
Carpenter, "Mechanisms of T cell recognition of alloantigen," Transplantation, 57:(9)1295-1302, 1994. Sayegh and
Krensky, "Novel immunotherapeutic strategies using MHC derived peptides," Kidney Int. Suppl. 53:513-20, 1996.
Sayegh, Khoury, Hancock, Weiner, Carpenter, "Induction of immunity and oral tolerance with polymorphic class Il major
histocompatibility complex allopeptides in the rat," Proc. Natl. Acad. Sci., 89: 7762-7766, 1992. Sayegh, Zhang, Hancock,
Kwok, Carpenter, Weiner, "Down-regulation of the immune response to histocompatibility antigens and prevention of
sensitization by skin allografts by orally administered alloantigen," Transplantation, 53:163-166, 1992. Sekine, Nowen,
Heidler, Van Rooijen, Brown, Cummings, Wilkes, "Role of passenger leukocytes in allograft rejection--Effect of depletion
donor alveolar Macrophages on the local production of TNF-alpha, T helper 1/Thelper 2 cytokines, IgG subclasses, and
pathology in a rat model of lung transplantation," J. Immunol, 159:4084-4093, 1997. Seyer and Kang, "Covalent structure
of collagen: amino acid sequence of three cyanogen bromide-derived peptides from human alpha 1(V) collagen chain.
Arch. Biochem. Biophys. 271(1): 120-129, 1989. SivaSai, Smith, Poindexter, Sundaresan, Trulock, Lynch, Cooper,
Patterson, Mohanakumar, "Indirect recognition of donor HLA class | peptides in lung transplant recipients with bronchiolitis
obliterans syndrome," Transplantation. 67(8):1094-1098, 1999. Smith Jr, Williams, Brandt, "Interaction of proteoglycans
with pericellular (1 alpha, 2 alpha, 3 alpha) collagens of cartilage," J. Biol. Chem., 260:10761-10767, 1985. Stark and
Ostrow, Training Manual Series, Laboratory Animal Technician, American Association for Laboratory Animal Science,

23



10

15

20

25

30

35

40

45

50

55

EP 2 421 552 B1

181-182, 1990. Strober and Coffman, "Tolerance and immunity in the mucosal immune system," Res. Immunol.,
148:489-599, 1997. Trulock, "Lung transplantation," Am. J. Respir. Crit. Care Med., 155:789-818, 1997. VanBuskirk,
Wakely, Sirak, Orosz, "Patterns of allosensitization in allograft recipients: long-term allograft acceptance is associated
with active alloantibody production in conjunction with active inhibition of alloreactive delayed-type hypersensitivity,"
Transplantation., 65:1115-1123, 1998. Westra, Prop, Kuijpers, "A paradox in heart and lung rejection," Transplantation,
49:826-828, 1990. Whitacre, Gienapp, Orosz, Bitar, "Oral tolerance in experimental autoimmune encephalomyelitis. Il1.
Evidence for clonal anergy," J. Immunol., 147:2155-2163, 1991. Wilkes, Bowman, Cummings, Heidler, "Allogeneic
bronchoalveolar lavage cells induce the histology and immunology of lung allograft rejection in recipient murine lungs.
Role of ICAM-1 on donor cells," Transplantation, 67(6):890-896, 1999. Wilkes, Heidler, Bowen, Quinlan, Doyle, Cum-
mings, Doerschuk, "Allogeneic bronchoalveolar lavage cells induce the histology of acute lung allograft rejection, and
deposition of IGg2ain recipient murine lungs," J. Immunol., 155:2775-2783, 1995. Wilkes, Thompson, Cummings, Bragg,
Heidler, "Instillation of allogeneic lung macrophages and dendritic cells cause differential effects on local IFY-y production,
lymphocytic bronchitis, and vasculitis in recipient murine lungs," J. Leukoc. Biol. 64:578-586, 1998. Wilson, Ebringer,
Ahmadi, Wrigglesworth, Tiwana, Fielder, Binder, Ettelaie, Cunningham, Joannou, Bansal," "Shared amino acid sequenc-
es between major histocompatibility complex class Il glycoproteins, type Xl collagen and Proteus mirabilis in rheumatoid
arthritis," Ann. Rheum. Dis.," 54:216-220, 1995. Woessner Jr., "The determination of hydroxyproline in tissue and protein
samples containing small proportions of this immino acid," Arch. Biochem. Biophys. 93:440-447, 1961. Yagyu, Steinhoff,
Schafers, Dammenhayn, Haverich, Borst, "Comparison of mononuclear cell populations in brochoalveolar lavage fluid
in acute rejection after lung transplantation and Mycoplasma infection in rats," J. Heart Transplant., 9:516-525, 1990.
Yamagami, Tsuru, Ohkawa, Endo, Isobe, "Suppression of allograft rejection with anti-alpha beta T cell receptor antibody
in rat corneal transplantation," Transplantation, 67:600-604, 1999. Yoshino, Quattrocchi, Weiner, "Suppression of anti-
gen-induced arthritis in Lewis rats by oral administration of type Il collagen," Arthritis Rheum. 38: 1092-1096, 1995.
Yousem, Berry, Cagle, Chamberlain, Husain, Hruban, Marchevsky, Ohori, Ritter, Stewart, Tazelaar," "Revision of the
1990 working formulation for the classification of pulmonary allograft rejection: Lung rejection study group," J. Heart
Lung Transplant, 15:1-15, 1996. Zheng, Markees, Hancock, Li, Greine, Li, Mordes, Sayegh, Rossini, Strom, "CTLA4
signals are required to optimally induce allograft tolerance with combined donor-specific transfusion and anti-CD154
monoclonal antibody treatment," J. Immunol., 162:4983-4990, 1999.

EXAMPLES
REFERENCE EXAMPLE 1
ANTI-COLLAGEN V ANTIBODIES ARE INCREASED IN COPD PATIENTS

[0160] Plasmawas obtained from normal volunteers (non smoking adults, age 18-55), and volunteers with documented
emphysema. Levels of anti-colV antibodies in COPD patients and control healthy subjects were detected by the flow
cytometry bead assay as described in WO 2007/120947.

[0161] Briefly, 1) Streptavidin-coated beads (5 um, binding capacity 10-20 ug/1 x 107 beads (Polyscience, Warrington,
PA)) were washed two times with sterile PBS. Beads (1 x 107) were suspended in 100 | of PBS with 40 ug of human
Type V collagen and incubated for 60 minutes at 4°C. 2) A positive control was generated by following the same
procedures in 1 above, using 20 wm of rabbit antibody to human collagen V antibody (bioten) (Abeam, Cambridge, MA).
3) For each assay, 1 x 108 conjugated beads were washed two times in PBS, and incubated in 100 wl PBS plus 50 ul
serum. After incubating for 30-minutes at room temperature, the beads were washed three times with PBS containing
10% FCS. 4) The beads were suspended in 100 .l of sterile PBS+10% FBS and incubated for about 30 minutes at room
temperature with secondary antibody. Typically, 5 ul of anti-human IgG antibody conjugated with R-PE was used (Sigma,
Saint Louis). The beads were washed three times in PBS containing 10% FCS, suspended in 300 pl of PBS/FCS solution
and analyzed using a flow cytometer.

[0162] As shown in Figure 1, anti-type V collagen antibodies are significantly elevated in COPD patients (N=16) as
compared to controls (N=42).

EXAMPLE 2

ANTI-COLLAGEN V ANTIBODIES ARE INCREASED IN ASTHMA PATIENTS

[0163] Plasmawas obtained from normal volunteers (non smoking adults, age 18 -55), and volunteers with documented
chronic asthma. Levels of anti-colV antibodies in the asthma patients and control volunteer subjects were measured

using the bead assay as outlined in Example 1.
[0164] As shown in Figure 2, elevated levels of anti-type V collagen antibodies were found in 8 of 20 asthmatics.
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EXAMPLE 3
INTRAVENOUS COLLAGEN V PREVENTS OVALBUMIN-INDUCED AIRWAY HYPER-RESPONSIVENESS IN MICE

[0165] This Example demonstrates that intravenous administration of collagen V prevents ovalbumin-induced airway
hyper-responsiveness in this well-established murine asthma model.

[0166] Balb/c mice were injected via tail vein with 100 g col (V), alone, or col(V) mixed in complete Freund’s adjuvant,
(CFA), or PBS, or CFA, alone. Seven days later mice received an IP injection of ovalbumin in alum and this was repeated
seven days later. Seven days after the last ova/alum injection, mice in each group were challenged with increasing
doses of aerosolized ova followed by measurements of airways resistance (PenH).

[0167] The results showed that col(V), alone, abrogated ova-induced airway hyperresponsiveness (see Figure 3).
Further experiments were conducted which confirm these results. These results are summarized below in Table 2.

Table 2: Col(V) alone abrogates ova-induced airway hyperresponsiveness

PBS Col(V) 2-WAY ANOVA
PenH Units PenH Units
Mg/ml methacholine | Mean SEM N Mean SEM N P value
Baseline 0.419913 | 0.021817 | 6 0.564856 | 0.092752 | 6 >0.05
Saline 0.466943 | 0.034769 | 6 0.519667 | 0.073273 | 6 >0.05
10 1413495 | 0.189206 | 6 1.615039 | 0.172871 | 6 >0.05
25 2448044 | 0.438264 | 6 2.914945 | 0.510278 | 6 >0.05
50 4463914 | 0.319439 | 6 3.147791 | 0.531683 | 6 >0.05
100 5.121152 | 0.327822 | 6 3.661426 | 0.544324 | 6 >0.05
200 6.064105 | 0.368829 | 6 3.387585 | 0.46153 6 <0.001
300 6.825607 | 0.499452 | 6 3.700204 | 0.657257 | 6 <0.001
EXAMPLE 4

INTRAVENOUS COL(V) INDUCES IFN-y TRANSCRIPTS IN LUNG MONONUCLEAR CELLS

[0168] This example shows intravenous injection of col(V) alone induced a TH1 response in lung mononuclear cells,
characterized by induction of IFN-y transcripts. Balb/c mice were injected via tail vein with 100 ug col(V) alone, CFA
alone at the base of the tail, colV plus CFA the base of the tale or PBS i.v. alone. Seven days later mice received an IP
injection of ovalbumin in alum and this was repeated seven days later. Seven days after the last ova/alum injection,
mice in each group were challenged with increasing doses of aerosolized methacholine followed by measurements of
airways resistance in response to methacholine challenge (PenH). RNA was extracted from mononuclear cells isolated
from the lung parenchyma of mice in each treatment group and quantitative PCR performed for determining expression
levels of IL-4, IL-5, IL-13, IFN-y and IL-10 (see Figure 4; data represent lung mononuclear cells of RNA pooled from 5
mice in each group).

[0169] The results of the experiment show that Col(V) alone administered intravenously induced IFN-y transcripts in
lung mononuclear cells. IFN-y is antagonistic to IL-13 and IL4, two cytokines thought to play a key role in asthma
pathogenesis. Therefore, without being bound by theory, induction of this TH1 response which counteracts the effects
of IL4/IL13 may play a part in the colV-mediated protective effect in ova-induced asthma.

SEQUENCE LISTING
[0170]
<110> Wilkes, David

<120> COMPOSITIONS AND METHODS FOR THE TREATMENT OF CHRONIC OBSTRUCTIVE PULMONARY
DISEASE AND ASTHMA
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<160> 6

<170> FastSEQ for Windows Version 4.0
<210> 1

<211> 8439

<212> DNA

<213> Homo sapiens

<400> 1

cgcactctee
cgggtcgcgg
gaggcgaggg
tcecegeecegt
aacggggggt
tgccegggee
cceeggeceg

cecgeeeggge
gagcegegea
tggaataaca
cgcttacaga
gtctgeattt
ggecttectg
ccgeteteee
cctettecgg
caagaaaaat
cagcgaccac
tgaggaggtg
ttatgattac
gtegecaggac
ttactacgaa
caagaagcec
cceccacggaa
cggcatcggg
tgacctcace
ggccgaaatt
aggggaaggt
cgagaactac
aatgeccggeg
ccaaaaggga
agaaggccec
ggacecctgga
cggtecteea
ctccaaagge
caggttggea

gtececegegyg
ggcggeggeg
cgagctagece
gggcgagege
gcegaggtec
gtgaccegeg
cgececgeeyg
gcececgetge
gctcagecag
aagacaacag
gtcaccaaag
ccegaggact
gteteecatet
gtcttectet
ggcatcaacc
gtcaccttga
ccecatgateg
tttgagggtg
tgtgagcact
cccaatccag
taccectact
gtggaagctg
gctgetecea
gactatgact
tatggcgagg
cccaccagea
gcggatgact
tacgaccect
aaccaggata
gaaccagcga
gegggtette
gaaaggggcce
ggaaccatgce
ccecatggtet

ctgaggggac

ctggcgeagg
gcgaggagga
cagcggggte
gccagecgec
ccatgaccte
ccectgtgeg
gcatggacgt
tgecccecget
cagatctecet
gecttttgege
acgcgcaget
tctecatect
acaacgagca
acgaggacca
tgtcagatgg
tcetegactg
acatcaatgg
acatccagea
acagccetga
atgaatatta
acgaagacec
ccaaagaaac
tgecctgaaac
acgtgceccag
gggaggagaa
ccgecgacac
tggaggggga
actacgacecce
ccatctatga
ttatcgagee
ccggacetee
ccectggacyg
tcatgetgee
cagcccagga
cagctggecece

acctcacteg
ggcgagaagg
ccggecgeee
ccttecagaa
ctaaagtggt
tcecegegeg
ccataceege
gctgetgetg
gaaggttcta
cacgcggega
cagcgcacece
aacaactgtg
gggtatccag
cacggggaag
caagtggcac
taaaaagaag
catcategtg
gectgetettt
ctgtgacacce
cacggaagga
cgaagaccta
cacagaggtc
cagtgaaggg
tgaggactac
ccecgaccag
cteccaactec
gttcactgag
caccagcetece
agggattgga
gggcatgete
aggaaccatg
cccaggectt
ctteeggttt
gteccaggeg
gatgggtecte

26

agcggagege
agttggagga
cgcgggecaa
cagcecgecge
gcggtecetg
ccteegageg
tggaaagegce
ctgctgtggg
gattttecaca
tcttecaaag
accaagcagce
aaagccaaga
cagattgggce
cctggeeegg
agaattgcte
accaccaaat
tttggecacce
gteteggace
gcagtacctg
gacggcgagg
gggaaggagc
ccegaggage
gctgggaagg
tacacgcect
cccacagacce
tccaatececag
gaaacgatcc
ccgteggaga
ggacctcggg
atcgagggec
ggtcccactg
cctggggecg
ggaggtggcg
caagccatte
acagggagac

ccacggggag
ggaggaggag
agtcgageece
cacaaagaag
ctgagtgege
ccectgtgeg
gcagegeget
cgecgectee
acttgecetga
gcecggatgt
tgtacectge
aaggcagccea
tggagctggg
aagactacecce
tcagegteca
tcectegaceg
ggatecctgga
accgggecage
acaccccaca
gtgagaccta
ccaceccecag
tgaccecgac
aagaggacgt
caccgtatga
caggcgetgg
ctecgectee
ggaaccttga
tcgggecggg
gcgagaaagg
cgectggece
gccaagtegg
atggecctgece
gcgatgeggg
tccageagge
ctggecctgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
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gggtcccect
tcgaggtgtg
gagtgatgga
cggcectgget
accaggacct
gctgectggg
cggacctece
ccagggagag
ccceccagggt
aggaatgccce
gaaaggaggt
agtcaagggg
cggcttteet
accceggtecee
tgaccceggt
agggtatcca
caatggagag
cccaacgggt
gggcaactce
ccaaggaccece
actcccagga
aggccccecece
gegtggecac
aaaagaaggg
aggattacgt
gaaaggcaat
tccagectgga
agggccggcea
agacggtctce
agaagacgga
aggagaacag
ctctggaget
tgatgaaggt
aggacctcca
ccctggecee
tggaatagga
tggceccttecg
gtcaggecect
tcccaaagge
tggcceegeg
gacgggatcc
tcceececagge
cggcttggaa
gceccggaceyg
atcceccagge
aggagattct
tccgggtgaa
tcctaaggga
tggecctgecg
gaagggtgag
ccagecccctg
ggacgacggg
ctctectecaac
gaaccececgece
atactgggtc
cacageceggg
ttettggece
ctectatgtg
gctgagegece
ggacgcagec
gatgtcctat
aggctaccag
ggacatcatg
ggcttgette
cagcatgcca

gggagcggag
caaggcccege
gccagaggaa
gggttgccag
ccgggagacg
gagcccggge
ggtgtcacgg
cctggeceee
gcaattggte
ggtgctgacg
cagggtccac
gccgatggea
gggtttaaag
aggggagaag
cctetgggac
ggaagacaag
aagggcggcea
ccgaggggtg
ggaggtgacg
acaggatttce
caccctggac
ggcgtggteg
cctgggecee
acgaagggtg
ggtttccectg
gaagggccec
gccgetggge
ggagagaaag
caggggcectg
gataagggag
ggtcctectg
gacggcgage
cccagagget
ggcgagaagg
cgaggacccet
aaccctggtg
ggagaaggcg
tcaggtgctg
agccctggece
ggtcaagatg
cceggeccta
ccegeaggece
ggccctectg
gatggectte
ccggacggte
ggtcccaaag
cagggtgaga
gaacagggta
ggtccgectg
gcaggeccace
ccaatccagg
aatggcgaga
tectetgaage
cgcacctgea
gatcctaacce
gggtcgacat
aaagaaaacc
gacgccgagg
tectgeccace
acgggcaget
gacaacaacc
aagacggttc
ttcaatgact
atgggctagg
ttegttegtg
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gtttgaaggg
ctggteccgge
tgcctggaca
gcgagaaggg
atggagaaag
cacgtggtcet
gtatggacgg
caggacagca
cteccaggaga
gaccceeggg
ctggcecccea
tecegtggtet
gagacatggg
atggccctga
ccectgggga
gaccaaaggg
gggggaccce
aaagaggecc
gcccagetgg
ctggaccaaa
agagaggcga
gcectcaggg
ctggacccee
acccaggecec
gggaccgagg
ctggcccace
ccatcggaat
gggctectgg
tggggctcece
agatcgggga
ggcctacagg
cggggccteg
ttecectggace
gtgagacagg
ccggagctece
cagtgggaga
gcceeceeggyg
ccggacceee
cagtgggttt
gtcccectgg
ctggtgaacce
ccgaaggcag
ggaagactgg
gagggatccc
cceceecggece
gtgaaaaggg
agggcgaccg
tcactggtece
gtccaaaagg
caggaccecec
catccaggac
actacgtgga
tggagattga
aggacctgca
aaggatgctce
gcgtettece
cgggctectg
gcaaccctgt
agaacgtcac
acgacaaggce
cctacatceg
tggagatcga
tecggtgaage
agccgecgag
agtgtccegt

cgagecggga
cgggaagccc
aactggcccce
ccacaggggt
gggtgacgac
gcttgggecg
ccagccgggg
gggtaatcca
aaagggtccc
acaccctgge
gggtccgatt
gaagggcaca
catcaagggt
aggcccaaag
gaagggaaaa
ctctattgga
tggaaagcca
ccggggeate
ccctectggt
gggcccceect
gactggtttc
tcccacggga
cggtgaacag
tgcaggcecte
gcttectggt
aggccectgeg
tccagggaga
cgagaaaggce
gggtccagcet
gccggggcag
tectcaagge
gggccagcag
ccctgggeca
agacgtggge
aggtgctgat
gaagggcgag
acccaaagga
tggacccaaa
tecctggagat
tgacaaagga
aggtccatceg
acagggagag
cceccategge
tggccctgtyg
catgggtcce
tcatccagge
tggtctcecct
ttctggeceg
tgctaaggge
aggccceceg
gcggcggaac
ctacgeggac
gcagatgaaa
gctectgecac
cagggattcce
tgacaagaag
gttcagtgaa
gggtgtggta
ctaccactge
ccteegette
cgecctggtg
cacccccaaa
gtcacagaaa
ccegggetece
gcacgtecctg
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gacgtgggge
ggaagacggg
aagggtgacc
gaccctggte
ggagaagttg
aaggggcccec
ccaaaaggaa
ggcgcccagg
ttggggaaac
aaagaaggcec
ggctacccag
aagggcgaga
gatcgggggg
ggtcgceggag
cteggagtece
ttcectggat
ggaccgceggg
actgggaagce
gaacggggac
ggccectcecag
caaggcaaga
gaaacgggec
gggcttccgg
cctgggaaag
ccagtgggag
ggatctccag
cctgggecee
ccacaaggece
ggccctgtgg
aaaggaagca
cccateggac
ggcctttteg
gtggggctge
cagatgggece
ggcccacaag
cctggegaag
gaaaggggag
ggcccteceg
cctggeccee
gatgatggtg
gggcctcecag
aaaggggeca
ccccaggggg
ggagaacaag
ccaggactte
ctgatcggge
ggcccecagg
attgggectce
tectegggte
ggccceeegyg
atcgacgcca
ggcatggaag
cggccectgg
ccecgacttece
ttcaaggttt
tccgaagggg
ttcaagegtg
cagatgacct
taccagtcag
ctgggetcca
gacggctgtg
gtggagcagg
tttggatttg
cgagagcaac
accctggaca

ctecagggtee

gtcgggctgg
ggggtttcga
ctteeggecee
ggcccagggg
caggtcctee
atgtgggtcc
gtecttecagg
caggecttece
ctccaggaga
gtcctecgagg
agggtgaaga
agatcggcecce
gtcccaatgg
cagggttacc
ttecectggege
ggcagcgagg
ctggccccaa
ccaatggacce
gcaaggatgg
ccggecectee
caatgggtga
gecttgetgg
atggccctee
ctettggact
gggagagagg
agggaccccece
cagctggeeg
gtcececectgg
agggggacaa
agccaggecce
ggcagaaagg
agggtttgee
ccecegggtec
gtcececccagyg
caggtgagece
agaagggcga
gagatgatgg
ccggagagec
aacccgggea
gaaaaagggg
agggagaagce
ccectgggaa
gtctceccagyg
ccggcectcaa
tcatcggtece
gctecteegg
ctgggecceee
caactggcece
gagaggtcat
gccagcetget
agatcttecgg
gcacgcagca
cagatggtga
actgcaactt
ccagaatcac
ggaaactgcet
tcctgegget
tggcctggea
acgacgagga
ctaccaagaa
tgcccategt
aagtggggcc
ctegtgaccet
gtgaaggcett

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
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cteccteecce
ccecggagaga
ctgecacccea
gggccatgee
ggttggggga
tgtgtattte
ccatcaccaa
cattctgecag
aatatttgta
acccagtecte
tctgattaga
gaagtttgce
cttttecagac
gataatttte
ttgcttectt
aaaccacatt
ctettgtgge
gggaccctgg
tgttgccaag
aagcacactce
ggactgggtt
cattgtctgt
tttctgtgtt
tgtacaatga
ctatttggat
gcgggtgagg
tgtgggcagg
ccegggtgea
cctgcgggge
ggaagccaca
ttccectggaa
gcccaggatg
agccgaggac
tttectecatec
aaagttgtta
gccacagtat
ttatttttte
agcaaaaaac
gacacattgt
caggaaagga
agtttttcaa

tcecacetga
acagagggaa
gcgectggge
tccagecece
gggactgcca
ccctgaccett
agccteegtt
gtgecttece
ttgtattgtt
agtceccacgg
aataggaagt
ccggggcage
agtttttgat
ttttttetac
tttcegettt
ttttgtaggt
tctettgtgg
ccatgecteg
gactctaaga
cctectgege
gtgectactt
ggtgtgaceca
tgttcecaage
actccatgag
tcecatetea
tcecetttgg
aggaccecgag
gegectttte
tctggtgetg
aacaagccac
agtaagtcte
ccagcatgtg
tgtcecgega
catccaattt
taatttgtac
attgcaataa
ctctcaatat
ccaagataaa
acggtttcaa
tatcttaaaa
taaatecgagt
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cttecatectac
ggagccgege
ccgeeccacyg
cagctegeee
gatttggaca
caaaaaatgt
tttaacaacc
gatggattaa
ataaatgtta
acagaatggg
ctecceccacee
aagaatttat
tcgetetaga
atgcacttaa
tcttecegea
gataactcaa
tgctatctat
tteteectge
tcaatgcacg
tctecegece
gatttgaaaa
tagcagatta
cgttcagtea
tctetecagg
aatgtcectgg
ggaacccttt
gggcagccag
cttctaccat
tcececgacee
ccaggaggaa
gctettgeca
ccaatgactg
ccecegtgga
gtccttttet
tgaacttcaa
aattacttcet
atataattgg
gtttegagga
aaaatcecget
tattctaaac
tgggtgttte

gccteggeac
ccecacetgg
ctectgtecac
gacccatect
ctatattttt
tccaaggtaa
tccaacacga
aggtgcttat
agtgtgectg
cgaggcatgg
ccgeectgge
gctgecattg
cttttttttt
gactaaaaca
gagcctgatg
tgaaaattgg
ctgttttaag
tttectttate
tcactttecet
cggtgegtec
cacacacaag
tatttggtte
tgeccatgege
gctgectgea
atgcgagegt
cctggecate
gaaaggcgat
gggaaatgcea
ccaccaccac
caaaacaccg
aagaaaagtc
tcacctteat
ctgcgtetag
cctgtcattt
aatgtgtcece
tatatttgeca
acaaacgctg
catcaggeccet
agacatgteca
ttgtgtaaca
caccgtaaa

cacggggtgt
agctgaatca
acccacgege
gttcgtgaat
ttectaaattce
gcctegtaaa
tcecatttaga
gtttttgtga
gctttecaate
attctgggtt
caagaacgtg
aaaagcaggt
ttttaatagg
caggtttgga
ggagaatgtce
tgettatttt
gtctecttga
ctgttattge
ttccactggg
actccegagg
caataaaaag
ctgaatgttt
tgecteggta
gcacgtettt
cagecggetee
gaggtcgggg
ctettecactg
ggctgggece
cagaatgcag
ccagegtgga
tggcttggag
ctettcaaaa
gtcatgtgat
tcttectetg
gttcteceeca
gaaattcttt
gcaaaaagaa
tttgaaatac
taagttttaa
aaggaataat

gggaccccag
catgacctag
cccgggageg
aggtctcagg
aacttgaaga
ggtcateccea
ggccaaatgt
gttttaagta
atgcacggaa
gcagtacegt
caataaattg
accagtgcece
gaaaaaattt
ttaattttat
cagggcaggg
ttacacttet
aggcgcactg
cteccacagte
caggatagec
gctgttatga
cctettectg
gtggtgcectaa
gatggagtaa
tccaagtage
agagctcggg
ggctgecgte
tgaaaagttg
ttggggtgag
ttecagetta
ttttecaaat
agtctectgga
gaaaagccat
tectgttttea
tggtcectte
gaccactcta
tggtgtaatt
aaaaatggta
aatgtcaaat
ctgtaatgece
taactgtaat

6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8439

<210> 2

<211> 1838

<212> PRT

<213> Homo sapiens

45

50

55

<400> 2

28
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Met
Ala
Pro
His
Arg
65

Ala
Pro

Gln

Gly

Asp
Pro
Ser
Asn
50

Arg
Gln
Glu

Ala

Leu

Val
Leu
Arg
35

Leu
Ser
Leu
Asp
Phe

115
Glu

His
Leu
20

Ala
Pro
Ser
Ser
Phe
100

Leu

Leu

Thr
Pro
Ala
Asp
Lys
Ala
85

Ser

Val

Gly

Arg
Pro
Gln
Gly
Gly
70

Pro
Ile

Ser

Arg
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Trp
Leu
Pro
Ile
55

Pro
Thr
Leu

Ile

Ser

Lys
Leu
Ala
40

Thr
Asp
Lys
Thr
Tyr

120
Pro

29

Ala
Leu
25

Asp
Lys
Val
Gln
Thr
105

Asn

Val

Arg
10

Leu
Leu
Thr
Ala
Leu
90

Val
Glu

Phe

Ser
Leu
Leu
Thr
Tyr
75

Tyr
Lys
Gln

Leu

Ala
Leu
Lys
Gly
Arg
Pro
Ala
Gly

Tyr

Leu
Trp
Val
45

Phe
Val
Ala
Lys
Ile

125
Glu

Arg
Ala
30

Leu
Cys
Thr
Ser
Lys
110
Gln

Asp

Pro
15

Pro
Asp
Ala
Lys
Ala
95

Gly
Gln

His

Gly
Pro
Phe
Thr
Asp
80

Phe
Ser

Ile

Thr
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Gly
145
Ser
Val
Arg
Thr
Leu
225
Ser
Pro
Tyr
Glu
Glu
305
Pro
Asp
Asp
Asp
Asn
385
Glu
Tyr
Gly
Arg
Met
465
Gly
Glu
Pro
Gly
Gln
545
Ala
Gly
Pro
Arg
Gly

625
Glu

130
Lys

Asp
Thr
Ser
Arg
210
Phe
Pro
Asn
Tyr
Pro
290
val
Glu
Tyr
Asp
Pro
370
Ser
Gly
Asp
Met
Gly
450
Leu
Pro
Arg
Gly
Gly
530
Ala
Gly
Ser
Arg
Gly
610

Pro

Lys

Pro
Gly
Leu
Asp
195
Ile
Val
Asp
Pro
Tyr
275
Thr
Pro
Thr
Asp
Leu
355
Gly
Ser
Glu
Pro
Pro
435
Glu
Ile
Pro
Gly
Pro
515
Asp
Gln
Pro
Gly
Gly
595
Arg

Lys

Gly

Gly
Lys
Ile
180
His
Leu
Ser
Cys
Asp
260
Glu
Pro
Glu
Ser
Tyr
340
Thr
Ala
Asn
Phe
Tyr
420
Ala
Lys
Glu
Gly
Pro
500
Pro
Ala
Ala
Met
Gly
580
vVal
Ala
Gly

His

Pro

Trp
165
Leu
Pro
Asp
Asp
Asp
245
Glu
Tyr
Ser
Glu
Glu
325
val
Tyr
Gly
Pro
Thr
405
Tyr
Asn
Gly
Gly
Thr
485
Pro
Gly
Gly
Ile
Gly
565
Leu
Gln
Gly

Asp

Arg
645

Glu
150
His
Asp
Met
Glu
His
230
Thr
Tyr
Pro
Lys
Leu
310
Gly
Pro
Gly
Ala
Ala
390
Glu
Asp
Gln
Gln
Pro
470
Met
Gly
Thr
Ser
Leu
550
Leu
Lys
Gly
Ser
Arg

630
Gly
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135
Asp

Arg
Cys
Ile
Glu
215
Arg
Ala
Tyr
Tyr
Lys
295
Thr
Ala
Ser
Glu
Glu
375
Pro
Glu
Pro
Asp
Lys
455
Pro
Gly
Arg
Met
Lys
535
Gln
Thr
Gly
Pro
Asp
615
Gly

Asp

Tyr
Ile
Lys
Asp
200
Val
Ala
vVal
Thr
Tyr
280
Pro
Pro
Gly
Glu
Gly
360
Ile
Pro
Thr
Thr
Thr
440
Gly
Gly
Pro
Pro
Leu
520
Gly
Gln
Gly
Glu
Pro
600
Gly

Phe

Pro

30

Pro
Ala
Lys
185
Ile
Phe
Ala
Pro
Glu
265
Glu
val
Thr
Lys
Asp
345
Glu
Pro
Pro
Ile
Ser
425
Ile
Glu
Pro
Thr
Gly
505
Met
Pro
Ala
Arg
Pro
585
Gly
Ala

Asp

Leu
Leu
170
Lys
Asn
Glu
Tyr
Asp
250
Gly
Asp
Glu
Pro
Glu
330
Tyr
Glu
Thr
Gly
Arg
410
Ser
Tyr
Pro
Glu
Gly
490
Leu
Leu
Met
Arg
Pro
570
Gly
Pro
Arg
Gly

Pro
650

Phe
155
Ser
Thr
Gly
Gly
Asp
235
Thr
Asp
Pro
Ala
Thr
315
Glu
Tyr
Asn
Ser
Glu
395
Asn
Pro
Glu
Ala
Gly
475
Gln
Pro
Pro
val
Leu
555
Gly
Asp
Ala
Gly
Leu

635
Ser

140
Arg

Val
Thr
Ile
Asp
220
Tyr
Pro
Gly
Glu
Ala
300
Glu
Asp
Thr
Pro
Thr
380
Gly
Leu
Ser
Gly
Ile
460
Pro
Val
Gly
Phe
Ser
540
Ala
Pro
Val
Gly
Met

620
Ala

Gly
His
Lys
Ile
205
Ile
Cys
Gln
Glu
Asp
285
Lys
Ala
Val
Pro
Asp
365
Ala
Ala
Asp
Glu
Ile
445
Ile
Ala
Gly
Ala
Arg
525
Ala
Leu
Val
Gly
Lys
605
Pro

Gly

Pro

Ile
Lys
Phe
190
val
Gln
Glu
Ser
Gly
270
Leu
Glu
Ala
Gly
Ser
350
Gln
Asp
Asp
Glu
Ile
430
Gly
Glu
Gly
Asp
Asp
510
Phe
Gln
Arg
Gly
Pro
590
Pro
Gly

Leu

Pro

Asn
Lys
175
Leu
Phe
Gln
His
Gln

255
Glu

Thr
Pro
Ile
335
Pro
Pro
Thr
Asp
Asn
415
Gly
Gly
Pro
Leu
Pro
495
Gly
Gly
Glu
Gly
Pro

575
Gln

Gln
Pro

Gly
655

Leu
160
Asn
Asp
Gly
Leu
Tyr
240
Asp
Thr
Lys
Thr
Met
320
Gly
Tyr
Thr
Ser
Leu
400
Tyr
Pro
Pro
Gly
Pro
480
Gly
Leu
Gly
Ser
Pro

560
Pro

Arg
Thr
Gly

640
Pro
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Pro
Gly
Pro
Pro
705
Gly
Ala
Pro
Gly
Pro
785
Arg
Gly
Pro
Gly
Gly
865
Pro
Lys
Gly
Lys
Pro
945
Gly
His
Pro
Gly
Glu
1025
Pro
Gly
Leu

Pro

Gly
1105

Gly
Leu
Pro
690
Gly
Gln
Ile
Gly
Pro
770
Ile
Gly
Phe
Pro
Gly
850
Lys
Lys
Gly
Pro
Pro
930
Gly
Pro
Pro

Gly

Pro

1010

Gln
Gly
Phe
Lys

Gly

1090
Arg Pro Gly Pro

Asp
Pro
675
Gly
Pro
Gln
Gly
Met
755
Pro
Gly
Leu
Lys
Gly
835
Pro
Leu
Gly
Gly
Thr
915
Gly
Glu
Lys
Gly
Pro
995
Met
Gly

Pro

Pro

Asp
660
Gly
Pro
Lys
Gly
Pro
740
Pro
Gly
Tyr
Lys
Gly
820
Pro
Asn
Gly
Ser
Arg
900
Gly
Pro
Arg
Gly
Gln
980
Pro
Gly
Leu

Ala

Gly
1060

Gly
Glu
Pro
Gly
Asn
725
Pro
Gly
Glu
Pro
Gly
805
Asp
Arg
Gly
val
Ile
885
Gly
Pro
Lys
Gly
Pro
965
Arg
Gly
Glu
Pro
Gly

1045
Asp

Gly Asn Glu

1075

Glu Arg Gly

Ala Pro Gly Glu Lys

1125
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Glu Arg
Pro Gly

Gly Pro
695

Asn Val

710

Pro Gly

Gly Glu
Ala Asp

Lys Gly
775

Gly Pro

790

Thr Lys

Met Gly
Gly Glu

Asp Pro
855

Pro Gly

870

Gly Phe

Thr Pro
Arg Gly

Gly Asn
935

Pro Asn

950

Pro Gly

Gly Glu
Val val

Arg Gly
1015

Gly Leu

1030

Leu Pro

Arg Gly
Gly Pro

Pro Ala
1095

Gln Gly

1110

Gly Pro

Gly
Pro
680
Pro
Gly
Ala
Lys
Gly
760
Gly
Arg
Gly
Ile
Asp
840
Gly
Leu
Pro
Gly
Glu
920
Ser
Gly
Pro
Thr
Gly
1000
His
Ala
Gly
Leu
Pro
1080
Gly

Pro

Gln

Gln Gly Pro Val Gly Leu Pro Gly

1140

Gly Glu Asp Gly Asp Lys Gly Glu

1155

1160

Asp Asp Gly Glu Val Gly
665 670
Arg Gly Leu Leu Gly Pro
685
Gly Val Thr Gly Met Asp
700
Pro Gln Gly Glu Pro Gly
715
Gln Gly Leu Pro Gly Pro
730
Gly Pro Leu Gly Lys Pro
745 750
Pro Pro Gly His Pro Gly
765
Gln Gly Pro Pro Gly Pro
780
Gly Val Lys Gly Ala Asp
795
Glu Lys Gly Glu Asp Gly
810
Lys Gly Asp Arg Gly Glu
825 830
Gly Pro Glu Gly Pro Lys
845
Pro Leu Gly Pro Pro Gly
860
Pro Gly Tyr Pro Gly Arg
875
Gly Phe Pro Gly Ala Asn
890
Lys Pro Gly Pro Arg Gly
905 910
Arg Gly Pro Arg Gly Ile
925
Gly Gly Asp Gly Pro Ala
940
Pro Gln Gly Pro Thr Gly
955
Pro Gly Lys Asp Gly Leu
970
Gly Phe Gln Gly Lys Thr
985 990
Pro Gln Gly Pro Thr Gly
1005
Pro Gly Pro Pro Gly Pro
1020
Gly Lys Glu Gly Thr Lys
1035
Lys Asp Gly Pro Pro Gly
1050
Pro Gly Pro Val Gly Ala

1065 1070

Gly Pro Pro Gly Pro Ala
1085
Ala Ala Gly Pro Ile Gly
1100
Pro Gly Pro Ala Gly Glu
1115
Gly Pro Ala Gly Arg Asp
1130
Pro Ala Gly Pro Val Gly

1145 1150

Ile Gly Glu Pro Gly Gln
1165

Pro Arg
Lys Gly
Gly Gln

Pro Pro
720

Gln Gly

735

Gly Leu

Lys Glu
Gln Gly

Gly Ile
800

Phe Pro

815

Ile Gly

Gly Arg
Glu Lys

Gln Gly
880

Gly Glu

895

Gln Arg

Thr Gly
Gly Pro

Phe Pro
960

Pro Gly

975

Gly Pro

Glu Thr
Pro Gly

Gly Asp
1040
Leu Arg
1055
Leu Gly

Gly Ser
Ile Pro
Lys Gly
1120
Gly Leu
1135

Pro Pro

Lys Gly

Ser Lys Gly Asp Lys Gly Glu Gln Gly Pro Pro Gly Pro Thr Gly Pro

31
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Gln

1170
Gly

1185

Gly
Pro
Pro
Gly
Ala
1265
Val
Gly
Glu
Pro
Gly
1345
Pro
Pro
Gly
Ala
Ile
1425
Gly
Pro
Lys
Gly
Leu
1505
Thr
Gly
Pro
Pro
Arg
1585
Tyr
Ser

Gln

Phe

Asp Ser Phe Lys Val

1665

Val Phe Pro Asp Lys

Pro
Arg
Gly
Pro
1250
Asp
Gly
Glu
Ser
Gly
1330
Asp
Pro
Gly
Pro
Lys
1410
Gly
Ile
Asp
Gly
Leu
1490
Pro
Gly
Pro
Lys
Gly
1570
Asn
val
Leu

Asn

Pro
1650

Pro Ile Gly Gln Pro

Arg
Gly
Pro
1235
Pro
Gly
Glu
Gly
Gly
1315
Asp
Pro
Gly
Pro
Pro
1395
Gly
Pro
Pro
Gly
Asp
1475
Ile
Gly
Pro
Pro
Gly
1555
Glu
Ile
Asp
Lys
Pro

1635
Asp
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1190

Gly Gln Gln
1205

Phe Pro
1220
Pro

Gly

Gly Glu

Gly Pro Pro

Pro Gln Gly
1270
Lys Gly Glu
1285
Gly Pro Pro
1300
Pro

Ser Gly

Asp Gly Pro
Pro
1350

Gly

Gly Pro

Asp Lys
1365
Thr Gly Glu
1380

Gly Pro Ala
Glu Ala Gly

Gln Gly Ala

1430

Gly Pro Val
1445

Pro Pro Gly

1460

Ser

Gly Pro

Gly Pro Pro

Pro Gln Gly
1510
Ser Gly Pro
1525
Gly Pro
1540

Glu

Lys

Ala Gly

Val Ile Gln

Ala Ser
1590

Asp

Asp

Ala
1605
Glu

Tyr
Leu Ile
1620

Ala Arg Thr

Gly Glu Tyr

Tyr
1670

1685

1175

Gly
Pro
Lys Gly
1240
Gly Pro
1255
Pro Pro

Pro Gly

Gly Pro

Ala Ala
1320
Lys Gly
1335
Gly Glu

Asp Asp

Pro Gly
Pro
1400
Glu

Gly

Leu
1415
Pro Gly

Gly Glu

Pro Met

Lys Gly
1480
Gly Glu
1495
Ser Ser

Ile Gly

Gly Ala
Pro
1560
Leu

His

Pro
1575
Gln Leu

Gly Met

Glu Gln

Cys Lys
1640
Trp
1655

Cys Asn Phe Thr

32

Leu Phe Gly Gln

Pro Gly Pro Val

1225
Glu

Arg
Gly
Glu
Lys
1305
Gly
Ser
Pro
Gly
Pro
1385
Glu
Gly
Lys
Gln
Gly
1465
Glu
Gln
Gly
Pro
Lys
1545
Gly
Pro
Leu
Glu
Met

1625
Asp

Val Asp Pro

Lys Ser Glu Gly Ala

1180
1195

1210

Thr Gly
Ser
1260
Gly

Gly Pro
Ile
1275
Gly

Gly

Ala
1290
Gly Glu

Glu
Arg

Pro Pro Gly
Pro
1340

Ala

Pro Gly
Pro
1355
Pro

Gly

Glu
1370
Ser Gly

Gly
Pro

Gly Arg Gln

Pro Pro Gly
1420
Pro Gly Pro
1435
Gly Leu
1450

Pro Pro

Pro
Gly

Lys Gly His

Gly Glu Lys
1500
Pro Lys Gly

1515
Pro Gly Pro
1530

Gly Ser Ser
Pro Pro Gly

Ile Gln Ala
1580

Asp Asp Gly
1595

Glu Ile
1610
Lys

Phe

Arg Pro

Leu Gln Leu
Gln

1660

Asn

Ala
1675

1690

Asp Val Gly

1245
Gly

Asn
Pro
Gly
Pro
1325
Val
Gly
Gln
Pro
Gly
1405
Lys
Asp
Gly
Leu
Pro
1485
Gly
Glu
Pro
Gly
Pro
1565
Ser
Asn
Gly
Leu
Cys

1645
Gly

Gly Gly Ser

Arg Ile Thr Ser

Gly Pro Ser Gly Ala Asp Gly Glu Pro

1200

Lys Gly Asp Glu Gly

1215

Gly Leu Gln Gly Leu

1230
Gln Met

Ala Pro Gly

Pro Gly Ala
1280
Leu Pro
1295
Lys Gly

Gly

Glu
1310
Lys Gly Pro

Gly Phe Pro

Gln Asp Gly
1360
Thr Gly Ser
1375
Gly Lys Arg
1390
Glu Lys Gly

Thr Gly Pro

Gly Leu Arg
1440
Pro Gly
1455
Gly Leu

Ser

Pro
1470
Gly Leu Ile

Asp Arg Gly

Gln Gly Ile
1520
Gly Leu Pro
1535
Pro Thr Gly
1550
Pro Gly Pro

Arg Thr Arg

Gly Glu Asn

1600

Ser Leu Asn
1615

Gly Thr Gln

1630

His Pro Asp

Cys Ser Arg
Thr Cys
1680
Trp Pro
1695
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Lys
Leu
Thr
His
1745
Asp
Asp
Lys
Gln

Gln
1825

<210> 3
<211> 6930
<212> DNA

Glu Asn Pro Gly
1700
Ser Tyr Val Asp
1715
Phe Leu Arg Leu
1730
Cys Tyr Gln Ser

Lys Ala Leu Arg

1765

Asn Asn Pro Tyr
1780
Gly Tyr Gln Lys
1795
Val Pro Ile Val
1810
Lys Phe Gly Phe

<213> Homo sapiens

<400> 3
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Ser Trp
Ala Glu
Leu Ser
1735
Val Ala
1750
Phe Leu
Ile Arg
Thr Val

Asp Ile
1815

Phe Ser Glu
1705

Gly Asn Pro

1720

Ala Ser Ala

Trp Gln Asp

Gly Ser Asn
1770
Ala Leu Val
1785
Leu Glu Ile
1800
Met Phe Asn

Phe Lys Arg Gly Lys Leu
1710
Val Gly Val Val Gln Met
1725
His Gln Asn Val Thr Tyr
1740
Ala Ala Thr Gly Ser Tyr
1755 1760
Asp Glu Glu Met Ser Tyr
1775
Asp Gly Cys Ala Thr Lys
1790
Asp Thr Pro Lys Val Glu
1805
Asp Phe Gly Glu Ala Ser
1820

Glu Val Gly Pro Ala Cys Phe Met Gly

1830

33

1835
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gaccgttget
aaagaagtgg
agactgtget
ctgaaagaag
actctcagga
gacctetect
aagacgagga
taaacaggga
ttctectgtga
ctggggaatg
gaggaagaaa
gtegtecagg
aaggaagacc
aacctggtge
ggcegtttte
gactaatgce
agcaaggtgg
gtecgattgg
ctggcagaaa
ttectgggge
gcectaaagg
tgggtgceat
cacagggtgce
gtectettgg
caggtcctac
cceccaggtec
gtgccaaagg
ctggatectec
atccaggagt
gtattcaggg
caggaacagt
ttecaggete
gttettecagg
caggtgcteg
ctttgggtge
ggcagcccgg
ctggagaagce
aagttggtec
gacctecagg

tggcagacac
aggcagcatt
ggagctggtg
agcccacage
gaacccacat
cattecttatt
tgaaggatat
catttggaaa
caagatagaa
ctgtectgte
gggacaaaag
accggcagga
tggccctegt
tcecaggacct
agctcaaatg
tggctetgtg
tgcaggacct
ttcacgtgga
tggaaatecct
tecctggtett
tgaagttgga
gggtecctetg
tcectggacaa
gataccaggce
aggggcgega
agttggectet
cccaacgggce
aggacctcag
tccaggttte
tcegatagge
tggtecteca
tgatggttta
acccaaagga
gggtttgaca
gccaggggaa
gagcatggge
aggaaatgcet
ttctggtect
cceccacaggt
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tggatggtta
cttectattt
ctgaaaaagg
tgacttecatg
gtctaatatt
gttttattag
ggtgaagaaa
cctgeceett
tgccaggatg
tgttcacaaa
ggagaaccag
ccteccaggat
ggacctcagg
cctggacate
gctgggttgg
ggtcctgttg
acaggaccte
ccagagggec
ggtgaagtgg
ccaggtetga
gcacctggtt
ggtccgaggg
cgaggtgcac
tettetggtt
ggccctgaag
ccaggtette
tctecegggta
ggtagcactg
aaaggagaag
ccaceceggtyg
gggccagtgg
cctgggecaa
agccaggggyg
ggaaatcctg
gatggeccgte
cttecaggece
ggagttecctg
gtgggcccge
tttecagggge

tgagectgaa
aaagctgcat
gggtttgcag
gtgctacaat
tagacatgat
ggcaatttgt
tagectgeac
gtcagatctg
tgctggactg
cacctggagg
gattagtgece
cacagggacc
gaattgatgg
cgtcccacee
atgaaaaatc
gcccaagggg
ctggtgaacce
ctectggtaa
gatttgcagg
agggtcaceg
ccaagggtga
gaatgccagg
atggtatgec
tteccaggaaa
gtectcaggg
ctggtgcaat
cctetggtee
gtectcaggg
ctggcccaaa
aagaaggcaa
gagaaagggg
agggtgctea
atccaggacg
gtgttcaagg
caggtcctec
ccaaaggtag
ggcagagggg
cgggtctage
ttectggtee

34

caagctgaaa
cgcttgaaaa
aggctgecet
aacctcagaa
ggcaaactgg
ctcaataaaa
tcagaatgge
tgtetgtgac
tgecgacect
tggcaataca
tgttgtaaca
aagaggagag
agaaccaggt
aggacccgat
tggacttggg
accacagggt
tggtgatecct
acctggggaa
atctececggga
aggacacaaa
agctggecece
agagagaggg
tggaaaacct
tcectggaatg
gcagagaggt
aggaactgat
tcetggetea
aattcgaggce
aggggaacca
aagaggtcec
tgcteetgge
aggagaacgg
tccaggggaa
tcectgaagga
aggctcecata
cagtggtgac
agctecctgga
tggtgaaaga
tcecagggect

aggggcagga
aagttttege

ggggctggtg
tctactttte
gcggaagcaa
gcccaggaag
cagatgtact
aatggagcca
gtaacgcece
aattttggta
ggcatacgtg
cgagggecaa
gttectggte
ggcttgagea
agtcaagtag
ttacaaggac
ggaccaatgg
gatggtgaac
gctegtggat
ggtcttgaag
actggteccaa
agacttggge
ggaccaatgg
aagggagaag
gaaactgggce
ggtactecctg
gcagggecte
caaccgggtyg
gggccacatg
agaggtgacc
aatcgtggtt
ggtcctgtag
cctgggette
aaacttggac
ggaatcagag
cctgggaaac
aaagatggtg
ggagaacaag
cctggagaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
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gtggaaaacc
ctagaggaga
gtgagaaggg
ctgggaccee
ttgcaggaac
gcacagctgg
caggtcctac
cceggggeaa
gaccccaggyg
agggagatgc
ctaatggtgt
gatttecctgg
cgggaccect
ctcatgggeg
gggacccagg
ccgggcagag
taccaggcece
gtccacctgg
aaggtccage
atcgtggaga
gccctgtggg
taggaccacce
acaaaggtga
gtecttcaggg
ctggaccatt
accctgggece
gacctgaggg
ttacagctge
ctgagtttac
atgctacccet
aaaagcaccce
gtgaatactg
acatggaaac
ggtgggccag
ggtctcagtt
ttttgcgect
taggatacat
atgacttaga
cttgectctaa
tggcacgett
tecggegttga
agcaccacca
gagactcttg
ggcctectta
aaatattttt
agaaagtaaa
aaaaagttgce
ggtatataga
gtgececectttt
acttgtgatc
aaggagaatc
tatatatteca
taaaagacta
gatcaatcta
tttcttattt
tgtccaagga
taatgaagaa
tggaattaga
atgagctacce
actgaaaggt
gtattattat
taaagatggt
agaaagagca
tttgtaatac
ttttttttet

aggtgatcaa
acgaggaaat
aatggctgga
tggagataca
tectggecce
aaatgatggt
tggagaaaag
tecectggttet
tectgacgga
tggttctect
tecctggacta
ttectgeggge
aggggaaccce
tgtgggagat
agaagatggg
aggaattgtt
agcgggaaca

acctgtgggg
tggcaatgat
ccctgggect
tgctecagga
tggtcgaget
tcatggagac
tettectgge
tggcccaaga
acttgggcca
ccctectggt
tcttggggat
tgaagatcag
gaagtcactce
agcccgeacyg
gattgatcct
aggagaaaca
taaatctect
cgcettatgga
tttatcaaaa
ggacgatcaa
tatcaaageca
gcggaatgga
gcccatecata
aattgggcca
tcaatgacca
aagtaatggce
tccttecagaa
caatacaaca
ctgattgaat
ttagtattta
gccacaacac
gtgacctcte
gagacctaca
ttaaaaaaaa
gtggcatttt
taagtttaga
tcaatattga
aagaagatat
ctctaaattg
aaagatctag
ccatttggece
tcatctctag
gctatgette
ttttecttta
ttaatcacta
tegttccaat
ttgcatgett
taattgcatt
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ggtgttectyg
cctggggaaa
ggacatggtce
ggcccaccag
aagggtgaca
gcaagaggtce
ggtgaacctg
cgaggtgaaa
cagcctggag
ggaccacaag
aaaggtggtc
agagttggac
gggaaggagg
cgaggaccag
caacctggte
ggcatgcctg
ccaggaaaag
cceccagget
ggtaccccag
gcaggtctge
gatgcaggac
gggaaacgtg
cgaggcgaca
cctectggte
ggtcctccag
attggaccte
gagcctggece
atcatgggge
geggetectg
agtagtcaga
tgtgatgacc
aaccaaggat
tgtatttcag
gacaataaac
gaccaccaat
gaagccteee
gctaagaacce
gagggaaata
aatgtgggca
gatcttgete
gtttgttttg
ccgecattea
tgatcctgea
tatttatttt
gtttaggttt
aaataaatct
tgaggaaatt
atgtttattt
attccaagat
tgcatgtett
aaaaacgttt
ggagaacaaa
catctttete
tagaagtcac
tgaatgcaaa
agactcttece
aaactgagtt
tttgaacttt
aagctgggat
tgttattatt
atgatggtgce
ccattgtgaa
gettgttecac
cttagaccag
tgttggctcet

gagatccegg
gaggagaacc
ctgatggece
gtcttcaagg
gaggtggcat
ttccaggtece
gtectegagg
atgggccaac
taaaaggtga
gtttagcagg
gaggaaccca
cteccaggecee
gacctccagg
ctggcecccee
cagatggecce
ggcaacgtgg
taggaccaac
ccaatggtece
gacgggatgg
caggctcteca
aaagaggaga
gattacctgg
gaggtcagaa
caaatggtga
gecccagttgg
caggtgtacg
cacctggcee
actatgatga
atgacaaaaa
ttgaaaccat
taaagctttg
ctgttgaaga
caaacccatce
ctgtttggta
cacctaatac
agaacatcac
tcaaaaaagc
ttagattccg
agactgtctt
ctgtggatgt
tgtaaagtaa
caagaacttt
tcagcattgt
acttacaatc
aagatgacca
ccgttttett
cttettectg
tgcttggetyg
tgtcaattaa
gatattgtgt
ctcactgtet
gtgaatttac
attcaaattt
actagtatat
ataattgaca
acatgtacaa
gtggagctga
cataggaaaa
ggacttacta
ccaagactgg
taaaattctt
aacataactg
tgttecctetg
aacatgtagg
attttaattt

35

agcagttgge
tgggataact
aaaaggcagt
tatgcecggga
aggagaaaaa
tttgggccct
tttagttgge
tggagctgtt
acctggagag
atccectgge
aggtccgect
tgctggaget
tettegtggg
tggtggccca
ccectggtceca
agagagaggce
tggtgcaaca
tgtaggggaa
tgctgttgga
gggtgccect
tececgggttet
accccaagga
gggccacaga
acaaggaagt
teccttcaggt
aggcagtgta
teecgggtece
aagcatgcca
caaaacggac
gcgcagecece
ccatteccgea
tgcaatcaaa
cagtgtacca
tggtcttgat
agccattact
ttacatctgt
tgtggttcte
gtatatcgtt
tgaatataga
tggcggcaca
gccaagacac
gactgtttga
atatatggtce
ctcaagtttt
atgacaatga
caatttattt
gcaggtaget
cagttgaaaa
aaatgagttt
aactataata
taaatagaat
ttcgacttet
aaagatatct
accatttaat
tatagaactt
tctecatecate
ctctaatcaa
atgacccaac
ttecttgttta
agataggcag
cctataaaat
ttagacttee
tcatactgta
tccecttgtyg
ttttetttta

ccgttaggac
ggactccctg
ccaggtcecat
gaaagaggaa
ggtgctgaag
ccaggtccgg
cctectgget
ggttttgecg
ccaggacaga
cctecatggte
ggtgctacag
ccaggacctg
gaccctgget
ggagacaaag
gctggaacga
atgccecggee
ggagataaag
cctggaccag
gaacgtggtg
ggaactcctg
cggggtccta
cctegtggtg
ggctttactg
gctggaatcece
aaagaaggaa
ggagaagcag
cctggecace
gatccactte
ccaggggtte
gatggctcga
aagcagagtg
gtttactgeca
cgtaaaacct
atgaacagag
cagatgactt
aaaaacagtg
aaaggggcaa
cttcaagaca
acacagaatg
gaccaggaat
atcgacaatg
agttgatcct
ttaagtgcect
aattgatttt
ccacctttge
cagtgtaatg
taaagagtgg
atagaaatta
aaaatgttta
gagactcttt
ttttaaatag
taaatttttg
ttectectett
acatttacac
tacaaacata
ctgaagcecta
atgtgatgat
atttecttage
tattttagat
ggctaaaaaqg
tccttaaaaa
cgtttectgaa
tectggaatge
tctcaatact
aaataaacag

2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
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ctgggaccat
atcaaattaa
ccatattaga
gccatttgtt
aaaatctatce
ccttaaaaat
tgaataaact
attgttttca
atattttgac
ttgtttgact
tatgtggtaa
cttatttgga

cccaaaagac
atgcacgett
tctatttecat
taaaagatac
tacaacatta
gtcagagtag
gtaataataa
gtttecattet
ctgtatatct
tccaagteca
tactattaag
ttttgggaat
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aagccatgea
ttgtcatgte
ttecaatagt
aacggatacc
cccacaaagg
tattattgat
aacatatgte
caatatttag
taaatttgag
aactataaga
tcacaaacac
gctaccaata

tacaactttg
agtggttttt
gaaaaggaga
ttctatcatg
caacatgaca
aaaaagggca
tcaaagtgta
tttacaacat
tatttatatg
ttatataagt
taacaattte

gtcatgtate
gttttgtgaa
tgtggtggta
tatgtactgg
ccaattatea
agcaatagat
tcacatatga
cattttecee
cctaaataca
tcatatagat
caactataga

tctgcaaage
attcctttga
tactttgttt
cttataaatg
ctgcectetge
ttttcatgac
atttagecta
taaactggtt
tgtgtgagtt
gaatcagaaa
aataacagtt

6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6930
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<212> PRT
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Met
Leu
Glu
Leu
Asp
Asp
Ser
Gly
Gly
Glu
145
Asp
Gly
Ala
Gly
Gly
225
Glu
Glu
Gly
Phe
Lys
305
Gly

Pro

Pro

Met
Leu
Gly
Asn
50

Asn
Cys
Gln
Gln
Arg
130
Arg
Gly
His
Gln
Leu
210
Leu
Pro
Gly
Asn
Pro
290
Gly
Glu

Arg

Gly

Ala
Gly
Tyr
35

Arg
Gly
Ala
Thr
Lys
115
Pro
Gly
Glu
Pro
Met
195
Met
Gln
Gly
Pro
Pro
275
Gly
Leu
Ala

Gly

Gln
355

Asn
Gln
20

Gly
Asp
Ala
Asp
Pro
100
Gly
Gly
Pro
Pro
Ser
180
Ala
Pro
Gly
Asp
Pro
260
Gly
Ala
Glu
Gly
Met

340
Arg

Trp
Phe
Glu
Ile
Ile
Pro
85

Gly
Glu
Pro
Lys
Gly
165
His
Gly
Gly
Gln
Pro
245
Gly
Glu
Pro
Gly
Pro
325

Pro

Gly

Ala
Val
Glu
Trp
Leu
70

Val
Gly
Pro
Ala
Gly
150
Val
Pro
Leu
Ser
Gln
230
Gly
Lys
Val
Gly
Pro
310
Thr

Gly

Ala
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Glu
Ser
Ile
Lys
55

Cys
Thr
Gly
Gly
Gly
135
Arg
Pro
Gly
Asp
Val
215
Gly
Pro
Pro
Gly
Leu
295
Lys
Gly
Glu

His

Ala
Ile
Ala
40

Pro
Asp
Pro
Asn
Leu
120
Pro
Pro
Gly
Pro
Glu
200
Gly
Gly
Met
Gly
Phe
280
Pro
Gly
Pro

Arg

Gly
360

37

Arg
Lys
25

Cys
Ala
Lys
Pro
Thr
105
Val
Pro
Gly
Gln
Asp
185
Lys
Pro
Ala
Gly
Glu
265
Ala
Gly
Glu
Met
Gly

345
Met

Pro
10

Ala
Thr
Pro
Ile
Gly
90

Asn
Pro
Gly
Pro
Pro
170
Gly
Ser
Val
Gly
Pro
250
Asp
Gly
Leu
Val
Gly
330
Arg

Pro

Leu
Gln
Gln
Cys
Glu
75

Glu
Phe
Val
Ser
Arg
155
Gly
Leu
Gly
Gly
Pro
235
Ile
Gly
Ser
Lys
Gly
315
Ala

Leu

Gly

Leu
Glu
Asn
Gln
60

Cys
Cys
Gly
Val
Gln
140
Gly
Ala
Ser
Leu
Pro
220
Thr
Gly
Glu
Pro
Gly
300
Ala
Met

Gly

Lys

Ile
Glu
Gly
45

Ile
Gln
Cys
Arg
Thr
125
Gly
Pro
Pro
Arg
Gly
205
Arg
Gly
Ser
Pro
Gly
285
His
Pro
Gly

Pro

Pro
365

Leu
Asp
30

Gln
Cys
Asp
Pro
Gly
110
Gly
Pro
Gln
Gly
Pro
190
Ser
Gly
Pro
Arg
Gly
270
Ala
Arg
Gly
Pro
Gln

350
Gly

Ile
15

Glu
Met
Val
Val
Val
95

Arg
Ile
Arg
Gly
Pro
175
Phe
Gln
Pro
Pro
Gly
255
Arg
Arg
Gly
Ser
Leu
335
Gly

Pro

Val
Asp
Tyr
Cys
Leu
80

Cys
Lys
Arg
Gly
Ile
160
Pro
Ser
Val
Gln
Gly
240
Pro
Asn
Gly
His
Lys
320
Gly

Ala

Met
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Gly
Met
385
Gln
Gly
Pro
Pro
Gly
465
Pro
Pro
Gly
Phe
Arg
545
Gly
Asn
Pro
Gly
Asp
625
Arg
Gly
Pro
Gly
Gly
705
Glu
His
Gly
Ile
Lys
785
Gly
Glu
Pro
Gly
Glu

865
Ala

Pro
370
Lys
Gly
Leu
Thr
Gly
450
Gln
Lys
Gly
Pro
Pro
530
Gly
Arg
Pro
Gly
Gln
610
Pro
Gly
Pro
Thr
Gly
690
Pro
Pro
Gly
Asp
Ala
770
Gly
Pro
Pro
Gly
Pro
850

Pro

Gly

Leu
Gly
Gln
Pro
Gly
435
Ser
Pro
Gly
Glu
Pro
515
Gly
Pro
Pro
Gly
Glu
595
Pro
Gly
Ala
Pro
Gly
675
Lys
Leu
Gly
Pro
Thr
755
Gly
Ala
Leu
Gly
Ser
835
Gln
Gly

Ser

Gly
Glu
Arg
Gly
420
Ser
Pro
Gly
Glu
Glu
500
Gly
Ser
vVal
Gly
vVal
580
Asp
Gly
Lys
Pro
Gly
660
Phe
Pro
Gly
Ile
Asp
740
Gly
Thr
Glu
Gly
Pro
820
Arg
Gly
Gln

Pro

Ile
Ala
Gly
405
Ala
Pro
Gly
Asp
Pro
485
Gly
Pro
Asp
Gly
Glu
565
Gln
Gly
Ser
Pro
Gly
645
Leu
Gln
Gly
Pro
Thr
725
Gly
Pro
Pro
Gly
Pro
805
Arg
Gly
Pro

Lys

Gly

Pro
Gly
390
Glu
Ile
Gly
Pro
Pro
470
Gly
Lys
vVal
Gly
Ser
550
Pro
Gly
Arg
Met
Gly
630
Lys
Ala
Gly
Asp
Arg
710
Gly
Pro
Pro
Gly
Thr
790
Pro
Gly
Glu
Asp
Gly

870
Pro
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Gly
375
Pro
Thr
Gly
Thr
Gln
455
Gly
Pro
Arg
Gly
Leu
535
Ser
Gly
Pro
Pro
Gly
615
Glu
Asp
Gly
Leu
Gln
695
Gly
Leu
Lys
Gly
Pro
775
Ala
Gly
Leu
Asn
Gly
855

Asp

His

Ser Ser Gly

Thr
Gly
Thr
Ser
440
Gly
Val
His
Gly
Glu
520
Pro
Gly
Leu
Glu
Gly
600
Leu
Ala
Gly
Glu
Pro
680
Gly
Glu

Pro

Leu
760
Lys
Gly
Pro
Val
Gly
840
Gln

Ala

38

Gly
Pro
Asp
425
Gly
Ser
Pro
Gly
Pro
505
Arg
Gly
Pro
Pro
Gly
585
Pro
Pro
Gly
Glu
Arg
665
Gly

val

Ser
745
Gln
Gly
Asn
Ala
Gly
825
Pro
Pro

Gly

Pro

Ala
Pro
410
Gly
Pro
Thr
Gly
Ile
490
Arg
Gly
Pro
Lys
Gly
570
Lys
Pro
Gly
Asn
vVal
650
Gly
Pro
Pro
Gly
Glu
730
Pro
Gly
Asp
Asp
Gly
810
Pro
Thr
Gly

Ser

Asn

Phe
Arg
395
Gly
Thr
Pro
Gly
Phe
475
Gln
Gly
Ala
Lys
Gly
555
Ala

Leu

Pro
Ala
635
Gly
Glu
Pro
Gly
Asn

715
Lys

Met
Arg
Gly
795
Pro
Pro
Gly
Val
Pro

875
Gly

Pro
380
Gly
Pro
Pro
Gly
Pro
460
Lys
Gly
Asp
Pro
Gly
540
Ser
Arg
Gly
Ser
Lys
620
Gly
Pro
Gln
Gly
Asp
700
Pro
Gly
Pro
Pro
Gly
780
Ala
Thr
Gly
Ala
Lys
860
Gly

val

Gly
Pro
Val
Gly
Ser
445
Gln
Gly
Pro
Pro
Gly
525
Ala
Gln
Gly
Pro
Ile
605
Gly

val

Ser

Pro
685
Pro
Gly
Met
Ser
Gly
765
Gly
Arg
Gly
Ser
Val
845
Gly

Pro

Pro

Asn
Glu
Gly
Ala
430
Ala
Gly
Glu
Ile
Gly
510
Asn
Gln
Gly
Leu
Leu
590
Gly
Ser
Pro
Gly
Pro
670
Pro
Gly
Glu
Ala
Gly
750
Glu
Ile
Gly
Glu
Arg
830
Gly
Glu

Gln

Pro
Gly
Ser
415
Lys
Gly
Ile
Ala
Gly
495
Thr
Arg
Gly
Asp
Thr
575
Gly
Ile
Ser
Gly
Pro
655
Pro
Gly
Ala
Arg
Gly
735
Thr
Arg
Gly
Leu
Lys
815
Gly
Phe
Pro

Gly

Leu

Gly
Pro
400
Pro
Gly
Pro
Arg
Gly
480
Pro
vVal
Gly
Glu
Pro
560
Gly
Ala
Arg
Gly
Gln
640
vVal
Gly
Glu
Val
Gly
720
Gly
Pro
Gly
Glu
Pro
800
Gly
Asn
Ala
Gly
Leu

880
Lys
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Gly
Ser
Ala
Gly
945
Pro
Pro
Gly
Leu
Thr
1025
Gly
Thr
Pro
Gly
Ser
1105
Pro
Gly
Leu
Pro
Gly
1185
vVal
Pro
Leu
Pro
Asp

1265
Thr

Gly Arg

Ala Gly
915

Gly Pro

930

Asp Pro

Pro Gly
Gly Pro
Ile Val
995
Pro Gly
1010
Gly Asp
Pro Val
Pro Gly
Gly Pro
1075
Pro Val
1090
Arg Gly
Gly Pro

Asp Arg

Gly
900
Arg
Leu
Gly
Gly
Asp
980
Gly
Pro
Lys
Gly
Arg
1060
Ala
Gly
Pro

Gln

Gly
1140

885
Thr

Val
Gly
Ser
Pro
965
Gly
Met
Ala
Gly
Glu
1045
Asp
Gly
Ala
Ile
Gly

1125
Gln

Pro Gly Pro Pro

1155

Gly Pro Phe Gly

1170

Lys Glu Gly Asn

Arg

Gly Ser Val

1205

Gly Pro Pro Gly

1220

Gly Asp Ile Met

1235
Glu Phe
1250
Pro Gly

Met Arg

Asp Asp Leu

Ile Asp Pro

1315

Asn Met Glu

1330

Pro Arg Lys

1345
Trp

His

Leu

Tyr Gly
Gln Ser

Ser Lys
1395

Thr
val
Ser
Lys
1300
Asn
Thr
Thr

Leu

Pro
1380

Glu
His
Pro
1285
Leu
Gln
Gly
Trp

Asp
1365

Gln
Gly
Glu
His
950
Gly
Pro
Pro

Gly

Pro
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Gly
Pro
Pro
935
Gly
Asp
Pro
Gly
Thr

1015
Pro

1030

Pro
Gly
Leu
Pro

Gly

Gly
Ala
Pro

Gly
1095

Pro
Pro
920
Gly
Arg
Lys
Gly
Gln
1000
Pro
Gly
Pro

vVal

Gly
1080

Pro
905
Gly
Lys
vVal
Gly
Pro
985
Arg
Gly

Pro

Glu

890
Gly

Pro
Glu
Gly
Asp
970
Ala
Gly
Lys
Val

Gly
1050

Ala
Ala
Gly
Asp
955
Pro
Gly

Glu

vVal

Thr
Gly
Pro
940
Arg
Gly
Thr

Arg

Gly
1020

895
Gly Phe Pro Gly
910
Ala Pro Gly Pro
925
Pro Gly Leu Arg

Gly Pro Ala Gly
960

Glu Asp Gly Gln

975
Thr Gly Gln Arg
990

Gly Met Pro Gly

1005

Pro Thr Gly Ala

Gly Pro Pro Gly Ser Asn
1035

Pro

Gly Glu Arg

1065

Ser Gln Gly

Asp Ala Gly Gln

Pro Pro Gly Arg Ala

1110

Pro
Lys
Gly
Pro

Pro

1130

Gly His Arg Gly

1145

Pro Asn Gly

1160

Arg Gly Pro

1175
Gly

1190

Gly
Pro
Gly
Asp

Ala

Glu
Pro
His
Gln

1255
Thr

1270

Asp
Cys
Gly
Glu

Trp

Gly
His
Ser
Thr

1335
Ala

1350
Met Asn Arg

Pro
Ala
Gly
Tyr
1240
Ala
Leu
Ser
Ser
Val
1320
Cys

Ser

Asn Thr Ala Ile

Glu Ala Ser Gln Asn

1400

39

Leu
Gly
Pro
1225
Asp
Ala
Lys
Lys
Ala
1305
Glu
Ile
Lys
Gly

Thr
1385

Glu
Pro
Gly
Pro
1210
Pro
Glu
Pro
Ser
Lys
1290
Lys
Asp
Ser

Ser

Ser
1370

Ala
Gly
Ala
Arg

1100
Gly

1115
Arg Gly Asp Lys Gly

Phe
Gln
Gly

Pro

Asp
Thr
Gly
Pro

1180
Ile

1195

Glu
Gly
Ser
Asp

Leu

Gly
His
Met
Asp

1260
Ser

1275

His

Gln

Ala

Ala

Pro

1355

Pro
Ser
Ile
Asn

1340
Asp

1040

Gly Asn Asp Gly
1055
Asp Arg Gly Asp
1070

Pro Gly Thr Pro
1085
Gly Asp Pro Gly

Lys Arg Gly Leu
1120

His Gly Asp Arg

1135
Gly Leu Gln Gly
1150

Ser Ala Gly Ile

1165

Val Gly Pro Ser

Gly Pro Pro Gly
1200

Pro Pro Gly Glu

1215
Leu Thr Ala Ala
1230

Pro Asp Pro Leu

1245

Lys Asn Lys Thr

Ser Gln Ile Glu
1280

Ala Arg Thr Cys

1295
Gly Glu Tyr Trp
1310

Lys Val Tyr Cys

1325

Pro Ser Ser Val

Asn Lys Pro Val
1360

Gln Phe Ala Tyr Gly Asp

1375

Gln Met Thr Phe Leu Arg Leu

1390

Ile Thr Tyr Ile Cys Lys Asn Ser

1405



10

15

20

25

30

35

40

45

50

55

EP 2 421 552 B1

Val Gly Tyr Met Asp Asp Gln Ala Lys Asn Leu Lys Lys Ala Val Val
1410 1415 1420
Leu Lys Gly Ala Asn Asp Leu Asp Ile Lys Ala Glu Gly Asn Ile Arg
1425 1430 1435 1440
Phe Arg Tyr Ile Val Leu Gln Asp Thr Cys Ser Lys Arg Asn Gly Asn
1445 1450 1455
Val Gly Lys Thr Val Phe Glu Tyr Arg Thr Gln Asn Val Ala Arg Leu
1460 1465 1470
Pro Ile Ile Asp Leu Ala Pro Val Asp Val Gly Gly Thr Asp Gln Glu
1475 1480 1485
Phe Gly Val Glu Ile Gly Pro Val Cys Phe Val
1490 1495

<210> 5

<211> 6192

<212> DNA

<213> Homo sapiens

<400> 5
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gcgagtgact
ccgecttgee
ccggtetetg
tggatgtect
gcttetgtee
cgcteggeat
tgctgatcac
aaaggggtgc
cctteegeee
tcagecataga
tgggccatgg
ttggggaaaa
ctgcctteea
cagtggetec
ggaggaagaa
cctcaagtec
agactccage
ctactggact
tggggacect
gcectgactt
ctggagagaa
gacctecagg
caggattcece
ttgatgggat
gctecetttaa
agactcaget
ctgtgggtet
gtececegagg
ctggagecaga
tcgatggect
ggcaaccegg
ctggccagge
ccacgggteg
gtectecagg
ccggteeccea
ttecaggect
gagagaaagg
ggggagtgaa
aggacggcett
gagcteccagg
ctggcgagga
tcecaggtta
gacccatagg
ggggaccace
ccaagggcga

gcaccgagec
cgtgggecee
cctgetectg
gaaggccctg
ccagaggact
cceccacgtgg
cttgcgggga
ccggeagttyg
ccteececag
tggtgagatg
ccecegette
gactttegag
ggcttgtgag
ccagggtgaa
agggcgaggt
acctectgac
tccaaatcetg
caatgccacg
ggagaccaag
ccgggeagea
aggagcaaaa
agccccagga
tggcgacect
ccgaggecea
aggcccecea
ctctatgaaa
ccecgggeat
cctgecaggga
tggagctegg
ccetgggetyg
tcececagga
tggggagceg
ccegggtgtg
agaaccaggc
gggactcatt
cccaggatec
ggctcagggt
gggcacttea
ccecaggette
tcecegggga
ggggccecca
tccaggacge
agagaaaggg
aggttccegt

tgtgggccag

EP 2 421 552 B1

cgagaagteg
gccgggatgg
gcegegetge
ggtgtgcagg
ccagagggtg
gaactettte
cagccagcecea
ggcctggeac
caggtcaacc
gtgaccctgg
atcagcatag
ggagacattc
cggtacctec
ccagaaacec
cgcaagggga
tcegeagaga
ccteegacee
atcctagaga
gcagccaggg
gaatatcecat
ggagagcccg
cceccaaggygyg
ggtccacegg
ccgggcactg
gtectecattee
ggcceceetg
ccaggtetga
cctecatggac
ggectececag
cctggtgaga
gaggatggtg
ggtccacgag
actggaattg
ccteegggac
ggcactecetg
gatggecccte
ccaccagggt
ggcaaccggg
aagggcgatg
gaggatggtc
ggctecagetg
cctggaccta
aagtcgggaa
ggagagaggg
gatggageccce

cegegeeceg
ggaaccgecg
agcttectgee
gaggccagge
accgggecatt
cagaaggccea
atcagtctgt
tggggccage
tcacagatgg
tagctgactg
ctggactcac
aggagctget
ccgactgtga
ctegtecteg
agggcaggaa
accagaccte
ccacgecttt
ggagcttgga
aggatgaaga
ctecggactea
cagtgattga
tggttggece
gcectgetgg
tgatcatgat
agcaggeccea
gtccagtggg
aaggagagga
ccectggeeg
gggacactgg
agggccaaag
agaggggagce
gactgettgg
atggtgcetec
agcagggaaa

gggagaaggg
tgggtcacce

cggcaggeec
gcetecaggg
tggggctcaa
ctgaggggec

gggagaaggg
agggatctat

agacagggca

ggcaaccggg
ctgggatccc

41

cagcecgecee
ggacctggge

ggggacgcag
tggggtcece

cagaattgge
ctttectgag
cctgetgtec
gctgggtete
caggtggcac
tgaagctcag
tgtgctgggg
gataageccea
caacctggea
gcggaagggg
aaagaacaag
cactgacatc
ggtegtcace
ccctgacagt
aggagatgat
gtteccagate
aaaggggcag
ctcaggecet
ccteccagga
gcegttecag
ggctecaggea
gctcactggg
gggagcagaa
agtgggcaag
acctaagggt
gggtgacttt
agagggacct
cceccagagge
tggtgccaaa
ccatgggtec
tcecectgga
aggacatgag
tcegggetat
ggagaaaggc
aggtgatcag
gaaggggcag
caagcttggg
tggatttece
gccaggectg
tgccacaggg
tggagaaaag

gactggttece
cagccgeggg
gcegatectg
gaggggcctg
caggccagea
aacttcteet
atttatgatg
ctaggtgacce
cgtgtggeeg
ccecetgttt
acccaggacce
gatcctcagg
ccggecageca
aagggaaaag
gaaatttgga
cccaagacag
tccactgtga
ggaacegagce
tccaccatgg
tttcctggtyg
cagtttgagg
cceggeceee
atcceceggea
tttgcaggeg
gttetgeage
cgecccaggec
gggccacagg
atgggcegece
gategtgget
ggccatgtgg
ccagggecea
tctectggee
ggcaatgtgg
cagggactec
aacccaggaa
ggccccacgg
cctggaccte
gagaagggag
gggaaacccg
gcggggcagg
gtgeccaggece
ggtccectgg
gaaggagagc
caaccaggec
ggectecetg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
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gtetgecaagg
atgggcgacce
cgectggace
gtgaaagggg
aaggcagaga
cagctggact
gcttaaaggg
gcggtecttt
cegttggece
gcaaagatgg
ctggcgagga
ataaaggaga
gteceeceggg
aaggagatga
tgccaggece
gagcteccagg
ctggaggagt
acccagggec
gggactcagg
atggageccaa
accctggagt
ggggaccggg
ggggtectte
agccaggtec
gacgtgtggg
tgggagcece
tgaagggaga
gceceeceggyg
ctggtceccaa
cceccaggtgt
gceceegtgg
tgecatgggcet
gcctggagga
gtectecegg
cgcacctgece
tcagggtttt
ttgagategt
tcegtegagg
agctgaactt
agaatgcagce
ttggcaccaa
cccaggatgg
ctcgageggg
aaaagtttgg
agggaccatg
tatttttegt
tcattecette
teccteteace
cccaagecte
atgaacaaaa
acaccttttg
gggaccecta
ggactacaga
ccagectetge
ggtggtttgg
ttatacctgg
tcettaggga
aggccatagg
aaaaaaaaaa

<210> 6

ccctecagga
agggcacccet
agctggtgte
gccteecagge
gggggccaag
caggggettt
tgataagggce
gggcccagea
tgcaggcaag
gatceccaggg
aggggacaag
cgegggecea
agcagacggg
cggagtcaga
tcecgggagag
tceteggggat
tggtcageca
tccaggagece
cccatcetgga
agggagcgtg
ttecaggecata
tcegectgga
aggccacatg
tgatgggece
gcctgagggt
tggacagatg
cactggecee
agaagctggt
gggagacect
ggcgggecct
agacactgga
gcgeaggege
ggtgctggee
cactgcggag
tgatggggaa
ttgeaactte
gaaattggce
gaagaagttc
cctgaaactg
tgectggetg
tggagaggag
ctgceggete
atttectgeee
gtttgaactg
agggageccec
tacctgtgac
tcetttecag
ccattcecagg
accteccecac
gceececeac
gtgctacece
cceccaceee
gggaagaggg
aaatccecte
ggaccaagat
gtctgtatta
aggctgggat
gcataatttg
aa

EP 2 421 552 B1

tteccectggge
ggacagagag
ttaggecccte
cceccctggac
ggggaactgg
cceggeccea
ccecccaggge
ggaggcattg
aaggggtcce
ccectgggge
ggggatgtgg
cctggacaac
gctcagggge
ggctttgtgg
aaaggggagg
ccccaaggece
ggcgecgtgg
ccaggeatce
gctgetggac
ggccccacgg
gatggttecce
gcttetgggg
ggtcgagaag
ccagggagga
cttegaggga
ggccctectg
aagggggaaa
gagaaaggag
ggtcecccetg
ctaggacaga
cctgcaggee
cggegetteg
tcgetcacat
cgeccegggee
tactggattg
acggcgggag
tcetggteca
tcctacgtgg
ctgagtgececa
gacgaagcca
ctgtctttea
cggaaaggac
ctgtgggatg
ggcceegtet

agaatggggt
tatggagcca

ggtgctgggg
tggcatactg
cccttgaace
ccccaatgee
tceeccagagt
ctttgatecct
actteccettg
ccectgecee
gttggggggg
aaagggaaag
atgatgagag
catctcaaat

caaagggcec
gagaactggg
agggaaagac
ctectggtga
gaccaccagg

aagggggceec
ccgtggggge
gacttecctgg
ggggagaacg
ctectgggace
gtgcecececegg
cagggatacg

gccggggace
gggtgattgg
tcggagacgt
ccactggate
gtgagaaggg
cggggcccaa
cceccaggeaa
ggctgeccegg
caggggagaa
agccecggege
gcagagaagg
cgggtccaat
tecectggece
gcecectggg
agggccacat
atcaggggtt
gteccattgg
aaggctcaaa
caccaggcec
tceccagtece
cgctgagett
tcgtgtgeca
accccaacea
gagagacctg
aggaaaagec
acgcegacgg
cagctegeea
cgggtgacta
accagacgac
agacgaagac
tggeggcecac
gctteageag
gcatttggtg
atgggatgtg
gctggggtte
cagtctgget
cccatgecaat
tgectectea
taagcactgg
ttectacttec
actgggttgt
ccacctecee
tgaatcagga
tceecectgt
attccagecece
ctgagaataa

42

ccectggteac
cttccaaggt
aggagaagtg
acaaggtett
acccettggg
tggggacceg
caatggctec
ccaaagtgge
tggccecect
ccectggaget
acacaagggg
gggtectgea
ccecaggecte
ccctectgga
cgggtcecatg
agagggcact
tgagcgaggg
gggagacatt
gaaaggteccce
agatctaggg
gggagacect
ccecgggeee
ggagaaaggt
gggggctaga
tgtgggtgaa
gcectetgge
tggattgatc
gccaggegtg
ctectetggge
agggtcteeg
ccegggtgece
gcttecagte
ggagctggag
cgagctgeac
gggctgegeg
cctetateee
tggaggctgg
gtececcagtg
gaacttcace
cagccactece
agcagccact
ccttttegaa
tgactttgge
ctgagagtgt
ctgaggettt
acttegetea
cctggeccaa
ctttectecee
gagcttectaa
ctecteegte
atgtctectg
acggtgaaag
gtttetttte
aggctcacet
tcctaatggt
tgtagattte
aagcctggece
actgatgaac

caaggtaaag
cagacaggec
ggacctctag
cctggectgg
aaagaagggc
ggacctactg
cctggtgage
agcgaaggec
ggccccactg
gctgggeett
agtaaaggcg
ggacacccag
tttgggcaga
ctgcagggge
ggtccccatg
ccagggetge
gacgctggag
ggtgaaaagg
cctggagagg
cceccaggag
ggtgatgttg
cceggcaaga
gccaaggggg
gggccccetg
ccaggectee
ctecccaggge
ggtctecattg
cagggaccec
caccctggge
gggtccatgg
cctgecgage
gtggagggcg
cagctgegge
cgcaaccacce
cgggactegt
gacaagaagt
tatagcacat
aatgtecgtge
tactecetgee
gceegettee
gtcagegtee
ttcagetett
cagacgaacc
ccggggtggg
gaagccaceg
tcacggacag
gggtcecagee
tcecteceea
ctcagagetg
gctgeectte
atcccagget
gactgaggtce
ctgccteage
tgccatgeca
gctgeectat
atctgettec
cceccacegee
tgtgaaaaaa

2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6192
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<211> 1745
<212> PRT
<213> Homo sapiens

EP 2 421 552 B1
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<400> 6

Met
Leu
Asp
Glu
Phe
65

Phe
Arg
Arg
Leu
Gly
145
Leu
Arg
Gly
Asp
Asp
225
Thr
Arg
Ser
Pro
Leu
305
Glu
Thr
Pro
Phe
Glu
385
Gly
Asp
Asp
Phe
Gln
465

Pro

Gly

Gly
Leu
Val
Gly
50

Arg
Pro
Gly
Gly
Gly
130
Arg
Val
Phe
Glu
Pro
210
Asn
Pro
Gly
Ser
Lys
290
Val
Arg
Lys
Asp
Pro
370
Lys
Val
Pro
Gly
Ala
450
Ala
Gly

His

Asn
Ala
Leu
35

Pro
Ile
Glu
Gln
Ala
115
Asp
Trp
Ala
Ile
Lys
195
Gln
Leu
Arg
Arg
Pro
275
Thr
Val
Ser
Ala
Phe
355
Gly
Gly
Val
Gly
Ile
435
Gly
Gln

Pro

Pro

Arg
Ala
20

Lys
Gly
Gly
Gly
Pro
100
Arg
Pro
His
Asp
Ser
180
Thr
Ala
Ala
Pro
Lys
260
Pro
Glu
Thr
Leu
Ala
340
Arg
Ala
Gln
Gly
Pro
420
Arg
Gly
Ala

Val

Gly
500

Arg
Leu
Ala
Phe
Gln
His
85

Ala
Gln
Phe
Arg
Cys
165
Ile
Phe
Ala
Pro
Arg
245
Gly
Pro
Thr
Ser
Asp
325
Arg
Ala
Gly
Gln
Pro
405
Pro
Gly
Ser
Val
Gly

485
Leu

Asp
Gln
Leu
Cys
Ala
70

Phe
Asn
Leu
Arg
vVal
150
Glu
Ala
Glu
Phe
Ala
230
Arg
Lys
Asp
Pro
Thr
310
Pro
Glu
Ala
Glu
Phe
390
Ser
Gly
Pro
Phe
Leu
470

Leu

Lys

EP 2 421 552 B1

Leu
Leu
Gly
Pro
55

Ser
Pro
Gln
Gly
Pro
135
Ala
Ala
Gly
Gly
Gln
215
Ala
Lys
Gly
Ser
Ala
295
Val
Asp
Asp
Glu
Lys
375
Glu
Gly
Pro
Pro
Lys
455
Gln

Thr

Gly

Gly
Leu
vVal
40

Gln
Thr
Glu
Ser
Leu
120
Leu
Val
Gln
Leu
Asp
200
Ala
Thr
Gly
Arg
Ala
280
Pro
Thr
Ser
Glu
Tyr
360
Gly
Gly
Pro
Ala
Gly
440
Gly
Gln
Gly

Glu

44

Gln
Pro
25

Gln
Arg
Leu
Asn
val
105
Ala
Pro
Ser
Pro
Thr
185
Ile
Cys
val
Lys
Lys
265
Glu
Asn
Thr
Gly
Glu
345
Pro
Ala
Pro
Pro
Gly
425
Thr
Pro
Thr

Arg

Glu
505

Pro
10

Gly
Gly
Thr
Gly
Phe
90

Leu
Leu
Gln
Ile
Pro
170
Val
Gln
Glu
Ala
Gly
250
Lys
Asn
Leu
Gly
Thr
330
Gly
Ser
Lys
Pro
Gly
410
Leu
Val
Pro
Gln
Pro

490
Gly

Arg
Thr
Gly
Pro
Ile
75

Ser
Leu
Gly
Gln
Asp
155
vVal
Leu
Glu
Arg
Pro
235
Lys
Asn
Gln
Pro
Leu
315
Glu
Asp
Arg
Gly
Gly
395
Pro
Pro
Ile
val
Leu
475
Gly

Ala

Ala
Gln
Gln
Glu
60

Pro
Leu
Ser
Pro
val
140
Gly
Leu
Gly
Leu
Tyr
220
Gln
Gly
Lys
Thr
Pro
300
Asn
Leu
Asp
Thr
Glu
380
Ala
Pro
Gly
Met
Ser
460
Ser

Pro

Glu

Gly
Ala
Ala
45

Gly
Thr
Leu
Ile
Ala
125
Asn
Glu
Gly
Thr
Leu
205
Leu
Gly
Arg
Glu
Ser
285
Thr
Ala
Gly
Ser
Gln
365
Pro
Pro
Gly
Ile
Met
445
Phe
Met

vVal

Gly

Leu
Asp
30

Gly
Asp
Trp
Ile
Tyr
110
Leu
Leu
Met
His
Gln
190
Ile
Pro
Glu
Lys
Ile
270
Thr
Pro
Thr
Thr
Thr
350
Phe
Ala
Gly
Phe
Pro
430
Pro
Gln
Lys
Gly

Pro
510

Cys
15

Pro
Val
Arg
Glu
Thr
95

Asp
Gly
Thr
Val
Gly
175
Asp
Ser
Asp
Pro
Lys
255
Trp
Asp
Thr
Ile
Leu
335
Met
Gln
Val
Pro
Pro
415
Gly
Phe
Gln
Gly
Leu

495
Gln

Leu
Val
Pro
Ala
Leu
80

Leu
Glu
Leu
Asp
Thr
160
Pro
Leu
Pro
Cys
Glu
240
Gly
Thr
Ile
Pro
Leu
320
Glu
Gly
Ile
Ile
Gln
400
Gly
Ile
Gln
Ala
Pro

480
Pro
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Pro
Met
Gly
545
Glu
Pro
Gly
Ser
Pro
625
Gly
Leu
Pro
Gly
Pro
705
Arg
Gly
Ala
Ala
Gly
785
Pro
Lys
Gly
Gln
Pro
865
Gly
His
Pro
Gly
Glu
945
Leu
Gly
Leu

Pro

Gly

Arg
Gly
530
Pro
Lys
Gly
Gln
Pro
610
Gly
Gln
Ile
Gly
Pro
690
Pro
Gly
Phe
Pro
Gly
770
Lys
Lys
Gly
Pro
Pro
850
Gly
Pro
Pro
Gly
Pro
930
Gln
Gly
Phe

Lys

Gly

1010

Gln

Gly
515
Arg
Lys
Gly
Glu
Ala
595
Gly
Ala
Gln
Gly
Leu
675
Thr
Gly
Leu
Lys
Gly
755
Gln
Leu
Gly
Lys
Pro
835
Gly
Glu
Lys
Gly
Pro
915
Leu
Gly
Pro
Pro
Gly
995
Glu

Ser

Leu
Pro
Gly
Gln
Asp
580
Gly
Pro
Lys
Gly
Thr
660
Pro
Gly
Tyr
Gln
Gly
740
Pro
Ala
Gly
Ser
Ser
820
Gly
Pro
Lys
Gly
Gln
900
Ala
Gly
Leu
Pro
Gly
980
Asp

Arg

Gly

Gln
Gly
Asp
Arg
565
Gly
Glu
Thr
Gly
Asn
645
Pro
Gly
Glu
Pro
Gly
725
Asp
Arg
Gly
Val
Ile
805
Gly
Ser
Lys
Gly
Pro
885
Arg
Gly
Glu
Pro
Gly
965
Pro
Lys
Gly

Ser

Gly
Ala
Arg
550
Gly
Glu
Pro
Gly
Asn
630
His
Gly
Ser
Lys
Gly
710
Glu
Val
Gly
Glu
Pro
790
Gly
Lys
Arg
Gly
Leu
870
Pro
Gly
Val
Arg
Gly
950
Pro
Lys
Gly

Pro

Glu

EP 2 421 552 B1

Pro His Gly
520

Asp Gly Ala

535

Gly Phe Asp

Asp Phe Gly

Arg Gly Ala
585
Gly Pro Arg
600
Arg Pro Gly
615
Val Gly Pro

Gly Ser Gln

Glu Lys Gly
665
Asp Gly Pro
680
Gly Ala Gln
695
Pro Arg Gly

Lys Gly Glu

Gly Leu Lys
745
Glu Asp Gly
760
Glu Gly Pro
775
Gly Leu Pro

Phe Pro Gly

Thr Gly Gln
825
Gly Glu Arg
840
Asp Val Gly
855
Pro Gly Leu

Gly His Gln

Glu Leu Gly
905
Leu Gly Pro
920
Gly Pro Pro
935
Leu Glu Gly

Leu Gly Lys

Gly Gly Pro
985
Pro Pro Gly
1000
Leu Gly Pro
1015
Gly Pro Val

45

Pro
Arg
Gly
His
570
Glu
Gly
vVal
Pro
Gly
650
Pro
Leu
Gly
vVal
Lys
730
Gly
Pro
Pro
Gly
Pro
810
Pro
Gly
Gln
Gln
Gly
890
Phe
Gln
Gly
Arg
Glu
970
Gly
Pro

Ala

Gly

Pro
Gly
Leu
555
Val
Gly
Leu
Thr
Gly
635
Leu
Pro
Gly
Pro
Lys
715
Gly
Asp
Glu
Gly
Tyr
795
Leu
Gly
Gln
Asp
Gly
875
Lys
Gln
Gly
Pro
Glu
955
Gly
Asp
Val

Gly

Pro

Gly Arg Val
525

Leu Pro Gly

540

Pro Gly Leu

Gly Gln Pro

Pro Pro Gly
590
Leu Gly Pro
605
Gly Ile Asp
620
Glu Pro Gly

Pro Gly Pro

Gly Asn Pro
670
His Pro Gly
685
Pro Gly Ser
700
Gly Thr Ser

Glu Asp Gly

Gln Gly Lys
750
Gly Pro Lys
765
Ser Ala Gly
780
Pro Gly Arg

Gly Pro Ile

Leu Glu Gly
830
Pro Gly Ala
845
Gly Ala Pro
860
Pro Pro Gly

Asp Gly Arg

Gly Gln Thr
910
Lys Thr Gly
925
Pro Gly Pro
940
Gly Ala Lys

Pro Ala Gly

Pro Gly Pro
990
Gly Ala Asn
1005
Gly Ile Gly
1020
Ala Gly Lys

Gly
Asp
Pro
Gly
575
Pro
Arg
Gly
Pro
Gln
655
Gly
His
Ala
Gly
Phe
735
Pro
Gly
Glu
Pro
Gly
815
Glu
Thr
Gly
Phe
Pro
895
Gly
Glu

Pro

Leu
975
Thr
Gly

Leu

Lys

Lys
Thr
Gly
560
Pro
Thr
Gly
Ala
Pro
640
Gly
Ile
Glu
Gly
Asn

720
Pro

Gln
Lys
Gly
800
Glu
Arg
Gly
Ile
Pro
880
Gly
Pro
Val
Gly
Glu
960
Arg
Gly
Ser

Pro

Gly
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1025 1030 1035 1040
Ser Arg Gly Glu Arg Gly Pro Pro Gly Pro Thr Gly Lys Asp Gly Ile
1045 1050 1055
Pro Gly Pro Leu Gly Pro Leu Gly Pro Pro Gly Ala Ala Gly Pro Ser
1060 1065 1070
Gly Glu Glu Gly Asp Lys Gly Asp Val Gly Ala Pro Gly His Lys Gly
1075 1080 1085
Ser Lys Gly Asp Lys Gly Asp Ala Gly Pro Pro Gly Gln Pro Gly Ile
1090 1095 1100
Arg Gly Pro Ala Gly His Pro Gly Pro Pro Gly Ala Asp Gly Ala Gln
1105 1110 1115 1120
Gly Arg Arg Gly Pro Pro Gly Leu Phe Gly Gln Lys Gly Asp Asp Gly
1125 1130 1135
Val Arg Gly Phe Val Gly Val Ile Gly Pro Pro Gly Leu Gln Gly Leu
1140 1145 1150
Pro Gly Pro Pro Gly Glu Lys Gly Glu Val Gly Asp Val Gly Ser Met
1155 1160 1165
Gly Pro His Gly Ala Pro Gly Pro Arg Gly Pro Gln Gly Pro Thr Gly
1170 1175 1180
Ser Glu Gly Thr Pro Gly Leu Pro Gly Gly Val Gly Gln Pro Gly Ala
1185 1190 1195 1200
Val Gly Glu Lys Gly Glu Arg Gly Asp Ala Gly Asp Pro Gly Pro Pro
1205 1210 1215
Gly Ala Pro Gly Ile Pro Gly Pro Lys Gly Asp Ile Gly Glu Lys Gly
1220 1225 1230
Asp Ser Gly Pro Ser Gly Ala Ala Gly Pro Pro Gly Lys Lys Gly Pro
1235 1240 1245
Pro Gly Glu Asp Gly Ala Lys Gly Ser Val Gly Pro Thr Gly Leu Pro
1250 1255 1260
Gly Asp Leu Gly Pro Pro Gly Asp Pro Gly Val Ser Gly Ile Asp Gly
1265 1270 1275 1280
Ser Pro Gly Glu Lys Gly Asp Pro Gly Asp Val Gly Gly Pro Gly Pro
1285 1290 1295
Pro Gly Ala Ser Gly Glu Pro Gly Ala Pro Gly Pro Pro Gly Lys Arg
1300 1305 1310
Gly Pro Ser Gly His Met Gly Arg Glu Gly Arg Glu Gly Glu Lys Gly
1315 1320 1325
Ala Lys Gly Glu Pro Gly Pro Asp Gly Pro Pro Gly Arg Thr Gly Pro
1330 1335 1340
Met Gly Ala Arg Gly Pro Pro Gly Arg Val Gly Pro Glu Gly Leu Arg
1345 1350 1355 1360
Gly Ile Pro Gly Pro Val Gly Glu Pro Gly Leu Leu Gly Ala Pro Gly
1365 1370 1375
Gln Met Gly Pro Pro Gly Pro Leu Gly Pro Ser Gly Leu Pro Gly Leu
1380 1385 1390
Lys Gly Asp Thr Gly Pro Lys Gly Glu Lys Gly His Ile Gly Leu Ile
1395 1400 1405
Gly Leu Ile Gly Pro Pro Gly Glu Ala Gly Glu Lys Gly Asp Gln Gly
1410 1415 1420
Leu Pro Gly Val Gln Gly Pro Pro Gly Pro Lys Gly Asp Pro Gly Pro
1425 1430 1435 1440
Pro Gly Pro Ile Gly Ser Leu Gly His Pro Gly Pro Pro Gly Val Ala
1445 1450 1455
Gly Pro Leu Gly Gln Lys Gly Ser Lys Gly Ser Pro Gly Ser Met Gly
1460 1465 1470
Pro Arg Gly Asp Thr Gly Pro Ala Gly Pro Pro Gly Pro Pro Gly Ala
1475 1480 1485
Pro Ala Glu Leu His Gly Leu Arg Arg Arg Arg Arg Phe Val Pro Val
1490 1495 1500
Pro Leu Pro Val Val Glu Gly Gly Leu Glu Glu Val Leu Ala Ser Leu
1505 1510 1515 1520
Thr Ser Leu Ser Leu Glu Leu Glu Gln Leu Arg Arg Pro Pro Gly Thr
1525 1530 1535
Ala Glu Arg Pro Gly Leu Val Cys His Glu Leu His Arg Asn His Pro
1540 1545 1550
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His Leu Pro Asp Gly Glu Tyr Trp Ile Asp Pro Asn Gln Gly Cys Ala
1555 1560 1565
Arg Asp Ser Phe Arg Val Phe Cys Asn Phe Thr Ala Gly Gly Glu Thr
1570 1575 1580
Cys Leu Tyr Pro Asp Lys Lys Phe Glu Ile Val Lys Leu Ala Ser Trp
1585 1590 1595 1600
Ser Lys Glu Lys Pro Gly Gly Trp Tyr Ser Thr Phe Arg Arg Gly Lys
1605 1610 1615
Lys Phe Ser Tyr Val Asp Ala Asp Gly Ser Pro Val Asn Val Val Gln
1620 1625 1630
Leu Asn Phe Leu Lys Leu Leu Ser Ala Thr Ala Arg Gln Asn Phe Thr
1635 1640 1645
Tyr Ser Cys Gln Asn Ala Ala Ala Trp Leu Asp Glu Ala Thr Gly Asp
1650 1655 1660
Tyr Ser His Ser Ala Arg Phe Leu Gly Thr Asn Gly Glu Glu Leu Ser
1665 1670 1675 1680
Phe Asn Gln Thr Thr Ala Ala Thr Val Ser Val Pro Gln Asp Gly Cys
1685 1690 1695
Arg Leu Arg Lys Gly Gln Thr Lys Thr Leu Phe Glu Phe Ser Ser Ser
1700 1705 1710
Arg Ala Gly Phe Leu Pro Leu Trp Asp Val Ala Ala Thr Asp Phe Gly
1715 1720 1725
Gln Thr Asn Gln Lys Phe Gly Phe Glu Leu Gly Pro Val Cys Phe Ser
1730 1735 1740
Ser
1745

Claims

A composition for use in the treatment of asthma in a patient or for use in the prevention of the development or
worsening of asthma in a subject at risk for developing asthma, comprising a therapeutically effective amount of
type V collagen, or a tolerogenic fragment thereof.

The composition of claim 1 wherein the patient has emphysema or chronic obstructive bronchitis.

The composition of claim 1 wherein the type V collagen or tolerogenic fragment thereof is prepared for oral admin-
istration.

The composition of claim 3 comprising between 0.1 mg and 0.5 mg of type V collagen.

The composition of claim 1 wherein the type V collagen or tolerogenic fragment thereof is prepared for intravenous
administration, intrapulmonary instillation, administration by inhalation, or for intramuscular administration.

The composition of claim 1, further comprising a bronchodilator or for use in conjunction with a bronchodilator.
The composition of claim 1 further comprising a corticosteroid or for use in conjunction with a corticosteroid.

The composition of claim 1 further comprising a leukotriene modifier or for use in conjunction with a leukotriene
modifier.

A method for identifying an individual at risk for developing asthma or identifying an asthma patient as a candidate
for collagen V tolerance therapy comprising,

contacting at least a portion of a sample of blood from the patient with collagen V or an antigenic fragment thereof; and
measuring the level of antibodies that bind to the collagen V or antigenic fragment thereof;

wherein the presence of antibodies specifically bound to the collagen V is indicative that the asthma patient would
benefit from collagen V tolerance therapy.

10. The method of claim 9 wherein the collagen V or antigenic fragment thereof is conjugated to a bead.
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11. The method of claim 9 wherein the measuring comprises
contacting the antibodies that specifically bind to the collagen V or antigenic fragment thereof with a fluorescently
labeled anti-IgG antibody; and
detecting by flow cytometry the amount of fluorescently labeled anti-IgG antibody bound to the antibodies bound to
the collagen V.

12. A method for monitoring the progression of asthma in an individual comprising,
contacting at least a portion of a first sample of blood from the individual with collagen V or an antigenic fragment
thereof;
measuring the level of antibodies that specifically bind to the collagen V or antigenic fragment thereof in the first
sample of blood;
contacting at least a portion of a second sample of blood from the individual taken at a later time point, with collagen
V or an antigenic fragment thereof;
measuring the level of antibodies that specifically bind to the collagen V or antigenic fragment thereof in the second
sample of blood; and
comparing the level of antibodies that specifically bind to the collagen V or antigenic fragment thereof in the second
sample of blood to the level of antibodies that specifically bind to the collagen V or antigenic fragment thereof in the
first sample of blood;
wherein an increase in the level of antibodies bound to the collagen V in the second sample as compared to the
first sample is indicative of worsening of asthma and a decrease in the level of antibodies bound to the collagen V
in the second sample as compared to the first sample is indicative of amelioration of asthma.

13. The method of claim 12 wherein the collagen V or antigenic fragment thereof is conjugated to a bead.

14. The method of claim 12 wherein the measuring comprises
contacting the antibodies that bind to the collagen V or antigenic fragment thereof with a fluorescently labeled anti-
IgG antibody; and
detecting by flow cytometry the amount of fluorescently labeled anti-IgG antibody bound to the antibodies bound to
the collagen V.

15. The method of claim 14 or 11 wherein the anti-IgG antibody detects one or more of the 1gG subtypes selected from
IgG1, 1I9G2, IgG3 and IgG4.

Patentanspriiche

1. Eine Zusammensetzung zur Verwendung bei der Behandlung von Asthma bei einem Patienten oder zur Verwendung
bei der Vorbeugung der Entwicklung oder Verschlimmerung von Asthma bei einem Individuum mit dem Risiko fur
die Entwicklung von Asthma, umfassend eine therapeutisch wirksame Menge von Typ-V-Kollagen oder einem
tolerogenen Fragment davon.

2. Die Zusammensetzung nach Anspruch 1, wobei der Patient Emphysem oder chronisch-obstruktive Bronchitis hat.

3. Die Zusammensetzung nach Anspruch 1, wobei das Typ-V-Kollagen oder tolerogene Fragment davon zur oralen
Verabreichung hergestellt ist.

4. Die Zusammensetzung nach Anspruch 3, umfassend zwischen 0,1 mg und 0,5 mg Typ-V-Kollagen.

5. Die Zusammensetzung nach Anspruch 1, wobei das Typ-V-Kollagen oder tolerogene Fragment davon zur intrave-
ndsen Verabreichung, intrapulmonalen Instillation, Verabreichung durch Inhalation oder zur intramuskularen Ver-
abreichung hergestellt ist.

6. Die Zusammensetzung nach Anspruch 1, weiterhin umfassend einen Bronchodilator oder zur Verwendung in Ver-
bindung mit einem Bronchodilator.

7. Die Zusammensetzung nach Anspruch 1, weiterhin umfassend ein Corticosteroid oder zur Verwendung in Verbin-

dung mit einem Corticosteroid.
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Die Zusammensetzung nach Anspruch 1, weiterhin umfassend einen Leukotrien-Modifikator oder zur Verwendung
in Verbindung mit einem Leukotrien-Modifikator.

Ein Verfahren zur Identifikation eines Individuums mit dem Risiko fiir die Entwicklung von Asthma oder zur Identi-
fikation eines Asthmapatienten als Kandidat fur eine Kollagen-V-Toleranz-Therapie, umfassend

Kontaktieren mindestens eines Teils einer Blutprobe von dem Patienten mit Kollagen V oder einem antigenen
Fragment davon; und

Messen der Menge der Antikérper, die an das Kollagen V oder das antigene Fragment davon binden;

wobei das Vorhandensein von spezifisch an das Kollagen V gebundenen Antikdrpern indikativ dafir ist, dass der
Asthmapatient von einer Kollagen-V-Toleranz-Therapie profitieren wirde.

Das Verfahren nach Anspruch 9, wobei das Kollagen V oder das antigene Fragment davon an ein Kiigelchen
konjugiert wird.

Das Verfahren nach Anspruch 9, wobei das Messen umfasst:

Kontaktieren der Antikorper, die an das Kollagen V oder das antigene Fragment davon spezifisch binden, mit
einem fluoreszenzmarkierten Anti-IlgG-Antikérper; und

Feststellen der Menge des fluoreszenzmarkierten Anti-IlgG-Antikdrpers, der gebunden ist an die Antikérper, die
an das Kollagen V gebunden sind, mittels Durchflusszytometrie.

Ein Verfahren zur Kontrolle des Verlaufs des Asthmas bei einem Individuum, umfassend

Kontaktieren mindestens eines Teils einer ersten Blutprobe von dem Individuum mit Kollagen V oder einem antigenen
Fragment davon;

Messen der Menge der Antikdrper, die an das Kollagen V oder das antigene Fragment davon in der ersten Blutprobe
spezifisch binden;

Kontaktieren mindestens eines Teils einer zu einem spateren Zeitpunkt entnommenen zweiten Blutprobe von dem
Individuum mit Kollagen V oder einem antigenen Fragment davon;

Messen der Menge der Antikorper, die an das Kollagen V oder das antigene Fragment davon in der zweiten Blutprobe
spezifisch binden; und

Vergleichen der Menge der Antikérper, die an das Kollagen V oder das antigene Fragment davon in der zweiten
Blutprobe spezifisch binden, mit der Menge der Antikérper, die an das Kollagen V oder das antigene Fragment
davon in der ersten Blutprobe spezifisch binden;

wobei eine Erhhung der Menge der an das Kollagen V gebundenen Antikdrper in der zweiten Probe im Vergleich
zu der ersten Probe indikativ ist fir eine Verschlimmerung des Asthmas und eine Verringerung der Menge der an
das Kollagen V gebundenen Antikdrper in der zweiten Probe im Vergleich zu der ersten Probe indikativ ist fir eine
Besserung des Asthmas.

Das Verfahren nach Anspruch 12, wobei das Kollagen V oder das antigene Fragment davon an ein Kiigelchen
konjugiert wird.

Das Verfahren nach Anspruch 12, wobei das Messen umfasst:

Kontaktieren der Antikorper, die an das Kollagen V oder das antigene Fragment davon spezifisch binden, mit
einem fluoreszenzmarkierten Anti-IlgG-Antikérper; und

Feststellen der Menge des fluoreszenzmarkierten Anti-IlgG-Antikdrpers, der gebunden ist an die Antikérper, die
an das Kollagen V gebunden sind, mittels Durchflusszytometrie.

Das Verfahren nach Anspruch 14 oder 11, wobei der Anti-lgG-Antikdrper einen oder mehrere der IgG-Subtypen,
ausgewahlt aus 1gG1, IgG2, IgG3 und IgG4, nachweist.

Revendications

1.

Une composition pour utilisation dans le traitement de I'asthme chez un patient ou pour utilisation dans la prévention
du développement ou de I'aggravation de I'asthme chez un sujet risquant de développer de I'asthme, comprenant
une quantité thérapeutiquement efficace de collagéne de type V, ou un fragment tolérogénique de celui-ci.
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La composition selon la revendication 1 dans laquelle le patient a un emphyséme ou une bronchite chronique
obstructive.

La composition selon la revendication 1 dans laquelle le collagene de type V ou le fragment tolérogénique de celui-
ci est préparé pour une administration orale.

La composition selon la revendication 3 comprenant entre 0,1 mg et 0,5 mg de collagene de type V.

La composition selon la revendication 1 dans laquelle le collagene de type V ou le fragment tolérogénique de celui-
ci est préparé pour une administration par voie intraveineuse, une instillation intra-pulmonaire, une administration
par inhalation ou pour une administration par voie intramusculaire.

La composition selon la revendication 1, comprenant en outre un bronchodilatateur, ou pour une utilisation conjoin-
tement avec un bronchodilatateur.

La composition selon la revendication 1, comprenant en outre un corticostéroide, ou pour une utilisation conjointe-
ment avec un corticostéroide.

La composition selon la revendication 1, comprenant en outre un modificateur de leucotriéne, ou pour une utilisation
conjointement avec un modificateur de leucotriéne.

Un procédé pouridentifier un individu risquant de développer de I'asthme ou pour identifier un patient atteint d’asthme
comme étant un candidat pour une thérapie tolérant le collagéne V, consistant a

mettre en contact au moins une partie d’'un échantillon de sang du patient avec du collagéne V ou un fragment
antigénique de celui-ci ; et

mesurer le niveau d’anticorps qui se lient au collagéne V ou au fragment antigénique de celui-ci ;

dans lequel la présence d’anticorps spécifiquement liés au collagéne V indique que le patient atteint d’asthme
pourrait bénéficier d’'une thérapie tolérant le collagéne V.

Le procédé selon la revendication 9 dans lequel le collagéne V ou un fragment antigénique de celui-ci est conjugué
a une bille.

Le procédé selon la revendication 9, dans lequel la mesure consiste a:

mettre en contact les anticorps qui se lient spécifiquement au collagéne V ou au fragment antigénique de celui-
ci avec un anticorps anti-IlgG marqué par fluorescence ; et

détecter par cytométrie en flux la quantité d’anticorps anti-lgG marqués par fluorescence liés aux anticorps liés
au collagéne V.

Un procédé pour surveiller la progression de I'asthme chez un individu, consistant a :

mettre en contact au moins une partie d’'un échantillon de sang de I'individu avec du collagéne V ou un fragment
antigénique de celui-ci ; et

mesurer le niveau d’anticorps qui se lient spécifiquement au collagene V ou au fragment antigénique de celui-
ci dans le premier échantillon de sang ;

mettre en contact au moins une partie d’'un deuxiéme échantillon de sang de l'individu, prélevé a un moment
ultérieur, avec du collagéne V ou un fragment antigénique de celui-ci ;

mesurer le niveau d’anticorps qui se lient spécifiquement au collagene V ou au fragment antigénique de celui-
ci dans le deuxieme échantillon de sang ; et

comparer le niveau d’anticorps qui se lient spécifiquement au collagéne V ou au fragment antigénique de celui-
ci dans le deuxiéme échantillon de sang au niveau d’anticorps qui se lient spécifiquement au collagéne V ou
au fragment antigénique de celui-ci dans le premier échantillon de sang ;

dans lequel une augmentation du niveau des anticorps liés au collagéne V dans le deuxieme échantillon en
comparaison avec le premier échantillon indique une aggravation de I'asthme, et une diminution du niveau des
anticorps liés au collagene V dans le deuxiéme échantillon en comparaison avec le premier échantillon indique
une amélioration de I'asthme.

13. Le procédé selon larevendication 12 dans lequel le collagéne V ou un fragment antigénique de celui-ci est conjugué
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a une bille.

14. Le procédé selon la revendication 12 dans lequel la mesure consiste a :

mettre en contact les anticorps qui se lient au collagéne ou au fragment antigénique de celui-ci avec un anticorps

anti-lgG marqué par fluorescence ; et

détecter par cytométrie en flux la quantité d’anticorps anti-lgG marqués par fluorescence liés aux anticorps liés

au collagéne V.

15. Le procédé selon la revendication 14 ou 11 dans lequel I'anticorps anti-IgG détecte un ou plusieurs sous-types IgG

choisis parmi IgG1, IgG2, 1IgG3 et IgG4.

EP 2 421 552 B1
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