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(57) ABSTRACT

Subjects lacking Nfat1 display osteoarthritis in weight-bear-
ing joints. Osteoarthritic changes associated with Nfat1 defi-
ciency are characterized by articular cartilage degradation,
articular chondrocyte proliferation/clustering, progressive
articular surface destruction, periarticular chondro-osteo-
phyte formation, and exposure of thickened subchondral
bone. Methods of treating osteoarthritis, methods of diagno-
sis and early prediction of the onset of osteoarthritis, and
methods for screening drug candidates that may be useful for
treatment of osteoarthritis are presented.
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PREVENTION AND TREATMENT OF
OSTEOARTHRITIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The application is a divisional application of U.S.
patent application Ser. No. 12/407,536 filed 19 Mar. 2012 and
entitled “PREVENTION AND TREATMENT OF
OSTEOARTHRITIS” U.S. patent application Ser. No.
12/407,536 claims the benefit of U.S. Provisional Application
Ser. No. 61/038,591 filed 21 Mar. 2008 and entitled “PRE-
VENTION AND TREATMENT OF OSTEOARTHRITIS.”
The above listed applications are incorporated herein by ref-
erence in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. The Field of the Invention

[0003] The present invention relates to early prediction of
the onset of osteoarthritis, early diagnosis of osteoarthritis,
early treatment of osteoarthritis, and screening of drug can-
didates useful for treating osteoarthritis.

[0004] 2. The Relevant Technology

[0005] Osteoarthritis (“OA”) is the most common joint dis-
ease in middle-aged and older people. OA is characterized by
joint pain and dysfunction caused by joint degeneration,
including progressive loss of articular cartilage, osteophyte
formation, and sclerosis of subchondral bone. Joint contrac-
tures, peri-articular muscle atrophy, and limb deformity occur
in advanced stages of the disease and often lead to disability
and sometimes the need for joint replacement. Currently,
persistent joint pain and stiffness and radiographic evidence
for joint space narrowing, osteophytes, and in some cases,
increased subchondral bone density and cysts are used to
establish the diagnosis of OA.

[0006] OA often develops in the absence of a specific
known cause of joint degeneration, a condition referred to as
either primary or idiopathic OA. Less frequently, OA devel-
ops as a result of joint degeneration caused by injuries or a
variety of hereditary, developmental, metabolic, and neuro-
logical disorders, which is referred to as secondary OA. Pri-
mary OA rarely occurs in people younger than 40 years old.
Secondary OA may occur in younger adults. Although a
number of risk factors have been proposed to be involved in
the pathogenesis of OA, the root causes of primary OA
remain unclear. Current treatments for OA, including weight
reduction, pain amelioration, and joint replacement, are
largely palliative. Efforts to develop methods for the surgical
or biological repair of damaged articular cartilage face major
obstacles due to the limited intrinsic repair capacity of the
tissue. Therefore, the development of novel therapeutic strat-
egies is highly likely to depend upon the identification of the
molecular and cellular mechanisms involved in the initiation
and progression of OA.

BRIEF SUMMARY OF THE INVENTION

[0007] Thepresentinvention is directed to the pathogenesis
of osteoarthritis in the joints of a subject (e.g., a human or an
animal such as a mouse). The present invention relates to the
transcription factor Nfat1, which has now been discovered to
be involved in the pathogenesis of OA. The present invention
includes methods of treating OA, methods of diagnosis and
early prediction of the onset of OA, and methods for screen-
ing drug candidates that may be useful for treatment of OA.
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[0008] Inoneembodiment, a method of treating, inhibiting,
and/or preventing osteoarthritis is disclosed. The method
includes (1) providing a subject having low Nfatl, and (2)
increasing Nfatl in the subject.

[0009] In one embodiment, increasing Nfatl in the subject
can include stimulating synthesis of Nfat1 in the subject. For
example, stimulating synthesis of Nfatl can include admin-
istering to the subject a bioactive substance that increases
Nfatl transcriptional activity and/or increases synthesis of
Nfatl protein.

[0010] In oneembodiment, increasing Nfatl in the subject
can include administering Nfat1 to the subject. For example,
administering Nfat1 to the subject can include administering
purified Nfatl to the subject and/or administering to the sub-
ject a nucleic acid encoding Nfatl that is capable of directing
synthesis of Nfatl.

[0011] Inoneembodiment, the method of treating, inhibit-
ing, and/or preventing osteoarthritis can include measuring
Nfatl in the subject and/or measuring downstream effectors
of Nfatl, and comparing the subject’s Nfat1 level and/or the
downstream effectors of Nfatl to a control subject’s Nfatl
activity level and/or the control subject’s activity of down-
stream effectors of Nfatl. That is, the subject’s Nfatl level
can be compared to a control or standard subject having
normal or “wild-type” Nfatl levels.

[0012] In one embodiment, Nfatl and/or the downstream
effectors of Nfatl can modulate or include at least one of
matrix metalloproteinase la (Mmpla), matrix metallopro-
teinase 13 (Mmp13), Adamts5 (i.e., a disintegrin and metal-
loproteinase with a thrombospondin type 1 motif, member 5),
tissue inhibitor of metalloproteinase-1 (Timp1), aggrecan, a
collagen protein, p-catenin, interleukin-1f (IL-1p), interleu-
kin-6 (IL-6), interleukin-17c (IL-17¢.), and the like.

[0013] In one embodiment, a method of diagnosing
osteoarthritis and/or predicting susceptibility to osteoarthritis
in a subject is disclosed. The method can include (1) measur-
ing the subject’s Nfatl level, and (2) comparing the subject’s
Nfatl level to a control subject’s Nfatl level, wherein low
Nfatl is diagnostic of or predictive of susceptibility to
osteoarthritis.

[0014] Inoneembodiment a method of diagnosing osteoar-
thritis in a subject can also include providing a blood or tissue
sample from the subject, and measuring the Nfat1 level in the
blood or tissue sample. For example, the tissue sample can
include articular cartilage cells.

[0015] In one embodiment, the measuring of Nfatl can
further include measuring type II collagen production by
articular cartilage cells in the subject. In one embodiment, the
measuring of Nfatl can further include measuring aggrecan
production by articular cartilage cells in the subject.

[0016] In one embodiment, a method of diagnosing
osteoarthritis in a subject can also include probing the sub-
ject’s genome for sequence variations in Nfatl.

[0017] In one embodiment, a method of diagnosing
osteoarthritis in a subject can also include determining
whether the subject has degenerative articular cartilage dis-
ease, a method of diagnosing osteoarthritis in a subject can
further include measuring articular cartilage degeneration, a
method of diagnosing osteoarthritis in a subject can further
include measuring downstream effectors of Nfat1. Moreover,
amethod of diagnosing osteoarthritis in a subject can include
administering at least one bioactive substance to the subject
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and determining whether the bioactive substance increases
activity of Nfatl and/or affects the downstream effectors of
Nfatl

[0018] In one embodiment, a method of screening drug
candidates useful for treating osteoarthritis is disclosed. The
method can use a first screen that can include (1) providing
cultured cells from a subject organism that are Nfat1 negative
and/or Nfatl deficient, (2) exposing the cells to at least one
drug candidate, and (3) probing for, increased Nfatl tran-
scription, increased Nfatl protein expression, increased
Nfatl1 function, and/or evaluating the activity or production of
downstream effectors of Nfatl. The subject organism can be
any organism described herein or otherwise known. For
example, the cells can come from an Nfatl knockout (i.e.,
Nfat1~") or the cells can come from an organism engineered
to overexpress Nfatl (i.e., CA-Nfatl). In one example, the
cells from the subject organism can be articular cartilage cells
and/or a cartilaginous cell line.

[0019] In one embodiment, a method of screening drug
candidates useful for treating osteoarthritis can include mea-
suring production of type 11 collagen in the cells from the
subject organism. The method of screening drug candidates
useful for treating osteoarthritis can also include measuring
productionofaggrecan in the cells from the subject organism.
[0020] In one embodiment, a method of screening drug
candidates useful for treating osteoarthritis can include a
second screen. The second screen can include (1) exposing
the subject organism to at least one drug candidate identified
in the first screen, and (2) probing the organism for increased
and/or decreased Nfatl activity, altered activity and/or pro-
duction of the downstream effectors of Nfat1, and/or probing
for an improved osteoarthritis phenotype relative to a control
organism not receiving the at least one drug candidate.
[0021] Many Nfat-type transcription factors are known
(e.g., Nfatl, Nfat2, Nfat3, and Nfat4) and there is some redun-
dancy of function amongst the known Nfat-type transcription
factors. As such, in another embodiment, the present inven-
tion can include a method treating, inhibiting, and/or prevent-
ing osteoarthritis that includes (1) providing a subject having
low activity of at least one Nfat-type transcription factor, and
(2) increasing the activity of the at least one Nfat-type tran-
scription factor in the subject.

[0022] These and other embodiments and features of the
present invention will become more fully apparent from the
following description and appended claims, or may be
learned by the practice of the invention as set forth hereinaf-
ter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] To further clarify the above and other advantages
and features of the present invention, a more particular
description of the invention will be rendered by reference to
specific embodiments thereof which are illustrated in the
appended drawings. It is appreciated that these drawings
depict only illustrated embodiments of the invention and are
therefore not to be considered limiting of’its scope. The inven-
tion will be described and explained with additional specific-
ity and detail through the use of the accompanying drawings
in which:

[0024] FIG. 1A illustrates a 2-month-old female wild-type
(WT) mouse hip joint with safranin-O staining (i.e., darker
staining) showing normal joint structure and articular surface.
[0025] FIG. 1B illustrates a 2-month-old female Nfat1~"~
mouse showinga focal loss of safranin-O staining (i.e., loss of
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darker staining) for proteoglycans in the superficial/upper
zone (*) of femoral head articular cartilage.

[0026] FIG. 1C illustrates higher magnification of the
image in FIG. 1B.

[0027] FIG. 1D illustrates a Western-blot and intensity data
comparing collagen-2 (Col2) protein expression levels in
articular cartilage of 2-month-old female WT and Nfat1~~
mice.

[0028] FIG. 1E illustrates a Western-blot and intensity data
comparing aggrecan (Aggr) protein expression levels in
articular cartilage of 2-month-old female WT and Nfatl =~
mice.

[0029] FIG. 1F illustrates roughening of the articular sur-
face, focal loss of proteoglycan staining, and early chondro-
cyte clustering (in magnified square) in the upper-mid zones
of articular cartilage of a 4-month-old female Nfat1~~ hip.
[0030] FIG. 1G illustrates a 6-month Nfatl™~ hip joint
showing roughening and discontinuity of articular surface,
loss of safranin-O staining in the upper zone, chondrocyte
clustering in the upper-mid zones (arrows), and increased
safranin-O staining in mid-deep zones of femoral head articu-
lar cartilage. Endochondral ossification, including chondro-
cyte differentiation/hypertrophy, vascular invasion (v), and
new bone formation (*) on the surfaces of calcifying carti-
lage, is seen in subchondral bone (insert).

[0031] FIG. 1H illustrates a 12-month Nfat1™~ shoulder
(glenoid) shows chondrocyte clusters (arrows) with thick-
ened subchondral bone (*) and vertical clefts in the superficial
zone of articular cartilage (arrowheads).

[0032] FIG. 11 illustrates a 15-month Nfatl™~ humeral
head displaying a fragment of cartilage (#) derived from
deteriorated articular cartilage due to a combination of hori-
zontal and vertical fissures/clefts. Increased proteoglycan
staining is evident in the areas adjacent to the fissures. Thick-
ened subchondral bone (*) is clearly seen.

[0033] FIG. 17 illustrates articular cartilage destruction
with surface fibrillation (A) and subchondral bone cysts (*) in
a 15-month Nfat1~"~ knee joint.

[0034] FIG. 1K illustrates an 18-month Nfat1~"~ hip show-
ing thinning or complete loss of articular cartilage (eburna-
tion) (arrowhead) with exposure of thickened subchondral
bone (#).

[0035] FIG. 1L illustrates an 18-month Nfat1~"~ hip show-
ing narrowing of joint space (open arrow) and fibrous joint
fusion (¥);

[0036] FIG. 2 illustrates histology sections comparing
wild-type (WT) and Nfat1 ™~ hip joints showing loss of pro-
teoglycan staining (*) in articular cartilage, roughening of
articular surface (&), and formation of chondro-osteophytes
(arrows) in Nfat1 ™~ hip joints. The process of endochondral
ossification is seen in the chondro-osteophytes, including
chondrocyte hypertrophy and vascular invasion (open arrow).
Cartilage has been partially replaced by newly formed bone
®).

[0037] FIG. 3A illustrates gPCR analyses showing
increased catabolic activities of articular chondrocytes iso-
lated from Nfat] ™~ hip joints.

[0038] FIG. 3B illustrates immunohistochemical staining
using antibody that detects degraded aggrecan showing
degraded aggrecan was substantially more prevalent around
cells in the upper zone of 3-month old female Nfat1 ™'~ femo-
ral head articular cartilage than age-matched WT mice.
[0039] FIG. 3C illustrates qPCR analyses showing tempo-
ral changes in expression levels of various genes of interest
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(i.e., Acan, Col2al, Col10al, Col9al, Colllal) in WT and
Nfatl~~ articular cartilage at 1-4 months.

[0040] FIG. 3D illustrates qPCR analyses showing tempo-
ral changes in expression levels of fB-catenin in WT and
Nfat1 ™~ articular cartilage at 1-4 months.

[0041] FIG. 3E illustrates qPCR analyses showing tempo-
ral changes in expression levels of Sox9 in WT and Nfat1~"~
articular cartilage at 1-4 months.

[0042] FIG. 3F illustrates gPCR analyses showing tempo-
ral changes in expression levels of various genes of interest
(i.e., IL1B,IL6, IL17c) in WT and Nfat 1=~ articular cartilage
at 1-4 months.

[0043] FIG. 3G illustrates immunohistochemical staining
of IL-1f expression showing substantially more expression
of IL-1f in femoral head articular cartilage of 3-month-old
Nfatl~~ mice compared to age-matched WT mice.

[0044] FIG. 4A illustrates immunofluorescence using an
antibody against hemagglutinin (HA) tags, which shows
positive expression of Nfat] protein in the nuclei of Nfat™"~
articular chondrocytes after transfection of Nfatl plasmid
with HA tags (Nfatl exp in Nfatl==), but not in control
Nfat] ™~ or WT articular chondrocytes in which HA tags are
not present.

[0045] FIG. 4B illustrates a Western-blot comparing Nfat1
expressionin WT, Nfat1~'~, and forced expression of Nfatl in
Nfatl ™~ cells.

[0046] FIG. 4C shows that forced expression of Nfat1 res-
cues abnormal activities of 3-month-old Nfatl™"~ articular
chondrocytes.

[0047] FIG. 5A illustrates qPCR analyses showing differ-
ential expression of Bmp2-15 in articular cartilage in WT and
Nfat1~~ mice at 1-month to 4-months of age (Bmp members
without significant changes not shown).

[0048] FIG. 5B illustrates gPCR analyses showing differ-
ential expression of Igfl and Tgfb1-3 in articular cartilage in
WT and Nfatl =~ mice age 1-month to 4-months.

[0049] FIG. 5C illustrates qPCR analyses showing differ-
ential expression of Bmp2, Bmp13, and Bmp14 in periarticu-
lar tissues in WT and Nfatl =~ mice age 1-month to 4-months.
[0050] FIG. 5D illustrates qPCR analyses showing differ-
ential expression of Igfl and Tgfb1-3 in periarticular tissues
in WT and Nfatl '~ mice at 1-month to 4-months of age.
[0051] FIG. 5E illustrates qPCR analyses showing differ-
ential expression of Acan, Col2al, and Col10atl in periar-
ticular tissues in WT and Nfatl™™ mice at l-month to
4-months of age.

[0052] FIG. 6 illustrates a diagram showing possible
mechanisms underlying Nfatl deficiency-induced OA.
[0053] FIG. 7A illustrates Western blots using Nfat1 anti-
body (Ab) and Gapdh Ab (loading control) to confirm that
knockdown of Nfatl expression by siRNA delivered with
lentiviral vectors substantially reduces the synthesis of Nfat1
protein in cultured primary articular chondrocytes isolated
from 3-month old WT femoral head articular cartilage; Nfat1
protein extracted from HT-2 cells isused as a positive control.
[0054] FIG. 7B illustrates qPCR analyses showing that
knockdown of Nfatl expression by siRNA significantly
reduces Nfatl, Timpl, Acan, and Col2al expression and
elevates Mmp13, IL1b, and IL 170 expression.

[0055] FIG. 8A illustrates Western blots using Nfat1 anti-
body (Ab) and Gapdh Ab (loading control) to confirm that
knockdown of Nfatl expression by siRNA delivered with
lentiviral vectors substantially reduces the synthesis of Nfat1
protein in cultured ATDCS chondrogenic cells.
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[0056] FIG. 8B illustrates qPCR analyses demonstrating
relative fold change in mRNA expression of Nfat1, aggrecan
(Acan), and type-II collagen (Col2a.l) 6 days after transfec-
tion; Nfatl siRNA significantly suppresses the expression of
Nfatl and cartilage marker genes; Nfatl expression level is
completely recovered by forced Nfatl expression, while
aggrecan and type-II collagen levels are partially, but signifi-
cantly, recovered in comparison to the NFAT1 siRNA group
without forced Nfatl expression; Control=insulin-treated
normal ATDCS cells; Nfatl siRNA=Nfatl siRNA in insulin-
treated ATDCS5 cells; Nfatl Exp in Nfat1 siRNA cells=Forced
expression of Nfatl in Nfatl siRNA and insulin-treated
ATDCS cells.

[0057] FIG. 9A illustrates immunohistochemical staining
using NFAT1 (NFATc2)-specific antibody showing Nfatl
expression in normal human articular cartilage (dark stain-
ing) in the majority of articular cartilage cells.

[0058] FIG. 9B illustrates high magnification of the cells
shown on FIG. 9A.

[0059] FIG. 9C illustrates that immunchistochemical stain-
ing using NFAT1 (NFAT¢2)-specific antibody failed to detect
significant Nfatl expression in osteoarthritic articular carti-
lage revealing that NFAT1 protein expression is substantially
decreased in articular cartilage cells of human osteoarthritic
joints compared to articular cartilage cells in normal control
human joints; loss of Nfatl expression is associated with
articular destruction with fissuring and chondrocyte cluster-
ing, which are typical features of human OA.

[0060] FIG. 9D illustrates high magnification of human
osteoarthritic cells with no detectable immunoreaction to
NFAT1 antibody.

[0061] FIG. 10 illustrates gPCR analyses demonstrating
that the expression levels of NFAT1 mRNA are decreased in
peripheral blood cells in the majority of patients with OA
(n=16, mean age=61) compared to a control group showing
no clinical evidence of OA (n=12, mean age=53); each sym-
bol represents an individual human subject.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

1. Introduction

[0062] Thepresentinvention is directed to the pathogenesis
of osteoarthritis in the joints of a subject (e.g., a human or an
animal such as a mouse), as well as the diagnosis and treat-
ment thereof. More particularly, the present invention relates
to the transcription factor Nfat1, which has been discovered to
be involved in the pathogenesis of OA. The present invention
includes methods of treating OA, methods of diagnosis and
early prediction of the onset of OA, and methods for screen-
ing drug candidates that may be useful for treatment of OA.
[0063] Age is the overriding risk factor for developing OA,
and the prevalence of OA in all joints increases with age. The
most longstanding theory is that OA develops because of
continuous mechanical wear and tear. However, recreational
running and lifelong joint use have not been shown to increase
the risk of joint degeneration. In addition, mitotic and syn-
thetic activities of articular chondrocytes decline with age as
they become less responsive to anabolic cytokines and
mechanical stimuli. Chondrocytes may undergo age-related
telomere erosion and increased expression of the senescence
marker f-galactosidase, suggesting that cell senescence
might be responsible for the age-related loss of chondrocyte
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function. However, key factors that elicit premature chondro-
cyte senescence have not been identified.

[0064] The risk of progressive joint degeneration may
increase due to direct and indirect joint impact loading;
meniscal, ligament, and joint capsule tears; joint dislocations;
and intraarticular fractures. The available evidence indicates
that posttraumatic joint incongruity, instability, and malalign-
ment may compromise repair of the articular surface and
increase the risk of progressive degeneration of residual nor-
mal articular cartilage. The risk of OA after joint injuries
increases with age, suggesting that biological factors may be
involved in the development of posttraumatic OA.

[0065] Studies have also demonstrated the heritability OA
at several joint sites, suggesting that OA has a genetic com-
ponent. Other genetic epidemiologic studies have revealed
evidence for the nature of OA transmittance from parents to
offspring and prevalence of the disease between pairs of
relatives, particularly siblings. Genetic risk associated with
knee OA suggests that the whole joint might be involved in
the disease development process. Gene expression is an alter-
native systemic approach to identifving OA-susceptibility
genes. Several genes were reported to be associated with OA
prevalence or progression. However, these studies are prima-
rily based on small cohort sizes, which may lead to false
positives and false negatives.

[0066] Inmosthuman joints, the incidence of OA is greater
in women than in men. Several studies suggested that female
sex hormones, particularly estrogen and estrogen receptor-c.
gene (ESR1), might play a role in OA. However, clinical and
laboratory observations on the effects of sex hormones on the
pathophysiology of OA are controversial. With the current
level of evidence, hormone replacement therapy (HRT) can-
not be recommended as a first-line treatment against the pro-
gression of OA.

[0067] Other proposed risk factors for OA include obesity,
greater bone density, joint laxity, abnormal mechanical load-
ing, and long-term, excessive, repetitive joint use.

[0068] Presently, there are no effective methods capable of
preventing the initiation of primary OA or reversing joint
degeneration during the progression of the disease. While
OA-like changes can be induced in animal models by mutat-
ing genes encoding cartilage structural proteins, growth fac-
tor receptors, or cartilage matrix-degrading enzymes, these
models fail to elucidate which intracellular factors regulate
the function of articular cartilage cells. Moreover, these stud-
ies have failed to provide useful molecular factors for either
diagnosing OA or providing targets for treatment of OA.
[0069] Surprisingly and unexpectedly, it has recently been
discovered that adult mice lacking transcription factor Nfat1
recapitulate most of the characteristics of human primary OA,
including the loss of articular cartilage, chondrophyte/osteo-
phyte formation, thickening of subchondral bone, and even-
tual joint destruction in older animals. Mechanistic analyses
demonstrate that the synthesis of major matrix components of
articular cartilage, such as aggrecan and type-II collagen, is
significantly decreased during the initiation stage of OA in
adult Nfat1 null mice. Mechanistic analyses also demonstrate
that the synthesis of catabolic factors such as matrix metal-
loproteinase and proinflammatory cytokines is up-regulated
in Nfatl null mice. Furthermore, knockdown of Nfatl gene
by Nfatl siRNA significantly decreases the production of
aggrecan and type-1I collagen and up-regulates the synthesis
of catabolic factors in wild type mouse articular chondrocytes
and in the insulin-treated ATDCS5 chondrogenic cell line.
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[0070] Basedonthese observations, itis believed that Nfatl
is normally responsible for up-regulating synthesis of aggre-
can and collagen proteins while simultaneously down-regu-
lating synthesis of certain catabolic proteases and proinflam-
matory cytokines. As such, this invention has revealed for the
first time that the transcription factor Nfatl regulates the
functions of certain molecular factors critical for maintaining
and balancing the anabolic and catabolic activities of differ-
entiated articular cartilage cells. Moreover, it has been
revealed that loss or deficiency of Nfatl activity can cause
dysfunction of articular cartilage cells, which significantly
decreases the rate of synthesis of major cartilage matrix pro-
teins and increases the synthesis of catabolic proteinases and
proinflammatory cytokines in adult articular cartilage. It is
demonstrated herein that the imbalance of catabolic and ana-
bolic events in favor of collagen and aggrecan catabolism in
Nfat1 deficient animals (e.g., Nfat1™~ mice) leads to degra-
dation of articular cartilage and destruction of joint structure,
which leads to the development of OA. These observations
indicate that Nfat1 is critical for balancing anabolic and cata-
bolic activities in joints. The observation that a single tran-
scription factor can balance anabolic and catabolic activities
of adult articular chondrocytes and play a role in the patho-
genesis of OA is surprising and unexpected.

[0071] Ttis also revealed for the first time herein that Nfatl
treatment can rescue the dysfunction of articular cartilage
cells. For instance, forced expression of Nfatl (i.e., Nfatl
overexpression) in Nfat1~~ articular cartilage cells and/or in
Nfatl deficient mice can significantly increase the synthesis
of major cartilage matrix genes/proteins in adult Nfatl defi-
cient articular cartilage cells while down regulating activity
of matrix degrading proteinases and proinflammatory cytok-
ines. The observation that overexpression of Nfatl in Nfatl
null articular cartilage cells can “rescue” the OA-like cellular
activities and restore normal function of articular cartilage
cells is surprising and unexpected.

[0072] Based on these observations, it is proposed that
Nfatl deficiency causes OA due to an imbalance between
catabolic and anabolic activities of adult articular chondro-
cytes, leading to articular cartilage degradation and failed
repair activities in and around articular cartilage. As such, itis
believed that Nfatl and/or the downstream effectors of Nfatl
can be targeted for prevention and/or treatment of OA. These
observations also suggest that susceptibility to OA can be
predicted based on an individual’s Nfat1 activity level and/or
Nfatl deficiency is an observable risk factor for the develop-
ment of OA. Moreover, Nfat1 deficient cells (e.g., Nfatl~"~
cells) and/or Nfatl deficient organisms can be used for
screening drug candidates for treatment of OA by looking for
bioactive substances that increase Nfatl activity and/or the
activity of Nfatl’s downstream effectors.

1. A Method of Treating, Inhibiting, or Preventing Osteoar-
thritis

[0073] Results are presented herein showing that Nfatl
deficiency can lead to OA. Moreover, results are presented
herein showing that the OA phenotype associated with Nfat1
deficiency (e.g., Nfat1~~) can be rescued by forced expres-
sion of Nfatl in articular cartilages cells and/or Nfat1 defi-
cient organisms. It is therefore believed that Nfat1 and/or the
downstream effectors of Nfatl can be targeted for treating
osteoarthritis. As such, a method of treating osteoarthritis is
disclosed in one embodiment of the present invention. In one
embodiment, a method of treating, inhibiting, or preventing
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osteoarthritis can include (1) providing a subject having low
Nfatl activity, and (2) increasing Nfat1 in the subject.
[0074] In one embodiment, a subject having low Nfatl
activity can be identified by measuring Nfatl activity in the
subject and/or measuring activity of downstream effectors of
Nfatl, and comparing the subject’s Nfat1 activity level and/or
the activity of downstream effectors of Nfatl to a wild-type
control subject’s Nfatl activity level and/or the wild-type
control subject’s activity of downstream effectors of Nfatl.
As used herein, a “wild-type control subject” can be a subject
having normal Nfatl activity and morphologically normal
joint structure showing no signs of OA or degeneration of
articular cartilage.

[0075] Suitable examples of a subject having low Nfatl
activity can include, but is not limited to, an Nfatl knockout
(i.e., Nfat17"), a partial Nfatl knockout (i.e., Nfatl™"), an
Nfatl knockdown, a subject having Nfatl expression levels
reduced by at least 50% relative to wild-type, a subject having
Nfatl expression levels reduced by at least 75% relative to
wild-type, a subject having Nfatl expression levels reduced
by at least 90% relative to wild-type, a subject having Nfat1
expression levels reduced by at least 99% relative to wild-
type, an individual having at least one Nfat1 sequence varia-
tion that reduces the activity of Nfatl, an individuals having
familial-linked OA (i.e., genetically-linked OA), or an indi-
vidual having genetically-linked degenerative articular carti-
lage disease.

[0076] In one embodiment, increasing Nfatl in the subject
can include stimulating synthesis of Nfat1 in the subject. For
example, stimulating synthesis of Nfatl can include admin-
istering to the subject a bioactive substance that increases
Nfatl transcription and/or increases synthesis of Nfatl pro-
tein.

[0077] At present, several bioactive substances are known
to inhibit or activate Nfat1. For example, the immunosuppres-
sive drugs cyclosporin A and tacrolimus (FK506) can serve as
general inhibitors Nfat-type transcription factors since they
block calcineurin activity and nuclear translocation of Nfat-
type transcription factors.

[0078] In contrast, ionomycin (a calcium ionophore) and
polycystin-1 (a plasma membrane protein) can act as activa-
tors of Nfat-type transcription factors since they can trigger a
sustained elevation of intracellular Ca** and activate cal-
cineurin. LiCl (lithium chloride) can act as an enhancer of
Nfat-type transcription factors since it blocks GSK-33-medi-
ated rephosphorylation of NFAT and stabilizes NFAT tran-
scriptional activity in the nucleus.

[0079] In one embodiment, increasing Nfatl in the subject
can include administering Nfatl to the subject. In one
embodiment, administering Nfatl to the subject can include
administering purified Nfatl to the subject. For instance,
Nfatl could be overexpressed in cultured animal, yeast, and/
or bacterial cells, purified, and directly injected into the blood
and/or affected joints of the subject with an appropriate trans-
membrane agent(s) to drive it into the cytoplasm of target
cells.

[0080] In addition, Nfatl activity can be increased in the
subject by administering to the subject a nucleic acid encod-
ing Nfatl that is capable of directing synthesis of Nfatl. For
instance, a lentiviral construct for stable expression of con-
stitutively active Nfatl was generated using a pCDH-EF1-
MCS-T2A-copGFP vector (System Biosciences) using the
mouse Nfatl cDNA sequence. Lentiviral vectors are known
to be able to infect a wide range of eukaryotic cell types. And
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lentiviral vectors can lead to stable expression in host cells
because the vectors typically direct the integration of the
vector sequence into the host cell’s genome.

[0081] Results presented herein demonstrate that forced
expression of Nfatl using lentiviral vectors in cultured
3-month old primary Nfatl™~ articular chondrocytes par-
tially or completely rescued the abnormal catabolic and ana-
bolic activities of Nfatl ™~ articular chondrocytes (See, e.g.,
FIGS. 4A-4C).

[0082] A suitable treatment for OA can target Nfatl and/or
the downstream effectors of Nfat1. In one embodiment, Nfatl
and/or the downstream effectors of Nfat1 can affect or include
at least one of matrix metalloproteinase 1a (Mmpla), matrix
metalloproteinase 13 (Mmp13), Adamts5 (i.e., a disintegrin
and metalloproteinase with a thrombospondin type 1 motif,
member 5), tissue inhibitor of metalloproteinase-1 (Timp1),
aggrecan, a collagen protein, [-catenin, interleukin-1§ (IL-
1B), interleukin-6 (IL-6), interleukin-17c. (IL-17ct), and the
like.

[0083] Many Nfat-type transcription factors are known
(e.g., Nfatl, Nfat2, Nfat3, and Nfat4) and there is some redun-
dancy of function amongst the known Nfat-type transcription
factors. As such, in another embodiment, the present inven-
tion can include a method treating, inhibiting, and/or prevent-
ing osteoarthritis that includes (1) providing a subject having
low activity of at least one Nfat-type transcription factor, and
(2) increasing the activity of the at least one Nfat-type tran-
scription factor in the subject.

[0084] As used herein, the term “activity” describes the
state of a protein or another bioactive molecule resulting from
one or more of transcription, translation, expression, or func-
tion. As such, low activity of at least one Nfat-type transcrip-
tion factor can result from low transcription of mRNA, low
translation of mRNA, another process the results in low
expression of the protein, or reduced function of the protein
resulting from, for example, one or more mutations in the
protein sequence. Activity can be increased by, for example,
increasing or improving transcription, translation, expres-
sion, or function.

TTI. A Method of Diagnosing Primary Osteoarthritis and/or
Predicting Susceptibility to Primary Osteoarthritis

[0085] Results are presented herein showing that Nfatl
deficiency can lead to OA. Moreover, results are presented
herein showing that the OA phenotype associated with Nfat1
deficiency (e.g., Nfat1~") can be rescued by forced expres-
sion of Nfatl in articular cartilages cells and/or Nfat] defi-
cient organisms. It is therefore believed that finding an Nfatl
deficiency in a subject can be used to determine the subject’s
risk of developing OA. In addition, finding an Nfatl defi-
ciency in a subject showing symptoms of OA can be used to
determine the initial cause of OA. As such, a method of
diagnosing the initial cause of primary osteoarthritis is dis-
closed in one embodiment of the present invention.

[0086] In one embodiment, a method of diagnosing pri-
mary osteoarthritis and/or predicting susceptibility to
osteoarthritis in a subject can include (1) measuring the sub-
ject’s Nfatl activity level, and (2) comparing the subject’s
Nfatl activity level to a wild-type control subject’s Nfatl
activity level, comparing the subject’s Nfatl activity level to
a wild-type control Nfatl activity level, wherein low Nfatl
activity is diagnostic of or predictive of susceptibility to pri-
mary osteoarthritis.

[0087] Ithasbeen found thata subject’s Nfatl activity level
in blood and tissue samples can be detected by using analyti-
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cal techniques such as quantitative real-time PCR (i.e.,
gPCR) using primers specific to Nfatl or Nfat1 isoforms. For
example, age-related changes in expression levels of Nfat1 or
Nfatl isoforms have been determined by qPCR analysis in
mouse blood and tissue samples. It was found that low levels
of Nfat] activity are predictive of the onset of osteoarthritis in
Nfat1~~, NFAT*"~, and older Nfatl wild type mice. In one
embodiment, the tissue sample can include articular cartilage
cells.

[0088] Similar studies are underway in human subjects
using blood and/or tissue samples. For example, articular
cartilage samples can be harvested from human subjects with
osteoarthritis undergoing joint replacement surgery. DNA
can also be isolated for DNA sequencing studies from dis-
carded human osteoarthritic articular cartilage and/or blood
to detect whether a mutation in the Nfatl DNA binding
domain exists in human osteoarthritic articular cartilage and/
or blood. Initial data show that expression of Nfat1 in human
subjects is consistent with the mouse model. For instance,
FIGS. 9A-9D illustrates that Nfatl expression is lowered in
human joint cartilage in subjects having OA as compared to
subjects having normal cartilage.

[0089] In another example presented herein, FIG. 10 illus-
trates qPCR analyses demonstrating that the expression levels
of NFAT1 mRNA are decreased in peripheral blood cells in
the majority of patients with OA (n=16, mean age=61) com-
pared to a control group showing no clinical evidence of OA
(n=12, mean age=53). These results indicate that low levels of
NFAT1 expression and/or activity in blood are predictive of
the onset of osteoarthritis, at least in a subset (subgroup) of
OA patients.

[0090] Clinically, blood testing is a simple and inexpensive
method, which can be used for at least one of the following
purposes:

[0091] Prevention of OA. Although a low level of NFAT1
expressionand/or activity in blood cannot typically be used as
a sole diagnostic criterion of OA, it should be considered a
risk factor for the development of OA. This is because NFAT1
1s a key factor for maintaining the function of adult articular
cartilage cells and its deficiency may cause OA. Application
of NFAT1 and/or an NFAT1 activator to the subject with
NFAT1 deficiency may prevent the onset of OA.

[0092] Early diagnosis of OA. Although a low level of
NFAT1 expression and/or activity in blood typically cannot
be used as a sole diagnostic criterion of OA, it can be used in
amethod to screen for OA. For instance, a patient with a low
level of NFAT1 expression and/or activity can be further
examined by more specific non-invasive diagnostic
approaches such as magnetic resonance imaging (MRI) to
confirm whether such individual has early articular cartilage
degeneration. An early diagnosis of NFAT1 deficiency-in-
duced OA can be established if a patient (or a subject) has
both NFAT1 deficiency and articular cartilage degeneration.
[0093] Early treatment of OA. Currently, there are no thera-
peutic strategies for early treatment of OA. This is generally
because: a) there are no simple diagnostic methods such as
blood testing available for early diagnosis of OA, and b) even
though a patientis diagnosed as early OA, there is no effective
treatment to stop or reverse the progression of OA since the
root causes of primary OA are unknown. An early diagnosis
of NFAT1 deficiency-induced OA will make early treatment
of the disease possible.

[0094] As such, one embodiment of the present invention
includes measuring a subject’s Nfat1 activity level combined
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with measuring type II collagen production by articular car-
tilage cells in the subject. In another example, measuring a
subject’s Nfatl activity level can include measuring aggrecan
production by articular cartilage cells in the subject.

[0095] Other downstream effectors of Nfatl that are
affected by Nfatl activity include, but are not limited to,
matrix metalloproteinase la (Mmpla), matrix metallopro-
teinase 13 (Mmp13), Adamts5 (i.e., a disintegrin and metal-
loproteinase with a thrombospondin type 1 motif, member 5),
tissue inhibitor of metalloproteinase-1 (Timp1), a collagen
protein other than collagen II, f-catenin, interleukin-1f (IL-
1pB), interleukin-6 (IL-6), interleukin-17c. (IL-17ct), and the
like.

[0096] In one embodiment, a method of diagnosing pri-
mary osteoarthritis and/or predicting susceptibility to
osteoarthritis in a subject can further include probing the
subject’s genome for sequence variations in Nfatl. Also, a
method of diagnosing primary osteoarthritis in a subject can
further include determining whether the subject has degen-
erative articular cartilage disease. One example of a suitable
method for determining whether the subject has degenerative
articular cartilage disease can include magnetic resonance
imaging (MRI) of the joints. That is, the certainty of a diag-
nosis of OA is increased if an Nfat1 deficiency also correlates
with the evidence of degenerative articular cartilage disease.
Additionally, a method of diagnosing primary osteoarthritis
in a subject can further include measuring articular cartilage
degeneration. One example of a suitable method for deter-
mining whether the subject has articular cartilage degenera-
tion disease can include MRI of the joints. Likewise, the
certainty of a diagnosis of OA is increased if an Nfatl defi-
ciency also correlates with the evidence of articular cartilage
degeneration. Moreover, a method of diagnosing primary
osteoarthritis in a subject can further include administering at
least one bioactive substance to the subject and determining
whether the bioactive substance increases activity of Nfatl
and/or affects its downstream effectors.

IV. A Method of Screening Drug Candidates Useful for Treat-
ing Osteoarthritis

[0097] As discussed previously, results are presented
herein showing that Nfat1 deficiency can lead to OA and that
the OA phenotype associated with Nfatl deficiency (e.g,,
Nfat1~~) can be rescued by forced expression of Nfatl in
articular cartilages cells and/or Nfat1 deficient organisms. As
such, it is believed that bioactive substances that are able to
mimic the function of Nfatl, stimulate the activity of Nfatl,
increase cellular levels of Nfatl, or rescue one or more phe-
notypes associated with Nfat1 deficiency may be good can-
didates for treating Nfatl deficiency-mediated OA.

[0098] In one embodiment, a method of screening drug
candidates useful for treating primary osteoarthritis is dis-
closed. Such a method can include a first screen using cul-
tured Nfatl-deficient cells and a second screen in an Nfatl-
deficient organism. Such a screen can be adapted for high-
throughput screening to screen a large number of candidate
compounds.

[0099] In one embodiment, a first screen for drug candi-
dates useful for treating primary osteoarthritis can include (1)
providing cultured cells form a subject organism that are
Nfatl negative and/or Nfat1 deficient, (2) exposing the cells
to at least one drug candidate, and (3) probing for increased
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Nfatl expression and/or Nfat1 transcriptional activity and/or
evaluating the activity or production of downstream effectors
of Nfatl.

[0100] In one embodiment, the subject organism can be
selected from at least one of the following: an Nfatl genetic
knockout (e.g., an Nfat]1™~ knockout mouse), a partial Nfat1
genetic knockout (e.g., an Nfat1*~ mouse carrying only one
functional copy of Nfatl), an Nfatl knockdown, a subject
having Nfatl expression levels reduced by at least 10% rela-
tive to wild-type, a subject having Nfatl expression levels
reduced by at least 20% relative to wild-type, a subject having
Nfatl expression levels reduced by at least 40% relative to
wild-type, a subject having Nfatl expression levels reduced
by at least 50% relative to wild-type, a subject having Nfat1
expression levels reduced by at least 75% relative to wild-
type, a subject having Nfat1 expression levels reduced by at
least 90% relative to wild-type, a subject having Nfatl
expression levels reduced by at least 99% relative to wild-
type, a subject having genetically-linked osteoarthritis, or a
subject having genetically-linked degenerative articular car-
tilage disease. In one embodiment, the cells can come from an
organism engineered to overexpress Nfatl.

[0101] In one embodiment, the cells from the subject
organism can be articular cartilage cells that are cultured in a
mammalian cell culture medium. In the case of harvesting
articular cartilage from femoral heads for RNA isolation and
primary cell culture, it is known that the early OA-like phe-
notypes first occurs in the femoral head and its surrounding
tissues of Nfat]™~ mice and femoral head articular cartilage
is thicker and more capable of being removed in comparison
to other joints. Techniques have been developed for collecting
articular cartilage from mouse femoral heads for RNA isola-
tion and primary cell culture. The hip joints of Nfat1 deficient
and control wild type mice are dissected and the femoral
heads are dislocated from the joints. The articular cartilage
cap is removed by applying blunt force towards the articular
surface with a pair of specially designed curved scissors
under a dissecting microscope. Articular cartilage harvested
from mouse femoral heads by this technique may contain
essentially pure cartilage tissue with no visible contamination
of subchondral bone. In another example, the cells from the
subject organism can include a cartilaginous cell line, such as
ATDCS chondrogenic cells or another cartilaginous cell line
known in the art.

[0102] While osteoarthritis does not oceur in cultured cells,
per se, drug candidate compounds for treating osteoarthritis
can be screened in a cell culture system by looking for cells
having a changed phenotype relative to untreated Nfat1 defi-
cient cells. This is based at least in part on the observation that
Nfatl deficiency significantly affects the production of
Nfatl’s downstream effectors and major components of car-
tilage (e.g., aggrecan and type-II collagen), and bioactive
substances that upregulate Nfat1 and/or affect the activity of
Nfatl’s downstream effectors can be viewed as being good
drug candidates.

[0103] Expressionlevels of type-II collagen, aggrecan, and
the other downstream effectors of Nfatl can be detected in
articular cartilage at the gene level using qPCR. Expression
levels of type-1I collagen, aggrecan, and the other down-
stream effectors of Nfatl can be detected at the protein level
by, for example, an enzyme-linked immunosorbent assay
(ELISA).

[0104] Nfatl expression can be “knocked down” in cells in
culture using Nfatl siRNA in normal articular cartilage cells
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and in insulin-treated ATDCS5 chondrogenic cells. An
example of an Nfatl siRNA sequence is GAC-TAT-CTG-
AAC-CCT-ATC-G (SEQ ID NO: 1). Preferably, the siRNA
reduces Nfatl expression by at least 10% relative to wild type
cells. More preferably, the siRNA reduces Nfat1 expression
by at least 20%, 40%, 50%, or 75% relative to wild type cells.
Even more preferably, the siRNA reduces Nfatl expression
by at least 90% relative to wild type cells. Most preferably, the
siRNA reduces Nfatl expression by at least 99% relative to
wild type cells.

[0105] In one embodiment, a method of screening drug
candidates useful for treating primary osteoarthritis can
include measuring production of Nfat1 and type I1 collagen in
the cells from the subject organism. Also, a method of screen-
ing drug candidates useful for treating primary osteoarthritis
can include measuring production of Nfatl and aggrecan in
the cells from the subject organism.

[0106] In one embodiment, a method of screening drug
candidates useful for treating primary osteoarthritis can
include a second screen. Performing a first screen as
described above allows promising compounds to be identified
relatively rapidly form a large library of candidate com-
pounds. In a second screen, promising drug candidates iden-
tified in the first screen can be administered to an Nfatl-
deficient organism (e.g., an Nfat] =~ mouse) to determine if
they are effective in vivo. It is often the case that drug candi-
dates that appear promising in cell culture are ineffective
when administered to a whole organism Moreover, perform-
ing a second screen has the advantage of allowing detection of
side-effects and/or other secondary toxicity effects that my
not be apparent in cell culture.

[0107] As such, the second screen can include (1) exposing
the subject organism to at least one drug candidate identified
in the first screen, and (2) probing the organism for increased
and/or decreased Nfatl activity, altered activity and/or pro-
duction of the downstream effectors of Nfat1, and/or probing
for an improved osteoarthritis phenotype relative to a control
organism not receiving the at least one drug candidate.
[0108] Osteoarthritis phenotypes that may be observed in
an organism can include, but are not limited to, loss of major
components of articular cartilage such as type-1I collagen and
aggrecan, proliferation of articular chondrocytes and forma-
tion of chondrocyte clusters, formation of chondrophytes and
osteophytes (bone spurs), alteration in the thickness/density
of subchondral bone beneath the cartilaginous joint surface,
roughening of articular surface, loss of articular cartilage,
destruction of joint structure, and reduced range of joint
motion in the Nfat1 negative and/or deficient mouse. In addi-
tion, overexpression (or loss of expression) of Nfat1’s down-
stream effectors can also be observed in OA. A suitable drug
candidate identified in a second screen could be one that
rescues or improves one or more of the adverse phenotypes
associated with Nfatl deficiency in the organism or that
upregulates Nfatl expression, or that restores balance to the
anabolic and catabolic activities in the joints of an Nfatl-
deficient organism.

V. OA-Like Changes in Weight-Bearing Joints of Adult
NFAT1-Deficient Mice

[0109] Histopathological studies of the skeletal system
revealed no abnormalities in newborn and 1-month Nfatl~~
mice (data not shown). By 2 months of age, however, young-
adult stage in mice show loss of safranin-O-stained pro-
teoglycans (FIG. 1A-1C), collagen-2 (FIG. 1D), and aggre-
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can (FIG. 1E) in female Nfat1™~ femoral head articular
cartilage. At 3-4 months, focal loss of proteoglycans and
articular surface roughening with early chondrocyte cluster-
ing were seen in Nfatl™~ articular cartilage (FIG. 1F).
Nifat1~~ knees, ankles, shoulders, and elbows also show focal
loss of proteoglycans in articular cartilage at this stage (data
not shown).

[0110] Early degradation of articular cartilage was fol-
lowed by reparative cellular activity in Nfat1~"~ articular car-
tilage and subchondral bone. Focal chondrocyte proliferation
with increased proteoglycan staining became evident in the
upper-middle zones of Nfat1™~ articular cartilage after 4
months. Chondrocyte differentiation and hypertrophy
occurred in the deep-calcified zones of Nfatl™" articular
cartilage (FIG. 1G). Mesenchymal cells derived from sub-
chondral bone marrow cavities differentiated into chondro-
cytes which underwent hypertrophy and endochondral ossi-
fication, leading to thickening of subchondral bone.
Reparative proliferating articular chondrocytes later formed
cell clusters but failed to regenerate deteriorated articular
cartilage (FIGS. 1G-11I).

[0111] From 15 to 24 months, progressive loss of articular
cartilage and formation of subchondral bone cysts (FIG. 17),
one of the characteristics of human OA, exposure and thick-
ening of subchondral bone (FIG. 1K), and narrowing of joint
space (FIG. 1L) became evident in weight-bearing joints of
Nfat1~~ mice. These histopathological changes are similar to
those seen in late-stage human OA. The OA-like phenotypes
of Nfat1~"~ mice were limited to weight-bearing appendicular
joints and occurred earlier in females than males. Abnormal
cartilage formation was not observed in and around other
cartilaginous tissues such as the xyphoid, residual growth
plates, or spinal and maxillofacial joints. Similar, but less
severe OA-like changes were seen in 12-month or older het-
erozygous (Nfatl*~) mice, suggesting that Nfatl gene dos-
age affects the time of onset and the severity of OA (data not
shown).

[0112] Reparative chondrocytic activity was also activated
in Nfatl™" periarticular tissues (synovium and periosteum
near articular cartilage). At 3-4 months, mesenchymal pro-
genitor cells in periarticular tissues proliferated and differen-
tiated into chondrocytes forming chondrophytes (FIG. 2).
These chondrophytes subsequently underwent endochondral
ossification and formed chondro-osteophytes or osteophytes
around the margins of deteriorated articular cartilage (FIG.
2). The abnormal chondrocyte proliferation/differentiation
and subsequent osteophyte formation occurring in Nfatl="~
periarticular tissues appeared to be a secondary reparative
reaction to the initial articular cartilage degradation that had
occurred prior to the formation of periarticular chondro-

phytes.

V1.Loss of NFAT1 Leads to an Imbalance Between Catabolic
and Anabolic Activities of Adult Articular Chondrocytes

[0113] To explore the molecular and cellular mechanisms
for the development of Nfatl deficiency-induced OA, the
effects of Nfatl deficiency on the catabolic and anabolic
activities of articular chondrocytes during the initiation stage
of OA (i.e., age 2-4 months) were examined. Catabolic activ-
ity was represented by increased expression levels of carti-
lage-degrading proteinases including MMPs (matrix metal-
loproteinases) and ADAMTS (a disintegrin  and
metalloproteinase with thrombospondin motifs), and proin-
flammatory cytokines. Anabolic activity was indicated by the
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expressionof chondrocyte marker genes in articular cartilage.
gPCR analyses demonstrated that expression of Mmpla,
Mmp13, and Adamts3, but not Mmp-3, -8, -9 or Adamts4
(data not shown), was significantly increased, while Timpl
(tissue inhibitor of metalloproteinase-1) expression was
decreased in Nfat1 ™~ articular cartilage (FIG. 3A). Immuno-
histochemistry using aggrecan neo G1 antibody, which
detects the degraded aggrecan product, displayed increased
aggrecan degradation in Nfatl ™~ articular cartilage (FIG.
3B). The data suggest that Mmp13 and Adamts5 likely play a
major role in degrading cartilage matrix at the initiation stage
of Nfat1 deficiency-induced OA. The expression of chondro-
cyte marker genes Acan (encoding aggrecan), Col2al,
Col9¢.1,and Coll lal (encoding collagen-2, -9, and -11) was
decreased, while Coll0al (a hypertrophic chondrocyte
marker) was elevated and temporally associated with the
up-regulation of Ctnnbl (encoding p-catenin) in Nfatl™~
articular cartilage (FIGS. 3C, 3D). However, no significant
difference in Sox9 expression was detected between WT and
Nfat1™"~ articular cartilage (FIG. 3E). Expression levels of
proinflammatory cytokine genes for IL-1f, 1L-6, and IL-17¢.
(FIG. 3F), but not IL-18 and tumor necrosis factor-o. (Tnfcr)
(data not shown), were significantly up-regulated at 2-4
months. Immunohistochemistry demonstrated substantially
more intense I1.-1B staining in Nfat1~"~ than in WT articular
cartilage (FIG. 3G). Genes for anti-inflammatory cytokines
(IL-4, -10, and -13) displayed no significant changes in
Nfatl ™~ articular cartilage (data not shown).

[0114] Forced expression of Nfatl using lentiviral vectors
in cultured 3-month old primary Nfatl =~ articular chondro-
cytes partially or completely rescued the abnormal catabolic
and anabolic activities of Nfatl™ articular chondrocytes
(FIGS. 4A-4C). These results suggest that Nfat1 deficiency
causes an imbalance between catabolic and anabolic activi-
ties of young adult articular chondrocytes favoring catabo-
lism, leading to increased cartilage degradation and
decreased anabolic metabolism of articular chondrocytes at
the initiation stage of OA.

VIIL. Differential Expression of Specific Growth Factors
Between NFAT1~~ Articular Cartilage and Peri-Articular
Tissues is Associated with OA-Like Cartilage Phenotypes
[0115] To explore the mechanisms by which Nfatl™~
articular cartilage showed reduced expression of chondrocyte
markers whereas Nfatl™~ periarticular tissues displayed
enhanced cartilage formation during the initiation stage of
OA, the expression levels of a large number of growth factors
in both articular cartilage and periarticular tissues at 1-4
months was examined. Insulin-like growth factor-1 (IGF-1),
transforming growth factor-f1 (TGF-p), and bone morpho-
genetic proteins (BMPs) are known to induce chondrogenic
differentiation and/or maintain the function of chondrocytes.
TGF-B1 and BMPs may also potentiate osteophyte forma-
tion. gPCR analyses demonstrated that expression of several
Bmps, Igfl, and Tgfb1-3 decreased at 2-4 months in Nfatl =~
articular cartilage (FIGS. 5A, 5B), while Bmp2, Bmp13,
Bmp14, and Tgfbl-2 were up-regulated after 2 months in
Nfatl~~ periarticular tissues (FIGS. 5C, 5D). Acan, Col2al,
and Coll0al expression was normal at 1-2 months and
elevated at 3 months, correlating with chondrocyte differen-
tiation in Nfat1~"~ periarticular tissues (FIG. 5E).

[0116] These findings suggest that reduced anabolic activ-
ity of articular chondrocytes correlates with decreased
expression of specific BMPs, TGF-fs, and IGF1, while
enhanced periarticular cartilage differentiation is associated
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with up-regulated expression of specific BMPs and TGF-f3s
in Nfat1~/~ joints around 3 months of age.

[0117] Results presented herein indicate that the morpho-
logical, cellular, and molecular biological changes in and
around affected Nfat1 ™~ articular cartilage vary with the pro-
gression of QA Early pathological changes such as loss of
proteoglycans with essentially normal articular structure
observed in this animal model are usually not seen in human
OA specimens because OA is usually diagnosed in humans in
the late stages of the disease. As such, these early stages of the
disease have previously not been observed in humans. How-
ever, these early morphological and molecular biological
alterations are important clues for exploring the mechanisms
for the initiation of OA.

[0118] The initial loss of proteoglycans and type-II col-
lagen in Nfatl™~ articular cartilage apparently triggers
reparative cellular activity with increased expression of car-
tilage markers in articular cartilage and periarticular tissues.
This is consistent with the repair process in human OA.
Therefore, expression levels of collagen types-II and -X were
up-regulated in Nfat1~'~ articular cartilage and periarticular
tissues at later disease stages. It is important to point out that
type-X collagen is a marker of hypertrophic chondrocytes,
which is normally expressed in replacement cartilage in the
growth plate during endochondral ossification, and not in
persistent cartilage such as articular cartilage. Chondrocyte
hypertrophy with up-regulated expression of type-X collagen
is also an important feature of human osteoarthritic cartilage.
Highly up-regulated expression of type-X collagen in
Nfat1~~ articular cartilage supports the diagnosis of OA in
the Nfatl ”~ mouse joints. However, proliferating and differ-
entiating cartilage cells in the affected Nfat1 ™'~ articular car-
tilage fail to regenerate deteriorated articular surface, because
these cells are not permanent articular chondrocytes in nature.
The reparative reactions in periarticular tissues and subchon-
dral bone also fail to rescue the articular destruction. Indeed,
periarticular osteophytes and thickened subchondral bone
may cause abnormal mechanical loads on the joints and exac-
erbate the progression of OA. Results presented herein sup-
port the concept that OA is not exclusively a disorder of
articular cartilage.

[0119] FIG. 6 summarizes the mechanism of Nfatl defi-
ciency-induced articular cartilage degeneration and interac-
tions between articular cartilage and surrounding tissues dur-
ing the progression of osteoarthritis.

[0120] FIGS. 5 and 6 reveal that Nfat1 deficiency initiates
dysfunction of articular cartilage cells and degeneration of
articular cartilage. which subsequently trigger repair activi-
ties in and around affected articular cartilage. These results
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support the concept that Nfat1 is the primary target for pre-
vention and treatment of Nfatl deficiency-induced osteoar-
thritis.

[0121] OA isamajor worldwide public healthissue causing
chronic disability. Although many OA-like experimental
models have been developed and a number of risk factors
proposed to be involved in the pathogenesis of OA, the root
causes of primary OA have remained unclear until now.
Recent animal and human subject studies have shown that
production of matrix-degrading proteinases such as MMP13
and ADAMTS4-5 and specific proinflammatory cytokines
such as IL-1f in articular cartilage probably contribute to the
pathogenesis of OA. However, clinical trials applying pro-
teinase/cytokine inhibitors for the treatment of OA have been
unsuccessful because of insufficient efficiency, turning the
attention of researchers to more upstream factors of the cytok-
ines and proteinases in articular chondrocytes.

[0122] Findings presented herein demonstrate for the first
time that Nfatl is a key transcription factor regulating the
expression of specific cartilage-degrading proteinases and
proinflammatory cytokines in adult articular chondrocytes.
Nfatl deficiency causes OA due to dysfunction of adult
articular chondrocytes, leading to articular cartilage degrada-
tion and repair activities in and around articular cartilage.
These results provide new insights into the etiopathogenesis
of primary OA. Nfatl may prove to be a suitable target for the
development of new drugs for the prevention and treatment of
OA.

EXAMPLES

[0123] The following examples are provided to illustrate
embodiments of the prevention and are not intended to be
limiting. Accordingly, some of the examples have been per-
formed via experiment and some are prophetic based on
techniques, standards, and results well known in the art. Also,
it should be apparent that the invention can include additional
embodiments not illustrated by example. Additionally, many
of the examples have been performed with experimental pro-
tocols well known in the art using the Nfat1 knockout mice
(i.e, Nfat1~~), Nfatl deficient mice (e.g., Nfat1*~), Nfatl
knockdowns, antigens, immunogens, and antibodies pre-
pared in accordance with the present invention.

Example 1

Mouse and Human Nfatl cDNA and Protein
Sequences

[0124] The cDNA sequence of mouse Nfatl is (SEQ ID

NO: 2)

aggagtggga gcacggggag ccagagccce ggageggage ctaggegetg cagegtetge

gecgeteege cagatcacag cacacggtec ceagectget gatccceggeyg cctacagatyg

cagcgecceg cattgegeag gecgggoccee cgccageccce tecgcaccat ggggtetgeyg

gaccgagaac ctcotccaata atgtcaccte gaaccagect cgecgaggac agetgectygg

gccgacacte geecegtgeee cgtecggcat cccgetecte ctecacceggt gecaagcgga

ggcattegty cgcagaggct ttggttgete ctetgecege agectcacce cagegetece

ggagceccte gocacagece tcegectcacg tggcactgca ggacgacage atccccgetyg

ggtaccceece cacggeegge tcetgetgtte teatggatge cotcaacace ctggocaccg
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-continued
actcgeecty cgggatccece tccaagatat ggaagaccag tectgaccey acgeetgtgt
ccaccgetee gtecaagget ggectggece gecacatcta cectactgtyg gagttectgyg
ggccatgtga gcaggaggag aggaggaatt ccgctccaga gtecatcctg ctggtaccac
ctacttggcce caagcagtty gtgccggeca tteccatctg cagcatecect gtgactgeat
ccecteccace actcgagtgg ccactceteca atcagteggg ctectatgag ctacggattg
aggtccaacc caagccccat caccgggece actatgagac ggagggcage cgtggegetg
tcaaagccce aacaggagga caccctgtgg tgcagctcca cggctacatyg gagaacaagce
ctctgggget tcagatctte attgggacag cagatgagag gatccttaag ccgcacgect
tctaccaagt acacaggatc actgggaaaa cggtcaccac cacgagctat gagaagatcg
taggcaacac caaggtccty gagatcccec tggagccaaa gaacaacatyg agagcecacca
tcgactgtge aggcatccty aagctccgaa acgctgacat cgagetgegg aagggegaga
cggacatcgg caggaagaac acgcegtgtge gectggtgtt cegegtgcac gtceccagage
ccagtgggeg catcgtcetec ctgcaggetg cgtccaacce catcgagtge tctcageget
ctgcecacga getgeccatyg gtggagagac aagacatgga cagctgectyg gtcetacgggg
gccagcagat gatcctcacg ggccagaact tcacagegga gtccaaggtt gtgttceatgg
agaagactac aggacctgca gggacctgtg agactcggec tttgeccatce tcetctgatet
cagctgaccg cctcecccee tggettteece ggetgcagag aaaccctect ggetetgtet
tcagatgete cgtgetcctt cctgecccag gatctteget tgtgetgetyg getctgtaac
attctgeecct tgtteccteg catactgtgt ctectettac tgggaagceca ttcteectga
gtggtgtteg cgttcaaagg ctcatggcte aactgtccag cccaatgteca ctttttgect
gtcecetttte cacgetttat tctccaggtg acactcagtg tttcacctgt ctgtetgete
tetettgggt cctetggtte ccatactaga ctgteggtte cttgggagea gggatacact
gtttgetget gcactcacaa ttatagaatt atctctgtge gtactaagtg tgcatgtgte
atgctgaagg aaagcggtgt tccccccttt attgectcte ccaccatgag aagcggctgt
attatcccca ttttacagat aagttgaggt tcaaagctat caagccagag accctgggtt
agccecteca actggggaaa gatctggaac cccageatgt cattttectyg atctetggag
tgatttctcet tgtcatgtca aagagaagtc aagaggatag ttctgttcect gtgtgttcta
caaaataaaa gatgcatagc cttcaaggga aggtcaggct gggaggccag gctgttectg
ccctegetgg gaaccctgge ccctggecce tggecctgag cagagtcggg ggtcccagca
aaacattgca aaacaggaaa aaatctaagg acacaaaaac acaagcegtyg tggttgagga
gacagggttyg ccatggctec aggcgactcet cgaggetgge gtgatccagt gttttggaag
gttcctccat gtgacacagg gttttggaat tcettcagctg gtaagtcectt cttaattcag
gceccctagee ctggecaage cactcceggg ctcteggtgt ccecgeggggg cgtagactgg
acacaggccce acatcaaatt actcagctet acaactaaaa gtttttgaag cgggtttett
gttttgttgyg atggttttet tggcteggte tgatggcaga ggctceccatce acctgteggg
aaggcaaatt gatttttttt tttcaagagg aggcgtgggt ggtggaattc ccttttaacc
gatgagtcac cgagggcagc cgtgactcac tttattattc ccaggttccc aaaggctata

tegettttgyg getttgttta ataaatagaa tcatgtatge ge
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[0125] The corresponding protein sequence of mouse

Nfatl is (SEQ ID NO: 3):

MSPRTSLAEDSCLGRHS PYTRPASRSS SPGAKRRHS CAEALVAPLPAAS PQRSRSPSPQPSPHVALQDDS
IPAGYPPTAGSAVLMDALNTLATDS PCGIPSKIWKTSPDPTPVSTAPSKAGLARHI YPTVEFLGPCEQEE
RRNSAPESILLVPPTWPKQLVPAIPICSIPVTASLPPLEWPLSNQSGSYELRIEVQPKPHHRAHYETEGS
RGAVKAPTGGHPVVQLHGYMENKPLGLQIFIGTADERI LKPHAFYQVHR ITGKTVT TTSYEKIVGNTKVL
EIPLEPKNNMRATIDCAGI LKLRNADI ELRKGETDIGRKNTRVRLVFRVHVPEPSGRIVS LQAASNPIEC
SORSAHELPMVERQDMDSCLV YGGQOMILTGONFTAESKVVFMEKTTGPAGTCETRPLPI SLISADRLSP

WLSRLORNPPGSVFRCSVLLPAPGSSLVLLAL

[0126] The cDNA sequence of human Nfatl is (SEQ ID

NO: 4):

agcaggaagc tcgcgccgec gtcgeccgecg ccgctcaget teccegggeg cgtccaggac
ccgetgegee aggcgcegeeyg tccccggace cggegtgegt ccctacgagg aaagggaccc
cgcegetega gecegecteeg ccageccccac tgcgaggggt cccagagceca gccgegococg
ccctegecce cggeeccgea gccttecege cctgegegee atgaacgcecc ccgageggca
gceccaacce gacggegggg acgccccagg ccacgagcect gggggcagec cccaagacga
gcttgactte tccatcctet tcgactatga gtatttgaat ccgaacgaag aagagccgaa
tgcacataag gtcgccagec caccctcecgg acccgcatac cccgatgatg tcctggacta
tggcctcaag ccatacagec cccttgctag tctectcetgge gagccccecg gecgattegg
agagccggat agggtagggc cgcagaagtt tctgagegcg gccaagccag caggggoctc
gggcctgage ccteggatcg agatcactce gtcccacgaa ctgatccagg cagtggggece
cctcegcatg agagacgegg goctcctggt ggagcagcecg cccctggecy gggtggocge
cagcccgagg ttcaccctge ccgtgcccgg cttcgaggge taccgcgage cgoetttgett
gagccccget agcageggcet cctctgecag cttcatttct gacaccttet cccectacac
ctcgecctge gtetegecca ataacggcgg gcoccgacgac ctgtgtccge agtttcaaaa
catccctgct cattattcec ccagaacctc gccaataatg tcacctcgaa ccagectege
cgaggacagc tgcctgggec gccactcgec cgtgccccgt ceggectece gcotcctcatc
gcctggtgee aagcggaggce attcgtgcege cgaggccttg gttgccctgc cgeccggagce
ctcaccccag cgetcccgga goccctegee gcagccctca tcetcacgtgg caccccagga
ccacggctcce ccggetgggt acccccctgt ggctggetct gecgtgatca tggatgecect
gaacagccte gccacggact cgccttgtgg gatccccccee aagatgtgga agaccagccce
tgaccccteg ccggtgtetg ccgecccatce caaggccgge ctgcctegec acatctacce
ggccgtggag ttectgggge cctgcgagca gggcgagagg agaaactcgg ctccagaatce
catcctgetyg gttcegecca cttggcccaa gecgetggtg cctgecattce ccatctgcag
catcccagty actgeatcece tcectcecact tgagtggecg ctgtecagte agtcaggete
ttacgagetg cggatcgagg tgcagcccaa gecacatcac cgggeccact atgagacaga
aggcagccga ggggctgtca aagcetccaac tggaggecac cctgtggttc agetcecatgg
ctacatggaa aacaagcctc tgggacttca gatcttcatt gggacagctyg atgageggat

ccttaagecg cacgecttet accaggtgea ccgaatcacyg gggaaaactyg tcaccaccac
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-continued
cagetatgag aagatagtgyg gcaacaccaa agtectggag atacecttgyg ageccaaaaa
caacatgagg gcaaccateg actgtgeggg gatcttgaag cttagaaacyg ccgacattga
getgeggaaa ggcegagacgg acattggaag aaagaacacy cgggtgagac tggttttecg
agttecacate ccagagtcca gtggeagaat cgtetettta cagactgeat ctaaccccat
cgagtgetece cagegatetyg ctecacgaget geccatggtt gaaagacaag acacagacag
ctgectggte tatggeggece agcaaatgat cetecacgggg cagaacttta catccgagte
caaagttgtg tttactgaga agaccacaga tggacagcaa atttgggaga tggaagccac
ggtggataag gacaagagcce agcccaacat getttttgtt gagatecectyg aatateggaa
caagcatatc cgcacacctg taaaagtgaa cttctacgte atcaatggga agagaaaacyg
aagtcagect cagcacttta cctaccacce agtcccagece atcaagacgg ageccacgga
tgaatatgac cccactcetga tctgeagece cacccatgga ggectgggga gccagectta
ctacccecag caccegatgg tggecgagte ceectectge ctegtggeca ccatggetec
ctgecageag tteegcacgg ggetceteate cectgacgee cgctaccage aacagaacced
ageggeegta ctetaccage ggagecaagag cctgageccee agectgetgg gctatcagea
geeggecete atggecgece cgetgteect tgeggacget caccgetcetg tgetggtgea
cgecggetee cagggccaga gctcagecct getcecaccee tetecgacca accagceagge
ctegectgtyg atccactact cacccaccaa ccagcagetg cgetgeggaa gccaccagga
gttccagecac atcatgtact gcgagaattt cgcaccagge accaccagac ctggecceged
ceceggteagt caaggtcaga ggetgagece gggtteoctac cccacagtcea ttcagcagea
gaatgccacg agccaaagag ccgccaaaaa cggaccceceg gtcagtgace aaaaggaagt
attacctgeg ggggtgacca ttaaacagga gcagaacttg gaccagacct acttggatga
tgttaatgaa attatcagga aggagttttc aggacctcct gccagaaatc agacgtaaaa
gaagccatta tagcaagaca ccttetgtat ctgaccecte ggagecctece acagecccte
accttectgte tcettteatg ttecatctecee agecccggagt ccacacgcgg atcaatgtat
gggcactaag cggactctca cttaaggagce tcgccaccte cctcta
[0127] The corresponding protein sequence of human
Nfatl is (SEQ ID NO: 5):
MNAPERQPQPDGGDAPGHEPGGS PQDELDFSILFDYEYLNPNEEEPNAHKVAS PPSGPAYPDDVLDYGLK
PYSPLASLSGEPPGRFGEPDRVGPQKFLSARKPAGASGLS PRIEI TPSHEL IQAVGPLRMRDAGLLVEQP
PLAGVAAS PRFTLPVPGFEGYREPLCLSPASSGSSASFISDTFSPYTSPCY SPNNGGPDDLCPQFQNIPA
HYSPRTSPIMSPRTSLAEDSCLGRHSPVPRPASRSSSPGAKRRHS CAEALVALPPGASPORSRSPSPOPS
SHVAPQDHGS PAGY PPVAGSAVIMDALNSLATDSPCGI PPKMWKT SPDPSPVS AAPSKAGLPRHIYPAVE
FLGPCEQGERRNSAPES ILLVPPTWPKPLVPAIPICSIPVTASLPPLEWPLSSQSGSYELRI EVOPKPHH
RAHYETEGSRGAVKAPTGGHPVVQLHGYMENKPLGLQIFIGTADERI LKPHAFYQVERITGKTVTTTSYE
KIVGNTKVLEIPLEPKNNMRATIDCAGILKLRNADI ELRKGETDIGRKNTRVRLVFRVHIPESSGRIVSL
QTASNPIECSQRSAHELPMVERQDTDS CLVYGGQOQMILTGONF TS ESKVVF TEKTTDGQQIWEMEATVDK
DKSQPNMLFVEI PEYRNKHIRTPVKVNFYVINGKRKRSQPQHF TYHPVPAIKTEPTDEYDPTLI CSPTHG

GLGSQPYYPQHPMVAESPSCLVATMAPCQQFRTGLS SPDARYQQONPAAVLYQRSKSLSPSLLGYQQPAL
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MAAPLSLADAHRSVLVHAGSQGQSSALLHPSPTNQQASPVIHY SPTNQQLRCGSHQEFQHIMYCENFAPG

TTRPGPPPVSQGQORLSPGSYPTVIQQONATSQRAAKNGPPVSDQKEVLPAGVTIKQEQNLDQTYLDDVNE

IIRKEFSGPPARNQT
Example 2
Animals
[0128] The method for generation of Nfat1-deficient mice

was previously described by Hodge et al, Immunity, 1996,
4:397-405. Nfat1™~, Nfat]*~, and WT mice used in this
study were bred and maintained in the Laboratory Animal
Resources facility at the University of Kansas Medical Center
(KUMCQ). All animal procedures were performed with the
approval of the Institutional Animal Care and Use Committee
at KUMC in compliance with all federal and state laws and
regulations.

Example 3

Histology, Histochemistry, and
Immunohistochemistry

[0129] Mouse joint tissue samples were fixed in 2%
paraformaldehyde, decalcified in 25% formic acid, and
embedded in either paraffin or JB-4 plastic medium (Poly-
sciences). Safranin-O, Alcian blue, and toluidine blue stains
were utilized to identify cartilage cells and matrices. 10%
EDTA-decalcified tissue sections were used for immunohis-
tochemical staining. To observe both immunoreaction and
cellular morphology, some tissue sections were stained by the
avidin-biotin peroxidase complex methods. AEC or DAB
chromogen was used for color detection. At least five Nfat1~'~
and WT mice were evaluated at each time point.

Example 4

RNA TIsolation and Gene Expression Analyses by
Quantitative Real-Time PCR (qPCR)

[0130] Since the early OA-like phenotype first occurs in the
femoral heads of Nfatl™~ female mice and femoral head
articular cartilage is thicker and more capable of being
removed compared to other joints, female femoral head
articular cartilage and periarticular tissues were collected for
RNA isolation. Articular cartilage samples were dissected
under a surgical microscope to obtain articular cartilage with-
out visible contamination of subchondral bone or soft tissues.
Freshly dissected tissues harvested from mice and human
joints were collected in “RNAlater” solution (Ambion) at 4°
C., homogenized in TRIzol reagent (Invitrogen), and treated
with an RNeasy Mini Kit (Qiagen) and a DNA Digestion Kit
(Ambion) to obtain purified RNA. For total RNA isolation
from mice and human blood, whole blood samples were
homogenized in TRIzol solution (Invitrogen) and treated with
an RNeasy Mini Kit (Qiagen) to remove proteoglycan con-
tamination and a DNA Digestion Kit (Ambion) to remove
DNA. One pg of total RNA and a “RETROSeript” kit (Am-
bion) were used for reverse transcription to yield cDNA.
“Primer Express 3.0” software (Applied Biosystems) was
used to design specific primers of target genes used in this
study, which are presented in Table 1. gPCR reactions were
performed in triplicate in 96-well plates using a 7500 Real-
Time PCR system (Applied Biosystems) under standard con-
ditions recommended by the manufacturer. “SYBR Green”
was used for detection. Primers for rodent Gapdh (glyceral-
dehyde-3-phosphate dehydrogenase, Applied Biosystems)
were used as internal controls. Expression levels of target
genes in the tissues/cells of WT and Nfatl™" mice were
quantified using the 2~*4" relative quantification methods.

TABLE 1

Specific primers used for gquantitative real-time RT-PCR

Gene Forward Reverse

Mapk1l TTTGGTCTGTGGGCTGCAT TCCTGGGAAGATAGGCCTGTT
(SEQ ID NO: 6) (SEQ ID NO: 7)

Mapk9 TTTGGTATGACCCCGCTGAA CTTTCTTCCAACTGGGCATCA
(SEQ ID NO: 8) (SEQ ID NO: 9)

Mmpla CCTCGTTGGACCAAAACACA GCGATGGCATCTTCCACAAR
(SEQ ID NO: 10) (SEQ ID NO: 11)

Mmp3 TCCTGATGTTGGTGGCTTCA CACACTCTGTCTTGGCAAATCC
(SEQ ID NO: 12) (SEQ ID NO: 13)

Mmp8 CAGGGAGAAGCAGACATCAACA GCATGGGCAAGGATTCCAT
(SEQ ID NO: 14) (SEQ ID NO: 15)

Mmp9 GCCTCAAGTGGGACCATCAT CTCGCGGCAAGTCTTCAGAR
(SEQ ID NO: 16) (SEQ ID NO: 17)

Mmp13 TCACCTGATTCTTGCGTGCTA CAGATGGACCCCATGTTTGC
(SEQ ID NO: 18) (SEQ ID NO: 19)

Timpl GCAACTCGGACCTGGTCATAA CTGGTATAAGGTGGTCTCGTTGATT

(SEQ ID NO: 20)

(SEQ ID NO: 21)
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TABLE 1-continued

Specific primers used for quantitative real-time RT-PCR

Gene Forward Reverse

Adamts4 ACCCGGCAGGACCTGTGT CCAGTTCATGAGCAGCAGTGA
(SEQ ID NO: 22) (SEQ ID NO: 23)

Adamts5 GCTGCTGGTAGCATCGTTACTG GAGTGTAGCGCGCATGCTT
(SEQ ID NO: 24) (SEQ ID NO: 25)

Acan TGGGATCTACCGCTGTGAAGT CTCGTCCTTGTCACCATAGCAA
(SEQ ID NO: 26) (SEQ ID NO: 27)

Col2al CGAGATCCCCTTCGGAGAGT TGAGCCGCGRAGTTCTTTTC
(SEQ ID NO: 28) (SEQ ID NO: 29)

Col9al TCTTAAGCGTCGTGCAAGATTTC CTTGGGACACAGTTCACTTCCA
(SEQ ID NO: 30) (SEQ ID NO: 31)

Collool TTATGCTGAACGGTACCAAACG TGGCGTATGGGATGAAGTATT
(SEQ ID NO: 32) (SEQ ID NO: 33)

Colllol CACAAAACCCCTCGATAGAAGTG CCTGTGATCAGGAACTGCTGAA
(SEQ ID NO: 34) (SEQ ID NO: 35)

Ctnnbl ACACCTCCCAAGTCCTTTATGAAT CCCGTCAATATCAGCTACTTGCT
(SEQ ID NO: 36) (SEQ ID NC: 37)

Sox9 TCTGGAGGCTGCTGAACGA TCCGTTCTTCACCGACTTCCT
(SEQ ID NO: 38) (SEQ ID NO: 39)

IL1b GCTTCCTTGTGCAAGTGTCTGA TCAAAAGGTGGCATTTCACAGT
(SEQ ID NO: 40) (SEQ ID NO: 41)

IL4 CGGATGCGACAAAAATCACTT CCCTTCTCCTGTGACCTCGTT
(SEQ ID NO: 42) (SEQ ID NO: 43)

IL6 TCGGAGGCTTAATTACACATGTTC TGCCATTGCACAACTCTTTTCT
(SEQ ID NO: 44) (SEQ ID NO: 45)

IL10 GGACCAGCTGGACAACATACTG ACCAGGTAARACTGGATCATTTCC
(SEQ ID NO: 46) (SEQ ID NO: 47)

IL13 TTGAGGAGCTGAGCAACATCAC GCGGCCAGGTCCACACT
(SEQ ID NO: 48) (SEQ ID NO: 49)

IL17a TCTGTGTCTCTGATGCTGTTGCT TCGCTGCTGCCTTCACTGT
(SEQ ID NO: 50) (SEQ ID NO: 51)

IL18 CTCTTGCGTCAACTTCAAGGAA GTGAAGT CGGCCAAAGTTGTC
(SEQ ID NO: 53) (SEQ ID NO: 54)

Tnfa AGGGATGAGAAGTTCCCAAATG GGCTTGTCACTCGAATTTTGAGA
(SEQ ID NO: 55) (SEQ ID NO: 56)

Nfatl GTGCAGCTCCACGGCTACAT GCGGCTTAAGGATCCTCTCA
(SEQ ID NO: 57) (SEQ ID NO: 58)

Bmp2 TGTTTGGCCTGAAGCAGAGA GCCTGCGGTACAGATCTAGCA
(SEQ ID NO: 59) (SEQ ID NO: 60)

Bmp3b CAGAGCCATGCTGTGTTCCA ACCGCATTCCGATTTTCATC
(SEQ ID NO: 61) (SEQ ID NO: 62)

Bmp4 TGGGCTGGAATGATTGGATT CAGTCCCCATGGCAGTAGAAG
(SEQ ID NO: 63) (SEQ ID NC: 64)

Bmp5 TTCTTCAAGGCAAGCGAGGTA GCGGTTTTGATTTTTCCGTTT
(SEQ ID NO: 65) (SEQ ID NC: 66)

Bmp6 GCTGAAGTCCGCTCCACTCT CCCATCCTCTTCGTCGTCAT
(SEQ ID NO: 67) (SEQ ID NC: 68)

Bmp7 CTGACGCCGACATGGTCAT GGTGGTATCGAGGGTGGAAGA

(SEQ ID NO: 69)

(SEQ ID NO: 70)
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TABLE 1-continued

Specific primers used for quantitative real-time RT-PCR

Gene Forward Reverse

Bmp8a TGGTCTGCTTGGACGACAAG GCTGGCCCTGAAGAAGGTTA
(SEQ ID NO: 71) (SEQ ID NC: 72)

Bmp9 CAGCCACTGCCAGAAGACTTC CCTTGGGTGCAATGATCCA
(SEQ ID NO: 73) (SEQ ID NO: 74)

BmplO TGGCTGAACTGCGGTTGTAC TTACGGTCCACGCCATCATA
(SEQ ID NO: 75) (SEQ ID NO: 76)

Bmpll TGCGCCTAGAGAGCATCAAGT TACCTCCCGGCTGATGTTG
(SEQ ID NO: 77) (SEQ ID NC: 78)

Bmpl2 CGGGCGTGTGGACACAA GCTCTGGCCTTGAGTTGCTT
(SEQ ID NO:79}) (SEQ ID NC: 80)

Bmpl3 CTGCGCTGCAGCAGAAAG GTCGTCCCAGCCTAACTCCTT
(SEQ ID NO: 81) (SEQ ID NO: 82)

Bmpl4 AACAGCAGCGTGAAGTTGGA GGTCATCTTGCCCTTTGTCAA
(SEQ ID NO: 83) (SEQ ID NO: 84)

Bmplb ACGATTGGAGCGAAAATGGT AACCTCTGGGAGGCCTTACTG
(SEQ ID NO: 85) (SEQ ID NO: 86)

Igfl GAGCTGGTGGATGCTCTTCAG GCCTGTGGGCTTGTTGAAGT
(SEQ ID NO: 87) (SEQ ID NO: 88)

Tgfbl CCGRAGCGGACTACTATGCTAAA GTTTTCTCATAGATGGCGTTGTTG
(SEQ ID NO: 89) (SEQ ID NOC: 90)

Tgfb2 CTGTACCTTCGTGCCGTCTAATAA TGCCATCAATACCTGCAAATCT

(SEQ ID NO: 91)

(SEQ ID NO: 92)

GTCGAAGTATCTGGAAGAGCTCAAT
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Tgfb3 CAGTGGAGAAAAATGGAACCAAT
(SEQ ID NO: 93) (SEQ ID NO: 52)

Examiple 5

Western Blot

[0131] Total protein was isolated from the organic phase
following RNA isolation from cells/tissues according to the
manufacturer’s instructions (Invitrogen). Small aliquots were
applied to 4-15% gradient SDS-PAGE, and then transferred
to a polyvinylidene difluoride membrane (Hybond P, Amer-
sham Biosciences). After transfer, the membranes were
blocked using 5% dry milk in PBS with 0.3% Tween 20 and
incubated with specific primary antibodies. Horseradish per-
oxidase (HRP)-conjugated anti-mouse IgG (Santa Cruz) was
used as the secondary antibody. For the loading control, a
peptide-affinity purified goat polyclonal antibody against
Gapdh (IMGENEX) was used as the primary antibody, and an
anti-goat IgG HRP-conjugated antibody (Santa Cruz) was
used as the secondary antibody. Bound secondary antibody
was detected using chemiluminescent HRP substrate (Milli-

pore).
Example 6

Cell Culture and DNA Transfection

[0132] Articular cartilage cells were isolated from the
femoral heads of 3-month-old WT and Nfat1~"~ female mice
using collagenase D (1.5 mg/ml, Roche) in DMEM at 37° C.
for 3-4 hours. Primary cells were plated at 2x10° cells per
23-mm diameter culture well in DMEM supplemented with 2

mM L-glutamine, 10% heat-inactivated fetal calf serum, and
1% penicillin/streptomycin, then placed into a humidified
incubator with 5% CO, at 37° C. When cultivated cells
reached 70-80% of confluence, the cultures were transduced
with lentiviral particles for forced expression of target genes.
All cultures were replenished with fresh media three times
per week. Packaging plasmid psPAX2 (Addgene), envelope
plasmid pMD2.G (Addgene), and highly transfectable 293T
cells (ATCC) were used for the production of viral particles.

Example 7

Transgenic Mice Overexpressing Nfatl in Cartilage

[0133] In cartilage-specific transgenic mice, constitutively
active-Nfatl (CA-Nfatl) is specifically expressed in the
chondrocyte lineage cells including articular cartilage cells.

[0134] CA-Nfatl cDNA tagged with an HA epitope in
pENTR vector (Addgene, plasmid 11792) is inserted into
pCol2al construct which contains Col2al promoter that can
drive cartilage specific expression (Zhou et al., J Cell Sci
1995; 108:3677-84). Unique Spel restriction site in pCol2al
construct is used with Getaway Vector Conversion System
(Invitrogen) to convert it into destination vector compatible
with LR reaction used in Getaway cloning strategy. This
reaction between CA-Nfatl ¢cDNA in pENTR vector and
converted pCol2al leads to final plasmid with CA-Nfatl
c¢DNA with an HA-tag driven by cartilage-specific Col2al
promoter-enhancer. Notl restriction site in CA-Nfatl ¢cDNA
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is eliminated by site-directed mutation using a QuickChange
Site Directed Mutagenesis Kit (Stratagen). This mutation
allows us to remove plasmid backbone by restriction diges-
tion using Notl in final construct. Transgenic mice are gener-
ated by pronuclear injection of Col2a1-CA-Nfatl cDNA with
FVB strain mice. Genomic DNA isclated from the tails of
these mice is analyzed by PCR and Southern blot analysis
using specific primers and probes for the transgene. Expres-
sion of the transgene in articular cartilage is confirmed by
real-time qPCR analysis. The founder transgenic mice on
FVB background are then crossed with the Nfat1~~ mice on
BALB/c background to examine whether overexpression of
CA-Nfatl can rescue the ostecarthritis phenotypes of
Nfat1~'~ mice. In addition, the FVB founder mice are back-
crossed onto BALB/c background for 12 generations to gen-
erate cartilage-specific BALB/c congenic mice to facilitate a
comparative analysis with the Nfat1™~ mice on the same
genetic background.

[0135] It has been reported herein that early osteoarthritis
phenotypes occurs in young adult Nfatl”~ mice and older
NFAT*~ and Nfatl wild type mice. Age-related changes in
expression levels of Nfat1 or Nfat1 isoforms have been deter-
mined by qPCR analysis in mouse blood and articular carti-
lage and found that low levels of Nfat1 activity are predictive
of the onset of osteoarthritis in NFAT*~ and Nfat] wild type
mice. Based on these observations, the cartilage-specific
Nfatl transgenic mice can be used for testing whether the
onset of osteoarthritis is prevented or delayed in Nfat1 trans-
genic mice in which Nfatl expression levels are not reduced
in articular cartilage of older animals.

[0136] Currently, efforts to repair damaged articular carti-
lage face major obstacles due to the limited intrinsic repair
capacity of the tissue. Animal and human studies have dem-
onstrated that a full thickness defect of articular cartilage
penetrated through the subchondrial bone to the bone marrow
spaces can be repaired morphologically through the prolif-
eration and differentiation of bone marrow stem cells into
cartilage cells which synthesize a cartilage matrix, or by
implanting chondrocyte-seeded biomaterials with or without
growth factors using tissue engineering technology. How-
ever, the repaired articular cartilage tissue degenerates with
reduced expression levels of cartilage markers after 3-6
month, and the joints with articular cartilage lesions eventu-
ally develop osteoarthritis. We have recently discovered that
Nfatl is critical for maintaining normal anabolic activity of
adult articular cartilage cells in mice. Based on these obser-
vations, the cartilage-specific Nfatl transgenic mice can be
used for testing: 1) whether the rate of articular cartilage
repair of surgically created articular cartilage defects in the
Nfatl transgenic mice is increased compared to wild type
mice; 2) whether the expression levels of cartilage makers in
repair articular cartilage of the Nfatl transgenic mice are
more stable for longer period of time than similar defects
created in wild type mice; 3) whether the onset of osteoar-
thritis in the joints with articular cartilage defects of the Nfat1
transgenic mice are prevented or delayed compared to wild
type mice; and 4) The founder transgenic mice can be crossed
with the Nfat1~"~ mice to examine whether overexpression of
CA-Nfatl can rescue the ostecarthritis phenotypes of
Nfat1~"~ mice.

Example 8

Preparation of an Nfatl Knockdown System

[0137] In one embodiment, the present invention includes
an articular cartilage cell line that expresses Nfat1. An articu-
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lar cartilage cell line according to the present invention
includes a plurality of articular cartilage cells that excrete
type IT collagen and/or aggrecan, and at least one siRNA that
is inserted in the plurality of cells, wherein the siRNA reduces
expression of Nfatl.

[0138] An example of an Nfatl siRNA sequence is GAC-
TAT-CTG-AAC-CCT-ATC-G (SEQ ID NO: 1). Preferably,
the siRNA reduces Nfat1 expression by at least 50% relative
to wild type cells. More preferably, the siRNA reduces Nfatl
expression by at least 75% relative to wild type cells. Even
more preferably, the siRNA reduces Nfatl expression by at
least 90% relative to wild type cells. Most preferably, the
siRNA reduces Nfatl expression by at least 99% relative to
wild type cells. FIGS. 7A and 8A demonstrate that Nfatl
expression can be “knocked down” by siRNA in cultured
mouse articular chondrocytes and ATDC3 chondrogenic cell
line and that knock down of Nfatl expression affects the
expression of the downstream effectors of Nfatl (FIGS. 7B
and 8B).

[0139] Inorder to knock down expression of Nfatl in wild-
type articular cartilage cells or in insulin-induced ATDCS5
chondrogenic cells lentiviral constructs for Nfatl siRNA
were prepared. The H1 RNA polymerase III promoter vector
pSIH-CMV/FerL-cG-H1F was obtained from System Bio-
sciences, Mountain View, Calif. This vector contains a
copGFP gene, which serves as a fluorescent protein reporter
for the transduced cells, wherein the copGFP gene is derived
from copepod plankton (Panralina sp.). This gene serves as a
fluorescent reporter for the transduced cells and allowed us to
make articular cartilage cells and ATDCS chondrogenic cells
stably suppressing Nfatl expression. For siRNA design we
utilized mouse/rat Nfatl specific sequence 5'-GAC-TAT-
CTG-AAC-CCT-ATC-G (SEQ ID NO: 1). Bbs I restriction
sites were added on both ends of this sequence to enable
directional cloning. The oligonucleotides were annealed,
phosphorylated by polynucleotide kinase (Promega), and
then ligated into pSTH-CMV/FerlL-cG-HI1F using unique Bbs
Isite located just downstream of the H1 promoter. Competent
E. coli cells of DH5q. strain (Invitrogen) were transformed,
and colonies were screened by PCR with primers flanking the
insert. The final construct was verified by sequencing.

Example 9

Preparation of an Nfat1 Overexpression System

[0140] By way of comparison, an overexpression system
for Nfat1 was also developed. A lentiviral construct for stable
expression of constitutively active Nfat] was generated using
a pCDH-EF1-MCS-T2A-copGFP vector (System Bio-
sciences) (see details in Example 10). Mouse Nfatl ¢cDNA
(SEQ ID NO: 2) with multiple serine to alanine nmutations in
the Nfatl regulatory domain, which render Nfatl constitu-
tively active, was obtained from Addgene (plasmid 11792).
This ¢cDNA was transferred into the unique Xba site of the
lentivector. The final construct was verified by sequencing.

[0141] For production of lentiviral particles of either the
siRNA construct or the overexpression construct, the pack-
aging cell line 293T HEK (105 cells/ml) was plated on
12-well tissue culture plates and transfected the following
day. 3 ug of the transducing vector pLentid/V5-NFATc2 (i.e.,
NFATe¢2 is Nfatl), 0.5 pg of the packaging vector psPAX2,
and 0.5 pg of the VSV envelope pMD2.G (Addgene) were
co-transfected by ExGen 500 in vitro Transfection Reagent
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(Fermentas Life Sciences) according to manufacturer’s
instructions.

[0142] Tt has been shown that the Nfatl-specific siRNA
reduces synthesis and excretion of type Il collagen and aggre-
can from articular cartilage cells and/or insulin-induced
ATDCS chondrogenic cells. In contrast, overexpression of
Nfatl at least partially restores synthesis and excretion of type
1 collagen and aggrecan from articular cartilage cells and/or
insulin-treated ATDC5 chondrogenic cells with Nfatl
siRNA.
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[0143] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive. The
scopeofthe invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope. All refer-
ences recited herein are incorporated herein by specific ref-
erence in their entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 93

<210> SEQ ID NO 1

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

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

<400> SEQUENCE: 1

gactatctga accctatcg 19

<210> SEQ ID NO 2

<211> LENGTH: 2742

<212> TYPE: DNA

<213> ORGANISM: Mus gp.

<400> SEQUENCE: 2

aggagtggga gcacggggag ccagageece ggageggage ctaggegetg cagegtetge 60

geegeteege cagatcacag cacacggtee ccagectget gateecggeg cctacagatg 120

cagecgeceeg cattgegeag geegggecce cgecageccee teegeaccat ggggtetgeg 180

gaccgagaac ctetccaata atgtcaccte gaaccagect cgecgaggac agetgectygy 240

geecgacacte geceegtgeee cgteeggeat ceegetcete cteacceggt gecaagegga 300

ggcattcgtyg cgcagagget ttggttgcete ctetgecege agectcacee cagegetece 360

ggagcceete gocacageee tcgectcacg tggeactgea ggacgacage atcceegetg 420

ggtaccceece cacggeegge tetgetgtte tcatggatge cctcaacace ctggecaceg 480

actcgecetg cgggatecece tecaagatat ggaagaccag tectgacceg acgectgtgt 540

ccaccgetec gtecaagget ggectggece gecacatcta cectactgtg gagttectgg 600

ggccatgtga gcaggaggag aggaggaatt cecgetccaga gtcecatectg ctggtaccac 660

ctacttggee caageagttyg gtgceggeca tteccatetyg cageatecet gtgactgeat 720

cecteccace actegagtgg ccactcteca atcagteggg ctectatgag ctacggattg 780

aggtccaacc caagccccat caccgggcecce actatgagac ggagggcagce cgtggegetg 840

tcaaagcecee aacaggagga caccetgtgg tgcageteca cggctacatg gagaacaagce 900

ctetgggget teagatette attgggacag cagatgagag gatccttaag cegecacgect 960

tctaccaagt acacaggatc actgggaaaa cggtcaccac cacgagctat gagaagatcg 1020

taggcaacac caaggtcctg gagatccecce tggagccaaa gaacaacatg agagccacca 1080

tcgactgtgc aggcatcctg aagctccgaa acgctgacat cgagetgegg aagggcgaga 1140
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-continued

cggacategg caggaagaac acgegtgtge geetggtgtt cegegtgcac gteccagage 1200
ccagtgggeg categtcetec ctgcaggetg cgtecaacce catcegagtge tcetcageget 1260
ctgeccacga getgeccatyg gtggagagac aagacatgga cagetgectg gtetacgggyg 1320
gecagcagat gatcctecacyg ggecagaact tcacagcegga gtecaaggtt gtgttceatgg 1380
agaagactac aggacctgca gggacctgtg agactcggece tttgeccate tcetetgatet 1440
cagctgacceg tcteteecee tggetttece ggctgcagag aaaccctecet ggetetgtet 1500
tcagatgete cgtgetectt cctgecccag gatctteget tgtgetgetg getetgtaac 1560
attctgeect tgtteccteg catactgtgt ctectettac tgggaagceca tteteectga 1620
gtggtgtteyg tgttcaaagg ctcatggctce aactgtccayg cccaatgtca ctttttgect 1680
gtcecetttte cacgetttat tctccaggtg acactcagtyg tttcacctgt ctgtetgete 1740
tctettgggt cctetggtte ccatactaga ctgteggtte cttgggageca gggatacact 1800
gtttgctget gcactcacaa ttatagaatt atctctgtge gtactaagtg tgcatgtgte 1860
atgctgaagg aaageggtgt tccccccttt attgectcte ccaccatgag aageggetgt 1920
attatcccca ttttacagat aagttgaggt tcaaagctat caagccagag accctgggtt 1980
agccecteca actggggaaa gatctggaac cccagcatgt cattttectg atctetggag 2040
tgatttctcet tgtcatgtca aagagaagtc aagaggatag ttctgttccet gtgtgttcta 2100
caaaataaaa gatgcatagc cttcaaggga aggtcaggct gggaggccag gctgttectg 2160
cecetegetgg gaaccctgge ccetggecce tggecctgag cagagtceggg ggtcccagea 2220
aaacattgca aaacaggaaa aaatctaagg acacaaaaac acaagccgtg tggttgagga 2280
gacagggttyg ccatggctec aggcgactcet cgaggctgge gtgatccagt gttttggaag 2340
gttccteccat gtgacacagg gttttggaat tcttcagetyg gtaagtectt cttaattcag 2400
gcecectagee ctggecaage cactcceggg ctcteggtgt ccegeggggyg cgtagactgg 2460
acacaggccce acatcaaatt actcagetct acaactaaaa gtttttgaag cgggtttett 2520
gttttgttgyg atggttttct tggctcggte tgatggcaga ggctcccatc acctgteggg 2580
aaggcaaatt gatttttttt tttcaagagg aggcgtgggt ggtggaattc ccttttaacc 2640
gatgagtcac cgagggcagc cgtgactcac tttattattc ccaggttccc asaggctata 2700
tcgcttttgg getttgttta ataaatagaa tcatgtatgce gc 2742
<210> SEQ ID NO 3

<211> LENGTH: 452

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<400> SEQUENCE: 3

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

Ser Pro Val Pro Arg Pro Ala Ser Arg Ser Ser Ser Pro Gly Ala Lys
20 25 30

Arg Arg His Ser Cys Ala Glu Ala Leu Val Ala Pro Leu Pro Ala Ala
35 40 45

Ser Pro Gln Arg Ser Arg Ser Pro Ser Pro Gln Pro Ser Pro His Val
50 55 60

Ala Leu Gln Asp Asp Ser Ile Pro Ala Gly Tyr Pro Pro Thr Ala Gly
65 70 75 80
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-continued

Ser Ala Val Leu Met Asp Ala Leu Asn Thr Leu Ala Thr Asp Ser Pro
85 90 85

Cys Gly Ile Pro Ser Lys Ile Trp Lys Thr Ser Pro Asp Pro Thr Pro
100 105 110

Val Ser Thr Ala Pro Ser Lys Ala Gly Leu Ala Arg His Ile Tyr Pro
115 120 125

Thr Val Glu Phe Leu Gly Pro Cys Glu Gln Glu Glu Arg Arg Asn Ser
130 135 140

Ala Pro Glu Ser Ile Leu Leu Val Pro Pro Thr Trp Pro Lys Gln Leu
145 150 155 160

Val Pro Ala Ile Pro Ile Cys Ser Ile Pro Val Thr Ala Ser Leu Pro
165 170 175

Pro Leu Glu Trp Pro Leu Ser Asn Gln Ser Gly Ser Tyr Glu Leu Arg
180 185 190

Ile Glu Val Gln Pro Lys Pro His His Arg Ala Hig Tyr Glu Thr Glu
195 200 205

Gly Ser Arg Gly Ala Val Lys Ala Pro Thr Gly Gly His Pro Val Val
210 215 220

Gln Leu His Gly Tyr Met Glu Asn Lys Pro Leu Gly Leu Gln Ile Phe
225 230 235 240

Ile Gly Thr Ala Asp Glu Arg Ile Leu Lys Pro Hig Ala Phe Tyr Gln
245 250 255

Val Hig Arg Ile Thr Gly Lys Thr Val Thr Thr Thr Ser Tyr Glu Lys
260 265 270

Ile Val Gly Asn Thr Lys Val Leu Glu Ile Pro Leu Glu Pro Lys Asn
275 280 285

Asn Met Arg Ala Thr Ile Asp Cys Ala Gly Ile Leu Lys Leu Arg Asn
290 295 300

Ala Asp Ile Glu Leu Arg Lys Gly Glu Thr Asp Ile Gly Arg Lys Asn
305 310 315 320

Thr Arg Val Arg Leu Val Phe Arg Val His Val Pro Glu Pro Ser Gly
325 330 335

Arg Ile Val Ser Leu Gln Ala Ala Ser Asn Pro Ile Glu Cys Ser Gln
340 345 350

Arg Ser Ala His Glu Leu Pro Met Val Glu Arg Gln Asp Met Asp Ser
355 360 365

Cys Leu Val Tyr Gly Gly Gln Gln Met Ile Leu Thr Gly Gln Asn Phe
370 375 380

Thr Ala Glu Ser Lys Val Val Phe Met Glu Lys Thr Thr Gly Pro Ala
385 390 395 400

Gly Thr Cys Glu Thr Arg Pro Leu Pro Ile Ser Leu Ile Ser Ala Asp
405 410 415

Arg Leu Ser Pro Trp Leu Ser Arg Leu Gln Arg Asn Pro Pro Gly Ser
420 425 430

Val Phe Arg Cys Ser Val Leu Leu Pro Ala Pro Gly Ser Ser Leu Val
435 440 445

Leu Leu Ala Leu
450

<210> SEQ ID NO 4

<211> LENGTH: 3166

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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-continued

<400> SEQUENCE: 4
agcaggaage tegegeegee gtegecgeeg cegetcaget teceegggeg cgtecaggac 60

cegetgegee aggegegeeg tecceggace cggegtgegt cectacgagg aaagggacece 120

cgeegetega geegecteey ccageeccac tgegaggggt cccagageca geegegeacy 180
cectegecee cggeecegea gecttecege cctgegegee atgaacgece ccgageggea 240
goeeccaacee gacggegggg acgocccagg ccacgagect gggggeagee cccaagacga 300
gettgactte tceateetet tegactatga gtatttgaat ccgaacgaag aagagccgaa 360
tgcacataag gtegecageo cacccteegg acccgcatac cccegatgatyg tcoctggacta 420
tggcetcaag ccatacagee ccettgetag tetetetgge gageececey gecgattegy 480

agagccggat agggtaggge cgcagaagtt tctgagegeg gecaagecag caggggecte 540
gggcctgage ccteggateg agatcactce gteccacgaa ctgatccagg cagtggggece 600
ccteegeaty agagacgegyg gectoctggt ggageagecg ccectggecey gggtggoeoge 660

cagcecocgagg ttcaccetge cegtgecegg cttegaggge taccgegage cgetttgett 720

gagcccoeget agcagegget cctotgecag ctteatttet gacaccttet cccectacac 780
ctegecetge gtetegecca ataacggegg geccgacgac ctgtgtecge agtttcaaaa 840
catcectget cattattcee ccagaaccte gecaataatyg tcacctegaa ccagectoge 900
cgaggacage tgectgggeo gecactegec cgtgeccegt ceggecteco gotectcate 960

gccetggtgece aagecggagge attcgtgege cgaggecttyg gttgecctge cgcecccggagce 1020
ctcaccecag cgetcecegga geccctegee geagecctca tcetcacgtgg caccccagga 1080
ccacggctcee ccggetgggt acccccectgt ggctggetct gecgtgatca tggatgecect 1140
gaacagccete gecacggact cgecttgtgg gatcccccee aagatgtgga agaccagece 1200
tgaccccteg cecggtgtetyg ccgecccatce caaggccgge ctgcctegec acatctaccce 1260
ggccegtggag ttectgggge cctgcgagca gggcgagagg agaaactcgg ctccagaate 1320
catcctgetg gttcegecca cttggcccaa gecgetggtg cctgecatte ccatctgcag 1380
catcccagtg actgcatccce tccctcecact tgagtggccg ctgtccagte agtcaggcetce 1440
ttacgagety cggatcgagg tgcagcccaa gccacatcac cgggeccact atgagacaga 1500
aggcagccga ggggctgtca aagctccaac tggaggccac cctgtggtte agctccatgg 1560
ctacatggaa aacaagcctc tgggacttca gatcttcatt gggacagctg atgagcggat 1620
ccttaagecg cacgecttet accaggtgca ccgaatcacyg gggaaaactyg tcaccaccac 1680
cagctatgag aagatagtgg gcaacaccaa agtcctggag atacccttgg agcccaaaaa 1740
caacatgagg gcaaccatcg actgtgcggg gatcttgaag cttagaaacg ccgacattga 1800
gctgeggaaa ggcgagacgg acattggaag aaagaacacg cgggtgagac tggtttteeg — 1860
agttcacatc ccagagtcca gtggcagaat cgtctcttta cagactgcat ctaaccccat 1920
cgagtgctcee cagcgatctg ctcacgaget geccatggtt gaaagacaag acacagacag 1980
ctgcectggte tatggcggec agcaaatgat cctcacgggg cagaacttta catccgagtce 2040
caaagttgtg tttactgaga agaccacaga tggacagcaa atttgggaga tggaagccac 2100
ggtggataayg gacaagagcc agcccaacat gectttttgtt gagatccctg aatatcggaa 2160

caagcatatc cgcacacctg taaaagtgaa cttctacgtc atcaatggga agagaaaacyg 2220
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aagtcageet cagcacttta cctaccacce agtcccagec atcaagacgg ageccacgga 2280
tgaatatgac cccactcectga tcetgecagece cacccatgga ggectgggga geccagectta 2340
ctacccecag caccegatgg tggecgagte cccctectge ctegtggeca ccatggetece 2400
ctgeccageag tteecgcacgg ggeteteate cectgacgee cgetaccage aacagaacec 2460
ageggeegta ctetaccage ggagcaagag cctgagecece agectgetgg getatcagea 2520
gcecggeecte atggecgeee cgcetgtecet tgecggacget caccgetetg tgetggtgea 2580
cgecggetee cagggccaga gctcagecet getccaccee tctecgacca accagcagge 2640
ctegectgtyg atccactact cacccaccaa ccagcagetg cgetgeggaa geccaccagga 2700
gttccagcac atcatgtact gcgagaattt cgcaccaggce accaccagac ctggeccgec 2760
cccggtecagt caaggtcaga ggctgagece gggttcectac cccacagtca ttcagcagca 2820
gaatgccacg agccaaagag ccgccaaaaa cggacccceg gtcagtgacce aaaaggaagt 2880
attacctgeg ggggtgacca ttaaacagga gcagaacttyg gaccagacct acttggatga 2940
tgttaatgaa attatcagga aggagttttc aggacctcct gccagaaatc agacgtaaaa 3000
gaagccatta tagcaagaca ccttetgtat ctgaccccte ggagecctec acagecccte 3060
accttetgte tecttteatyg ttecatctece agececcggagt ccacacgegg atcaatgtat 3120
gggcactaayg cggactctca cttaaggagce tcgccaccte cctcta 3166
«<210> SEQ ID NO 5

«<211> LENGTH: 925

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Met Asn Ala Pro Glu Arg Gln Pro Gln Pro Asp Gly Gly Asp Ala Pro
1 5 10 15

Gly His Glu Pro Gly Gly Ser Pro Gln Asp Glu Leu Asp Phe Ser Ile
20 25 30

Leu Phe Asp Tyr Glu Tyr Leu Asn Pro Asn Glu Glu Glu Pro Asn Ala
35 40 45

His Lys Val Ala Ser Pro Pro Ser Gly Pro Ala Tyr Pro Asp Asp Val
50 55 60

Leu Asp Tyr Gly Leu Lys Pro Tyr Ser Pro Leu Ala Ser Leu Ser Gly
65 70 75 80

Glu Pro Pro Gly Arg Phe Gly Glu Pro Asp Arg Val Gly Pro Gln Lys
Phe Leu Ser Ala Ala Lys Pro Ala Gly Ala Ser Gly Leu Ser Pro Arg
100 105 110

Ile Glu Ile Thr Pro Ser His Glu Leu Ile Gln Ala Val Gly Pro Leu
115 120 125

Arg Met Arg Asp Ala Gly Leu Leu Val Glu Gln Pro Pro Leu Ala Gly
130 135 140

Val Ala Ala Ser Pro Arg Phe Thr Leu Pro Val Pro Gly Phe Glu Gly
145 150 155 160

Tyr Arg Glu Pro Leu Cys Leu Ser Pro Ala Ser Ser Gly Ser Ser Ala
165 170 175

Ser Phe Ile Ser Asp Thr Phe Ser Pro Tyr Thr Ser Pro Cys Val Ser
180 185 190

Pro Asn Asn Gly Gly Pro Asp Asp Leu Cys Pro Gln Phe Gln Asn Ile
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195 200 205

Pro Ala His Tyr Ser Pro Arg Thr Ser Pro Ile Met Ser Pro Arg Thr
210 215 220

Ser Leu Ala Glu Asp Ser Cys Leu Gly Arg His Ser Pro Val Pro Arg
225 230 235 240

Pro Ala Ser Arg Ser Ser Ser Pro Gly Ala Lys Arg Arg His Ser Cys
245 250 255

Ala Glu Ala Leu Val Ala Leu Pro Pro Gly Ala Ser Pro Gln Arg Ser
260 265 270

Arg Ser Pro Ser Pro Gln Pro Ser Ser His Val Ala Pro Gln Asp His
275 280 285

Gly Ser Pro Ala Gly Tyr Pro Pro Val Ala Gly Ser Ala Val Ile Met
290 295 300

Asp Ala Leu Asn Ser Leu Ala Thr Asp Ser Pro Cys Gly Ile Pro Pro
305 310 315 320

Lys Met Trp Lys Thr Ser Pro Asp Pro Ser Pro Val Ser Ala Ala Pro
325 330 335

Ser Lys Ala Gly Leu Pro Arg His Ile Tyr Pro Ala Val Glu Phe Leu
340 345 350

Gly Pro Cys Glu Gln Gly Glu Arg Arg Asn Ser Ala Pro Glu Ser Ile
355 360 365

Leu Leu Val Pro Pro Thr Trp Pro Lys Pro Leu Val Pro Ala Ile Pro
370 375 380

Ile Cys Ser Ile Pro Val Thr Ala Ser Leu Pro Pro Leu Glu Trp Pro
385 390 395 400

Leu Ser Ser Gln Ser Gly Ser Tyr Glu Leu Arg Ile Glu Val Gln Pro
405 410 415

Lys Pro Hig His Arg Ala His Tyr Glu Thr Glu Gly Ser Arg Gly 2la
420 425 430

Val Lys Ala Pro Thr Gly Gly His Pro Val Val Gln Leu His Gly Tyr
435 440 445

Met Glu Asn Lys Pro Leu Gly Leu Gln Ile Phe Ile Gly Thr Ala Asp
450 455 460

Glu Arg Ile Leu Lys Pro His Ala Phe Tyr Gln Val His Arg Ile Thr
465 470 475 480

Gly Lys Thr Val Thr Thr Thr Ser Tyr Glu Lys Ile Val Gly Asn Thr
485 490 495

Lys Val Leu Glu Ile Pro Leu Glu Pro Lys Asn Asn Met Arg Ala Thr
500 505 510

Ile Asp Cys Ala Gly Ile Leu Lys Leu Arg Asn Ala Asp Ile Glu Leu
515 520 525

Arg Lys Gly Glu Thr Asp Ile Gly Arg Lys Asn Thr Arg Val Arg Leu
530 535 540

Val Phe Arg Val His Ile Pro Glu Ser Ser Gly Arg Ile Val Ser Leu
545 550 555 560

Gln Thr Ala Ser Asn Pro Ile Glu Cys Ser Gln Arg Ser Ala His Glu
565 570 575

Leu Pro Met Val Glu Arg Gln Asp Thr Asp Ser Cys Leu Val Tyr Gly
580 585 590

Gly Gln Gln Met Ile Leu Thr Gly Gln Asn Phe Thr Ser Glu Ser Lys
595 600 605
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Val Val Phe Thr Glu Lys Thr Thr Asp Gly Gln Gln Ile Trp Glu Met
610 615 620

Glu Ala Thr Val Asp Lys Asp Lys Ser Gln Pro Asn Met Leu Phe Val
625 630 635 640

Glu Ile Pro Glu Tyr Arg Asn Lys His Ile Arg Thr Pro Val Lys Val
645 650 655

Asn Phe Tyr Val Ile Asn Gly Lys Arg Lys Arg Ser Gln Pro Gln His
660 665 670

Phe Thr Tyr His Pro Val Pro Ala Ile Lys Thr Glu Pro Thr Asp Glu
675 680 685

Tyr Asp Pro Thr Leu Ile Cys Ser Pro Thr His Gly Gly Leu Gly Ser
690 695 700

Gln Pro Tyr Tyr Pro Gln His Pro Met Val Ala Glu Ser Pro Ser Cys
705 710 715 720

Leu Val Ala Thr Met Ala Pro Cys Gln Gln Phe Arg Thr Gly Leu Ser
725 730 735

Ser Pro Asp Ala Arg Tyr Gln Gln Gln Asn Pro Ala Ala Val Leu Tyr
740 745 750

Gln Arg Ser Lys Ser Leu Ser Pro Ser Leu Leu Gly Tyr Gln Gln Pro
755 760 765

Ala Leu Met Ala Ala Pro Leu Ser Leu Ala Asp Ala His Arg Ser Val
770 775 780

Leu Val Hig Ala Gly Ser Gln Gly Gln Ser Ser Ala Leu Leu His Pro
785 790 795 800

Ser Pro Thr Asn Gln Gln Ala Ser Pro Val Ile His Tyr Ser Pro Thr
805 810 815

Asn Gln Gln Leu Arg Cys Gly Ser His Gln Glu Phe Gln His Ile Met
820 825 830

Tyr Cys Glu Asn Phe Ala Pro Gly Thr Thr Arg Pro Gly Pro Pro Pro
835 840 845

Val Ser Gln Gly Gln Arg Leu Ser Pro Gly Ser Tyr Pro Thr Val Ile
850 855 860

Gln Gln Gln Asn Ala Thr Ser Gln Arg Ala Ala Lys Asn Gly Pro Pro
865 870 875 880

Val Ser Asp Gln Lys Glu Val Leu Pro Ala Gly Val Thr Ile Lys Gln
885 890 895

Glu Gln Asn Leu Asp Gln Thr Tyr Leu Asp Asp Val Asn Glu Ile Ile
900 905 910

Arg Lys Glu Phe Ser Gly Pro Pro Ala Arg Asn Gln Thr
915 920 925

<210> SEQ ID NO 6

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

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

<400> SEQUENCE: 6
tttggtctgt gggctgcat 19
<210> SEQ ID NO 7

«<211> LENGTH: 21
«212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 7

tectgggaag ataggectgt t

<210> SEQ ID NO 8

<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 8

tttggtatga ccccgcetgaa

«<210> SEQ ID NO 9

«211> LENGTH: 21

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 9

ctttetteca actgggeatce a

«<210> SEQ ID NO 10

«<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 10

cctegttgga ccaaaacaca

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 11

gcgatggeat cttccacaa

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 12

tcectgatgtt ggtggettea

«<210> SEQ ID NO 13
«211> LENGTH: 22

Synthetic

21

Synthetic

20

Synthetic

21

Synthetic

20

Synthetic

19

Synthetic

20



US 2013/0004957 A1l
25

-continued

Jan. 3,2013

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 13

cacactetgt cttggcaaat cc

<210> SEQ ID NO 14

«<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 14

cagggagaag cagacatcaa ca

«<210> SEQ ID NO 15

«211> LENGTH: 19

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 15

gcatgggcaa ggattccat

«<210> SEQ ID NO 16

«<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 16

gcctcaagty ggaccatcat

<210> SEQ ID NO 17

<211> LENGTH: 19

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 17

ctegeggeaa gtettcaga

<210> SEQ ID NO 18

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 18

tcacctgatt cttgegtget a

«210> SEQ ID NO 19

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

22

22

19

20

19

21
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<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 19

cagatggacc ccatgtttge

«<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 20

gcaactcgga cctggtecata a

«<210> SEQ ID NO 21

«<211> LENGTH: 25

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 21

ctggtataag gtggtctegt tgatt

«<210> SEQ ID NO 22

<211> LENGTH: 18

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 22

acccggcagg acctgtgt

<210> SEQ ID NO 23

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 23

ccagttcatyg agcagcagtyg a

<210> SEQ ID NO 24

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 24

gctgetggta gecategttac tg

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

20

21

25

18

21

22
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<210> SEQ ID NO 25

<211> LENGTH: 19

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 25

gagtgtageyg cgeatgett

<210> SEQ ID NO 26

<211> LENGTH: 21

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 26

tgggatctac cgetgtgaag t

«<210> SEQ ID NO 27

«<211> LENGTH: 22

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 27

ctegtocettyg tcaccatage aa

<210> SEQ ID NO 28

«<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 28

cgagatcecce tteggagagt

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 29

tgagccgega agttetttte

<210> SEQ ID NO 30

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 30

tcttaagegt cgtgcaagat tte

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

19

21

22

20

20

23
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<210> SEQ ID NO 31

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 31

cttgggacac agtteactte ca

<210> SEQ ID NO 32

«<211> LENGTH: 22

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 32

ttatgctgaa cggtaccaaa cg

«<210> SEQ ID NO 33

«211> LENGTH: 21

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 33

tggegtatgg gatgaagtat t

«<210> SEQ ID NO 34

«<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 34

cacaaaaccce ctcgatagaa gtg

<210> SEQ ID NO 35

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 35

cctgtgatca ggaactgetyg aa

<210> SEQ ID NO 36

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 36

acacctccca agtcectttat gaat

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

22

22

21

23

22

24
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<210> SEQ ID NO 37

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 37

ccegtcaata tcagetactt get

«<210> SEQ ID NO 38

«211> LENGTH: 19

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 38

tetggagget getgaacga

«<210> SEQ ID NO 39

«211> LENGTH: 21

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 39

tcegttette accgacttec t

«<210> SEQ ID NO 40

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 40

gcttecttgt gcaagtgtet ga

<210> SEQ ID NO 41

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 41

tcaaaaggtyg gcatttcaca gt

<210> SEQ ID NO 42

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 42

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

23

19

21

22

22
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cggatgegac aaaaatcact t

<210> SEQ ID NO 43

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 43

cecttetect gtgacctegt t

«<210> SEQ ID NO 44

<211> LENGTH: 24

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 44

tcggaggett aattacacat gtte

«210> SEQ ID NO 45

«<211> LENGTH: 22

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 45

tgccattgca caactctttt ct

<210> SEQ ID NO 46

<211> LENGTH: 22

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 46

ggaccagcety gacaacatac tg

<210> SEQ ID NO 47

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 47

accaggtaaa actggatcat ttcc

<210> SEQ ID NO 48

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

«<400> SEQUENCE: 48

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

21

21

24

22

22

24
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ttgaggaget gagcaacate ac

<210> SEQ ID NO 49

<211> LENGTH: 17

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 49

geggecaggt ccacact

<210> SEQ ID NO 50

«<211> LENGTH: 23

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 50

tetgtgtete tgatgetgtt get

«<210> SEQ ID NO 51

«<211> LENGTH: 19

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 51

tegetgetge ctteactgt

<210> SEQ ID NO 52

«<211> LENGTH: 25

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 52

gtcgaagtat ctggaagagc tcaat

<210> SEQ ID NO 53

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 53

ctettgegte aacttcaagg aa

<210> SEQ ID NO 54

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

22

17

23

19

25

22
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<400>

SEQUENCE: 54

gtgaagtegg ccaaagttgt ¢

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

<400>

SEQ ID NO 55

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 55

agggatgaga agttcccaaa tg

«210>
«211>
«212>
«213>
«220>
«223>

«<400>

SEQ ID NO 56

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 56

ggcttgtcac tcgaattttyg aga

«210>
«211>
«212>
«213>
«220>
«223>

<400>

SEQ ID NO 57

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 57

gtgcagetee acggctacat

«210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 58

gcggcettaag gatcctcetcea

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

<400>

SEQ ID NO 59

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 59

tgtttggect gaagcagaga

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

SEQ ID NO 60

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

21

22

23

20

20

20
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<400> SEQUENCE: 60

gectgeggta cagatctage a

<210> SEQ ID NO 61

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 61

cagagccatyg ctgtgtteca

«<210> SEQ ID NO 62

«<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 62

accgcattece gattttcate

<210> SEQ ID NO 63

«<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 63

tgggctggaa tgattggatt

<210> SEQ ID NO 64

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 64

cagtccccat ggcagtagaa g

<210> SEQ ID NO 65

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 65

ttcttcaagg caagcgaggt a

<210> SEQ ID NO 66

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

21

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

21

Synthetic

21

Synthetic
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primer
<400> SEQUENCE: 66

goggttttga ttttteegtt t

<210> SEQ ID NO 67

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 67

getgaagtee getecactet

«<210> SEQ ID NO 68

«<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 68

cccatecetet tegtegtcat

«<210> SEQ ID NO 69

«<211> LENGTH: 19

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 69

ctgacgccga catggtceat

<210> SEQ ID NO 70

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 70

ggtggtatcg agggtggaag a

<210> SEQ ID NO 71

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 71

tggtctgett ggacgacaag

<210> SEQ ID NO 72

<211> LENGTH: 20

<212> TYPE: DNA

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

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

21

20

20

19

21

20
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<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 72

getggecetyg aagaaggtta

<210> SEQ ID NO 73

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 73

cagccactge cagaagactt ¢

«<210> SEQ ID NO 74

«211> LENGTH: 19

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 74

cettgggtge aatgatceca

«<210> SEQ ID NO 75

«<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 75

tggctgaact geggttgtac

<210> SEQ ID NO 76

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 76

ttacggtecca cgecatcata

<210> SEQ ID NO 77

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 77
tgcgectaga gagcatcaag t
<210> SEQ ID NO 78
<211> LENGTH: 19

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

20

21

19

20

20

21
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 78

tacctcecgyg ctgatgttyg

<210> SEQ ID NO 79

<211> LENGTH: 17

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 79

cgggegtgty gacacaa

«<210> SEQ ID NO 80

«<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 80

gctetggect tgagttgett

«<210> SEQ ID NO 81

«<211> LENGTH: 18

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 81

ctgcgctgca gcagaaag

<210> SEQ ID NO 82

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 82

gtegteoccag cctaactect t

<210> SEQ ID NO 83

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 83
aacagcagcg tgaagttgga
<210> SEQ ID NO 84

«<211> LENGTH: 21
«212> TYPE: DNA

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

19

17

20

18

21

20
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 84

ggtcatetty ccetttgtea a

<210> SEQ ID NO 85

<211> LENGTH: 20

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 85

acgattggag cgaaaatggt

«<210> SEQ ID NO 8¢

«211> LENGTH: 21

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 86

aacctctggg aggecttact g

«<210> SEQ ID NO 87

«211> LENGTH: 21

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 87

gagctggtgyg atgctcttca g

<210> SEQ ID NO 88

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 88

gectgtggge ttgttgaagt

<210> SEQ ID NO 89

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 89

ccgaagcegga ctactatget aaa

<210> SEQ ID NO 90
«211> LENGTH: 24

Synthetic

21

Synthetic

20

Synthetic

21

Synthetic

21

Synthetic

20

Synthetic

23
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 90

gtttteteat agatggegtt gttg

<210> SEQ ID NO 91

«<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 91

ctgtacctte gtgcegtcta ataa

«<210> SEQ ID NO 92

«<211> LENGTH: 22

«<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 92

tgccatcaat acctgcaaat ct

«<210> SEQ ID NO 93

«<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 93

cagtggagaa aaatggaacc aat

Synthetic

24

Synthetic

24

Synthetic

22

Synthetic

23

What is claimed is:

1. A method of diagnosing primary osteoarthritis and/or
predicting susceptibility to primary osteoarthritis in a subject,
comprising:

measuring a subject’s Nfatl protein or gene expression
level or an Nfat1 transcription factor activity in cartilage
or peripheral blood cells; and

comparing the subject’s Nfatl protein or gene expression
level or the Nfatl transcription factor activity to a wild-
type control Nfat1 protein or gene expression level or an
Nfatl transcription factor activity, wherein having Nfat1
protein or gene expression levels or Nfatl transcription
factor activity reduced by at least 50% relative to the
wild-type control is predictive of susceptibility to
osteoarthritis.

2. A method as recited in claim 1, wherein the tissue sample
includes articular cartilage cells.

3. A method as recited in claim 1, further comprising mea-
suring type 1I collagen production by articular cartilage cells
in the subject.

4. A method as recited in claim 1, further comprising mea-
suring aggrecan production by articular cartilage cells in the
subject.

5. A method as recited in claim 1, further comprising prob-
ing the subject’s genome for sequence variations in Nfatl.

6. A method as recited in claim 1, further comprising deter-
mining whether the subject has degenerative articular carti-
lage disease.

7. A method as recited in claim 1, further comprising mea-
suring articular cartilage degeneration.

8. A method as recited in claim 1, measuring at least one of
an activity or a concentration of at least one downstream
effector of Nfat1.

9. A method as recited in claim 8, wherein Nfat1 and/or the
downstream effectors of Nfat1 affect levels of at least one of:

matrix metalloproteinase 1a (Mmpla);

matrix metalloproteinase 13 (Mmp13);

Adamts5 (i.e., a disintegrin and metalloproteinase with

thrombospondin motifs);

tissue inhibitor of metalloproteinase-1 (Timp1);

aggrecan;

a collagen protein;
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[-catenin;

interleukin-15 (IL-1p);

interleukin-6 (1L-6); or

interleukin-17a (IL-17a0).

10. A method as recited in claim 1, further comprising:

providing a subject having at least one of an Nfatl protein
or gene expression level or an Nfat! transcription factor
activity level reduced by at least 50% relative to the
wild-type control in cartilage or peripheral blood cells;

administering at least one bioactive substance selected
from the group consisting of an Nfatl protein and a
nucleic acid encoding an Nfatl protein to the subject;
and

determining whether the bioactive substance increases at
least one of Nfat1 protein expression, Nfat1 gene expres-
sion, or Nfat1 transcription factor activity in cartilage or
peripheral blood cells in the subject.

11. A method of diagnosing primary osteoarthritis and/or
predicting susceptibility to primary osteoarthritis in a subject
using NFAT1, the method comprising:

measuring a subject’s Nfatl protein or gene expression

level or an Nfat1 transcription factor activity in cartilage
or peripheral blood cells; and

Jan. 3,2013
39

determining whether the subject will develop primary
osteoarthritis and/or predicting susceptibility to primary
osteoarthritis in the subject, wherein having Nfatl pro-
tein or gene expression levels or Nfatl transcription
factor activity reduced by at least 50% relative to a
wild-type control is predictive of susceptibility to
osteoarthritis.

12. The method of claim 11, where the determining step
includes comparing at least one of the subject’s Nfat1 protein
expression level, Nfatl gene expression level, or Nfatl tran-
scription factor activity level to a wild-type control Nfatl
protein expression level, Nfatl gene expression level, or
Nfatl transcription factor activity level.

13. A method as recited in claim 11, further comprising
determining whether the subject has degenerative articular
cartilage disease.

14. A method as recited in claim 11, further comprising
measuring articular cartilage degeneration.

15. A method as recited in claim 11, further comprising
measuring type 1I collagen production by articular cartilage
cells in the subject.

16. A method as recited in claim 11, further comprising
measuring aggrecan production by articular cartilage cells in
the subject.
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