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60/304,461, filed July 10, 2001; 60/304,490, filed July 10, 2001; and 60/305,182, filed July
13, 2001. The disclosures of these applications are incorporated herein by reference in their

entireties.

FIELD OF THE INVENTION

This invention relates to arthritic diseases and conditions. In particular, the invention
relates to novel treatment or prevention strategies for arthritis such as rheumatoid arthritis. In
addition, the invention relates to animal models and screening methods for identifying and

evaluating drugs against such drug targets.

BACKGROUND OF THE INVENTION

Arthritis compromises the quality of life for large numbers of people. For example,
more than 5 million people suffer from rheumatoid arthritis (RA) worldwide, of which 2.5
million are in the United States. About 50,000-70,000 children in the United States have been
diagnosed with juvenile RA, and psoriatic arthritis affects in the range of 2.5 to 5 million people
in the United States alone.

Rheumatoid arthritis (RA) is a systemic chronic autoimmune disease characterized by
synovial hyperplasia and inflammatory cell recruitment, intra-articular fibrin deposition, and, in
its later stages, cartilage and bone destruction. It is well documented that the degradation of the
extracellular matrix (ECM) in bone and cartilage that takes place during the development of RA

is dependent on the action of a variety of proteolytic enzymes secreted by both soft and hard
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tissue cellular elements, as well as by inflammatory cells. Many different proteases are believed

to contribute to matrix destruction during RA, although the exact mechanisms responsible for
this process and how it is regulated are poorly understood. However, indirect evidence
indicates that both matrix metalloproteinases (MMPs) and plasminogen activators (PAs) may
play a fundamental role in the pathophysiology of rheumatic disease.

Several MMPs, including interstitial collagenase (MMP-1), stromelysin-1 (MMP-3), and
the latent forms of gelatinase A (MMP-2) and gelatinase-B (MMP-9), have been demonstrated
in synovial fluid of arthritis patients (Matrisian Trends Genet. 1990;6:121-125; McCachren,
Arthritis Rheum 1991;34:1085-93; Koolwijk et al., Arthritis Rheum 1991;34:5143; Hirose et
al., J. Rheumatol.; 19:593-599, 1992). MMPs are known to be synthesized as latent precursor
enzymes that can be activated by limited proteolysis, but the exact mechanism by which this
activation takes place in vivo is largely unknown. It has been suggested, however, that
components of the plasminogen-activation system, urokinase-type plasminogen activator and
plasmin, might be involved in the activation of specific subclasses of metalloproteinases (Salo et
al Int. J. Cancer 1982;30:669-673; Nagase et al., Biochem. Soc.lTrans. 1991;19, 715-718).

The plasminogen-activation system is a versatile, temporally controlled enzymatic
system in which plasminogen is activated to the proteolytic enzyme plasmin by either of the two
physiological plasminogen activators, tissue-type plasminogen activator (tPA) and
urokinase-type plasminogen activator (uPA). uPA is involved in tissue remodeling during
wound healing, inflammatory cellular migration, neo-vascularization and tumor cell invasion,
while tPA, a key enzyme in thrombosis, is involved in the dissolution of clots in blood vessels
and the maintenance of hemostasis in the vasculature. Activation of the plasminogen-activation
system is initiated by the release of tPA or uPA by specific cells in response to external signals
and leads to a locally expressed extracellular proteolytic activity (Vassalli et al., J. Exp. Med.
1977;146:857-868; Saksela & Rifkin, Annu. Rev. Cell Biol. 1988;4:93-126). The PA-system is
also regulated by specific inhibitors directed against PAs and plasmin, including PA-inhibitor
type 1 (PAI-1), PA-inhibitor type 2 (PAI-2), protease nexin 1 (PN-1) and a 2-anti-plasmin
(Saksela & Rifkin, Annu. Rev. Cell Biol. 1988;4:93-126; Ny et al., Thromb. Res. 1993;71:1-
45). All of these inhibitors, which belong to the serpin family, are suicide inhibitors that are
cleaved by cognate protease (Wilczynska et al., Nature Struct. Biol. 1997;4:354-357). The most
important feature of the PA-plasmin system is the amplification achieved by the conversion of

plasminogen to plasmin. Because of the high concentration of plasminogen in virtually all
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tissues, the production of relatively small amounts of PA can result in high local concentrations
of plasmin.

Both MMPs and plasminogen activators (PAs) are present in affected joints and their
expression is induced by inflammatory mediators and cytokines, indicating that the two enzyme
systems may act in concert (for reviews see Hart and Fritzler J Rheumatol,; 16:1184-1191,
1989 and Matthews Arthritis and Rheum. 1994;37:1115-1126). Furthermore, a number of
reports have indicated that the expression of MMPs, tissue inhibitors of metalloproteinases
(TIMPs), PAs and PA-inhibitors are altered in rheumatic diseases, which often lead to increased
activity of proteases capable of degrading cartilage proteoglycans as well as other cartilage and
bone matrix proteins. Data suggesting that arthritis is exacerbated by lack of uPA, however,
based upon an in vivo model, have also been presented (Busso et al., 1998). In some cases it
also seems like there is an imbalance in the expression of MMPs versus TIMP and PAs versus
PA-inhibitors (Hart and Fritzler, J] Rheumatol; 16:1184-1191, 1989, Koolwijk et al., Arthritis
Rheum 1991;34:5143, Ahrens et al., Arthritis and Rheum. 39(9):1576-1587 (1996).

Accumulation of intraarticular fibrin, resulting from the altered balance between
coagulation and fibrinolysis, is a common feature of RA and it is possible that these fibrin
deposits can have adverse effects (Weinberg et al., Ann. Rheum. Dis. 1991;56:550-557; Jasini,
In: Immunopathogenesis of Rheumatoid Arthritis. G.S. Panayi and P.M. Johnson (Eds.), Red
Books, Surrey.1991,137-146). In this context, degradation of fibrin matrix, which is mainly
performed by plasmin, could be beneficial. The possibility that plasmin may, in fact, play a
beneficial role in intra-articular fibrin removal has only recently been discussed (Busso et al., J.
Clin. Invest;102: 41-50, 1998).

Thus, there is a need in the art for new and improved methods for treating or preventing
arthritis and other conditions leading to tissue destruction and bone loss. There is also a need in
the art for new screening methods that can be employed to identify and evaluate drugs for use in

such treatment methods. The invention addresses these and other needs in the art.

SUMMARY OF THE INVENTION

The present invention provides novel drug targets which can be used for new and
improved treatment or prevention strategies for arthritis, and for methods of screening for, or

evaluating the usefulness of, drugs directed against such drug targets.
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One aspect of the present invention involves methods for screening test compounds to identify
agents that inhibit plasmin formation or activity, plasminogen formation or activation into plasmin,
urokinase-type plasminogen activator (uPA) formation or activity, uPA receptor (uPAR) formation or
ligand binding, or plasminogen-activator inhibitor type 1 (PAI-1) formation or activity. Another aspect
of the invention involves active pharmaceutical agents that inhibit one or more drug targets such as
plasmin, plasminogen, uPA, uPAR, and PAI-1. Yet another aspect involves pharmaceutical agents that
are active in treating or preventing arthritis.

Accordingly, the invention provides a method of treating or preventing arthritis in a mammal,
which comprises administering to the mammal an effective amount of an agent that inhibits at least one
member selected from the group consisting of plasmin, plasminogen, urokinase-type plasminogen
activator, urokinase-type plasminogen activator receptor; and plasminogen-activator inhibitor type 1.
In one embodiment, the agent comprises a protease inhibitor, such as, for example, aprotinin. In
another embodiment, the agent comprises amiloride. In still other embodiments, the agent is a
monoclonal antibody directed against the at least one member, or an anti-sense nucleic acid sequence
capable of binding to a nucleic acid encoding the at least one member. -The arthritis can be caused by a
degenerative joint disease, such as for example, rheumatoid arthritis, psoriatic arthritis, infectious
arthritis, juvenile rheumatoid arthritis; osteoarthritis, or spondyloarthropaties. In a preferred
embodiment, the arthritis is rheumatoid arthritis, and the mammal is a human.

The invention also provides a method of screening to identify an agent useful for treating or
preventing arthritis, which comprises (i) providing a pool of test agents; (ii) determining whether
any test agent from the pool inhibits the activity of at least one member selected from the group
consisting of plasmin, plasminogen, urokinase-type plasminogen activator, urokinase-type plasminogen
activator receptor, and plasminogen-activator inhibitor type 1, and (iii) selecting any test agent from the
pool that inhibits the activity of at least one member as an agent useful for treating or preventing
arthritis. The method may optionally comprise a step of selecting the pool of test agents prior to step
(i).

In a first embodiment, the determining step comprises (i) contacting a test agent from the pool
with plasmin and a substrate to form a product; (ii) measuring the level of the substrate or the product
after the contacting step; (iii) comparing the substrate level to a substrate control value or the product
level to a product control value; and (iv) selecting any test agent for which the substrate level is higher
than the substrate control value or for which the product level is lower than the product control value as

an agent useful in treating or preventing arthritis. Optionally, the substrate is, for example, H-D-Valyl-
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L-leucyl-L-lysine-p-nitroaniline, and the product p-nitroaniline dihydrochloride, and tﬁe plasmin may be
formed by contacting plasminogen with a plasminogen activator.

In a second embodiment, the determining step comprises (a) contacting a test agent fromthe
pool with urokinase-type plasminogen activator and a substrate to form a product; (b) measuring the
level of the substrate or the product after the contacting step; (c) comparing the substrate level to a
substrate control value or the product level to a product control value; and (d) selecting any test agent
for which the substrate level is higher than the substrate control value or for which the product level is
lower than the product control value as an agent that inhibits the urokinase-type plasminogen activator.
Optionally, the substrate is L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline hydrochloride and the
product p-nitroaniline dihydrochloride.

In a third embodiment, the determining step comprises (a) contacting the test agent with
urokinase-type plasminogen activator receptor and urokinase-type plasminogen activator; (b) measuring
the level of binding between the urokinase-type plasminogen activator receptor and urokinase-type
plasminogen activator substrate after the contacting step; (c) comparing the level of binding to a control
value; and (c) selecting any test agent for which the level of binding is lower than the control value as
an agent useful for treating or preventing arthritis.

In a fourth embodiment, the determining step comprises (a) contacting the test agent with
plasminogen-activator inhibitor type 1, an excess amount of urokinase-type plasminogen activator, and
a substrate to form a product; (b) measuring the level of the substrate or the product after the contacting
step; (c) comparing the substrate level to a substrate control value or the product level to a product
control value; and (d) selecting any test agent from the pool for which the substrate level is lower than
the substrate control value or the product level is higher than the product control value as an agent
capable of inhibiting the plasminogen-activator inhibitor type 1. Optionally, the substrate is L-
pyroglutamyl-glycyl-L-arginine-p-nitroaniline ~ hydrochloride  and tlie product  p-nitroaniline
dihydrochloride.

In a fifth embodiment, the test agent comprises an antigen-binding fragment of an antibody
directed against the at least one protein. Also, the method may optionally comprise selecting any test
agent that inhibits the formation of plasmin from plasminogen as an agent useful in treating or
preventing arthritis. Alternatively, the test agent inhibits the ability of urokinase-type plasminogen

activator to promote formation of plasmin from plasminogen.
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The invention also provides for a method of identifying an agent that is useful in
preventing or treating arthritis, which comprises (i) administering a test agent to a transgenic
animal susceptible to collagen-induced arthritis, said animal lacking endogenous expression of at
least one protein selected from the group consisting of plasmin, plasminogen, urokinase-type
plasminogen activator, urokinase-type plasminogen activator receptor, and plasminogen-
activator inhibitor type 1; (ii) administering a human homolog of the at least one protein to the
animal; (iii) administering type II collagen to the animal to induce collagen induced arthritis in
the animal; (iv) determining the severity level of the induced collagen-induced arthritis in the
animal; (v) comparing the severity level to a control value; and (vi) selecting any test agent for
which the severity level is lower than the control value as an agent that is useful in preventing
or treating arthritis. Optionally, the control value is the severity level of collagen-induced
arthritis in a control animal.

The invention also provides for a method of identifying an agent as useful in treating
rheumatoid arthritis which comprises administering a test agent to a mammal and determining
whether the test agent inhibits plasmin, plasminogen, urokinase-type plasminogen activator,
urokinase-type plasminogen activator receptor, or plasminogen-activator inhibitor type 1 in said
mammal.

The invention also provides for the use of a composition comprising an effective amount
of an agent that inhibits at least one member selected from the group consisting of plasmin,
plasminogen, urokinase-type plasminogen activator, urokinase-type plasminogen activator
receptor, and plasminogen-activator inhibitor type 1; and a pharmaceutically acceptable carrier,
in the manufacture of a medicament for administration to a mammal to treat or prevent arthritis.
The mammal may optionally be a human.

The above features and many other advantages of the invention will become better
understood by reference to the following detailed description when taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1. This figure shows a comparison between the daily arthritis scores for the
uPA-deficient and uPA wild type mice after induction of collagen-induced arthritis.
FIGURE 2. This figure depicts the incidence of CIA in wild-type and uPA deficient

mice.

{M:\3810\2j577wo\PAC9794.DOC;1}



WO 03/033009 PCT/IB02/05797

FIGURE 3. This figure depicts the daily arthritis scores for plasminogen deficient mice
as compared to wild-type mice.

FIGURE 4. This figure depicts the incidence of arthritis in wild-type, plasminogen
heterozygous and homozygous mice.

FIGURE 5. This figure depicts the incidence of collagen-induced arthritis in
plasminogen activator inhibitor type I (PAI-1) heterozygous or knock-out mice as compared to
wild-type mice

FIGURE 6. This figure depicts the severity of collagen-induced arthritis in PAI-1
heterozygous or knock-out mice as compared to wild-type mice.

FIGURE 7. This figure depicts the severity of arthritis in tPA wild-type and tPA
deficient mice. The chart shows that there was no difference in the severity or incidence of
arthritis between tPA deficient and wild-type control mice.

FIGURE 8. This figure depicts the incidence of arthritis in tPA wild-type and tPA
deficient mice. The chart shows that there was no difference in the severity or incidence of
arthritis between tPA deficient and wild-type control mice.

FIGURE 9. This figure depicts the severity of arthritis in uPAR wild-type and uPAR
deficient mice. The chart shows that the severity of arthritis was lower in the uPAR deficient
mice.

FIGURE 10. This figure depicts the incidence of arthritis in uPAR wild-type and uPAR
deficient mice. The chart shows that the incidence of arthritis was lower in the uPAR deficient

mice.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, inhibiting the formation or activity of drug targets
such as plasmin, plasminogen, urokinase-type plasminogen activator (uPA), the uPA receptor
(uPAR), or PAI-1 can prevent or reduce the development or progression of arthritis. This
provides for both new treatment and prevention strategies for arthritis, as well as new screening
and evaluation methods for drugs to be used in such treatment or prevention methods.

The invention is, at least in part, based on the findings described in the Examples. As
described in Examples 1-4, collagen type II-induced arthritis (CIA) was reduced in mice lacking
either uPA, uPAR, plasminogen, or PAI-1, thus showing that these components play pivotal
roles in the development of CIA. More specifically, in studies utilizing the CIA model in CIA
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sensitive DBA/1 mice, it was discovered that the development of CIA was attenuated in mice
lﬁcking uPA as compared to wild-type controls (see Example 1). Moreover, those uPA
deficient mice which showed symptoms of arthritis only developed less severe forms of the
disease, and mice lacking plasminogen did not develop CIA at all during a 60 day test period.
It was also found that plasminogen-deficient mice that were resistant to the development of RA
became prone to the disease following injection of human plasminogen, and PAI-1 was also
shown to play a role in the pathology of arthritis (see Example 2).

To investigate if the immune response towards collagen type II was affected in
plasminogen deficient mice, collagen II antibody levels were determined in wild-type and
plasminogen deficient mice 60 days after the boost injection. Although none of the plasminogen
deficient mice developed arthritis there was no significant difference in antibody levels between
wild-type and plasminogen deficient mice. Immunostaining experiments further showed
different subpopulations of inflammatory cells in tissue sections from mice with different
genotypes. Therefore, without being limited to any specific mechanism, it is believed that since
the plasminogen deficient mice do not develop any inflammation, although they have collagen II
antibodies, the inflammatory response or the recruitment of inflammatory cells might be
defective due to the lack of plasminogen. In the case of PAI-1, which also seems to be required
for the development of arthritis, this molecule is known to play a role in cell adhesion and
migration in addition to its role as an inhibitor of PAs. It is therefore possible that the reason
why lack of uPA, uPAR, plasminogen, plasmin, or PAI-1 reduces induction of arthritis is that

inflammatory cells cannot invade joints.

Definitions

The terms used in this specification generally have their ordinary meanings in the art,
within the context of this invention and in the specific context where each term is used. Certain
terms are discussed below, or elsewhere in the specification, to provide additional guidance to
the practitioner in describing the methods of the invention and how to use them.

“Arthritis” as used herein means all conditions characterized by inflammation of one or
more joints. Any disease or disorder associated with joint inflammation, tissue destruction,
and/or degeneration of extracellular matrix structures, particularly joint cartilage and bone, may
cause arthritis. Such conditions include, without limitation, rheumatoid arthritis (RA); psoriatic

arthritis, infectious arthritis, juvenile rheumatoid arthritis; osteoarthritis, and
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spondyloarthropaties. Symptoms of arthritis include, but are not limited to, swelling, warmth,
redness of the overlying skin, pain, and restriction of motion. Arthritis can be monitored or
diagnosed by X-ray or blood analysis, examination of synovial fluid taken from affected joints,
and, according to the American Rheumatism Association criteria for classification of arthritis,
diagnosed as follows: A patient is said to have arthritis if he or she has satisfied at least 4 of the
following 7 criteria. Criteria 1 through 4 must have been present for at least 6 weeks. Patients
with 2 clinical diagnoses are not excluded. (1) Moming stiffness - Morning stiffness in and
around the joints, lasting at least 1 hour before maximal improvement; (2) Arthritis of 3 or
more joint areas - At least 3 joint areas simultaneously have had soft tissue swelling or fluid (not
bony overgrowth alone) observed by a physician; the 14 possible joint areas are right or left
proximal interphalangeal (PIP) joints, metacarpophalangeal (MCP) joints, wrist, elbow, knee,
ankle, and metatarsophalangeal (MPT) joints; (3). Arthritis of hand joints - At least 1 area
swollen (as defined above) in a wrist, MCP or PIP joint; (4) Symmetric arthritis - Simultaneous
involvement of the same joint areas (see No. 2 above) on both sides of the body (bilateral
involvement of PIPs, MCPs, or MTPs is acceptable without absolute symmetry); (5)
Rheumatoid nodules - Subcutaneous nodules, over bony prominences, or extensor surfaces, or
in juxta-articular regions, observed by a physician; (6) Serum rheumatoid factor -
Demonstration of abnormal amounts of serum rheumatoid factor by any method for which the
result has been positive in <5% of normal control subjects; and (7) Radiographic changes -
Radiographic changes typical of RA on posteroanterior hand and wrist radiographs, which must
include erosions or unequivocal bony decalcification localized to or most marked adjacent to the
involved joints (osteoarthritis changes alone do not qualify).

Successful “treatment” of arthritis means that the extent of arthritis (evaluated by, for
example, X-ray diagnosis, sampling of synovial fluid, or ease of movement of the joint) in a
particular joint is less after the treatment than before. Successful treatment of arthritis can also
be that a patient satisfies less criteria after a treatment than before, according to the criteria
listed above. Alternatively, successful treatment of arthritis can be that a patient which before
treatment satisfied 4 or more of the criteria above, satisfies less than 4 criteria after the
treatment.

The term “extracellular matrix” (ECM) means the noncellular portion of animal tissues.
The ECM of conne;:tive tissue is particularly extensive and the properties of the ECM determine

the properties of the tissue. In broad terms there are three major components: fibrous elements
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particularly collagen, elastin or reticulin), link proteins (e.g., fibronectin, laminin) and space
filling molecules (usually glycosaminoglycans). The matrix may be mineralized to resist
compression (as in bone) or dominated by tension resisting fibers (as in tendon).

The term “inhibitor” refers to a molecule that directly or indirectly decreases the
biological activity or level (i.e., amount or concentration in blood or in joints, particularly
arthritic joints) of a target protein. The inhibitor may be any type of compound, including, but
not limited to, an organic or inorganic molecule, a peptide, a protein, an anti-sense nucleic acid,
and a polyclonal or monoclonal antibody preparation. An “indirect” inhibitor is a molecule that
does not bind to the target protein, but decreases its biological activity or level in an indirect
manner, e.g., by reducing transcription of the gene encoding the target protein, or binds to the
transcribed mRNA thus preventing translation into the target protein. A “direct” inhibitor is a
compound which binds to the target protein, thus directly inhibiting the activity of the target
protein.

The “activity” of a protein means the ability of a protein to participate in a biochemical
pathway in vivo. For example, the proteins plasmin, plasminogen, uPA, uPAR, and PAI-1 all
participate in the plasminogen activation pathway. For proteins having enzymatic activity, i.e.,
capability to promote the conversion of a substrate into a product, the “activity” means the
enzymatic activity. uPA and plasmin both have enzymatic activity. For example, for tPA and
uPA, “activity” can mean the capability to convert plasminogen to plasmin, whereas for
plasmin, “activity” can mean the capability to degrade a substrate such as fibrin or chromogenic
substrates. For a receptor such as uPAR, “activity” means the capability to bind an agonist
receptor ligand such as uPA. For plasminogen, “activity” means the capability to be converted
into plasmin in the presence of a plasminogen activator such as uPA or tPA. For PAI-1,
“activity” means the capability to inhibit uPA activity.

“Transgenic animal” is any animal, preferably a non-human mammal in which one or
more of the cells of the animal contain heterologous nucleic acid, “transgene”, introduced by
way of human intervention, such as by transgenic techniques well known in the art. The nucleic
acid is introduced into the cell, directly or indirectly by introduction into a precursor of the cell,
by way of deliberate genetic manipulation, such as by microinjection or by infection with a
recombinant virus. The term genetic manipulation does not include classical cross-breeding, or
in vitro fertilization, but rather is directed to the introduction of a recombinant DNA molecule.

This molecule may be integrated within a chromosome, or it may be extra-chromosomally
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replicating DNA. In the typical transgenic animals described herein, the transgene causes cells
to express a recombinant form of the coded protein.

“Mammals” include both humans and non-human mammals. Non-human mammals
include, without limitation, laboratory animals such as mice, rats, rabbits, hamsters, guinea
pigs, etc.; domestic animals such as dogs and cats; and, farm animals such as sheep, goats,
pigs, horses, and cows.

The term “about” or “approximately” means within an acceptable error range for the
particular value as determined by one of ordinary skill in the art, which will depend in part on
how the value is measured or determined, i.e., the limitations of the measurement system. For
example, "about" can mean a range of up to 20%, preferably up to 10%, more preferably up to
5%, and more preferably still up to 1% of a given value. Alternatively, particularly with
respect to biological systems or processes, the term can mean within an order of magnitude,

preferably within 5-fold, and more preferably within 2-fold, of a value.

Abbreviations

Abbreviations used in the present disclosure include the following:

ClIA = Collagen type Il-induced arthritis;
uPA = Urokinase-type plasminogen activator;
uPAR = Urokinase-type plasminogen activator;
PA = Plasminogen activator;

RA = Rheumatoid arthritis;

MMP = Matrix metalloproteinase;

TIMP = Tissue inhibitor of metalloproteinase;
tPA = Tissue-type plasminogen activator;
FACS = Fluorescence-activated cell sorting;
cr o= Collagen type II.

Plg = Plasminogen

PAI-1 = Plasminogen activator inhibitor type-1

Plasminogen Activation System

The plasminogen activation pathway is the pathway leading to the formation of active

plasmin in mammals. The plasminogen-activation pathway includes, but is not limited to, the
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following components: plasminogen, plasmin, tPA, uPA, PAI-1, protease nexin 1 (PN-1) and
o-anti-plasmin.

Briefly, plasminogen is activated by uPA or tPA-catalyzed cleavage between Arg-560
and Val-561, to form plasmin. After the cleavage, plasmin is an active two-chain disulfide
linked molecule. There are two forms of both plasminogen and plasmin. The full-length forms
are called glu-plasminogen or glu-plasmin and the shorter forms are cleaved between residues
Lys-76 and Lys-77. The shorter forms are called lys-plasminogen and lys-plasmin respectively.
PAI-1, PAI-2, and protease-nexin 1 regulate the activity of the two plasminogen activators.

Alpha2-anti-plasmin is a single-chain glycoprotein with a molecular mass of 67 kD that
is a physiological inhibitor of plasmin. This protein is synthesized by the liver and the
concentration in plasma is approximately 70 pg/ml, which is about half to one third of the
concentration of plasminogen in plasma. The inhibition of plasmin by a2AP is very fast, with a
second-order rate constant above 10'M's"'. 02AP is a single-chain glycoprotein composed of
452 amino acid residues, with a molecular mass of approximately 60 kda. The structure of
a2AP has several unique features, which make it a unique molecule. For example, the amino
terminal region contains 4 disulfide bonded systeine residues forming a special secondary
structure, and the carboxy terminal part has an extension of about 50 amino acid residues.
During coagulation, a2AP can be cross-linked by factor XIII to fibrin. This reaction may be
important for prevention of premature lysis of blood clots. Cross-linking occurs between
glutamic acid in the amino terminal part of o2AP and lysine in the o-chain of fibrin. In
circulation, this mechanism is thought to ensure that plasmin activity is restricted to fibrin.

The following table (Table 1) provides exemplary, non-limiting, nucleotide and protein
sequences, identified by GenBank Accession numbers, for various components of this pathway
in humans. Naturally occurring variants or mutants of these human sequences are known in the
art.

TABLE 1

Nucleic acid and amino acid sequences for components
of the plasminogen activation pathway

Component Nucleic Acid Sequence Amino Acid Sequence
Plasminogen X05199 (SEQ ID NO:1) P00747 (SEQ ID NO:2)
uPA X02419 (SEQ ID NO:3) P00749 (SEQ ID NO:4)
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uPAR X51675 (SEQ ID NO:5) Q03405 (SEQ ID NO:6)
tPA X07393 (SEQ ID NO:7) P00750 (SEQ ID NO:8)
PAI-1 X04429 (SEQ ID NO:9) P05121 (SEQ ID NO:10)

In Vitro Screening Methods

Various assays can be designed to screen for inhibitors of uPA, uPAR, Plg, plasmin
and/or PAI-1. Although in vitro methods are preferred for any initial screening of large number
of potential drug candidates or agents, the in vivo methods described below may also be used

for screening.

Screening for Indirect Inhibitors

The inhibitors may be both direct and indirect inhibitors. Preferred, although non-
limiting, examples of indirect inhibitors include anti-sense nucleic acids complementary to
genomic DNA or mRNA encoding uPA, uPAR, plasminogen or PAI-1, thus preventing
translation of the coding nucleic acid sequences into the target protein. Methods to design and
screen for antisense nucleic acids are well-known in the art. Thus, anti-sense sequences may be
used to modulate the activity of the drug target or to achieve regulation of gene function. Sense
or anti-sense oligomers, or larger fragments, can be designed from various locations along the
coding or regulatory regions of sequences encoding a drug target of the invention.

Alternative indirect inhibitors include compounds that reduce transcription of the genes
encoding the target protein. Gene expression may be down-regulated by treating the patient
with drugs, hormones, cytokines, etc. Both the uPA and PAI-1 genes are regulated by many

different agents known in the art.

Screening for Direct Inhibitors

Inhibition of the target proteins uPA, uPAR, Plg, and PAI-1, can be determined by
evaluating the inhibitory effect of a drug candidate or test agent on the biological activity of the
selected target protein (“drug target”) in comparison to a control or reference. The control or
reference may be a predetermined reference value, or may be evaluated experimentally. For

example, the control or reference value can be a measure of the biological activity of the target
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protein in the absence of the test agent, or the biological activity of a reference protein in the
presence of test agent, or any other suitable control or reference.

Drugs or agents that inhibit the activity of a target protein can be identified based on
their ability to associate with the drug target protein. Association with a drug target can be
tested by reacting a drug target protein or fragment with a test substance which has the potential
to associate with the drug target under appropriate conditions, and removing and/or detecting
the associated drug target/test substance complex. Binding may be detected by indirect or direct
functional measures such as alteration of migration pattern in protein gel electrophoresis,
immunoprecipitation, or the Biomolecular Interaction Assay (BIAcore; Pharmacia). A drug
candidate that associates with a drug target protein of the invention is preferably an antagonist
or inhibitor of the biological activity of a drug target, as shown by an activity assay.

Activity assays are generally designed to measure the activity of a target protein in the
presence or absence of a test agent. Many different activity assays may be designed based on
various art-recognized methods for studying the activity of plasmin, plasminogen, uPA, uPAR,
and PAI-1. For example, as described in Examples 5 and 6, inhibitors of uPA or plasmin
activity can be identified by measuring the ability of uPA or plasmin to promote the conversion
of a substrate into a chromogenic, fluorogenic, or otherwise detectable product, over a suitable
period of time. Optionally, in cases where the substrate is detectable by absorbance,
fluorescence, or by coloring, the amount of intact substrate remaining can be measured after
incubation with uPA or plasmin for suitable time period.

Inhibitors of plasminogen activation activity, i.e., the ability of plasminogen to be
converted into plasmin, can be studied in an assay in which plasminogen is mixed with a
plasminogen activator such as tPA or uPA, and formation of plasmin indicated by use of a
chromogenic assay (see Example 6). uPAR activity can be studied by measuring the ability of
uPAR to bind uPA, using any of the binding evaluation methods described above, the assay
outlined in Example 7, or any other suitable method of measuring uPA binding to uPAR that is
known in the art. PAI-1 activity can advantageously be evaluated in an assay similar to the
assay described for uPA above, but including PAI-1 in the assay system (Example 8). Thus, in
the absence of a PAI-1 inhibitor, PAI-1 inhibits uPA conversion of a substrate into a detectable
product. Conversely, in the presence of a PAI-1 inhibitor, PAI-1 is no longer capable of
inhibiting uPA function, and detectable product is thereby formed.
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An exemplary method of identifying an agent that is useful in preventing or treating
arthritis, particularly a method that detects inhibition of plasmin, comprises (i) providing a pool
of test agents; (ii) mixing a test agent from the pool with plasmin and H-D-Valyl-L-leucyl-L-
lysine-p-nitroaniline dihydrochloride, under conditions suitable for forming p-nitroaniline
dihydrochloride from the H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline dihydrochloride; (iii)
incubating the mixture for a predetermined time period; (iv) measuring a test absorbance of the
mixture at 405 nm; (v) comparing the test absorbance with a control absorbance; and (vi)
selecting any test agent for which the test absorbance is lower than the control absorbance as an
agent that is useful in treating or preventing arthritis. The predetermined time period can be 4
hours, and the mixture is incubated at about 37°C. Optionally, the control absorbance is the
absorbance of a mixture of plasmin and H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline
dihydrochloride.

Another exemplary assay, particularly for screening for an agent that inhibits the
activation or activity of plasminogen, comprises (i) providing a pool of test agents; (ii) mixing a
test agent from the pool with plasminogen, an excess amount of urokinase-type plasminogen
activator, and H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline dihydrochloride, under conditions
suitable for forming p-nitroaniline dihydrochloride from the H-D-Valyl-L-leucyl-L-lysine-p-
nitroaniline dihydrochloride; (iii) incubating the mixture for a predetermined time period; (iv)
measuring a test absorbance of the mixture at 405 nm; (v) comparing the test absorbance with a
control absorbance; and (vi) selecting any test agent for which the test absorbance is lower than
the control absorbance as an agent useful in treating or preventing arthritis. Optionally, the
predetermined time period is about 4 hours, and the mixture is incubated at about 37°C. The
control absorbance can be the absorbance of a mixture of plasminogen, an excess amount of
urokinase-type  plasminogen activator, and H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline
dihydrochloride.

A third exemplary assay, for identifying an agent that is useful in preventing or treating
arthritis, which comprises: (i) providing a pool of test agents; (i) mixing a test agent from the
pool with urokinase-type plasminogen activator and L-pyroglutamyl-glycyl-L-arginine-p-
nitroaniline hydrochloride, under conditions suitable for forming p-nitroaniline dihydrochloride
from the L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline hydrochloride; (iii) incubating the
mixture for a predetermined time period; (iv) measuring a test absorbance of the mixture at 405

nm; (v) comparing the test absorbance with a control absorbance; and (vi) selecting any test
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agent for which the test absorbance is lower than the control absorbance as an agent useful in
treating or preventing arthritis. Optionally, the predetermined time period is about 0.5 hours,
and the mixture is incubated at about 37°C. Also, the control absorbance can be the absorbance
of urokinase-type plasminogen activator and L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline
hydrochloride.

Another exemplary assay, particularly for identifying an inhibitor of uPAR that is useful
in preventing or treating arthritis, comprises (i) contacting a test agent with human urokinase-
type plasminogen activator and an murine cell expressing a human urokinase-type plasminogen
activator receptor, under conditions suitable for association of the human urokinase-type
plasminogen activator to the receptor; (i) contacting the murine cell with a casein plaque; and
(iii) selecting any test agent for which the casein plaque is not degraded by the contacting in step
(ii) as an agent useful in treating or preventing arthritis. Optionally, the method comprises
selecting the test agent from a plurality of test agents.

Yet another exemplary screening method, particularly for identifying a PAI-1 inhibitor
that is useful in preventing or treating arthritis, comprises (i) providing a pool of test agents; (ii)
mixing a test agent with plasminogen-activator inhibitor type 1, urokinase-type plasminogen
activator and L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline hydrochloride, under conditions
suitable for forming p-nitroaniline dihydrochloride from the L-pyroglutamyl-glycyl-L-arginine-p-
nitroaniline hydrochloride; (iii) incubating the mixture for a predetermined time period; @iv)
measuring a test absorbance of the mixture at 405 nm; (v) comparing the test absorbance with a
control absorbance; and (vi) selecting an agent useful in treating or preventing arthritis any test
agent for which the test absorbance is higher than the control absorbance. Optionally, the
predetermined time period is about 0.5 hours, and the mixture is incubated at about 23°C, and
the control absorbance can be the absorbance of plasminogen-activator inhibitor type 1,
urokinase-type plasminogen activator and L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline
hydrochloride, incubated for 0.5 hours at 23°C.

Many different variations of the methods described above and in the Examples, using
different time periods, chromogenic substrates or products, or detection methods, will be

apparent to those skilled in the art.
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High-Throughput Screening

The in vitro assay systems described here may be used in a high-throughput primary
screen for compounds. For example, drug candidates according to the invention may
advantageously be identified by screeming in high-throughput assays, including without
limitation cell-based or cell-free assays. It will be appreciated by those skilled in the art that
different types of assays can be used to detect different types of drugs or agents. Several
methods of automated assays have been developed in recent years so as to permit screening of
tens of thousands of compounds in a short period of time (see, e.g., U.S. Patent Nos.
6,303,322, 5,585,277, 5,679,582, and 6,020,141). Such high-throughput screening methods
are particularly preferred. Identifying agents is greatly facilitated by use of high-throughput
screening assays to test for agents together with large amounts of drug candidates, provided as

described herein.

In Vivo Screening Methods

In one embodiment of the invention, drugs that inhibit the activity or formation of uPA,
uPAR, Plg, plasmin and/or PAl-lare identified, tested, or optimized for preventing formation
of arthritis in normal collagen type-1I induced arthritis (CIA) -sensitive wild-type or transgenic
mice. The CIA or transgenic animal assay system are utilized to test for agents or drugs that
reduce or inhibit arthritis by inhibiting or reducing the expression 6r activity of drug target
proteins such as plasmin, plasminogen, uPA, uPAR, and PAI-1.

CIA is today the most commonly used model for RA (Trentham et al., J. Exp. Med.
1977;146:857-868; Holmdahl et al., Lab Invest.; 58, 53-60, 1988) and is widely accepted in the
field. For example, the DBA/1 mouse strain is genetically susceptible to RA, which can be
induced by homologous and heterologous type II collagen or antibodies to type II collagen (See
Example 1). The resulting condition is an erosive inflammatory disease affecting peripheral
joints, and tissue distribution and histopathology of the destruction process mimics that of RA.
The susceptibility of this model is associated with MHC class II genes. Accordingly, transgenic
animals based on the CIA model can be prepared for evaluating potential drugs affecting the
onset or progression of RA. Such animals provide excellent models for screening or testing
drug candidates. In CIA animal models, the severity of the CIA can be tracked using a scoring
system which defines one inflamed toe or knuckle as 1 point and one inflamed wrist or ankle as

5 points, resulting in a score of 0-15 points for each paw and 0-60 points per mouse. Deformed
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or swollen without redness are generally not included in this system. The severity of arthritis
can be evaluated at a suitable time point, usually after at least 1, preferably at least 10, and most
preferably at least 20 days, after the injection of a boosting agent that enhances the antibody
response to CII. The boosting agent can be administered a few days, e.g., about 2 days or 5
days, after administration of CII or anti-CII antibodies, respectively.

The in vivo models of the invention can advantageously be used for testing the efficacy
of a drug identified as a candidate drug in an in vitro screen, optimizing dosages and
administration schedulés of the drug candidate to inhibit the development or progression of
CIA-induced arthritis. The screening method of the invention also encompasses determining
whether a test drug shows an inhibitory effect with regard to the binding of uPA to its cellular
receptor, the urokinase receptor (UPAR), an antagonist effect being indicative of a drug useful

for preventing or treating degradation of extracellular matrix.

Wild-Type CIA Model

When using wild-type CIA mice, the mice may be treated with a selected test drug, or a
drug candidate identified in a previous screen, and the incidence or severity of arthritis upon
injection of collagen may be monitored and compared with control animals. If the mice develop
arthritis, the tested compound interferes with or targets some component that is important for
the development of arthritis. Alternatively, the drug may be administered after the induction of
arthritis, to study whether the drug can reduce the symptoms associated with CIA. An example

of such an assay is provided in Example 9.

Transgenic Animal Model

Transgenic animals for use in the present invention can be prepared by any method,
including, but not limited to, modification of embryonic stem (ES) cells and heteronuclear
injection into blast cells, and such methods are known in the art (see, e.g., Coffman, Semin.
Nephrol. 17:404, 1997; Esther et al., Lab. Invest. 74:953, 1996; Heddle, Environ Mol
Mutagen 32:110-4, 1998; Werner et al., Arzneimittelforschung 48:870-80, 1998; U.S. Patent
Nos. 4,736,866 (Leder and Steward); 4,870,009 (Evans et al.); 5,718,883 (Harlan and June);
5,614,396 (Bradley et al.); and 5,650,503 (Archibald et al.). Preferably, the transgenic animal
model is based on collagen induced arthritis (CIA)-sensitive mice, and collagen is administered

before, in conjunction with, or after the administration of the test drug.
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A "knockout mammal"” is a mammal (e.g., mouse) that contains within its genome a
specific gene that has been inactivated by the method of gene targeting (see, e.g., U.S. Patent
No’s. 5,777,195 and 5,616,491). A knockout mammal may be either a heterozygote knockout
(i.e., one defective allele and one wild-type allele) or a homozygous mutant. Plasminogen,
PAI-1, and uPA-deficient (“knock-out”) mice can be prepared according to Ploplis et al
(Circulation 1995, 92:2585-2593), Carmeliet et al. (J Clin Invest. 1993, 92:2746-60), and
Carmeliet et al. (Nature 1994, 368:419-424), respectively. In the method of the invention, a
“knock-out” animal is preferably given a heterologous, preferably human, counterpart is instead
by administering the target protein systemically. For example, human plasminogen could be
administered locally or systemically in a plg-/- animal before, during, or after administration of
a drug candidate. After administration of a test drug and CII, the severity and/or RA-incidence
be determined. Optionally, the activity of uPA, uPAR, plasminogen, plasmin, and/or PAI-1
can be measured.

A “knock-in” mammal is a mammal in which an endogenous gene is substituted with a
heterologous gene (Roamer et al., New Biol. 1991;3:331). Preferably, the heterologous gene is
“knocked-in” to a locus of interest, either the subject of evaluation (in which case the gene may
be a reporter gene; see Elegant et al., Proc. Natl. Acad. Sci. USA; 95:11897, 1998) of
expression or function of a homologous gene, thereby linking the heterologous gene expression
to transcription from the appropriate promoter. This can be achieved by homologous
recombination, transposon (Westphal and Leder, Curr Biol 1997;7:530), using mutant
recombination sites (Araki et al., Nucleic Acids Res, 25:868; 1997) or PCR (Zhang and
Henderson, Biotechniques 1998;25:784).

For example, transgenic “knock-in” animals can be created in which (i) a human uPA,
uPAR, plasminogen, and/or PAI-1 gene is stably inserted into the genome of the transgenic
animal; and/or (ii) the endogenous corresponding genes are inactivated and replaced with their
human counterparts (see, e.g., Coffman, 1997; Esther et al., 1996; and Murakami et al., 1996).
Preferably, the animals are susceptible or inducible to develop arthritis or another ECM
destructive disease, such as, for example, CIA mice (see, e.g., Wang et al., J Immunol
2000;164:4340-4347). Such animals can then be treated with candidate compounds and
monitored for RA development or level/activity of selected proteins or enzymes, for example by
(a) administering the agent to a wild-type or transgenic non-human animal of the invention; (b)

inducing arthritis, and (c) determining whether said agent reduces or inhibits the arthritis
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pathology in the wild-type or transgenic non-human animal relative to a wild-type or transgenic
non-human animal of step (a) to which the agent has not been administered. Advantageously,
this type of model can be used for testing efficacy and suitable dosages of anti-sense nucleotides
directed against the gene or mRNA encoding the human target protein.

The agents identified as reducing the onset or progression of arthritis in these models can
be used to treat the disorders and conditions discussed herein. The agents may also be

incorporated in a pharmaceutical composition as described herein.

Drug Candidates

Any type of compound or compound library can be screened for efficacy in inhibiting
uPA, uPAR, PAI-1, and/or plasminogen formation or activity according to the invention, to
identify drugs that are useful in preventing or treating arthritis or other tissue-degenerative
diseases.

For example, the present invention contemplates methods for screening for small
molecules and mimics, as well as methods for screening for natural products that inhibit uPA,
uPAR, PAI-1, plasmin and/or plasminogen formation or activation. Natural products libraries
can be screened using assays of the invention for molecules that inhibit the drug targets
identified herein.

Another approach uses recombinant bacteriophage to produce large libraries. Using the
"phage method" (Scott and Smith, Science 1990, 249:386-390; Cwirla, et al., Proc. Natl.
Acad. Sci. USA 1990, 87:6378-6382; Devlin et al., Science 1990, 49:404-406), very large
libraries can be constructed (106-108 chemical entities). A second approach uses primarily
chemical methods, of which the Geysen method (Geysen et al., Molecular Immunology 1986,
23:709-715; Geysen et al. J. Immunologic Methods 1987, 102:259-274; and the method of
Fodor et al. (Science 1991, 251:767-773) are examples. Furka et al. (14th International
Congress of Biochemistry 1988, Volume #5, Abstract FR:013; Furka, Int. J. Peptide Protein
Res. 1991, 37:487-493), Houghton (U.S. Patent No. 4,631,211) and Rutter ef al. (U.S. Patent
No. 5,010,175) describe methods to produce a mixture of peptides that can be tested as NF-xB
modulators.

In another aspect, synthetic libraries (Needels et al., Proc. Natl. Acad. Sci. USA 1993,
90:10700-4; Ohlmeyer et al., Proc. Natl. Acad. Sci. USA 1993, 90:10922-10926; Lam et al.,
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PCT Publication No. WO 92/00252; Kocis et al., PCT Publication No. WO 9428028) and the
like can be used to screen for compounds according to the present invention.

Test compounds are screened from large libraries of synthetic or natural compounds.
Numerous means are currently used for random and directed synthesis of saccharide, peptide,
and nucleic acid based compounds. Synthetic compound libraries are commercially available
from Maybridge Chemical Co. (Trevillet, Cornwall, UK), Comgenex (Princeton, NJ), Brandon
Associates (Merrimack, NH), and Microsource (New Milford, CT). A rare chemical library is
available from Aldrich (Milwaukee, WI). Alternatively, libraries of natural compounds in the
form of bacterial, fungal, plant and animal extracts are available from e.g. Pan Laboratories
(Bothell, WA) or MycoSearch (NC), or are readily producible. Additionally, natural and
synthetically produced libraries and compounds are readily modified through conventional
chemical, physical, and biochemical means (Blondelle et al., TIBTech 1996, 14:60).

Classes of compounds that may be identified by such screening assays include, but are
not limited to, small molecules (e.g., organic or inorganic molecules which are less than about
2kd in molecular weight, are more preferably less than about 1 kD in molecular weight, and/or
are able to cross the blood-brain barrier or gain entry into an appropriate cell, as well as
macromolecules (e.g., molecules greater than about 2kD in molecular weight). Compounds
identified by these screening assays may also include peptides and polypeptides. For example,
soluble peptides, fusion peptides members of combinatorial libraries (such as ones described by
Lam et al., Nature 1991, 354:82-84; and by Houghten er al., Nature 1991, 354-84-86);
members of libraries derived by combinatorial chemistry, such as molecular libraries of D-
and/or L-configuration amino acids; phosphopeptides, such as members of random or partially
degenerate, directed phosphopeptide libraries (see, e.g., Songyang et al., Cell 1993, 72:767-
778); antibodies, including but not limited to polyclonal, monoclonal, humanized, anti-idiotypic,
chimeric, or single chain antibodies; antibody fragments, including but not limited to FAD,
F(ab’):, FAb expression library fragments and epitope-binding fragments thereof.

The compounds used in such screening assays are also preferably essential pure and free
of contaminants that may, themselves, alter or influence gene expression. Compound purity
may be assessed by any number of means that are routine in the art, such as LC-MS and NMR
spectroscopy. Libraries of test compounds are also preferably biased by using computational
selection methods that are routine in the art. Tools for such computational selection, such as

Pipeline Pilot™ (Scitegic Inc., San Diego, California) are commercially available. The
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compounds may be assessed using rules such as the “Lipinski criteria” (see, Lipinski et al.,
Adv. Drug Deliv. Rev. 2001, 46:3-26) and/or an other criteria or metrics commonly used in the

arts.

Antibodies

Antibodies, or agents comprising the antigen-binding portion of such an antibody,
directed against uPA, uPAR, plasmin, plasminogen, or PAI-1 are among the inhibitors useful
for the treatment of RA and other diseases and conditions characterized by degeneration of
extracellular matrix components.

The drug target proteins or derivatives or analogs thereof, including fusion proteins,
may be used as immunogens to generate antibodies that recognize the native protein. Such
antibodies include, but are not limited to, polyclonal, monoclonal, humanized monoclonal,
chimeric, single chain, Fab fragments, and a Fab expression library, prepared according to
known and well-established methods. Such an antibody is preferably specific for (i.e.,
specifically binds to) and inhibits human or murine uPA, uPAR, plasmin, plasminogen, or PAI-
1. Various antibodies directed to these proteins are commercially available, e.g., from
American Diagnostica Inc. (Greenwich, CT), and Biopool (Umed, Sweden).

To prepare polyclonal antibodies, purified human glu-plasminogen can be bought from
Biopool, or purified from human plasma using gel filtration chromatography, administered to
rabbits, and the resulting IgG purified by chromatography on protein-A---Sepharose (Pharmacia
Biotech, Sweden). To enhance the immunogenic response, the protein or derivative thereof can
be conjugated to an immunogenic carrier, e.g., bovine serum albumin (BSA) or keyhole limpet
hemocyanin (KLH), administered together with an adjuvant such as Freund's (complete and
incomplete).

For preparation of monoclonal antibodies directed toward a protein in the plasminogen-
activation pathway, or a fragment, analog, or derivative thereof, the hybridoma technique
originally developed by Kohler and Milstein (Nature 1975, 256:495-497), as well as the trioma
technique, the human B-cell hybridoma technique (Kozbor et al., Immunology Today
1983:4:72; Cote et al., Proc Natl Acad Sci U.S.A.; 80:2026-2030, 1983), and the EBV-
hybridoma technique to produce human monoclonal antibodies (Cole et al., In: Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, Inc., 77-96; 1985) can be used. Monoclonal

antibodies can also be produced in germ-free animals (WO 89/12690), or as "chimeric" or
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“humanized” antibodies (Morrison et al., J. Bacteriol. 1984;159:870; Neuberger et al., Nature
1984;312:604-608; and Takeda et al., Nature 1985;314:452-454). Such human or humanized
chimeric antibodies are preferred for use in therapy of human diseases or disorders (described
infra), since the human or humanized antibodies are much less likely than xenogenic antibodies
to induce an immune response, in particular an allergic response.

In a preferred embodiment, antibodies that antagonize the activity of uPA, plasmin,
plasminogen, and/or PAI-1 are generated. For example, intracellular single chain Fv antibodies
can be used to regulate inhibit activity or the selected protein (Marasco et al., Proc. Natl. Acad.
Sci. U.S.A. 1993;90:7889-7893; Chen, Mol. Med. Today; 3:160-167; 1997; Spitz et al.,
Anticancer Res. 1996;16:3415-22; Indolfi et al., Nat. Med. 1996;2:634-635; and Kijma et al.,
Pharmacol. Ther. 1995;68:247-2675). Such antibodies can be tested using the assays for

identifying and evaluating drug candidates.

Compositions and Formulations

The substances or compounds identified by the methods described herein, including
small synthetic compounds, naturally occurring compounds, polypeptides, nucleic acid
molecules, and antibodies of the invention, may be used for modulating the biological activity of
a drug target, and they may be used in the treatment of arthritis.

Accordingly, the substances (inhibitors, antibodies, drugs, and compounds) may be
formulated into pharmaceutical compositions for administration to subjects of a therapeutic
amount in a biologically compatible form suitable for administration in vivo.  The active
substance may be administered in a convenient manner such as by injection (subcutaneous,
intravenous, etc.), oral administration, inhalation, transdermal application, or rectal
administration. Depending on the route of administration, the active substance may be coated in
a material to protect the compound from the action of enzymes, acids and other natural
conditions that may inactivate the compound.

The compositions described herein can be prepared by methods known per se for the
preparation of pharmaceutically acceptable compositions which can be administered to subjects
(for example, see Remington’s Pharmaceutical Sciences (Mack Publishing Company, Easton,
Pa., USA 1985)). After pharmaceutical compositions have been prepared, they can be placed
in an appropriate container- and labeled for treatment of an indicated condition. For

administration of an inhibitor of a polypeptide of the invention, such labeling would include
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amount, frequency, and method of administration. The active agent may be in a solid (e.g.,
capsule, tablet, powder) or liquid (e.g., solution, suspension, emulsion) dosage form and may
be administered with pharmaceutical acceptable excipients and fillers, well known to those
skilled in the art. |

The term "effective amount” of an active agent refers to a nontoxic but sufficient amount
of a compound to provide the desired local effect and performance at a reasonable benefit/risk
ratio attending any medical treatment. The effective amount of a compound can be estimated
initially either in cell culture assays or in animal models, usually mice, rabbits, dogs, or pigs.
The animal model is also used to achieve a desirable concentration range and route of
administration. Such information can then be used to determine useful doses and routes for
administration in humans. The efficacy and toxicity of a compound can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., EDso (the
dose leading to the desired effect in 50% of the population) and LDso (the dose lethal to 50% of
the population). A pharmaceutically useful dosage lies preferably within a range that includes
the EDso with little or no toxicity. The dosage varies depending upon the disease or condition to
be treated or prevented, dosage form employed, sensitivity of the patient, and the route of
administration. The exact dosage is chosen by the individual physician in view of the patient to

be treated.

Treatment of Arthritis

The present invention also relates to methods for treating various conditions
characterized by destruction of extracellular matrix structures, particularly bone and cartilage,
more particularly joints. The invention thus provides methods to interfere with the development
of conditions such as arthritis in humans by inhibiting the activity or formation of uPA, uPAR,
PAI-1 or plasminogen/plasmin. The inhibitor may be a direct or indirect inhibitor prepared and
identified according to the methods described infra.

The proteins uPA and plasmin are proteases that can be inhibited by protease inhibitors.
For example, the protease inhibitor Trasylol (aprotinin), a natural proteinase inhibitor that can
be obtained from bovine lung, is known to efficiently inhibit plasmin, and may therefore be
administered to mammals (including humans) for the treatment or prevention of RA or other
arthritic conditions. Trasylol has a molecular weight of 6512 D, and comprises 58 amino acid

residues. In addition, as described above, o2-antiplasmin («2AP), first isolated from human
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plasma, is an important inhibitor of plasmin in the circulatory system. This protein can be
isolated from human plasma, and purified preparations of «2AP is commercially available (e.g.,
Biopool, Umed, Sweden).

In an alternative embodiment, the composition comprises other synthetic molecules or
small molecules as such as amiloride, 1-anilinonaphthalene-8-sulfonic acid, or analogs or
derivatives of these compounds that can safely be administered to patients. Amiloride is an
inhibitor of uPA. The activity inhibitor can also be an antibody, directed against either one of
the target proteins, which inhibits or reduces the activity of the component upon binding.
Furthermore, any one of the uPA, plasminogen, uPAR, and PAI-1 proteins can be inhibited by
preventing their expression, translation, or post-translational processing using indirect
inhibitors.

Thus, various biologically active compounds that act as inhibitors of plasmin, uPA,
uPAR, PAI-1 or plasminogen formation or activation, and which may be used to treat RA in
mammals including humans are: uPA inhibitors, including monoclonal or humanized
monoclonal antibodies against uPA, and amiloride; plasmin or plasminogen inhibitors including
Trasylol and monoclonal or humanized monoclonal antibodies against plasmin and/or
plasminogen; and PAI-1 inhibitors including monoclonal or humanized monoclonal antibodies
against PAI-1 and 1-anilinonaphtalene-8-sulfonic acid. For treatment or prevention of arthritis,
preferred inhibitors include Trasylol, low molecular weight inhibitors to uPA and plasmin, and
humanized antibodies or synthesized peptides directed against against uPA, plasmin, PAI-1 or
UPAR. These inhibitors can be administered to mammals (including humans afflicted with or at
risk for arthritis, particularly RA, in order to treat this disease.

In a preferred embodiment for monoclonal antibodies or humanized antibodies that
inhibit the drug targets of the invention, between 0.5 and 10 mg, preferably between 1 and 3
mg, per kilo of body weight per 2-12 weeks, preferably about 8 weeks interval of day of is
administered intravenously to a patient afflicted with arthritis, particularly rheumatoid arthritis.
Alternatively, a lower dose of antibody could be administered intraarticularly in a sustained
release form.

In another embodiment, Trasylol is used to treat or prevent arthritis. Trasylol is
commercially available from Bayer (Germany) at a concentration of 1.4 mg/ml or 10,000
KIU/ml in 0,9% NaCl. This solution can be administered locally, for example by

intraarticularly injection in the arthritic joints, at a dosage of 1-50 ml/hour, preferably 2-10
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ml/hour for a suitable period of time, e.g., for 15 minutes to 2 hours, preferably 30 minutes,
per day. The treatment can continue for 2-3 weeks and the treatment effect thereafter evaluated
by routine clinical examination. All patients should receive a test dose (1 ml/10 minutes)
intravenously before the treatment is started.

In yet another embodiment, a2AP is used for preventing or treating arthritis.
Preferably, a sterile solution of the protein is injected intraarticularly into the arthritic joint to
locally bind plasmin. The dosage can be from 0.1 mg/ml to 4 mg/ml per joint, daily for 1 to 8
weeks, preferably about 3 weeks, and more preferably from about 0.2 mg/ml to 2 mg/ml per
joint daily for 3 weeks. After this period, alleviation of arthritis can be evaluated, and
additional «2AP administered, if necessary.

Drugs such as humanized monoclonal antibodies against inflammatory cytokines which
down-regulate the expression of uPA, uPAR, plasminogen and/or PAI-1 can administered to
patients afflicted with arthritis, particularly RA, by administering between about 0.5 and 10 mg,
preferably between 1 and 3 mg, per kilo of body weight per 2-12 weeks, preferably about 8
weeks interval of day of humanized antibody is administered intravenously to a patient afflicted
with arthritis, particularly rheumatoid arthritis. Alternatively, a lower dose of antibody could

be administered intraarterially in a sustained release form.

EXAMPLES

The invention is illustrated in the following examples, which are provided by way of

illustration and are not intended to be limiting.

EXAMPLE 1 CIA susceptible mice lacking gene for uPA or plasminogen

In order to study the functional role of uPA in CIA, the uPA deficiency was crossed into
the arthritis susceptible mouse strain (DBA/1) that develops arthritis following injections with
collagen type II. The data from the study shows that wild-type mice have a higher incidence of
CIA and develop more severe arthritis than the uPA deficient mice. These results are in
contrast to those presented by Busso et al. (J. Clin. Invest; 1998, 102:41-50) who showed that
arthritis Was exacerbated in mice lacking uPA.

Thé data obtained suggests that activation of plasminogen by uPA may play a pivotal
role in the development of CIA in mice. Therefore, similar studies were carried out in arthritis
susceptible plasminogen deficient mice and matched wild-type controls. The results revealed
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that none of more than 50 plasminogen deficient mice developed arthritis within a 2 month
period while more than 75% of the wild-type mice developed the disease (see FIG. 2). FACS
analysis revealed that the deficient mice had the MHC-II Aq surface molecule, which
determines the susceptibility to CIA. The anti-CII antibody levels in collagen type-II
immunized wild type and plasminogen deficient mice were also similar, indicating that both
genotypes had a similar immune response.

Finally, the wild-type plasminogen phenotype was reconstituted in plasminogen deficient
DBA/1 mice by intravenous injection of 1 mg of human plasminogen every 24 hours. Arthritis

was induced by injection of two monoclonal antibodies against collagen type II.

Methods

Animals.  Plg-deficient mice, backcrossed 6 times to C57BL/6 background, were
crossed two times to DBA1/J background containing the H-2q MHC class II alleles which
mediate their susceptibility to CIA. Through subsequent intercrossing of mice that were
heterozygous for the Plg-deficiency, we obtained wildtype (plg +/+), heterozygous (plg )
and homozygous (plg”) mice that were subsequently used in the experiments. uPA deficient
mice backcrossed 6 times to C57B1/6 background were crossed once to DBA1/J background.
The heterozygous litters were used in breedings. The wildtype (uPA *'*), heterozygous (uPA*")
and homozygous (UPA™) offspring from these breedings were used in CIA experiments.. Only
male siblings were used in the experiments. All of the mice used were genotyped for the H-2q
MHC class II alleles, which mediates the susceptibility to CIA.

Genotyping of the animals. Genomic DNA was isolated from mouse tail tips and
genotyped by PCR. The sequences of the primer pairs used in the PCR reaction were as

follows:

uPA: 5’ ATC GAA GGC CGC CCA ACT CTG AGT GGG ATT G 3* SEQ ID NO:11
5’ TCC CAA CAG CAG ATC TCA TGA ATGACCC?3 SEQ ID NO:12

neo: 5’ ATG ATT GAA CAA GAT GGA TTG CACG 3’ SEQ ID NO:13
5’ TTC GTC CAG ATC ATC CTG ATC GAC 3’ SEQ ID NO:14
plg: 5’ TCA BCA GGG CAA TGT CAC GG 3’ SEQ ID NO:15
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5’ CTC TCT GTC TGC CTT CCA TGG 3’ SEQ ID NO:16
H-2q: 5’ CCG CAG GGA GGT GTG GGT ¥’ SEQ ID NO:17
5’ ATT TCG TGG CCC AGT TGA ¥’ SEQ ID NO:18

Induction of collagen-II induced arthritis. Collagen-induced arthritis (CIA) was induced
in mice with Rat collagen II, which was prepared from the Swarm chondrosarcoma after pepsin
digestion (Andersson and Holmdahl, Eur. J. Immunol.;20:1061-1066, 1990). Collagen II was
dissolved at a concentration of 2 mg/ml in 0,1 M acetic acid and stored at 4 degrees. Arthritis
was induced by intrademal injection at the basis of the tail with 100ml of 100mg rat collagen II
emulsified with an equal volume of complete Freund’s adjuvant (CFA, with Mpycobacterium

| butyricum; Difco, Detroit, MI). 21 days later, mice were boost injected again with 50 ul of 50
mg rate collagen II emulsified with an equal volume of incomplete Freund’s adjuvant (IFA,
Difco). Experimental protocols were approved by the Regional Ethical Committee of Umed
University.

Induction of arthritis using monoclonal antibodies directed against collagen type II. A
battery of monoclonal antibodies against collagen type II were produced by standard
procedures. Induction of arthritis was performed by intravenous injection of a cocktail of two
antibodies denoted C1 and M2139 at day 0. Five days later (day 5), lipopolysacchride was
injected intraperitoneally to enhance the immune response. The development of arthritis was
evaluated with a previously described clinical grading system.

Clinical grading evaluation of arthritis. The development of arthritis was tracked using
a scoring system which defines one inflamed toe or knuckle as 1 point and one inflamed wrist or
ankle as 5 points, resulting in a score of 0-15 points for each paw and 0-60 points per mouse.
Deformed or swollen without redness is not included in this system.

Morphological staining of arthritis. At the end of the experiment, the mice were
sacrificed after which wrist and paw joints were dissected and fixed in 4% phosphate buffered
paraformaldehyde solution at 4°C for 24 hours. The samples were then decalcified in 10%
EDTA for 3 weeks before being embedded in paraffin. 8 mm sections were stained either with
hematoxylin and erythrosin or fast green and Safranin O.

Quantification of anti-collagen II specific antibody levels in serum. Mice were tail-bled

and the individual serum samples were collected and stored at -80 °C until assayed. 96-well
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ELISA plates (Costar, Cambridge, MA) were coated overnight at 4 ° with 50 ml/well of PBS

containing 10 mg/ml of native rat collagen II for the quantification of anti-collagen II auto-
antibodies in sera. All tests were carried out in duplicate. Washings were performed using
Tris-buffered saline (pH 7.4) containing 0.1% Tween 20. The amount of bound antibody was
estimated after incubation with either a sheep anti-mouse IgG mAb or a goat anti-mouse IgM
mADb, both coupled to alkaline phosphatase (Jackson ImmunoResearch, West Grove, PA). The
subsequent quantification of bound enzyme was performed with paranitrophenol as a
chromogenic substrate and the absorbance was determined in a Titertek multiscan
spectrophotometer. - The amount of Cll-specific antibodies in sera, from immunized mice was
determined by comparing the titration curve of the test serum with the titration curve of a
standard consisting of affinity-purified collagen II reactive antibodies.

Immuno-histochemistry andlysis of the joints. Front paws were demineralized in 10%
EDTA without any previous fixation, and subsequently snap-frozen in isopentane, prechilled
with liquid nitrogen and kept at -70 °C until cryosectioned. 6 to 8 mm sections were cut
frontally. All sections were fixed in cold acetone for 5 minutes, washed in PBS (PH 7,4), and
depleted for endogenous peroxidase by treatment with 0.3% H:0: for 10 minutes. After
additional washes in PBS (pH 7.4), the sections were incubated with rat monoclonal antibody
diluted with PBS (pH 7.4) and containing 4% bovine serum albumin. Biotin-labeled rabbit anti-
rat immunoglobulins were used as secondary antibodies. Binding of biotin-labeled antibodies
was detected with a rat ABC staining system (Santa Cruz, CA). All sections were counter-
stained with Mayer’s hematoxylin.

Flow cytometry analysis. For staining of fresh peripheral blood leukocytes, ammonium
chloride (0.84%, pH 7.4) was added to the blood, for 3 min, in order to lyse the red blood
cells. Cells were then washed and re-suspended in PBS supplemented with 0.5% BSA. Cells
were stained with 20u] of staining buffer containing 0.5 ug of antibody against H-2q surface
molecule. Samples were washed in staining buffer, fixed in buffered 1% paraformaldehyde and
stored in the dark at 4°C until analyzed.

Induction of arthritis in plasminogen deficient mice by restoration of plasminogen. 100
pl of human plasminogen, at a concentration of 10 mg/ml, was injected intravenously into the
plasminogen deficient mice every 24 hours in order to restore the serum plasminogen level. 12
hours after the first injection of plasminogen, three groups of mice, plg-wildtype, plg-

heterozygous, plg-deficient were again injected with plasminogen before arthritis was induced
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using the Collagen II monoclonal antibody cocktails as described above. The development of
arthritis was followed by the clinical scoring system.

Statistical analyses. The incidence of arthritis was analyzed by proportionate group
frequencies. The Mann Whitney U-test was used for analysis of arthritic scores and the onset.
Antibody levels were analyzed by the two-tailed unpaired t-test with P<0,05 considered as
significant. The results of this test can establish that the presence of PA increases the risk that a

mammal (including humans) will develop arthritis.

Results

Macroscopic evaluation of the collagen-induced arthritis in uPA and plg mice. The
progeny from uPA * X uPA ** and plg *" X plg *" breedings, wildtype (uPA *'*, plg *'"),
heterozygous (uPA *, plg *") and homozygous (uPA™", plg”) were used for the experiments.
For the progeny from the uPA-breedings, the wild-type mice had higher arthritic scores at day
5, as compared to homozygous mice, and from day 10 and onwards, the difference was
significant. (P<0.05; FIGS. 1 and 2). The wild-type mice also showed significantly higher
incidence compared to the uPA deficiency mice (P<0.05). Incidence at day of onset and mean
arthritic score are shown in Table 2. No difference in incidence, onset day and maximum score
could be seen between either the wild-type and heterozygous, or the heterozygous and knockout
mice groups. However, when the same experiments were performed on plg-deficient mice, none
out of 30 deficient mice developed arthritis. Additionally, the plg-heterozygous mice developed
a significantly lower incidence of arthritis as compared to the wild-type siblings (P <0.05, FIG.
3). The incidence of the disease also indicates that it is significantly lower in plg heterozygous
mice (P<0.05) (see FIG. 4). As the plg heterozygous mice have half of the amount of
plasminogen in their bodies, the development of CIA may be dose dependent. Moreover, a
significantly delayed onset also was observed on these mice (Table 3), which shows that
plasminogen is involved in the initiation of the disease.

Morphology of uPA mice after induction of CIA. At the conclusion of the experiment,
the mice hind paws were taken for morphological analysis. For uPA wildtype and deficiency
paws with the same clinical scores, there were no substantial morphological differences.
However in uPA deficient affected joints, fibrin deposition and synovial hyperplasia could be
seen in the marginal zone at the early stage. Later, the mononuclear cells became the main cell

type to infiltrate into the synovial cavity, and the cartilage itself showed severe degradation.
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Lastly, fibrotic synovium was viewed with pannus. Severe destruction of cartilage and
underlying bone with newly formed cartilage and bone tissues were also presented.

Morphology of plasminogen mice after induction of CIA. Morphological evaluation
showed that after injection of collagen type II at the basis of the tail, the plg deficient mice have
normal joint morphology with intact cartilage and no inflammation of peripheral synovial tissue,
indicating that the plasminogen deficient mice are totally resistant to the disease. The plg
heterozygous affected mice have a similar proliferation of connective tissue (fibroblasts) in the
synovium. Adjacent tissue, cartilage and bone also were degraded and in the late stage new
bone and cartilage formation could be seen. These morphological changes are similar, compared
to the wildtype mice. The maximum scores of heterozygous mice showed no difference from
the wildtype maximum scores.

No difference was found between the collagen-II antibody titers in plasminogen wild-
type and deficient mice. Since the plasminogen deficient mice could not be induced by normal
CIA during our experiments, we investigated if such null response toward collagen II challenge
was the result of immune defects. 60 days after boost injection, the sera of experiment 1 were
taken from the eyes and anti-collagen II antibody ELISA was performed on these sera. The
cbllagen Il specific antibody response was normal in the plasminogen deficient mice compared
to wild-type mice, although they had significantly different clinical scores. This indicates that
the plasminogen deficient mice had a normal antibody production pathway.

Antibodies against collagen type Il have a normal binding to collagen type II in
plasminogen deficient mice. In order to confirm that monoclonal antibodies against type II
collagen bind equally well to collagen type II in both wild type and plasminogen deficient mice,
biotinolayted anti-collagen type II antibody was injected intraperitoneally into neonatal wild type
or plasminogen deficient mice. 24 hours later, the mice joints were dissected and performed for
immunohistochemistry for the anti-collagen II antibody binding. The results showed that there
was similar antibody binding at the surface of the cartilage in wild type and plasminogen
deficient mice. However there were no macrophages in the synovial space in the plasminogen
deficient mice that were immunized. The titer of antibodies against collagen type II was high in
both wild-type and plasminogen deficient mice during CIA but there was no inflammatory
response in the plasminogen deficient mice. The data shows that plasminogen plays a role
during CIA at a stage after the antibody binding, possibly at the stage of macrophage activation

and/or activation of the complement system.
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Macroscopic evaluation of monoclonal antibody against collagen II induced arthritis in
uPA and plg mice. The wildtype (uPA *'*, plg *'*), heterozygous (uPA -, plg *") and
homozygous (uPA”, plg”) siblings with the same background compared to the mice used in
CIA were used for the experiments. With uPA mice, the uPA deficient mice developed the
most severe arthritis during the first 10 days, while the uPA wildtype and heterozygous mice
similarly had less severe arthritis. After day 10, the uPA deficient mice quickly underwent
subsidence of severity compared to uPA wildtype and heterozygous mice. uPA wildtype and
heterozygous mice kept similar arthritis levels until day 28 and subsequently the heterozygous
mice developed less arthritis than wild-type, but still of higher severity than the deficient mice.
In plasminogen mice, the wild-type mice had the most severe arthritis during the 45 days entire
period with intense subsidence after 32 days. The severity of heterozygous mice always was less
in comparison to wild-type, while in contrast, the plasminogen deficient mice did not have any
inflammation during the disease process indicating again that plasminogen plays an essential
role for the development of experimental arthritis in mice. Thus, inhibition of plasminogen can
be used to treat or prevent RA in mammals including humans. The morphology of plasminogen
and uPA mice induced with antibodies against collagen II was also studied.

LV. administration of plasminogen into plasminogen deficient mice converted its
phenotype. It was desired to confirm the results finding that plasminogen deficient mice never
developed arthritis induced by either by type II collagen immunization or anti collagen II
monoclonal cocktails. Human plasminogen was injected into plasminogen deficient mice and 12
hours later challenged with collagen II monoclonal cocktails. Five days after the cocktail
injection, 3 out of 4 plasminogen deficient mice did develop joint inflammation, as well as 3 out
of 7 heterozygous mice and all of the 5 wild-type mice. In contrast, plasminogen deficient mice
without treatment developed no signs of inflammation. The phenotype of plasminogen deficient
mice during monoclonal antibody induced arthritis was confirmed.

Migration of inflammatory cells is impaired in plasminogen deficient mice after induction
of arthritis. In order to determine if the plasminogen deficient mice have impaired
inflammatory cell migration during Collagen II induced arthritis, immunohistochemistry was
performed on sections of joints from plasminogen wildtype and plasminogen deficient mice that
were immunized with Collagen II. Immunohistochemical staining of macrophages using a
macrophage-binding antibody was conducted of a section of a joint from a wild type control

mouse with arthritis at 40 days after boost injection. The stained sections showed an extensive
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influx of macrophages at the border of destructed tissue, with large numbers of macrophages
migrating into the joint space in the wild type mice that had severe arthritis, especially at the
frontier of the invading pannus. Immunohistochemical staining of macrophages in a section of a
joint from a plasminogen deficient mouse stained for macrophages showed only very few

resting macrophages and no tissue destruction.

Discussion

Collagen arthritis is a model for autoimmune arthritis. The results described above
showed that uPA and plasmin play pivotal roles in collagen II induced arthritis or in arthritis
induced by administration of a monoclonal antibody cocktail against mice type 1I collagen.

One of the goals was to treat mice of different genotypes with a CIA model and analyze
the influence of plasminogen on disease development. Collagen II induced arthritis can only be
induced on the mouse strains with certain major histocompatibility complex (MHC) halotypes
(for instance, DBA/1J mice express H-2q). C57/B6 mice express the H-2b halotype and
therefore they are resistant to the disease (Holmdahl et al., Immunogenetics 1986;24:84-89).
The study was therefore initiated by intercrossing plasminogen deficient mice with 8 times
backcrossed into C57/B6 into CIA susceptible strain, DBA1/J. The plasminogen gene is
located on 7.3 cM of chromosome 17 only 10 cM away from MHC-II clusters which determine
the susceptibility. Thus there is a possibility that when the intercrossing was made,
recombination took place on the MHC region, which destroyed the expression of MHC II and
therefore those mice did not have the ability to present the collagen type II antigen. The
expression of H-2q molecule expression on the leukocytes was also checked, showing a positive
expression of q molecule, thus excluding this possibility.

Since the antibody level against CII is directly related to the susceptibility, the antibody
level in the serum was measured in some plasminogen wild type and deﬁciént mice. There was
no difference between the two groups, thus implying that the humoral immune response was
normal in plasminogen deficient mice. Other studies have implied that plasminogen is important
in cell migration (Jackson and Reidy, Ann NY Acad Sci 1992;667:141-150). Bordetella
pertussis was therefore injected into the mice intraperatoneally to determine if, by enhancing the
permeability of the vessels, the plasminogen deficient mice could develop the disease. The
results showed that with this injection, heterozygous mice had similar levels of disease as

compared to wild-type, whereas the plasminogen deficient mice still could not develop any
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inflammation, suggesting that vessel permeability was an important, but not essential, reason for
the inflammatory cell migration.

To distinguish whether plasminogen was involved in immune response or in the effect
stage, monoclonal antibody cocktails were injected intravenously into the mice (Holmdahl et al.,
Arthritis Rheum 1986;29:400-410). The data showed that with the injection, plasminogen wild-
type still exhibited the most severe disease, heterozygous mice had the middle level of severity,
while no plasminogen deficient mice developed any signs of inflammation.

These results show that plasminogen plays an important role during the effect stage of
the disease. A plasminogen restoration experiment on plasminogen deficient mice confirmed
this. During CIA, migration of inflammatory cells is triggered by the immune system. This
indicates that plasminogen plays a role in the mechanisms connecting the activated immune
system with inflammatory cell migration.

In CIA experiments using uPA wild-type and uPA deficient mice, the uPA deficient
mice developed more severe arthritis compared to wild-type and heterozygous mice during the
first 5 days. Subsequently, however, this trend shifted and uPA deficient mice had less arthritis
compared to wild-type and heterozygous mice, while uPA wildtype had higher incidence of
arthritis than the heterozygous mice.

In conclusion, the results demonstrate that uPA and plasminogen are critical for the

pathogenesis of CIA through PA system mediated tissue destruction.

TABLE 2
Mice deficient for uPA are less prone to CIA

Genotypes Incidence Onset day Arthritic score

(mean+SD) (mean+SD)

uPA +/+ 41/48 35.3+14.9 38.2+18.6
uPA +/- 20/22 35.8+13.5 29.8+19.3
uPA -/- 28/49 44.5£17.7 24.3+15.7

The results in Table 1 show that out of 49 mice deficient for uPA, only 28 developed
CIA. '
TABLE 3
Plasminogen deficient mice are resistant to CIA

{M:\3810\2j577wo\PAC9794.D0OC;1}
34



WO 03/033009 PCT/IB02/05797

Genotypes Incidence Onset day | Arthritic _score

(mean +SD) (mean4+SD)

plg +/+ 25/30 40.0+14.94 |[39+18.4
plg +1/- 13/19 45.8+142 [35+18.7
plg /- 0/50 0 0

The results in Table 2 show that none of the plasminogen deficient mice developed CIA.
TABLE 4

Injection of plasminogen restored the arthritis in plasminogen deficient mice

Genotype Incidence of RA Arthritic score
plg ** 4/5 15.0+7.2
plg ** 3/7 12.0+8.8
plg " 0/5 0

plg - with plg % 6.7+2.9
EXAMPLE 2: CIA susceptible mice lacking gene for PAI-1

This experiment was performed as the experiment described in Example 1, except that
PAI-1 knockout mice were used instead of the uPA knockout mice used in Example 1. The
results of this experiment are shown in FIGS 5 and 6. FIG. 5 shows reduced incidence of
collagen-induced arthritis in PAI-] heterozygous or knock-out mice as compared to wild-type

mice. FIG. 6 shows the severity of the arthritis in the mice that were studied.

EXAMPLE 3: The Function Role of tPA during CIA

This experiment was performed to investigate the functional role of tPA during CIA.
tPA activates plasminogen to plasmin and therefore could be involved in the development of
CIA. tPA wild-type and tPA deficient siblings were induced with arthritis and the development
and incidence of CIA was followed. There was no difference in the severity or incidence of
arthritis between tPA deficient and wild-type control mice (see FIGS. 7 and 8). Thus unlike

uPA, tPA does not seem to play any significant role in the development of CIA.
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EXAMPLE 4: The Functional Role of the uPA-receptor during CIA

Several different in vivo functional roles have been suggested for uPAR , including
focusing plasmin-mediated pericellular proteolysis to the cell surface as well as regulating cell
adhesion and cell migration in both a proteolytic and non-proteolytic fashion.

This experiment was conducted to determine the role of uPAR during CIA by using
uPAR deficient mice and wild-type control mice. The wild-type and deficient mice were
induced with arthritis and the development and incidence of CIA was followed. Both the
severity and the incidence of arthritis were lower in the uPAR deficient mice (see FIGS. 9 and

10). Thus uPAR is involved in promoting the development of CIA.

EXAMPLE 5: In Vitro Screening Assay for uPA Inhibitors

To investigate uPA inhibitor activity, a chromogen assay is used that is based on the
difference in absorbance (optical density) between the product (pNA) formed and the original
substrate (S-2444; Chromogenix-Instrumentation Laboratory SpA, Milano, Italy). S-2444 (L-
pyroglutamyl-glycyl-L-arginine-p-nitroaniline hydrochloride, Molecular Weight=499) is a
chromogenic substrate for uPA (urokinase). The rate of pNA formation, i.e., the increase in
absorbance per second at 405nm, is proportional to the enzymatic uPA activity and is
conveniently determined with a photometer. The Km for human uPA is 9 x 10”° mol/L.

When an inhibitor is added into the system, uPA is inhibited and thus the chromogen
cannot be formed. Based on the different amount of formed pNA, the inhibitor activity can be
determined.

uPA (urokinase) is diluted from stock (1mg/ml, Wakamoto Pharmaceutical, Tokyo,
Japan) to 0.002 mg/ml in 1M lysine. The inhibitor is diluted to a suitable concentration in 1 x
PBS. S-2444 is diluted from powder stock to 10 mM in 1xPBS solution.

To each well in a 96 well plate, 100 pl S-2444 and 50 pl inhibitor solution is added,
testing one inhibitor per well. Individual inhibitor sample blanks are treated identically to the
inhibitor samples with the substitution of inhibitor by 1xPBS. 50 pl uPA is then added to each
well. Serial dilutions of known concentrations of uPA, without inhibitor treatment, is used to
create an absorbance standard curve. The plate is incubated at 37°C for 0.5 hours, and
absorbance at 405 nm is measured using a plate reader.

The absorbance of each well is then related to the standard curve to identify the degree

of inhibition in each well. In the wells characterized by low absorbance, uPA inhibition has
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occurred. The characteristics of each selected inhibitor, i.e., candidate drug, is then further

studied by optimizing, for example, dosage levels and schedule in in vivo models.

EXAMPLE 6: In Vitro Screening Assay for Plasminogen/Plasmin Inhibitors

To investigate plasminogen/plasmin inhibition by test drugs, a chromogen assay based
on the difference in absorbance (optical density) between the product (pNA; p-nitroaniline
dihydrochloride) formed and the original substrate (S-2551, Chromogenix AB, Modlndal,
Sweden) is wused. S-2251 (H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline dihydrochloride,
Molecular weight 551,5) is a chromogenic substrate for plasmin and activated plasminogen.
The rate of pNA formation, i.e., the increase in absorbance per second at 405 nm, is
proportional to the enzymatic activity and is conveniently determined with a photometer. The
Kw for human plasmin is 3 x 10 mol/L

The substrate is insensitive to uPA. Therefore, excess uPA, i.e., a molar excess of at
least 10 times as compared to the required minimum amount of uPA to activate all plasminogen
in the well, is used to activate plasminogen into active plasmin, and the formed plasmin can
further convert excess S-2251 into chromogen pNA. When an inhibitor is added into the
system, plasmin is inhibited and thus the chromogen cannot be formed. Based on the different
formed pNA, the inhibitor activity is determined. When S-2251 and plasminogen are in a molar
excess of at least 10 times as compared to the minimum amount of uPA needed to activate all

plasminogen in the well, this method can be adapted to investigate uPA inhibitor activity.

plasmin

H-D-Val-Leu-Lys-pNA - H-D-Val-Leu-Lys-OH + pNA

uPA (urokinase) is diluted from stock (1mg/ml, Wakamoto Pharmaceutical, Tokyo,
Japan) to 0.035 mg/ml in 1M lysine. The inhibitor is diluted to a suitable concentration in
1xPBS. S-2251 is diluted from powder stock to 0.2 mM in 1xPBS solution. Plasminogen is
diluted to 35 pg/ml in 1xPBS solution.

In a 96 well plate, 160 pl S-2251, 20 pl uPA, and 20 pl inhibitor solution is added to
each well. Each inhibitor is added to one (optionally more than one) well. Individual inhibitor
sample blanks are treated identically to the inhibitor samples with the substitution of inhibitor by
1xPBS. Next, 20 pl plhsminogen is added to each well. A series dilution of plasminogen with
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known concentrations is used for standard curve. The plate is incubated at 37°C for 4 hours.
Absorbance is measured at 405 nm using a plate reader.

The absorbance of each well is then related to the standard curve to identify the degree
of inhibition in each well. In the wells characterized by low absorbance, inhibition of plasmin
(initially present or formed by converted plasminogen in the presence of uPA) has occurred.
The characteristics of each selected inhibitor, i.e., candidate drug, is then further studied by

optimizing, for example, dosage levels and schedule in in vivo models.

EXAMPLE 7: In Vitro Screening Assay for uPAR Inhibitors

Mouse LB6 cells, which produce no plasminogen activator, are transfected with a uPAR
cloning vector containing the SV40 (human simian virus 40) promoter at the 5’ end and
polyadenylation and splice sites at the 3’ end (Okayama and Berg, Mol Cell Biol. 1983;3:280-
9). In the presence of uPAR, however, cells bind uPA and hence acquire the ability to degrade
casein in the presence of plasminogen (Vassalli et al., J Cell Biol. 1985;100:86-92).

Since binding is strictly species specific, LB6 cells do not bind human uPA and therefore
they will score negative in a caseinolytic plaque assay, even after incubation with human uPA.
Expression of human uPAR cDNA by LB6 cells, on the other hand, allow them to bind human
uPA and thus to form plaques. The transfected cells can then be subcloned and single clones
from each transfection expanded and incubated with uPAR inhibitor. The cells are thereafter
rinsed, incubated with human uPA, rinsed again to get rid of excess of uPA, and laid onto a
casein plaque assay. The uninhibited uPAR can bind uPA and therefore can degrade the casein
plaque. The bound uPA activity is proportional to the area of the caseinolytic plaque.

LB6 cells (2x10°) are transfected with 9 pg p-uPAR DNA (Roldan et al., EMBO J.
1990;9(2):467-74) plus 1 pg pRSV neo DNA, using a modification of the calcium phosphate co-
precipitation technique (Pozzatti et al., Science. 1986;232:223-7). Cells are plated in 0,8 mg/ml
G418 containing DMEM with 10% fetal calf serum, and colonies are isolated after ~ 13 days.
The pools of transfected clones are tested by the caseinolytic plaque assay (Vassalli et al., Cell
1977;11:695-705.) and positive clones are picked. After subcloning, several clones from each
transfection are tested for human uPA binding, using the same technique. Cells are washed with
PBS, incubated in the presence of inhibitor against human uPAR at different-dilutions for 1h at
37°C. Thereafter, cells are washed again and incubated in the presence of 0.2 nM human uPA

for 1h at 37°C, washed extensively and covered with a thin agar layer containing 1.3% casein,
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and 17 pg/ml plasminogen. The plates are incubated at 37°C for 3h, stained with Coomassie
brilliant blue R250, and photographed.
Test agents which are characterized by small or no caseinolytic plaques are uPAR
inhibitors. While the assay in itself does not distinguish between uPA inhibitor or uPAR
inhibitor, the test agent can be further characterized for uPA inhibition using one of the assays

described herein to discriminate between the two types of inhibitors.

EXAMPLE 8: In Vitro Screening Assay for PAI-1 Inhibitors

The assay is performed in microtiter plates. The inhibitor against PAI-1 is measured by
an indirect chromogenic assay based on a chromogenic product (pNA) being formed from the a
substrate (S-2444; Chromogenix-Instrumentation Laboratory SpA, Milano, Italy) in the
presence of active uPA. S-2444 (L-Pyroglutamyl-glycyl-Larginine-p-Nitroaniline hydro-
chloride, Molecular Weight=499) is a chromogenic substrate for uPA (urokinase).

The method for the determination of activity is based on the difference in absorbance
(optical density) between the pNA formed and the original substrate. The rate of pNA
formation, i.e., the increase in absorbance per second at 405 nm, is proportional to the
enzymatic activity and is conveniently determined with a photometer. When active PAI-1 is
present in the system, it will inhibit the uPA function. Therefore, when an inhibitor against
PAI-1 is added in, the inhibition ability of PAI-1 is lost so that uPA can activate the
chromogenic reaction.

1. Samples containing PAI-1 and serially diluted candidate inhibitor are diluted in
activity assay buffer (0.15M NaCl, 0.05M Tris-HCl, pH 7.5, containing 0.01% Tween 80 and
100 pg/ml bovine serum albumin), followed by the addition of uPA to 25 uPA IU/ml.

2. Samples (100 pl) are incubated for 30 minutes at 23°C after which 100 pl of 0.5
mM S-2444 substrate is added.

3. Residual uPA activity is quantitated by measuring the change in absorbance at
405 nm at 5 minutes intervals in a Titertek multiscan spectrophotometer.

The concentration of active PAI-1 is calculated from the amount of sample that inhibits
the uPA activity by 50%, as compared to samples containing uPA alone. The activity of PAI-1
inhibitor is calculated from the amount of PAI-1 that inhibits the uPA activity.
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EXAMPLE 9: Prevention of Arthritis in Mammals by Administration of
Aprotinin

To test potential drug candidates, arthritis is induced in CIA-sensitive mice either by
immunization with collagen type II (CIA) or, alternatively, by use of monoclonal antibodies.

Using monoclonal antibodies to induce CIA has an advantage in that it allows for better
control of the induction. Arthritis is also induced faster by monoclonal antibodies (arthritic
response is detectable after 2 days and maximum effect occurs after about 5-7 days) than with
CII, which is an advantage since the animals can be treated with the selected candidate drug for
a shorter time.

The present example describes treatment of CIA-sensitive mice with aprotinin (Trasylol,
Bayer). Trasylol is an inhibitor of plasmin and thereby, according to the invention, a candidate
drug for treating arthritis.

Since aprotinin has a rather short half life in mice, a sustained release system for
Trasylol is used. An exemplary system based on water/oil (w/0) emulsions where aprotinin is
incorporated is described in detail by Bjerregaard et al. (Journal of Controlled release 2001;
71:87-98).

The mice are injected intraperitoneally with 0.5 mL aprotinin emulsion, containing 30%
w/w disperse phase with 87 mg aprotinin per ml aqueous phase (corresponding to a dose of
approximately 85,000 KIU (“kallikrein-inactivator units”) aprotinin, using a Hamilton syringe
21 G needle. (It is also possible to carry out controlled administration of aprotinin via an
osmotic pump.) The injection is repeated every 72 hours.

CIA induction using monoclonal antibodies. One day after the first injection of
aprotinin, induction of arthritis is performed by intravenous injection of a cocktail of two
antibodies against collagen type II denoted C1 and M2139 (Holmdahl et al., Autoimmunity
1991;10:27-34). Five days after the induction of antibodies (day 5), lipopolysacchride
(“booster”) is injected intraperitoneally to enhance the immune response. The development of
arthritis is evaluated with the clinical grading system described in Example 1. Control mice (10
per group) are treated in the same way except that aprotinin is omitted in the water/oil
emulsion. The development of arthritis and clinical score in the two groups are compared,
showing that the incidence and severity of the CIA is lower in animals treated with aprotinin.

CIA induction using Collagen-II. Collagen-induced arthritis (CIA) is induced in mice

with Rat collagen II, which is prepared from the Swarm chondrosarcoma after pepsin digestion,
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as previously described (Andersson and Holmdahl, Eur J Immunol 1990;20:1061-1066).
Collagen II is dissolved at a concentration of 2 mg/ml in 0.1 M acetic acid and stored at 4°C.
Arthritis is induced by intrademal injection at the basis of the tail with 100 ml of 100 mg rat
collagen II emulsified with an equal volume of complete Freund’s adjuvant (CFA, with
Mycobacterium butyricum; Difco, Detroit, MI). 20 days later, the mice (10 per group) are
injected intraperitoneally with 0.5 m! of w/o emulsion containing 30% w/w disperse phase with
87 mg aprotinin per ml aqueous phase (corresponding to a dose of approximately 85,000 KIE
aprotinin) and this treatment is repeated every 72 hr. One day after the first injection of the
aprotinin emulsion, mice are boost injected again with 50 pl of 50 mg rate collagen II
emulsified with an equal volume of incomplete Freund’s adjuvant (IFA, Difco). Control mice
(10 per group) are treated in the same way except that aprotinin is omitted in the water oil
emulsion. The development of arthritis in the two groups is thereafter compared, showing that

the incidence and severity of the CIA is lower in animals treated with aprotinin.

The present invention is not to be limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention in addition to those described herein will
become apparent to those skilled in the art from the foregoing description and the accompanying
figures. Such modifications are intended to fall within the scope of the appended claims.

All patents, applications, publications, test methods, literature, and other materials cited

herein are hereby incorporated by reference in their entireties.
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WHAT IS CLAIMED IS:

1. A method of treating or preventing arthritis in a mammal, which comprises

administering to the mammal an effective amount of an agent that inhibits at least one
member selected from the group consisting of plasmin, plasminogen, urokinase-type
plasminogen activator, urokinase-type plasminogen activator receptor, and plasminogen-

activator inhibitor type 1.

2. The method of claim 1 wherein the agent inhibits plasmin.

3. The method of claim 1 wherein the agent inhibits plasminogen.

4. The method of claim 1 wherein the agent inhibits urokinase type plasminogen
activator.

5. The method of claim 1 wherein the agent inhibits urokinase-type plasminogen

activator receptor.

6. The method of claim 1 wherein the agent inhibits plasminogen-activator inhibitor
type 1. '

7. The method of claim 1 wherein the agent comprises a protease inhibitor.

8. The method of claim 7 wherein the protease inhibitor comprises aprotinin.

9. The method of claim 1 wherein the agent comprises amiloride.

10. The method of claim 1 wherein the agent is a monoclonal antibody directed

against the at least one member.

11.  The method of claim 1 wherein the agent is an anti-sense nucleic acid sequence

capable of binding to a nucleic acid encoding the at least one member.
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12.  The method of claim 1 wherein said arthritis is caused by a degenerative joint

disease.

13.  The method of claim 1 wherein said arthritis is a member selected from the group
consisting of rheumatoid arthritis, psoriatic arthritis, infectious arthritis, juvenile rheumatoid

arthritis; osteoarthritis, and spondyloarthropaties.
14.  The method of claim 13 wherein said arthritis is rheumatoid arthritis.
15.  The method of claim 1 wherein the mammal is a human.

16. A method of screening to identify an agent useful for treating or preventing
arthritis, which comprises 4

i) providing a pool of test agents;

(i)  determining whether any test agent from the pool inhibits the activity of at
least one member selected from the group consisting of plasmin, plasminogen, urokinase-type
plasminogen activator, urokinase-type plasminogen activator receptor, and plasminogen-
activator inhibitor type 1, and

(iii)  selecting any test agent from the pool that inhibits the activity of at least

one member as an agent useful for treating or preventing arthritis.

17.  The method of claim 16, which comprises a step of selecting the pool of test

agents prior to step (i).

18.  The method of claim 16, wherein the determining step comprises
® contacting a test agent from the pool with plasmin and a substrate to form
a product;
(i)  measuring the level of the substrate or the product after the contacting

step;
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(iii)  comparing the substrate level to a substrate control value or the product
level to a product control value; and
(iv)  selecting any test agent for which the substrate level is higher than the
substrate‘ control value or for which the product level is lower than the product control value as

an agent useful in treating or preventing arthritis.

19.  The method of claim 18, wherein the substrate is H-D-Valyl-L-leucyl-L-lysine-p-

nitroaniline, and the product is p-nitroaniline dihydrochloride.

20. The method of claim 18, wherein the plasmin is formed by contacting
plasminogen with a plasminogen activator, that is capable of promoting the formation of

plasmin from plasminogen.

21.  The method of claim 16, wherein the determining step comprises

(@) contacting a test agent from the pool with urokinase-type plasminogen
activator and a substrate to form a product;

()  measuring the level of the substrate or the product after the contacting
step;

(©) comparing the substrate level to a substrate control value or the product
level to a product control value; and

@ selecting any test agent for which the substrate level is higher than the
substrate control value or for which the product level is lower than the product control value as

an agent that inhibits the urokinase-type plasminogen activator.

22.  The method of claim 21, wherein the substrate is L-Pyroglutamyl-glycyl-L-

arginine-p-Nitroaniline hydrochloride and the product is p-nitroaniline dihydrochloride.

23.  The method of claim 16, wherein the determining step comprises
(a) contacting the test agent with urokinase-type plasminogen activator

receptor and urokinase-type plasminogen activator;
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(b)  measuring the level of binding between the urokinase-type plasminogen
activator receptor and urokinase-type plasminogen activator substrate after the contacting step;
© comparing the level of binding to a control value; and
© selecting any test agent for which the level of binding is lower than the

control value as an agent useful for treating or preventing arthritis.

24.  The method of claim 16, wherein the determining step comprises

(a) contacting the test agent with plasminogen-activator inhibitor type 1, an
excess amount of urokinase-type plasminogen activator, and a substrate to form a product;

(b) measuring the level of the substrate or the product after the contacting
step;

. ©) comparing the substrate level to a substrate control value or the product

level to a product control value; and

@ selecting any test agent from the pool for which the substrate level is
lower than the substrate control value or the product level is higher than the product control

value as an agent capable of inhibiting the plasminogen-activator inhibitor type 1.

25. The method of claim 24, wherein the substrate is L-Pyroglutamyl-glycyl-L-

arginine-p-Nitroaniline hydrochloride and the product is p-nitroaniline dihydrochloride.

26.  The method of claim 16, wherein the test agent comprises an antigen-binding

fragment of an antibody directed against the at least one protein.

27.  The method of claim 16, further comprising selecting any test agent that inhibits

the formation of plasmin from plasminogen as an agent useful in treating or preventing arthritis.

28.  The method of claim 27, wherein the test agent inhibits the ability of urokinase-

type plasminogen activator to promote formation of plasmin from plasminogen.

29. A method of identifying an agent that is useful in preventing or treating arthritis,

which comprises:
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(i) administering a test agent to a transgenic animal susceptible to collagen-
induced arthritis, said animal lacking endogenous expression of at least one protein selected
from the group consisting of plasmin, plasminogen, urokinase-type plasminogen activator,
urokinase-type plasminogen activator receptor, and plasminogen-activator inhibitor type 1;

(i)  administering a human homolog of the at least one protein to the animal;

(iii)  administering type II collagen to the animal to induce collagen induced
arthritis in the animal;

(iv)  determining the severity level of the induced collagen-induced arthritis in
the animal;

(v)  comparing the severity level to a control value; and

(vi)  selecting any test agent for which the severity level is lower than the

control value as an agent that is useful in preventing or treating arthritis.

30. The method of claim 29, wherein the control value is the severity level of

collagen-induced arthritis in a control animal.

31. A method of identifying an agent as useful in treating rheumatoid arthritis which
comprises administering a test agent to a mammal and determining whether the test agent
inhibits plasmin, plasminogen, urokinase-type plasminogen activator, urokinase-type

plasminogen activator receptor, or plasminogen-activator inhibitor type 1 in said mammal.

32. A method of identifying an agent that is useful in preventing or treating arthritis,
which comprises:

@) providing a pool of test agents;

(i)  mixing a test agent from the pool with plasmin and H-D-Valyl-L-leucyl-L-lysine-
p-nitroaniline dihydrochloride, under conditions suitable for forming p-nitroaniline
dihydrochloride from the H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline dihydrochloride;

(ili)  incubating the mixture for a predetermined time period;

(iv)  measuring a test absorbance of the mixture at 405 nm;

v) comparing the test absorbance with a control absorbance; and
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(vi)  selecting any test agent for which the test absorbance is lower than the control

absorbance as an agent that is useful in treating or preventing arthritis.

33. The method of claim 32 wherein the predetermined time period is 4 hours, and

the mixture is incubated at about 37°C.

34, The method of claim 32, wherein the control absorbance is the absorbance of a

mixture of plasmin and H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline dihydrochloride.

35. A method of identifying an agent that is useful in preventing or treating arthritis,-
which comprises:

@ providing a pool of test agents;

(ii) mixing a test agent from the pool with plasminogen, an excess amount of
urokinase-type  plasminogen activator, and H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline
dihydrochloride, under conditions suitable for forming p-nitroaniline dihydrochloride from the
H-D-Valyl-L-leucyl-L-lysine-p-nitroaniline dihydrochloride;

(ili)  incubating the mixture for a predetermined time period;

(iv)  measuring a test absorbance of the mixture at 405 nm;

) comparing the test absorbance with a control absorbance; and

(vi)  selecting any test agent for which the test absorbance is lower than the control

absorbance as an agent useful in treating or preventing arthritis.

36. The method of claim 35 wherein the predetermined time period is about 4 hours,

and the mixture is incubated at about 37°C.

37.  The method of claim 35, wherein the control absorbance is the absorbance of a
mixture of plasminogen, an excess amount of urokinase-type plasminogen activator, and H-D-

Valyl-L-leucyl-L-lysine-p-nitroaniline dihydrochloride.

38. A method of identifying an agent that is useful in preventing or treating arthritis,

which comprises:
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@) providing a pool of test agents;

(ii) mixing a test agent from the pool with urokinase-type plasminogen activator and
L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline hydrochloride, under conditions suitable for
forming p-nitroaniline dihydrochloride from the L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline
hydrochloride;

(iii)  incubating the mixture for a predetermined time period,;

(iv)  measuring a test absorbance of the mixture at 405 nm;

(v)  comparing the test absorbance with a control absorbance; and

(vi)  selecting any test agent for which the test absorbance is lower than the control

absorbance as an agent useful in treating or preventing arthritis.

39.  The method of claim 38, wherein the predetermined time period is about 0.5

hours, and the mixture is incubated at about 37°C.

40. The method of claim 38, wherein the control absorbance is the absorbance of
urokinase-type plasminogen activator and L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline

hydrochloride.

41. A method of identifying an agent that is useful in preventing or treating arthritis,
which comprises:

@ contacting a test agent with human urokinase-type plasminogen activator and an
murine cell expressing a human urokinase-type plasminogen activator receptor, under conditions
suitable for association of the human urokinase-type plasminogen activator to the receptor;

(ii)  contacting the murine cell with a casein plaque; and

(iii)  selecting any test agent for which the casein plaque is not degraded by the

contacting in step (ii) as an agent useful in treating or preventing arthritis.

42.  The method of claim 41 which comprises selecting the test agent from a plurality

of test agents.
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43. A method of identifying an agent that is useful in preventing or treating arthritis,
which comprises:

@ providing a pool of test agents;

(i) mixing a test agent with plasminogen-activator inhibitor type 1, urokinase-type
plasminogen activator and L-pyroglutamyl-glycyl-L-arginine-p-nitroaniline hydrochloride, under
conditions suitable for forming p-nitroaniline dihydrochloride from the L-pyroglutamyl-glycyl-L-
arginine-p-nitroaniline hydrochloride;

(ili)  incubating the mixture for a predetermined time period;

(iv)  measuring a test absorbance of the mixture at 405 nm;

) comparing the test absorbance with a control absorbance; and

(vi)  selecting an agent useful in treating or preventing arthritis any test agent for

which the test absorbance is higher than the control absorbance.

44. The method of claim 43 wherein the predetermined time period is about 0.5

hours, and the mixture is incubated at about 23°C.

45. The method of claim 43, wherein the control absorbance is the absorbance of
plasminogen-activator inhibitor type 1, urokinase-type plasminogen activator and L-

pyroglutamyl-glycyl-L-arginine-p-nitroaniline hydrochloride, incubated for 0.5 hours at 23°C.

46.  The use of a composition comprising

an effective amount of an agent that inhibits at least one member selected from the group
consisting of plasmin, plasminogen, urokinase-type plasminogen activator, urokinase-type
plasminogen activator receptor, and plasminogen-activator inhibitor type 1; and

a pharmaceutically acceptable carrier,

in the manufacture of a medicament for administration to a mammal to treat or prevent

arthritis.

47.  The use of the composition of claim 40, wherein the mammal is a human.
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SEQUENCE LISTING

tgggcactgce
tttctgaaat
ctgttcagtg
tgtgaggagg
tgtgtgataa
ttatttgaaa
gggacgatgt
cacagaccta
aggaatccag
tatgactact

tatgacggca

<110> NY, Tor

HOLMDAHL, Rikard

LI, Jinan
<120> NOVEL DRUG TARGETS FOR ARTHRITIS
<130> 3810/2J577WO
<150> US 60/304,461
<151> 2001-07-10
<150> US 60/304,490
<151> 2001-07-10
<150> US 60/305,182
<151> 2001-07-13
<160> 18
<170> PatentIn version 3.1
<210> 1
<211> 2732
<212> DNA
<213> Homo sapiens
<300>
<308> GenBank / X05199
<309> 1995-03-21
<313> (1) ..(2732)
<400> 1
aacaacatcc tgggattggg acccactttc
cataaggaag tggttcttct acttctttta
gatgactatg tgaataccca gggggcettca
gcaggaagta tagaagaatg tgcagcaaaa
gcattccaat atcacagtaa agagcaacaa
tccataatca ttaggatgag agatgtagtt
tgcaagactg ggaatggaaa gaactacaga
acctgtcaaa aatggagttc cacttctccc
ccctcagagg gactggagga gaactactgce
tggtgctata ctactgatcc agaaaagaga
gaggaatgta tgcattgcag tggagaaaac
ggactggaat gccaggcctg ggactctcag

agcccacacg

1/25

tggccagtcc
caggtcaagg
tcactaagaa
acgaagaatt
tggctgaaaa
agaaagtgta
ccaaaacaaa
gattctcacc
acaacgatcc
gcgacattct
aaatttccaa

ctcatggata

PCT/IB02/05797

caaaatggaa 60
agagcctctg 120
gcagctggga 180
cacctgcagg 240
caggaagtcce 300
tctctcagag 360
aaatggcatc 420
tgctacacac 480
gcaggggcce 540
tgagtgtgaa 600
gaccatgtct 660
cattccttce 720
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aaatttccaa
ccttggtgtt
acaacacctc
tatcgcggga
acccctcaca
tactgccgea
cggtgggagt
gctcccacag
cagagctacc
tctatgacac
atgaactact
agcgtcaggt
gcacctcegce
tttgggaatg
caggactggg
cgggcgggtc
tgctacacga
ccttcatttg
ggggggtgatg
ggaatgcact
tgcttggaga
gtgaatctcg
cgaaaagata
ccagcttgte
ggctggggag
gtgattgaga
gaactctgtg

cctetggttt

acaagaacct
tcaccaccga
caccatcttc
atgtggctgt
cacataacag
atcctgacgg
actgtaagat
caccacctga
gaggcacatc
cacaccggca
gcaggaatcc
gggagtactg
ctgttgtcct
ggaaaggata
ctgcccagga
tggaaaaaaa
caaatccaag
attgtgggaa
tggcccacce
tctgtggagg
agtccccaag
aaccgcatgt
ttgcettgcet
tgccatccec
aaacccaagg
ataaagtgtg
ctgggcattt

gcttcgagaa

gaagaagaat
ccccaacaag
tggtcccacc
taccgtttcc
gacaccagaa
aaaaagggcc
accgtcectgt
gctaacccct
ctccaccacc
ccagaagacc
agatgccgat
caacctgaaa
gcttccagat
ccgaggcaag
gccccataga
ttactgccgt
aaaactttac
gcctcaagtg
acattcctgg
caccttgata
gccttecatcee
tcaggaaata
aaagctaagc
aaattatgtg
tacttttgga
caatcgctat
ggceggagge

ggacaaatac

tactgtcgta
cgctgggaac
taccagtgtc
gggcacacct
aacttcccct
ccatggtgcc
gactcctccec
gtggtccagg
accacaggaa
ccagaaaact
aaaggcccct
aaatgctcag
gtagagactc
agggcgacca
cacagcattt
aaccctgatg
gactactgtg
gagccgaaga
ccctggcaag
tcececcagagt
tacaaggtca
gaagtgtcta
agtcctgceccg
gtcgctgacc
gctggcecctte
gagtttctga
actgacagtt

attttacaag

2/25

accccgatag
tttgcgacat
tgaagggaac
gtcagcactg
gcaaaaattt
atacaaccaa
cagtatccac
actgctacca
agaagtgtca
acccaaatgc
ggtgttttac
gaacagaagc
cttccgaaga
ctgttactgg
tcactccaga
gtgatgtagg
atgtccctca
aatgtcctgg
tcagtcttag
gggtgttgac
tcctgggtgce
ggctgttctt
tcatcactga
ggaccgaatg
tcaaggaagc
atggaagagt
gccagggtga

gagtcacttc
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ggagctgcgg 780
ccecegetge 840
aggtgaaaac 900
gagtgcacag 960
ggatgaaaac A 1020
cagccaagtg 1080
ggaacaattg 1140
tggtgatgga 1200
gtcttggtca 1260
tggcctgaca 1320
cacagacccc 1380
gagtgttgta 1440
agactgtatg 1500
gacgccatgce 1560
gacaaatcca 1620
tggtccctgg 1680
gtgtgecggcec 1740
aagggttgtg 1800
aacaaggttt 1860
tgctgccecac 1920
acaccaagaa 1980
ggagcccaca 2040
caaagtaatc 2100
tttcatcact 2160
ccagctecct 2220
ccaatccacc 2280
cagtggaggt 2340
ttggggtcett 2400



WO 03

ggctgtgcac gccccaataa

attgagg
ctagagg
gaagaca
gactgct
acttaac
<210>
<211>
<212>
<213>
<300>
<308>
<309>
<313>
<400>
Met Glu

1

Gly Gln

Leu Phe

Cys Ala
50

/033009

gag tgatgagaaa
ctg ggacgtgggt
ctg tccccagcta
gga ttctgtagta

ttt gatttgagta

2

810

PRT

Homo sapiens

GenBank / P00747

1986-07-21
(1)..(810)
2

His Lys Glu

Gly Glu Pro
20

Ser Val Thr
35

Ala Lys Cys

Gln Tyr His Ser Lys

65

Lys Ser

Lys Val

Gly Thr

Ser Ile Ile

Tyr Leu Ser
100

Met Ser Lys
118

Val

Leu

Lys

Glu

Glu

70

Ile

Thr

val

Asp

Lys

Glu

55

Gln

Arg

Cys

Lys

gcctggtgtc
taattaattg
agggatttag
ccagctacgc
aggtgacata

aattttggtt

Leu

Asp

Gln

40

Asp

Gln

Met

Lys

Asn
120

tatgttcgtg

gaégggagac

catgctggaa

caaacctcgg

gctatgacat

tt

Leu

Tyr

25

Leu

Glu

Cys

Arg

Thr

105

Gly

Leu

10

Val

Gly

Glu

val

Asp

90

Gly

Ile

3/25

Leu

Asn

Ala

Phe

Ile

75

val

Asn

Thr

tttcaaggtt

agagtgacgc

ataactggca

cattttttgt

ttgttaaaaa

Leu

Thr

Gly

Thr

60

Met

val

Gly

Cys

Phe

Gln

Ser

45

Cys

Ala

Leu

Lys

Gln
125

Leu

Gly

30

Ile

Arg

Glu

Phe

Asn

110

Lys

PCT/IB02/05797

tgttacttgg 2460

actgactcac 2520

gtaatcaaac 2580

gttattttct ° 2640

taaactctgt . 2700

Lys

15

Ala

Glu

Ala

Asn

Glu

95

Tyr

Trp

Ser

Ser

Glu

Phe

Arg

80

Lys

Arg

Ser

2732
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Ser

Glu

145

Gly

Asp

Tyr

Trp

Pro

225

Leu

Cys

Tyr

val

His

305

Glu

Thr

Asp

Thr

130

Gly

Pro

Ile

Asp

Asp

210

Asn

Arg

Asp

Gln

Thr

290

Thr

Asn

Thr

Ser

Ser

Leu

Trp

Leu

Gly

195

Ser

Lys

Pro

Ile

Cys

275

val

His

Tyr

Asn

Ser

Pro

Glu

Cys

Glu

180

Lys

Gln

Asn

Trp

Pro

260

Leu

Ser

Asn

Cys

Ser

340

Pro

His

Glu

Tyr

165

Cys

Ile

Ser

Leu

Cys

245

Arg

Lys

Gly

Arg

Arg

325

Gln

Val

Arg

Asn

150

Thr

Glu

Ser

Pro

Lys

230

Phe

Cys

Gly

His

Thr

310

Asn

Val

Ser

Pro

135

Tyr

Thr

Glu

Lys

His

215

Lys

Thr

Thr

Thr

Thr

295

Pro

Pro

Arg

Thr

Arg

Cys

Asp

Glu

Thr

200

Ala

Asn

Thr

Thr

Gly

280

Cys

Glu

Asp

Trp

Glu

Phe

Arg

Pro

Cys

185

Met

His

Tyr

Asp

Pro

265

Glu

Gln

Asn

Gly

Glu

345

Gln

Ser

Asn

Glu

170

Met

Ser

Gly

Cys

Pro

250

Pro

Asn

His

Phe

Lys

330

Tyr

Leu

Pro

Pro

155

Lys

His

Gly

Tyr

Arg

235

Asn

Pro

Tyr

Trp

Pro

315

Arg

Cys

Ala

4/25

Ala

140

Asp

Arg

Cys

Leu

Ile

220

Asn

Lys

Ser

Arg

Ser

300

Cys

Ala

Lys

Pro

Thr

Asn

Tyr

Ser

Glu

205

Pro

Pro

Arg

Ser

Gly

285

Ala

Lys

Pro

Ile

Thr

His

Asp

Asp

Gly

190

Cys

Ser

Asp

Trp

Gly

270

Asn

Gln

Asn

Trp

Pro

350

Ala

Pro

Pro

Tyr

175

Glu

Gln

Lys

Arg

Glu

255

Pro

Val

Thr

Leu

Cys
335

Ser

Pro

Ser

Gln

160

Cys

Asn

Ala

Phe

Glu

240

Leu

Thr

Ala

Pro

Asp

320

His

Cys

Pro

PCT/IB02/05797



WO 03/033009

Glu

Tyr

385

Trp

Pro

Lys

Cys

Pro

465

Cys

val

His

Asn

Thr

545

Ala

Cys

Leu

370

Arg

Ser

Asn

Gly

Asn

450

Pro

Met

Thr

Ser

Tyxr

530

Thr

Ala

Pro

355

Thr

Gly

Ser

Ala

Pro

435

Leu

val

Phe

Gly

Ile

515

Cys

Asn

Pro

Gly

Pro

Thr

Met

Gly

420

Trp

Lys

Val

Gly

Thr

500

Phe

Arg

Pro

Ser

Arg
580

val

Ser

Thr

405

Leu

Cys

Lys

Leu

Asn

485

Pro

Thr

Asn

Arg

Phe

565

val

Val

Ser

390

Pro

Thr

Phe

Cys

Leu

470

Gly

Pro

Pro

Lys

550

Asp

val

Gln

375

Thr

His

Met

Thr

Ser

455

Pro

Lys

Gln

Glu

Asp

535

Leu

Cys

Gly

360

Asp

Thr

Arg

Asn

Thr

440

Gly

Asp

Gly

Asp

Thr

520

Gly

Tyr

Gly

Gly

Cys

Thr

His

Tyr

425

Asp

Thr

val

Tyr

Trp

505

Asn

Asp

Asp

Lys

Cys
585

Tyr His

Thr Gly
395

Gln Lys
410

Cys Arg

Pro Ser

Glu Ala

Glu Thr
475

Arg Gly
490

Ala Ala

Pro Arg

val Gly

Tyr Cys
555

Pro Gln
570

val Ala

5/25

Gly

380

Lys

Thr

Asn

val

Ser

460

Pro

Lys

Gln

Ala

Gly

540

Asp

val

His

365

Asp

Lys

Pro

Pro

Arg

445

val

Ser

Arg

Glu

Gly

525

Pro

Val

Glu

Pro

Gly

Cys

Glu

Asp

430

Trp

Val

Glu

Ala

Pro

510

Leu

Trp

Pro

Pro

His
590

Gln

Gln

Asn

415

Ala

Glu

Ala

Glu

Thr

495

His

Glu

Cys

Gln

Lys

575

Ser

Ser

Ser

400

Tyr

Asp

Tyr

Pro

Asp

480

Thr

Arg

Lys

Tyr

Cys

560

Lys

Trp

PCT/IB02/05797
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Pro

Gly

Glu

625

Gln

Leu

Ser

Pro

Gly

705

Leu

Gly

Thr

Lys

Ala

785

Thr

Trp

Thr

610

Lys

Glu

Phe

Pro

Asn

690

Glu

Pro

Arg

Asp

Asp

770

Arg

Trp

Gln

595

Leu

Ser

Val

Leu

Ala

675

TYY

Thr

val

Val

Ser

755

Lys

Pro

Ile

val

Ile

Pro

Asn

Glu

660

Val

vVal

Gln

Ile

Gln

740

Cys

Tyx

Asn

Glu

Ser

Ser

Arg

Leu

645

Pro

Ile

Val

Gly

Glu

725

Ser

Gln

Ile

Lys

Gly
805

Leu

Pro

Pro

630

Glu

Thr

Thr

Ala

Thr

710

Asn

Thr

Gly

Leu

Pro

790

Val

Arg

Glu

615

Ser

Pro

Arg

Asp

Asp

695

Phe

Lys

Glu

Asp

Gln

775

Gly

Met

Thr

600

Trp

Ser

His

Lys

Lys

680

Arg

Gly

Val

Leu

Ser

760

Gly

val

Arg

Arxg

val

Tyr

Val

Asp

665

val

Thr

Ala

Cys

Cys

745

Gly

val

Tyr

Asn

Phe

Leu

Lys

Gln

650

Ile

Ile

Glu

Gly

Asn

730

Ala

Gly

Thr

val

Asn
810

6/25

Gly

Thr

val

635

Glu

Ala

Pro

Cys

Leu

715

Arg

Gly

Pro

Ser

Arg
795

Met

Ala

620

Ile

Ile

Leu

Ala

Phe

700

Leu

Tyr

His

Leu

Trp
780

Val

His

605

Ala

Leu

Glu

Leu

Cys

685

Ile

Lys

Glu

Leu

val

765

Gly

Ser

Phe

His

Gly

val

Lys

670

Leu

Thr

Glu

Phe

Ala

750

Cys

Leu

Arg

Cys

Cys

Ala

Ser

655

Leu

Pro

Gly

Ala

Leu

735

Gly

Phe

Gly

Phe

Gly

Leu

His
640

Arg -

Ser

Ser

Trp

Gln

720

Asn

Gly

Glu

Cys

vVal
800

PCT/IB02/05797
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<210>
<211>
<212>
<213>

<300>
<308>
<309>
<313>

<400>

3
7258
DNA

Homo sapiens

GenBank / X02419

1997-02-07
(1) ..(7258)

3

ttcaatagga
catatcacga
gctgcaaatt
ccececttact
tatctgggga
tgtctgtgct
ctccatccag
cttaggcaag
ggcttcagag
cggggactcce
tacaagcctc
ttcccccaaa
aagacagggg
agagcaggcg
tccacctgtc
ggtcctgaga
cgcecctgggc
gtccecgggceyg
agagagacag
ctggcctgec
ccgtctageg
tcctggtcgt

acctctgatc

agcaccaaca
cacctaaccc
ttcagtaatc
gccgaaagca
ctgccactga
tcttgggaga
cgaccagact
ttggggccca
ctgggctgag
ttgcactggg
tcgattecctc
tctttgtgag
agggagccgg
ccgegggtecg
cccgcagcegce
tcceecgggec
tgcceggget
tccececegegg
ctggggagcce
ttceegttee
cceecgaccte
gagcgactcc

agcaccaggyg

gtttatgccc
aatccttatc
tggccettgece
ataagcccgg
acagacgcac
gtatgtctcg
cacagctcca
gcgggagaag
gtagagagtc
gcaggccceg
agtccagacg
cgttgcggaa
gcgggagagg
cagcacagtc
cggctecgegce
ggatgcgcgg
cecctgggetce
gtgccgatcce
tggtcaccge
tccgectett
gccaccatga
aaagtgagtg

gagaggaggg

taggactttg
aagccctgtc
tttcccecte
ctttgttcca
agagggagcc
tacatttgtc
tccagctgeg
ttgcagaaga
tcectgtgegce
gcaggtgcat
ctgttgggtc
gcacgcgggg
gaggggceggce
ggagaccgca
cctectgeeg
cggccecagce
cceggeggcet
aggctgcccg
gggcatctce
gccctgactt
gagccctgcet
cgctettget

gctgctcagg

7/25

ttcccacaat
aaaaacggac
tgatagcacc
tccactggtt
cctacaggca
gcgtgatgaa
gcaagggggt
actgattaga
cttectectect
gggaggaagce
ccctecgetg
tccgggtege
gccggggcegyg
gcceggagec
cagccaccgg
tcccgagegt
gcacggagtc
gagtccggag
cctgcgetge
cteccttecctt
ggcgcgectg
ttgactgatg

gagctggggt

cctgtaacat
tttaaaccaa
atcaaacaaa
gtgttggtga
ggggtttttc
gacttcacag
ctgaggcagt
ggacccagga
ctctgcaatt
acggagaatt
gagatcgcgc
tgagcgctgc
gccctgatat
cgggccaggg
tgagtgccge
ctgecctgcecce
aaggcgccce
cccatagagg
agtcgcccge
tgcagagccg
cttctctgcecg
ctgcccaagg

ctcecggatte
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60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320

1380
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catccacagce

gaaccacggg
cctgcgggcea
ccatttgaga
ggattggggc
tcctcccgaa
ccctacaaca
gccectectget
tttgttctet
cttctccaac
aggtatgggg
gaggcaagag
tgtgacaagc
gggttggaag
ccgttggcag
ttgagtggat
cctctactaa
cttgggaggce
gatcacacca
aaataaaagt
tgtagataag
cactgacacc
gtaccatgcc
gtgaggtggg
catccccttce
ttcectgagg
tgtgttgtgce

taaagccgcet

agggccagac
ggttggcact
tctggtagat
actagatacg
cagtttaccc
tctcttcecag
gttggctgea
gcagcgtgceg
ccagcgaact
attcactggt
atctccactg
caggcaggag
ataaacacac
gagaccctgt
ccgggcatgg
catttaggtc
aaatgcaaaa
tgaggcagga
ctgcactcca
tagttggaat
tcaaaaacct
atgggccggce
cacagatctg
ggcaacaagg
tcccagaggg
ggaggaggca
caggaaccca

tgtccaagag

tctccccagg
ggctggcaag
gaagcttaat
aacagggtga
tcaccctgga
ggcagcaatg
cagacaagtt
ccacccctta
gtgactgtct
gcaactgeccc
caactgggag
ttaggagctg
acacacgctc
ccagtcttct
tggctcacgce
aggagttcaa
atcagcctgg
gaattgcttg
actgggcgac
gttcttctct
gctatgaggg
cctgectgcec
atgctcttca
accaaaagcc
ctggccatag
gggaaggccc
gacaaccgga

tgcatggtgce

aaatgggaca
ggaggaagag
ccatttctcc
ggcgagaggg
tccctggagce
aacttcatca
gggaaggctt
ccacttccac
aaatggagga
aaagaaattc
agaaatttgg
gaggtagggt
acgaaacagt
ggcaggtctg
ttgtaatccce
gaccagcectg
catggtggtg
aacatgggag
agagcaagac
ttctecatatt
gaatggtcac
ctggaactct
gctgggectg
ctccctacag
cacaagagaa
tctgggttgg
ggcgaccetg

atgactgcgce

8/25

gggtggcagce
ggccaccggg
tggctggaaa
agagggaaga
atgggacctt
agttccatgt
caggggacac
tccecectege
acatgtgtgt
ggagggcagc
ggacagggag
gggtgacatc
ggccacacaa
aaacgacatc
agcattttga
gacaacatgg
gatgcctgta
gccagatctce
tccatctcaa
ctctcatcct
ttttaccgag
gccactgtcec
gggaaacata
cttcccagaa
gtgcggcctce
aatgacatcc
gtgctatgtg

agatggtgag
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ggaggcttga 1440
actgccccag 1500
ccatggtctt 1560
gtgggttttg 1620
tgatgaagcc.. 1680
gagtatccac 1740
tccecteecet 1800
ttaccccacc 1860
ccaacaagta 1920
actgtgaaat 1980
ggatgggtgg 2040
ttcatceccta 2100
atgtgaggtg 2160
tttaaaatgt 2220
gaggtcaagt 2280
tgtaaccctyg 2340
gtcccagcta 2400
agtgagctga 2460
aaaaaaaaaa 2520
cctgtecect 2580
gaaaggccag 2640
‘ttcagcaaac 2700
attactgcag 2760
accttgttac 2820
tggttgagtc 2880
cctatcttte 2940
caggtgggcc 3000
catcactgac 3060
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ctgctgatga
aggactgagg
catcccectctg
cagtgtggcc
atcgagaacc
tacgtgtgtg
atgtacggcc
ctccttecca
atggccttgg
atttcatggg

aggactacat

agtttgaggt
acaacgacat
gtgggaccca
agggaccttg
tgaggggcct
gagtggaaac
agaaaaagac
tggagaatgg
gcagctggga
aagccttttt
tgataagcga
tcggcacttg
cctcetgtect
atcccggact
aagctgtgag
ttagaaggtc

tgcagagtta

caggtgggtg
aggtgggggg
tttgtectcc
aaaagactct
agccctggtt
gaggcagcct
ctgggtttct
gcaaagtgtt
ggacaagtcg
actaagctgt

cgtctacctg

ggaaaacctc
tggtgagggg
gggagagact
aagcctcgat
ggtgctcctce
agccctgtgg
acaccttcct
agccttggga
gtttttgcag
caacacctgg
ccagcagacc
gaggggacag
ccccecagcect
atacagacca
atcactggct
ctgaggagtg

gaggtgggag

gaaggggaca
tgcccgagag
aggaaaaaag
gaggccccgce
tgcggcecatce
catgagccct
cctcttcgac
ccgcctcatt
tgctttgagg
ttgatgggta

ggtcgctcaa

atcctacaca
gaacgcccgce
ggagctgagt
atacatgaca
tggagagacc
gtatatggct
ttgtgggatg
tggattccag
aaacgacctg
aacaaagccc
tcectggatg
atggggaccg
tgctgaagat
tctgectgcce
ttggaaaaga
ttttgacctg

cactgaggcg

aacttacatg
ggatgctttc
ccctcecetete
tttaagatta
tacaggaggc
tgctgggtga
tcttctgecce
tctccctcecat
cctctaggga
tettettceca

ggcttaactc

aggactacag
gactactgtg
tgaagctgcc
aaggatggca
ctgaatttcc
tgggctggga
cagcctctgt
cctaactacc
tacagctgta
ttggggcatg
actgacctag
cctaaccagt
ccgttccaag
ctcgatgtat
gaattctagt
aaaatgagcc

gtggcagatg

9/25

tccecttatt
tcctacctge
ctccagaaga
ttgggggaga
accggggggg
tcagcgccac
caccccaagc
ctgccecetgt
gggaaggaag
cagtgattac

caacacgcaa

cgctgacacg
gccataatgg
ggtggggcag
gggaagagtt
ccaacaagta
aggccctgtt
ctgtgctagg
tcagggggat
tgcagtggct
gggcagggga
ggataggcat
agtgatcttt
gagggcaggt
aacgatcccc
aagtgacaat
cagtgtgatc

ggtccaggga

PCT/IB02/05797

ccatcacagg 3120
ctccecctaaga 3180
attaaaattt 3240
attcaccacc 3300
ctctgtcacc 3360
acactgcttc 3420
acatcccttt 3480
ccatgcgccc 3540
aagtggcatg 3600
ccaaagaagg 3660
ggggagatga 3720
cttgctcacc 3780
cttggggaga 3840
gggtggggcyg 3900
ccatgaagtc 3960
gcecctcttge 4020
tatatgaatt 4080
atatagaact 4140
cctctagagt 4200
ctggccatcc 4260
ggtttccagg 4320
agctacttcc 4380
ctcctetgac 4440
gtgcgcagcec 4500
agtttggcac 4560
tgcgactgac 4620
aagggaagac 4680
tggatgaaga 4740
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gtgttgttta
gtaaatggct
ttatggtgtc
cgcctcectg
ttgtgaagct
ccaccaaaat
ttccaagcat
cagcttaagg
ctttgagggt
ctgcgctagt
aatgtaactc
gaggtgagtg
ggcatttgaa
gaaggaggct
tagtggcaga
gaaatggggc
gtagtcgatg
tgtgtctact
tcccagctaa
tgagctgaga
gccgaaaaaa
tctctggtat
ttttgtatct
ccgcatgact
aggcgtctac
gaatggcctg
ggttgtcatt
gctctgcaca

tcaggcatag

gggagcgatg
cagatttgca
ccctctctgg
ttttctccac
gatttcccac
gctgtgtgct
ctctctccac
gtgtctctct
ttaaaccagt
cacttcagac
agtgcccagg
ccaacctgag
gaggcagagg
ggcatattcc
tgacagggct
tgcgtcaggc
gatcattgag
aaaaaatgca
tcaggaggct
tcacgtcatt
gaaagaaaat
ggttgggtga
ttggcgtcac
ttgactggaa
acgagagtct
gccectetgag
tttgcagtag
gatggatttg

gectgggtge

ggctgcaaag
tggagagaga
cgagacgtcc
ctagccgact
cgggagtgtc
gctgacccac
ctcttccata
ctagccaaag
ccttatgtgt
tgggggcacg
gtgtgttgtg
ggtcagggag
gaagaaagga
gggtggggag
tttaaagcca
acagtggctc
gccagagttg
aaaaaaaaaa
gagacatgga
gcacgccagc
gggaagtcgce
tgggatcaga
agggagactc
ttgtgagctg
cacacttctt
ggtccccagg
agtcatctcc
cctgtgccac

tggctgceccca

gtaaatagat
ataatgggcc
cacgtggagg
atctctatcc
agcagcccca
agtggaaaac
tctccccaga
ccctaagtag
ttgccagaca
agatcctaga
aactataaat
gggaggcttt
aggtgtttca
gagaactagg
agcaggggat
atgcctgtaa
agaccggcct
ttagccaggt
atcgcttgag
ctgggcgaca
taaggacttt
aatcccctcece
agggggaccc
gggcegtgga
accctggatc
gaggaaacgyg
atcagctgta
ccaccagggt

gacccctctg

10/25

ggtaggggct
tctccctggg
cagataaatc
ggagcagctg
ctactacggc
agattcctgc
gctcectgggce
ccagaatcag
ttaccaaaaa
aagaggaaac
gatcaggtgt
aaaggaaatg
gttgaaagat
gtctgggagt
tttccaactt
tcccagcatt
ggaccaacat
gtggtggtgc
cacaggaggc
gagcgagatt
gactgggaaa
tcacttctct
ctcgtetgtt
tgtgccctga
cgcagtcaca
gcaccacccg
agaagagact
gaacgacaat

gccaggatgg

PCT/IB02/05797

ataggtggag 4800
tgatgatact 4860
ttgatgcaaa 4920
aaaatgactg ~ 4980
tctgaagtca . 5040
caggtgagtgy 5100
ttgttccagce 5160
gagctcaggt 5220
aatcccagcet 5280
agtaaaagac 5340
tcaggagagg 5400
tgacttgata 5460
acaaaactga 5520
gtggatggaa 5580
cgatgtggta 5640
gggctaggcc 5700
ggtgaaaccc 5760
ctgcctgtaa 5820
aagtttgacg 5880
ctgtecctccce 5940
ctcttecectce 6000
agggctcatc 6060
ccctccaagg 6120
aggacaagcc 6180
ccaaggaaga 6240
ctttecttgct 6300
gggaagatag 6360
agctttaccc 6420
aggggtggtc 6480
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ctgactcaac
taaaaagggc
ggcatttgtg
tgaggtctct
aacgacttca
gtatgtttgce
attgttaagt
ttctggagag
ggaatgtact
tagatgtccc
tgggtggggt
tttttgtaat
ctggtgcttg
<210> 4
<211> 431
<212> PRT
<213> Homo
<300>
<308>

<309>
<313>

1986
(1).

<400> 4
Met Arg Ala

1

Asp Ser Lys

Leu Asn
35

Cys

His Trp Cys

50

Asp Lys Ser

09

atgttactga
agggcatctc
aggcccatgg
tgagggagct
gggcagggct
acacttgtgt
ctaaatattt
gttataggtc
tattctgcag
tttcttggcece
gaggaccact

tttaaataaa

tatgggaagg

sapiens

~-07-21
. (431)

Leu Leu Ala Arg

S

Gly Ser Asn Glu

20

Gly Gly Thr Cys

Asn Cys Pro Lys

Lys Thr Cys Tyr

ccagcaactt
ctgtgcatgg
ttgagaaatg
tagccaatgt
ctgatattcc
gtgggctgtg
ccttaaactg
actcctgggg
catgacctgt
agttatccct
ccttacactg
agtgatcaat

agttggagta

GenBank / P00749

Leu

Leu

val
40

Lys
55

Glu

Leu

His

25

Ser

Phe

Gly

gtctttttct
gtgaagggag
aataatttcc
gggagcagcg -
atgaatgtat
agtgtaagtg
tgtggactgt
cctecttgggt
gaccagcact
tccttttage
aatatttata
aaaatgtgat

cataaaaagg

Leu
10

Cys
Gln Val
Asn Lys
Gly

Gly

Asn Gly

11/25
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ggactgaagc ctgcaggagt 6540
agccagctcc cccgacggtg 6600
caattaggaa gtgtaacagc ) 6660
gtttggggag cagagacact 6720
caggaaatat atatgtgtgt . 6780
tgagtaagag ctggtgtctg 6840
gatgccacac agagtggtct 6900
cccececacgtg acagtgectg 6960
gtctcagttt cactttcaca 7020
ctagttcatc caatcctcac 7080
tttcactatt tttatttata 7140
ttttctgatg acaaatctce 7200
agaaaataac aaaggtgg 7258
val Leu Val Val Ser

Pro Ser

30

Phe
45

Tyr

Gln His

60

His Phe

15

Asn Cys Asp

Ser Asn Ile

Cys Glu Ile

Tyr Arg Gly
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65

Lys

Ala

Gln

Arg

Glu

145

Pro

Phe

Phe

Cys

Cys

225

Arg

Glu

His

Ala

Ala

Thr

Leu

Arg

130

Cys

Glu

Lys

Ala

Gly

210

Phe

Ser

Asn

Asn

Gln
290

Ser

Val

Gly

115

Pro

Met

Glu

Ile

Ala

195

Gly

Ile

Arg

Leu

Asp

275

Pro

Thr

Leu

100

Leu

Trp

Val

Leu

Ile

180

Ile

Ser

Asp

Leu

Ile

260

Ile

Ser

Asp

85

Gln

Gly

Cys

His

Lys

165

Gly

Tyx

Leu

Tyr

Asn

245

Leu

Ala

Arg

70

Thr

Gln

Lys

Tyr

Asp

150

Phe

Gly

Arg

Met

Pro

230

Ser

His

Leu

Thr

Met

Thr

His

Val

135

Cys

Gln

Glu

Arg

Ser

215

Lys

Asn

Lys

Leu

Ile
295

Gly

Tyr

Asn

120

Gln

Ala

Cys

Phe

His

200

Pro

Lys

Thr

Asp

Lys

280

Gln

Arg

His

105

Tyr

Val

Asp

Gly

Thr

185

Arg

Cys

Glu

Gln

Tyr
265

Ile

Thr

Pro

g0

Ala

Cys

Gly

Gly

Gln

170

Thr

Gly

Trp

Asp

Gly

250

Ser

Arg

Ile

75

Cys

His

Arg

Leu

Lys

155

Lys

Ile

Gly

val

Tyr

235

Glu

Ala

Ser

Cys

12/25

Leu

Arg

Asn

Lys

140

Lys

Thr

Glu

Ser

Ile

220

Ile

Met

Asp

Lys

Leu
300

Pro

Ser

Pro

125

Pro

Pro

Leu

Asn

val

205

Ser

Val

Lys

Thr

Glu

285

Pro

Trp

Asp

110

Asp

Leu

Ser

Arg

Gln

190

Thr

Ala

Tyr

Phe

Leu

270

Gly

Ser

Asn

95

Ala

Asn

val

Ser

Pro

175

Pro

Tyxr

Thr

Leu

Glu

255

Ala

Arg

Met

80

Ser

Leu

Arg

PCT/IB02/05797

Gln

Pro

160

Arg

Trp

Val

His

Gly

240

val

His

Cys

Tyr
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Asn Asp Pro Gln Phe Gly Thr Ser Cys Glu Ile Thr Gly Phe Gly Lys
305 310 315 320
Glu Asn Ser Thr Asp Tyr Leu Tyr Pro Glu Gln Leu Lys Met Thr Vval

325 330 335
Vval Lys Leu Ile Ser His Arg Glu Cys Gln Gln Pro His Tyr Tyr Gly

340 345 350
Ser Glu Val Thr Thr Lys Met Leu Cys Ala Ala Asp Pro Gln Trp Lys’
355 360 365
Thr Asp Ser Cys Gln Gly Asp Ser Gly Gly Pro Leu Val Cys Ser Leu
370 375 380

Gln Gly Arg Met Thr Leu Thr Gly Ile Val Ser Trp Gly Arg Gly Cys
385 390 395 400
Ala Leu Lys Asp Lys Pro Gly Val Tyr Thr Arg Val Ser His Phe Leu

405 410 415
Pro Trp Ile Arg Ser His Thr Lys Glu Glu Asn Gly Leu Ala Leu

420 425 430

<210> §
<211> 1363
<212> DNA
<213> Homo sapiens
<300>
<308> GenBank / X51675
<309> 1992-12-17
<313> (1) ..(1363)
<400> 5
agagaagacg tgcagggacc ccgcgcacag gagctgecct cgcgacatgg gtcacccgcec 60
gctgetgeeg ctgetgetge tgectccacac ctgegtccca gcectettggg geetgeggtyg 120
catgcagtgt aagaccaacg gggattgccg tgtggaagag tgcgecctgg gacaggacct 180
ctgcaggacc acgatcgtgc gcttgtggga agaaggagaa gagctggagce tggtggagaa 240
aagctgtacc cactcagaga agaccaacag gaccctgagc tatcggactg gcttgaagat 300
caccagcctt accgaggttg tgtgtgggtt agacttgtge aaccagggca actctggecg 360

13/25
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ggctgtcacc tattcccgaa gccgttacct cgaatgcatt tcctgtgget catcagacat 420
gagctgtgag aggggccggce accagagect gcagtgecege agccctgaag aacagtgcect 480
ggatgtggtg acccactgga tccaggaagg tgaagaaggg cgtccaaagg atgaccgcca 540
cctcegtgge tgtggctacc ttccecggetg cccgggetec aatggtttcc acaacaacga 600
caccttccac ttcctgaaat gctgcaacac caccaaatgc aacgagggcc caatcctgga | 660
gcttgaaaat ctgccgcaga atggccgcca gtgttacagc tgcaagggga acagcaccca 720
tggatgctcc tctgaagaga ctttcctcat tgactgccga ggccccatga atcaatgtct 780
ggtagccacc ggcactcacg aaccgaaaaa ccaaagctat atggtaagag gctgtgcaac 840
cgcctcaatg tgccaacatg cccacctggg tgacgecttce agcatgaacc acattgatgt 900
ctcctgetgt actaaaagtg gctgtaacca cccagacctg gatgtccagt accgcagtgg 960
ggctgctect cagcctggece ctgcccatct cagcctcacce atcaccctgc taatgactge 1020
cagactgtgg ggaggcactc tcctctggac ctaaacctga aatcccecte tctgececetgg 1080
ctggatccgg gggacccett tgeccctteec tcggctccca gccctacaga cthctgtgt 1140
gacctcaggc cagtgtgccg acctctctgg gectcagttt tcccagctat gaaaacagcet 1200
atctcacaaa gttgtgtgaa gcagaagaga aaagctggag gaaggccgtg ggcaatggga 1260
gagctecttgt tattattaat attgttgccg ctgttgtgtt gttgttatta attaatattc 1320
atattattta ttttatactt acataaagat tttgtaccag tgg 1363
<210> 6
<211> 335
<212> PRT
<213> Homo sapiens
<300>
<308> GenBank / Q03405
<309> 199%4-02-01
<313> (1)..(335)
<400> 6

Met Gly His Pro Pro Leu Leu Pro Leu Leu Leu Leu Leu His Thr Cys
1 5 10 15

val Pro Ala Ser Trp Gly Leu Arg Cys Met Gln Cys Lys Thr Asn Gly
20 25 30

Asp Cys Arg Val Glu Glu Cys Ala Leu Gly Gln Asp Leu Cys Arg Thr
35 40 45

14/25
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Thr

Lys

65

Thr

Leu

Arg

Arg

Leu

145

Lys

Gly

Cys

Leu

His

225

Met

Ser

Ile

50

Ser

Gly

Cys

TYyr

Gly

130

Asp

Asp

Ser

Asn

Pro

210

Gly

Asn

Tyr

val

Cys

Leu

Asn

Leu

115

Val

Asp

Asn

Thr

195

Gln

Cys

Gln

Met

Arg

Thr

Lys

Gln

100

Glu

His

Val

Arg

Gly

180

Thr

Asn

Ser

Cys

vVal
260

Leu

His

Ile

85

Gly

Cys

Gln

Thr

His

165

Phe

Lys

Gly

Ser

Leu

245

Arg

Trp

Ser

70

Thr

Asn

Ile

Ser

His

150

Leu

His

Cys

Arg

Glu

230

val

Gly

Glu

55

Glu

Ser

Ser

Ser

Leu

135

Trp

Arg

Asn

Asn

Gln

215

Glu

Ala

Cys

Glu

Lys

Leu

Gly

Cys

120

Gln

Ile

Gly

Asn

Glu

200

Cys

Thr

Thr

Ala

Gly

Thr

Thr

Arg

105

Gly

Cys

Gln

Cys

Asp

185

Gly

Tyr

Phe

Gly

Thr
265

Glu

Asn

Glu

90

Ala

Ser

Arg

Glu

Gly

170

Thr

Pro

Ser

Leu

Thr

250

Ala

Glu

Arg

75

val

val

Ser

Ser

Gly

155

Tyr

Phe

Ile

Cys

Ile

235

His

Ser

15/25

Leu

60

Thr

val

Thr

Asp

Pro

140

Glu

Leu

His

Leu

Lys

220

Asp

Glu

Met

Glu

Leu

Cys

Met

125

Glu

Glu

Pro

Phe

Glu

205

Gly

Cys

Pro

Cys

Leu

Ser

Gly

Ser

110

Ser

Glu

Gly

Gly

Leu

190

Leu

Asn

BArg

Lys

Gln
270

Val

Tyr

Leu

95

Arxg

Cys

Gln

Arg

Cys

175

Lys

Glu

Ser

Gly

Asn

255

His

Glu

Arg
80

Asp

Ser -

Glu

Cys

Pro

160

Pro

Cys

Asn

Thr

Pro

240

Gln

Ala

PCT/IB02/05797
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His Leu Gly

275

Thr Lys Ser

290

Gly Ala

305

Ala

Leu Leu Met

<210> 7

<211l> 2509
<212> DNA
<213> Homo

<300>
<308>
<309>
<313>

1995
(1) .

<400> 7

gcgaggaaag
caatgaagag
gccaggaaat
atgaaaaaac
gcaaccgggt
tcaaaagttg
tctcagattt
ccagggccac
agagtggcgce
ggcggaggcce
atcgagactc
gcagcaccce
accgtggcac

tcctgatagg

Asp Ala

Gly Cys

Pro Gln

Phe

Asn

Pro

Met
280

Ser

His Pro

295

Gly Pro

310

Thr Ala
325

sapiens

-03-27
. (2509)

ggaaggagca
agggctctgce
ccatgccecga
gcagatgata
ggaatattgc
cagcgagcca
cgtgtgccag
gtgctacgag
cgagtgcacc
agacgccatc
aaagccctgg
tgcectgctcet
gcacagcctc

caaggtttac

Arg

Leu Trp

GenBank / X07393

agccgtgaat
tgtgtgctgce
ttcagaagag
taccagcaac
tggtgcaaca
aggtgtttca
tgcccegaag
gaccagggca
aactggaaca
aggctgggcc
tgctacgtct
gagggaaaca
accgagtcgg

acagcacaga

Asn His

Asp Leu

Ala His

Gly Gly

Ile

Asp

Leu
315

Thr
330

ttaagggacg
tgetgtgtgg
gagccagatc
atcagtcatg
gtggcagggce
acgggggcac
gatttgctgg
tcagctacag
gcagcgcgtt
tggggaacca
ttaaggcggg
gtgactgcta
gtgcctectg

accccagtgce

16/25
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Asp Val Ser Cys Cys
285

Val Gln Tyr Arg Ser
300
Ser Leu Thr Ile Thr

320
Leu Leu Trp Thr

335
(

ctgtgaagca atcatggatg 60
agcagtcttc gtttcgccca 120
ttaccaagtg atctgcagag 180
gctgcgececct gtgctcagaa 240
acagtgccac tcagtgcctg 300
ctgccagcag gccctgtact 360
gaagtgctgt gaaatagata - 420
gggcacgtgg agcacagcgg 480
ggcccagaag ccctacagcg 540
caactactgc agaaacccag 600
gaagtacagc tcagagttct 660
ctttgggaat gggtcagcct 720
cctececcgtgg aattccatga 780
ccaggcactg ggcctgggca 840
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aacataatta
accgcaggct
agtacagcca
cctggcaggce
ggggcatact
ttccgeccca
aggagcagaa
acgacaatga
gcagcgtggt
agtgtgagct
tgaaggaggc
acagaacagt
caaacttgca
gccgcatgac
cgggtgtgta
gaccaggaac
cactgcaaag
ggacgagacc
ttttcaggac
tagcctctece
ctaaagccca
gaaagcatgt
aaatagacag
ggctggcceceg
actcectgge
tctttataaa
atatttatag

tacttaataa

ctgccggaat
gacgtgggag
gcctcagttt
tgccatcttt
catcagctcc
ccacctgacg
atttgaagtc
cattgecgctg
ccgcactgtg
ctceggcetac
tcatgtcaga
caccgacaac
cgacgcctgce
tttggtgggc
caccaaggtt
acccgactcce
gcgcagtgcet
ctacaggaga
ttggtctgat
aggaatgcct
acctcctgac
ctcaatagta
tatatttata
tcatgttcecct
tctcagaagg
ctttagagta
caatccatgt

attcagatat

cctgatgggg
tactgtgatg
cgcatcaaag
gccaagcaca
tgctggattc
gtgatcttgg
gaaaaataca
ctgcagctga
tgeccttccecce
ggcaagcatg
ctgtacccat
atgctgtgtg
cagggcgatt
atcatcagct
accaactacc
tcaaaagcaa
tctctacaga
gggaagagtg
ttcaggatac
cctececctggg
ctgtcaccgt
aaagataaca
gtcacaagag
caaaagcacc
tattcctttt
gcatgagaga
tagtttttac

atttttcaca

atgccaagcc
tgcecctectg
gagggctctt
ggaggtcgcee
tctctgcege
gcagaacata
ttgtccataa
aatcggattc
cggcggacct
aggccttgte
ccagccgcetg
ctggagacac
cgggaggecc

ggggcctggg

tagactggat
atgagatccc
cttctccaga
cattttccca
tctgtcagat
cagaaagtgg
gagcagcttt
agatctttca
cccagcaggg
cttgacgtca
gtgtacagtg
attgtatcat
tttctgttgce

gtttttccaa

17/28

ctggtgccac
ctccacctge
cgccgacatce
c¢ggagagcgg
ccactgcttc
ccgggtggtce
ggaattcgat
gtccecgetgt
gcagctgcecg
tcctttctat
cacatcacaa
tcggageggce
cctggtgtgt
ctgtggacag
tcgtgacaac
gcctcttett
cccaccacac
gatacttccc
gggaagacat
ccatgccacc
ggaaacagga
ggaaagacgg
cctcaaagtt
agtctccttce
tgtaaagtgt
ttgaacaact
cacaaccctg

aaaaaaaaa

PCT/IB02/05797

gtgctgaaga 900
ggcctgagac 960
gcctecccacce 1020
ttcetgtgecg © 1080
caggagaggt 1140
cctggcgagé 1200
gatgacactt 1260
gcccaggaga 1320
gactggacgg 1380
tcggagcggc 1440
catttactta 1500
gggccccagg 1560
ctgaacgatg 1620
aaggatgtcc 1680
atgcgaccgt 1740
cttcagaaga 1800
cgcagaagcg 1860
attttggaag 1920
gaatgcacac 1980
ctgttttcag 2040
ccacaaaaat 2100
attgcattag 2160
ggggcaggct 2220
cccttteecece 2280
aaatcctttt 2340
aggcttcagc 2400
ttttatactg 2460

2509
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<210>
<211>
<212>
<213>
<300>
<308>
<309>
<313>
<400>
Met Asp
1

Ala Vval

Gly Ala

Ile Tyr
50

Arg Val
65

val Pro

Cys Gln

Gly Phe

Glu Asp

130

Gly Ala
145

Tyr Ser

Asn Tyr

8
562
PRT

Homo sapiens

GenBank / P00750
1986-07-21
(1) ..(562)

8

Ala

Phe

Arg

35

Gln

Glu

val

Gln

Ala

115

Gln

Glu

Gly

Met

val

20

Ser

Gln

Tyr

Lys

Ala

100

Gly

Gly

Cys

Arg

Arg

Lys

Ser

Tyr

His

Cys

Ser

85

Leu

Lys

Ile

Thr

Arg

165

Asn

Arg

Pro

Gln

Gln

Trp

70

Cys

Cys

Ser

Asn

150

Pro

Pro

Gly

Ser

Val

Ser

55

Cys

Ser

Phe

Cys

Tyr

135

Trp

Asp

Asp

Leu

Gln

Ile

40

Trp

Asn

Glu

Ser

Glu

120

Arg

Asn

Ala

Arg

Cys
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10

Ile

Arg
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170
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Asp

Pro

Arg
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Thr

Trp
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Leu
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Leu
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Leu
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Pro

Leu

Arg
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Thr
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Leu

Trp
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Phe
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Arg

Cys

Gly

Cys

110

Thr

Ala

Gln

Gly

Cys

Cys
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Arg

Gln

Ser
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Gly

95

Pro

Cys

Glu

Lys

Asn
175

Tyr

Gly

Arg

Met

Asn

ser

80

Thr

Glu

Tyr

Ser

Pro

160

His

Val
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Phe
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Leu
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Gln

385
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Lys
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290

Gln
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val
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Thr
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Ile

Leu

Lys

275

Cys

Pro
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Arg

Ala

355
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Phe

Tyr
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Ser
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260

Pro
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Gln

Trp

Phe

340

Ala

Leu

Glu

Asp

Lys

Ser

Leu

Ile

245

Leu

Trp

val

Phe

Gln

325

Leu
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Gly

val

Asn
405

Tyr

Asp

Thr

230

Gly

Gly

Cys

Pro

Arg

310

Ala

Cys

Cys

Arg

Glu

390
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Ser

Cys

215

Glu

Lys

Lys

His

Ser

295

Ile

Ala

Gly

Phe

Thr

375

Lys

Ile

Ser

200

Tyr

Ser

val
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Val
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Cys

Lys

Ile

Gly

Gln
360

Tyr

Tyr

Ala

185

Glu

Phe

Gly

Tyr

Asn

265

Leu

Ser

Gly

Phe

Ile

345

Glu

Arg

Ile

Leu

Phe

Gly

Ala

Thr
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Tyr

Lys

Thr
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330

Leu

Arg
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Leu
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Ala
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Cys

Leu
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Lys

Ile

Phe
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Gln
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220

Cys

Gln

Arg

Arg

Gly

300

Phe
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Ser

Pro

Pro

380

Lys

Leu

Thr

205

Ser

Leu

Asn

Asn

Arg

285

Leu

Ala

Arg

Ser

Pro
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Gly

Glu

Lys

190

Pro

Ala

Pro

Pro
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Leu
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Arg

Cys

350
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Glu

Phe
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Ala

Tyr

Trp

Ser
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Thr

Gln

Ile
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Trp
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Trp
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Ser

Pro

Tyr

Glu
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Leu

Arg

Ser

Gly

val
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Arg

Arg

Ala

Gly

450

Ala

Leu

Ser

Gly

Ile
530

Tyr

Pro

<210>
<211>
<212>
<213>

<300>
<308>
<309>
<313>

<400>
ggcagggcaa gagcgctgtc aagaagaccc acacgccccc ctcecagcagce tgaattcctg 60

Cys

Asp

435

Lys

His

Asn

Gly

Gly

515

Ile

Thr

9
1482
DNA

Ala

420

Leu

His

Val

Arg

Gly

500

Pro

Ser

Lys

Gln

Gln

Glu

Arg

Thr

485

Pro

Leu

Trp

Val

Homo sapiens

Glu

Leu

Ala

Leu

470

val

Gln

Val

Gly

Thr
550

GenBank / X04429
1995-03-21
(1)..(1482)

9

Ser

Pro

Leu

455

Tyr

Thr

Ala

Cys

Leu

535

Asn

Ser

Asp

440

Ser

Pro

Asp

Asn

Leu

520

Gly

Tyr

val

425

Trp

Pro

Ser

Asn

Leu

505

Asn

Cys

Leu

val Arg

Thr Glu

Phe Tyr

Ser Arg

475

Met Leu

490

His Asp

Asp Gly

Gly Gln

Asp Trp
555

Thr

Cys

Ser

460

Cys

Cys

Ala

Arg

Lys

540

Ile

Val

Glu

445

Glu

Thr

Ala

Cys

Met

525

Asp

Arg

Cys

430

Leu

Arg

Ser

Gly

Gln

510

Thr

Val

Asp

Leu

Ser

Leu

Gln

Asp

495

Gly

Leu

Pro

Asn

Pro

Gly

Lys

His -

480

Thr

Asp

vVal

Gly

Met
560
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ttcaggatgce
ggtgaagggt
ggggtgaggg
ccctatgggg
cagcagattc
cggcatctgt
gcgatcttcg
ctgttccgga
atcaatgact
gcecgtggacce
aagactccct
actgtctctg
cccgatggcc
ttcattgctg
gcccagcetca
cccaagttcet
accgacatgt
cacgtcgegce
tcctcatcca
agacccttcc
gtgatggaac
cgggaaagaa
agaagacatt
<210>
<211>

<212>
<213>

10
402
PRT

<300>
<308>
<309>
<313>

agatgtctcc
ctgctgtgca
tgtttcagca
tggccteggt
aagcagctat
acaaggagct
tccagcggga
gcacggtcaa
gggtgaagac
agctgacacg
tceccecgacte
tgcccatgat
attactacga
cccecttatga
tcagccactg
ccctggagac
tcagacagtt
aggcgctgca
cagctgtcat
tetttgtggt
cctgaccctg
gaaactccga

tgcecttttgt

Homo sapiens

. {402)

agccctcacc
ccatccccca
ggtggcgcag
gttggccatg
gggattcaag
catggggcca
tctgaagctg
gcaagtggac
acacacaaaa
gctggtgcetg
cagcacccac
ggctcagacc
catcctggaa
aaaagaggtg
gaaaggcaac
tgaagtcgac
tcaggctgac
gaaagtgaag
agtctcagcc
ccggcacaac
gggaaagacg
agaaaagaat

taaaagatgg

GenBank / P05121
1987-08-13
(1) .

tgcctagtce
tcctacgtgg
gcctccaagg
ctccagctéa
attgatgaca
tggaacaagg
gtccagggcet
ttttcagagg
ggtatgatca

gtgaatgccc

cgecegectet

aacaagttca
ctgccctacc
cctctctetg
atgaccaggc
ctcaggaagc
ttcacgagtc
atcgaggtga
cgcatggccc
cccacaggaa
ccttcatctg
tttagtgtta

taaaccagat

21/25

tgggcctgge
cccacctggce
accgcaacgt
caacaggagg
agggcatggc
acgagatcag
tcatgcceca
tggagagagc
gcaacttgct
tctacttcaa
tccacaaatc
actatactga
acggggacac
ccctcaccaa
tgccecegect
ccctagagaa
tttcagacca
acgagagtgg
ccgaggagat
cagtcctttt
ggacaaaact
atgactcttt

ct
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ccttgtettt 180
ctcagacttc 240
ggttttctceca 300
agaaacccag 360
ccecegecectce 420
caccacagac 480
cttcttcagg 540
cagattcatc 600
tgggaaagga 660
cggccagtgg 720
agacggcagc 780
gttcaccacg 840
cctcagcatg 900
cattctgagt 960
cctggttctg 1020
cctgggaatg 1080
agagcctctc 1140
cacggtggcce 1200
catcatggac 1260
catgggccaa 1320
ggagatgcat 1380
ctgaaggaag 1440

1482
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<400>
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Met Gln Met

1

Val

His

Ala

Val

65

Ile
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Glu

val

Lys
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Asp

Lys

Tyr

Arg

Phe

Leu
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50

Leu
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Leu

Ile

Gln

130

Gln

Trp

Gly

Phe

Arg
210

Gly

Ala

35

Lys

Ala

Ala

Arg

-Ser
115

Gly

Val

Val

Ala

Asn

195

Leu

Ser

Glu

20

Ser

Asp

Met

Ala

His

100

Thr

Phe

Asp

Lys

Val

180

Gly

Phe

Pro

Gly

Asp

Arg

Leu

Met

85

Leu

Thr

Met

Phe

Thr

165

Asp

Gln

His

Ala

Ser

Phe

Asn

Gln

70

Gly

Tyr

Asp

Pro

Ser

150

His

Gln

Trp

Lys

Leu

Ala

Gly

val

55

Leu

Phe

Lys

Ala

His

135

Glu

Thr

Leu

Lys

Ser
215

Thr

vVal

Val

40

Val

Thr

Lys

Glu

Ile

120

Phe

Val

Lys

Thr

Thr

200

Asp

Cys

His

25

Arg

Phe

Thr

Ile

Leu

105

Phe

Phe

Glu

Gly

Arg

185

Pro

Gly

Leu Val
10

His Pro

Val Phe

Ser Pro

Gly Gly

75

Asp Asp

90

Met Gly

val Gln

Arg Leu

Arg Ala

155

Met Ile

17¢

Leu Val

Phe Pro

Ser Thr
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Leu

Pro

Gln

Tyr

60

Glu

Lys

Pro

Arg

Phe

140

Arg

Ser

Leu

Asp

Val
220

Gly

Ser

Gln

45

Gly

Thr

Gly

Trp

Asp

125

Arg

Phe

Asn

Val

Ser

205

Ser

Leu

Tyr

30

val

Val

Gln

Met

Asn

110

Leu

Ser

Ile

Leu

Asn

190

Ser

Val

Ala

15

val

Ala

Ala

Gln

Ala

95

Lys

Lys

Thx

Ile

Leu

175
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Thr

Pro

Leu

Ala

Gln

Ser

Gln

80

Pro

Asp

Leu
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Asn
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Gly
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Met
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Gly

Ser

Leu

Met

Thr

305

Met

Pro

Glu

Arg

val

385

Glu

Ala

His

Met

Thr

Thr

290

Glu

Phe

Leu

Ser

Met

370

Arg

Pro
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<211>
<212>
<213>

<220>
<223>

Gln

Tyr

Phe

Asn

275

Arg

Val

Arg

His

Thr

Tyr

Ile

260

Ile

Leu

Asp

Gln

val

- 340

Gly
355

Ala

His

11
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DNA

Thr

Pro

Asn

Asn

Asp

245

Ala

Leu

Pro

Leu

Phe

325

Ala

val

Glu

Pro

Lys

230

Ile

Ala

Ser

Arg

Arg

310

Gln

Gln

Ala

Glu

Thr
390

Phe

Leu

Pro

Ala

Leu

295

Lys

Ala
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Ser

Ile

375

Gly

Artificial Sequence

PCR primer

Asn
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Tyr

Gln
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Pro
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Ser

360

Ile

Thr

Tyr

Leu

Glu
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Leu

Val

Leu

Phe

Gln

345

Ser

Met
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Thr

Pro
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Lys

Ile
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Ser

Pro

Asn
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val
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Arg

Phe
395
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Lys

300
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380

Met

Thr

Gly
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Trp

285

Phe
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Ser

Ile

Ile
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Phe

Gly
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270

Lys
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Leu

Gln
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Ser
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Gln
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Val
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Phe

Val
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Asn

Glu
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<400>

atcgaaggcc gcccaactct gagtgggatt g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

tcccaacage agatctcatg aatgaccc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

atgattgaac aagatggatt gcacg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11

12
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DNA

Artificial Sequence

PCR primer

12

13

25

DNA

Artificial Sequence

PCR primer

13

14

24

DNA

Artificial Sequence

PCR primer

14

ttcgtccaga tcatcctgat cgac

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

15

20

DNA

Artificial Sequence

PCR primer

15

tcabcagggc aatgtcacgg

<210>
<211>
<212>
<213>

16
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DNA

Artificial Sequence
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<220>
<223> PCR primer
<400> 16

ctctctgtct gccttccatg g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17
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DNA

Artificial Sequence

PCR primer

17

ccgcagggag gtgtgggt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18

18

DNA

Artificial Sequence

PCR primer

18

atttcgtgge ccagttga
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