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BIOMARKERS OF OSTEOARTHRITIS

Reference to Related Applications

This application claims the benefit of U.S. provisional application 61/339,511, filed

March 8, 2010, the entire contonts of which is hercby incorporated by reference,

3 Ficid of the Invention
The present disclosure rolares fo biomarkers of discase and more parficularly to a
plurality of biomarkers, related methods and kits for diagnosing, staging, and monitoring
ostcourthritis.
Backeround
19 Ostooarshritis (OAY is o debilitating discase thas sffocts haman and veterinary,

particularly caning paticnts, Bocause OA 1s not typically diagnosed carly enough to provent the
clinical progression of discase, devclopment of carly OA biomarkers hag profound ramifications
for diapnostic screening, disease staging, treatment planning and monitoring,
in dogs, certain proteins exhibit differential expression favels in synovial fluid when A
15 is experimentally induced. These are monogyte chomeattractant protein | (MCP1), interloukin ¥
{IL&) and keratinoeyte derived chemoattractant (KC), certain Apolipoproteins, and matrix
metalloproteinases (MMPs). 1t is unknown however whether these ot other proteins mighe be
usclul as potential biomarkers in sportancously occurring OA in dogs or in othor specics
including himans.  Given the high potential valuc in being able to apply protcomics methods to
20 diagnosis and prognosis of OA discase, end treatment monitoring and clucidation of OA discasc
mcchanisms, it would be useful to identify now OA biomarkers and biomarker combinations
with the ability to converdently and reliably discriminate between ndividuals m which QA is
present and those in which QA is not present, #nd determine the typo and scverity of discase

burden.

25 Summary of the lnvention
In one aspect, the present disclosure provides a method for diagnosing, staging. or
monitoring osteoarthritis in a subject comprising: measuring in a biotogicat sample from the
subjeet the level of expression of at lcast two polypeptides sclected from the group consisting of:
MCPEILE, KC, MMIP2, MMDP3, MMPS, L6, MMEPL, RANTES, 1L18, Apclipoprotein Al,
30 Apolipoprotein E, DUN, CILP and COMP, and fragments of any thereof, and uny combination
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thereof, wherein the expression levels of the at least two polypeptides or fragments thereof in the
biclogical sample provide a sample profein expression profile indicative of the presence or
abgenee, degree, severity, type or stage of osteoarthritis in the subject.  The method may further
comprise comparing the sample profein expression profile to 4 control protein expression profile,
wherein a difference between the sample protein expression profile and the control protein
exprossion profile is indicative of the prasence or absence, degree, severity, type or stage of
osteoarthritis in the subject. In the method, the sabject can be at risk of having or is suspected of
having osteoarthritis.  The level of expression of the at least two polypeptides in the biclogical
sample can be measured by many methods as detailed further herein below, including but not
limited to detecting alterations in DNA due to a process sclected from the group consisting of
DNA amplification, DNA methylation/dernethylation, and single nucleotide polymorphisms.

In another aspect, the proscnt disclosure provides an QA biomurker cxpression profile
comprising polypeptide expression level information for two or more polypeptides selected from
ihe group consisting oft MCPL, ILE, KC, MMP2, MMP3, IL6, MMPL RANTES MMPY, IL1B,
Apolipeprotein Al, Apolipoprotein E, DCN, CILP and COMP and fragments of uny thereof, and
any combination thereof, obtained from a biological samplc from a subject suspected of having
osteoarthritls.  An OA expression profile may further comprise polypeptide expression level
iformation for at lcast one biolagical sample obtained from at least one healthy subject.
Biological samples from the subject suspected of having osteoarthaitis and the healthy subject or
subjects may each comprise 4 sample of synovial fluid, & sample of whele bloed, 4 sumple of
blood plasma, a sample of serum, a sample of uring, or a sample of saliva. Preferably, the
bicdogical samples are samples of synovial fluid. Multiple biological samples of the same or
different type may be obtained from each subject, OA expression level information obiuined
from each sample, and the results combined in a single OA expression profile,

in another aspect, the present disclosure provides a diagnostic reagent for ostecarthritis
comprising two or more antibodies against any two or more OA bomarkers or fragments thereof
selected from the group consisting of: MCP1, IL8, KC, MMP2, MMP3, IL6, MMP 1, RANTES,
MMP9, [L1B, Apclipoprotein A1, Apolipoprotein E, DUN, CILP and COMP and fragments of
any thorcof. The diagnestic reagent may be provided in a kit

In anather aspect, the prosent disclosure provides a kit for diagnosing osteoarthritis in a

subjeet, the kit cornprising: at least two OA biomarker detection reagents that each specifically

v
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bind to an OA polypeptide selected from the group consisting of MCP1, ILE, KC, MMP2,
MMP3, IL6, MMP1, RANTES, MMPS, ILIR, Apolipopratcin A, Apolipoprotein E, DCN,
CILP und COMP und fragments of any thercef, or at least two OA blomarker detection reagents
that each specifically bind to af least part of & polynuclectide sequence coding for at least two of
the QA polypeptides, wherein the specific binding of the reagent is indicative of the expression
level of at least one OA polypeptide in a biological sample from a subject. In the kit the at least
one reagent that specifically detects expression of at least one biomarker may comprise a mucleic
acid probe complementary to at least part of a polynucieotide sequence coding for one of the
polypeptides. A nucleic acid probe can be a cDNA or an oligonucleotide. The at least one OA
biomarker detcetion reagent can be immobilized on a substrate surface. The kit may comprisc ut
least two hiomarker detection reagents arranged on the substrate surface.  In the kit, at least two
biomarker rcagents can be arranged on a substrate surface to comprisce 4 microarray.

In another aspect, the present disclosure provides a method for identifying a candidate
substanee as & therapeutic agent fon Irealing osteoarthrilis, comprising: 8) administering the
candidate substance to a subject diagnosed with spontancous osteoarthritis; b) measuring the
exprossion level of two or more OA polypeptides selected from the group consisting of MCPL,
168, KO, MMP2, MMP3, 116, MMPI, RANTES, MMPY, 1L1B, Apolipoprotein Al,
Apolipoprotein E, DUN, CILP and COMP in a biological sample from the subject; and ¢}
selecting the candidate substance sy 8 candidate therapeutic agent for treating osteoarthritis if the
expression level of ench of the two or more OA polypeptides in the biological sample s lower
than or equal fo the expression level for the selected two or more OA polypeptides in a biological
sample from a control subject not administored the wst substance,

in another aspect, the present disclosure provides a method for monitoring the effect of a
treatment of osteparthritis in a subject comprising: a) obtaining a first OA biomarker expression
profie comprising measuring the expression level of two ar mors OA polypeptides selected from
the group consisting of MCPL, 118, KC, MMP2, MMP3, 1L6, MMP1, RANTES, MMP9, ILIB,
Apolipoprotein AL, Apolipoprotein E, DCWN, CILP and COMP in a first biological sample
obtained from the subject before the osteparthritis treatment is administerad to the subject; b}
obtaining a sccond QA biomarker oxpression profile comprising measuring the cxpression lovel
of the two or more QA polypeptides selectod in €u), In a sccond biological sarmple obtained from

the subject after or while the osteoarthritis treatment I8 administered to the subject; and ¢}
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comparing the first OA biomarker expression profile with the second OA biomarker expression
profile, wherein if the expression level of cach of the twe or more selected QA polypentides in
the first OA biomartcer expression profile iy lower that or cqual to the cxpression level for the
selected two or more OA polypeptides in the second biolegical sample from the subject is
indicative of a therapeutic effect of the ostecarthnitis freatment in the sulyject,

Inr atry of the above methods, the biological satmple or samples may comprise any one of
synovial fluid, whole blood, bood plasma, servm, vrine, and saliva. 1s an exemplary method,
the hiological sample(s} comprise synovial fluid. Preferably, the level of expression of at least
four polypeptides is measured. [n any of the methods, the subject may be a mammal, Preferably
the subjeet is o human or 4 canine. In an cxcemplary cmbodiment of any of the above metheds,
the subject is a canine and the method may comprise measuring in a biological sarmple from the
subjeet the level of expression of MCP1, [LE, KC, MMP2 and MMP3, or fragments thercof. In
another cxemplary cmbodiment of sny of the above methods, the subject i3 a hwman and the
meibod may comprise measuring in a biological sample from the subject the lovel of expression
of MICP1, IL6, ILE, KC and MMP1, or fragments thercof. Such a method may further comprise
mcasuring in the biological samplc the lovel of cxpression of RANTES, or fragments thercof. In
any of the above methods, the expression level of cach of the at least two polypeptides in the
biclogical sample from the subject is measured using a method seleceed from the group
consisting of: LUMINEX, ELISA, immunoassay, mass spectrometry, high performance liquid
chromatography, two-dimnensional electrophoresis, gPCR, RT-PCR, nucleic acid microarray, /n

sinie hybridization, SAGE, Western blotting, protein microarray, and antibody microarray.

Brief Deseription of the Drawings

F1G. 1A is a bar graph showing lovels (Mean + SE congentrations (pg/mD)), of Cartilags
intermediate Layer Protein {CILP}, Decotin and COMP in dogs with sabelinical OA and i dogs with

clinical OA following removal of high abundancc proteins.

FI1G. 1B is a bar graph showing levels (Mean + SE concentrations (pg/mly), of
Apolipoprotein Al and Apolipeprotein E in dogs with subelinical OA and in dogs with clinical

OA following removal of high sbundance proteins.
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FIG, 2A 15 o bar graph showing levels (Mean + 8E concentrations (pg/ml}), of 1L, KC,
MCF! and MMP3 in nornal dogs and in dogs with spontarcous knee OA before and after

Surgery.

F1G. 2B is 4 bar graph showing levels (Mean + SE congentrations (pg/ml)), of MMP2 in

normal dogs and in dogs with spontaneous knee OA before and after surgery.

FIG. 3 i5 a set of bar graphs summarizing (Mean + 8E} MMP/cytokine log {(pg/m]) levels
i synovial fluld samples from normal paticats and from patients with QA immediately

precceding 2 totel kace arthroplasty procedurc.
Detailed Description of the Invention

A, Definitions
Section headings as used in this scetiom and the entire disclosure horein are not ntcaded
to be Limiting,

2 a0

Asuscd hercin, the singular forms “a,” “an’™ and “the” incinde plural referents unless the
conlexl clearly diciates otherwise. For the recitation of numeric ranges horein, cach inlorvening
number there betwoon with the same dogree of procision is explicithy contcmplated. For
example, for the range 6-9, the numbers 7 and ¥ are contemplated in addition to 6 and 9, and for
the rapge ¢.0-7.0, the numbers 6.0, 6.1, 6.2, 6.3, 0.4, 6.5, 0.0, 6.7, 6.8, 6.9 and 7.0 are explicitly
contemplated.

a} Antibody

As used herein, the term "anithody” refers to a protein consisting of one or more
polypeptides substantially encoded by immunoglobulin genes or fragments of immunoglobulin
genes, and cncompasses polyclonal antibodies, monocionat antibodics, and fregments thercof, as
well as molecules engineered from mmunoglobulin gene sequences.  The recognized
immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, epsilon and mu constant
region genes, as well as myrad immunoglebulin variable region genes. Light chains are
classified as either kappa or lambda. Heavy chains are classified as pamma, mu, alpha, delta, or
gpsilon, which in tum define the immuncglobulin classes, 122G, 1gM, 1ga, lgD and IgE,

respectively,
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) Detectable Label
Asused herein the term “deteetable label” refers to any moiety that generates a
mcusurable signal via opticsl, clectrical, or other physieal indication of 4 change of state of a
molecule or molecules coupled to the moiety. Such physical indicators encompass
speciroscopic, photochemical, biochemical, immunochemical, electromagnetic, radicchemical,
gad chernical means, such a8 but not Hmited to fuorescence, chemifluorescence,
chemiluninescence, and the like.
o) Marker
The terms “marker 7 or “biomarker © as used interchangeably herein refer to any
medecnic used as a target for unalyzing test samples obtained from subjects, and cncompass
proteins or polypeptides thermselves as well as antibodies against same that muay be present in a
test sumple.  Proteins or polypeptides used as a marker include any variants and fragments
thercot, and in particular, immunclogically detectable tragments. For examplie, it is appreciated
that variants of a marker polypeplide are cncoded by the same genc, but can dilfer in their
isoclectric point or moleenlar weight or both as a result of alternative processing such as
alteragtive splicing andfor diffcrences in post-translational medification (e.g., glycosylation,
acvlation, and/or phosphorylation). 1t will further be appreciated that cellular proteins can be
damaged as a result of a discase process such as inflaamation snd may fragmoent and thos that
proteins or polypeptides used as & marker according to the present disclosure include fragments
thereof. Additionally it will be recognized that certain markers can be synthesized in an inactive
form that is subsequently converted to an active form by proteclysis. Proteins or fragments
thereot can alse oceur as part of a complex. Proteins or polypeptides used as markers according
to the present disclosure abso include such complexes. The terms “biomarker” and “nuarker” alse
encompass nucleie acid molecules comprising a nucleotide sequence that codes for a marker
protein, and also polynucicotides that can hybridize under stringent conditions with a part of
such nucleic acid molecules. An “OA biomarker” and “OA marker” as used interchangeably
herein, refer to a protein, polypeptide, antibodies against same and any fragment thereof, that
may be present in atest sample from a subject, and has an expression level that has been found 1o
be indicative of the prosence of OA in the subjoct as described hereln, and these torms also
cncompass any mucleic acld molecule comprising a nmicleotide sequence that codey for an OA

marker protein,

6
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) Subjeet
As used horein, the terms “subject” and “paticnt” are uscd interchangoably irrespective of
whether the subject has or is currently underpoing any form of treatment. As used herein, the
terms “subject” and *‘subjects” refer to any vertebrate, including, but not limited to, & mammal
{e.z., cow, pig, camel, Hama, horse, goat, rabbit, sheep, hamsters, gumea pig, cat, dog, rat, ard
mousc, 4 non-hutman primate {for example, a monkey, such as 1 cynomolgous monkey,
chimpanzee, ete) and a laman). Preferably. the subject is a canine or a human.
£) Test Sample
As used herein, the term ™est sample” generally refers to 2 biological material being
tested for and/or suspected of containing un analyte of interest. The biological material may be
derived from any biological source but preferably is a biological fluid likely to contain the
analyte of interest. Examples of biological materialy include, but arc not limited to, stool, whaole
blood, serum, plasma. red blood cclls, platcicts, intcrstitial fluid, saliva, ocular lens fiwid,
cerebral spinal fluid, sweat, urine, asciles fuid, mucous, nasal fluid, sputwn, syoovial Muid,
peritoncal fluid, vagina! fluid, menses, amniotic flnid, semen, goil, ete. Preferably, the test
sample 15 & synovial fluid sample.
The test sample may be used directly as obuained from the biological source or following
4 pretreatment w modify the character of the sample. For example, such pretreatment may
inciude preparing plasma from bleod, diluting viscous fluids and so forth. Mcthods of
pretreatment may also involve filtration, precipitation, dilution, distillation, mixing,
concentration, inactivation of interfering components, the addition of reagents, lysing, ste. If
such methods of prefreatment are cmployed with respect to the test sample, such pretrcatment
methods are such that the analyte of interest remains in the test sample at a concentration
proportional to that in an untreated test sample (¢.g., namely, a test sample that is not subjected
to any such pretreatment method{s)).
] Osteoarthritis
As uged herein, the term “osteoarthritis™ (abbreviated as “OA™, refers 1o the disease also
known as osteoarthrosis and degenerative joint disease, characterized by inflarmmation and
damage to, or loss of cartilage in any joint or joints, and joint pain.  Clinical standards for
dingnosing osteoarthritis in subjecis Inclading mammalian subjcets such as canines and humans

are well known and include for example swelling or enlargement of Jjoims, joint tenderness or
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pain, decreased range of motlon tn joints, visible joint deformities such as bony growths, and
crepirug. Symproms can be idenrificd by clinical observation and history, or imaging including
MRI und Xeray. Criteria for diagnosing the presence or abscace of OA and severity or degree of
OA include but are not limited fo the ACR Criterin for knee OA (R. Altmnan et g1, Development
af criteria for the classification and reporting of osteparthritis: Classification of ostecarthritis of
the knee: Diagnostic and Therapeutic Criteria Commitice of the American Rheumatism
Association. ARTIRITIS RITEUM. Aug 20(8}:1039-1049(1986};, functional statug criteria
according to WOMAC (N, Bellamy et al., 1958, Validation study of WOMAC: a heslth status
instrument for measuring clinically important patient relevant outcomes to antitheumatic drug
thcrapy in paticnts with osteoarthritis of the hip or knee. JRIuUMATOL 13:1833-1840), and
radiclogical standards for evaluating OA diseuse severity according to the Kellgren and
Lawrence method for lence OA (Kellgren, J. H. and 1. 8. Lawrence, Radiclogical assessment of

ostco-arthrosis. ANN RHEUM D15 16:494-502).

2 Expression

The term “expression,” us used herein, refers to the conversion of the DNA scquence
information into messenger RNA (mRNA}Y or protein. Expression may be monitored by
raeasuring the levels of full-length mRNA, mRNA fragrents, full-length protein, or protein
fragments. Expresston may also be inferred by assessing alterations in the DNA relative to a
control state. Alterations in DNA that affect expression include amplification {increased copy
number) of the DNA, changes in the methlyation status of the regulatory region of a gene, or

single nucleotide polymorphisms in the regulatory region of a gene,

H}] Hybridization

The term “hybridization,” as used herein, refers to the process of annealing or base-
pairing via specific hydrogen bonds between two complementary single-stranded nuelsic acids.
The “stringeney of hybridization” is dererenined by the conditions of temperature and ionic
strength. Nucleic acid hybrid stability is expressed as the melting temperature or Tm, which is
the temperature at which the hybrid is 50% denatured under defined conditions. Eguations have
been derived ta cstimate the Tm of a given hybrid; the cquations takce into account the GHC
content of the nucleic acid, the length of the hybridization probe, ete. (e.g., Sambrook of al, 1989,
chapler 9} To maxirnize the rate of anncaling of the probe with its turget, hybridizations ave

goncrally carricd out in selutions of high lonic strongih (6x S3C or 6x 3SPE} al a {ormperaturc

8
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that s abont 20-25°C below the Tm. If the sequences to be hybrdized are not identical, then the
hybridization remperature 18 reduced 1-1.3°C for every 1% of mismatch, In general, the waghing
conditions arc as stringent ay possible (Le., low ionic strength at a temperature about 12.20°C
below the calculated Tm}. As an example, highly stringent conditions typically involve
hybridizing at 68°C m 6x S8C/5x Denhardt’s solution/1.0% 8DS and washing in 0.2x S8CA1%
SDS at 65°C. The optimal hybridization conditions generally differ between hybridizations
performed in solution and hivbridizations using immobilized nucleie acids. One skilled in the art

will appreciate which parameters to manipulate to optimize hybridization.

i} Nuelei¢ acigl melecule

The termn “nucleic acid molecule” and “polyauclectide™ as used interchanpeably heretn,
refer to sequences of linked nucleotides. The nucleotides may be deoxyribonucleotides or
ribonuclcotides, they may be standard or non-standard nucleotides; they may be medificd or
derivatized nucleotides; they may be synthetic analogs. The nucleotides may be linked by
phosphodiester bonds or non-hydrolyzable bonds. The nucleic scid may comprise a fow
nucleotides {ie., oligonuclteotide}, or it may comprise many nucleotides (L., polynucleotides.
The nucleic acid may be single-stranded or double-stranded.

i) Protein and Protein Fragment

The terms “protein”™, “polypeptids”; snd “peptide” as interchungeably herein, refer to
molecules composed of nultiple amiro acids having sequences of a vasiety of lengths acid
inctuding the full-length native protein or a shorter fragment of the full-length protein. These
may be in neutral forms or as salts, either unmodified or modified by processes including
ghycosylation, side chain oxidation, and phesphorylation, or by the addition of other moieties
attached to aming acid gide chains, including but not Himited to glycosyl units, lipids, and
inorganic ions such as phosphates,  Modifications may also include chemical conversion of
aming acid side chains, such as oxidation of sulthydryl groups. Molgeules with such
maodifications are encompassed by the termg, provided that the modification(sy do not change ity
specific properties, [t should understood that the term “protein™, and 115 equivalents as used
hergin, cncompasses protcin isoforms encoded by the sarnc gonc that may differ in pl, MW, or
both. Such isoforms may have different amino acid sequences resulting, for example, from
differential processing such as altcrnutive splicing, or post-translational modification{s). The

term “protein fragment”, as used hercin, refers to a polypeptide comprising an amino acid
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sequence of at least 5 amino ecid residues {preferably, at least 10 amino acid residues, at least 15
anno acid residucs, at least 20 aminoe acid residucy, at lease 25 amino acid residucs, ar least 40
arino acid residucs, st loast 50 amine acid residucs, at least 60 amino acid residucs, 4t least 70
ammino acid residues, at least 80 amino acid residues, at least 90 amino acid residues, at least 100
aming acid residues, af least 125 amine acid residues, af least 150 aming acid residues, at least
175 arnine aeid residues, at least 200 amino actd regiducs, or at feast 250 amino acid residues) of
the amino acid sequence of a second polypeptide. The fragment of & marker protein may or may

not possess a functional activity of the full-length native protein.

B. Ostecarthritis Biomarkers and Arrays

The methods described herein, and diagnostic reapents, kits and related inventions
disclosed herein are based in part on the surprising diseovery of a plurality of molecular markers,
the cxpression lovels of which consistently differontiate between heslthy subjects and subjocts
with OA. The same plurality of markers 15 able to distingaish between pre- and post-surgical
OA subjects, thus also indicating that OA reatment efficacy can be evaluated with these
markers. The molecular markers are genes whose altered cxpression in subject, s measured
from & readily obtained biclogical sample from the subject, is indicative of the presence of OA in
the subject.  Also provided herein are methods of using the molecular markers o identify a
candidate substance as a therapeutic substunce for OA treatment, mothods for determining OA
treatment efficacy in 4 subject, and OA diagnostic reagents and kits.

As used herein, an “OA biomarker™ is indicative of OA when the expression fevel or
quantity or structure of the biomarker is found significantly more oftent in subjects with QA
present, or having OA of the same degree, severity, type or stage, than in subjects without OA, or
lacing OA of the same degree, severity, type or stage.  Significance of an expression level,
guantity or structure of the QA marker, as compared to a control, is determined using routing
statistical methods by applying acecpied confidence lovels, e.g. at a minimum of 95%. Tt will be
understoad, for example, that cut-off or threshold expression levels for each OA biomarker may
set according {0 many factors including the degree of correlation of expregsion level with clinical
or subclinical OA indicators. For cxample, an expression fovel of a biomarker that is indicative
of QA can be, for example, that found in at lcast 60% of patients whe have the discase and is
found in less than 10% of subjeets who do not have the discase.  More proferably, an expression
level is indicative of QA if found in at lcast 70%, at least 75%, at Icast 8%, at lcast 85%, at {cast

14
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0%, at least 95%, at least ¥7%, at least 98%, at least %9% or more in subjecis who have the
discase and is found in less than 20%, tesy than 109, loss than 8%, less than 5%, less than 2.5%,
or less than 1% of subjects whe do not have the disease.

An “OA expression profile” is wny physical representation of the expression levels of a
set of two or more selected OA markers, as determined from one or more biological samples
froen one or more subjeets known to have OA, known o have OA of a particular type (subtype 1
or subtype (1), known to have OA of a particular stage (carly or late), or known to be five of OAL
A prafile for a particular subject ot group of subjects may include expression level information
from multiple types of biological samples that have been analyzed separately for OA marker
cxpression levels. For example, an OA expression profile for o subject may include OA marker
exprassion level information from a urine sample and a blood saraple from the subject, and the
resuits combined in a single profile representing the OA marker cxpression levels from both
samples. A single cxpression profile may mclude expression level information from any two or
mote binkogical samples selected from synovial (lsid, whole blood, bleod plasma, scrum, urine,
and saliva, and a complete profile may include expression level information from any three or
four biologicul samplcs sclecied from synovial fhmd, unne, saliva, and wholc blood, blood
plasima OF serum.

One skilled in the art will appreciate that the more samples from a subjoet that are
examined, the more relisbie the determination of the presence or sbsence, degree, soverity, type
or stage of OA m the subject.  The profile may be represented in visual graphical form, for
example on paper or on a computer display: i a three dimensional form such as an array, and/or
stored in a computer-readable medivm,  An expression profile may correspond fo & particular
status of OA {e.g., presence or ghsence of OA disease, severity {chinical or subelinical)y, type
{subtype I or subtype [l QA), degree (degree of cartilage damage) or stage (early OA or late
UA), and thus provides a template for comparson to a patient sample. Control profiles can be
pbtamed by analyzing a biclogical sample from at least one normal‘healthy subject, or multiple
samples obtained from a group of normal/healthy subjects, or from one or more subjects
identified as having comparable OA disease in terms of severity, type or stage. Similarly,
comparablc profiles can bo ebtained for age-, sex- and body mass index-matched subjects.

The wrms “normal” and “healthy™ arc vsed hersin interchangeably o refer 1o a subject or

subjects who do not display and have no history of QA symptoms such as joint pain,
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inflammation, or decrease in function, and have not been diagnosed with OA. A “normal” or

“healthy” sample refors to a sample or samples ebsined from a normal/healthy subject. A

“subject sugpected of having OA™ is a subject that exhibits one or more synmptorns indicative of

the presence of OA in the subject, such as but not limited to joint pain. joint swelling, and

crepitus, or 4 subject that may be at risk of, or simply being screened for the presence of OA,

Rigk factors for developing OA arc generally well known and include, for czample, age,
overweight or obesity, traumatic injury, breed, and/or family history.

An OA biomarker expression profile may for example comprise polypeptide expression
level information for two or more polypeptides selected from the group consisting oft MOPL,
1L, KC, MMP2, MMP3, 16, MMPl, RANTES, MMPY, ILI, Apolipoproicin Al,
Apolipoprotetn T and fragments of any thereof, and any combination thereof, obtained from a
biclogical sample from a subject suspected of having osteoarthritis.  More specifically, by
analyzing samples of synovial fluid obtained from heslthy paticnts and from paticnts with carly
QA or lalc OA, # has been discevered that the polypeplides listed in Table 1 discriminaic
between normal subjeets and subjeets with OA. Changes in the expression levels of these
marker goncs it a subjoect, as mceasured in a biological samplc from subject, thus may be used to
indicate the presence or absence, degres, severity, type or stage of OA on the sulject. The pancl
of murkers (sce Table 1) comprises MCPI, 1LY, KC, MMPZ, MMP3, IL6, MMP1, RANTES,
MMPY, IL1B, Apolipoprotein Al, Apolipoprotein E, DCN, CILP and COMP.  These proteins
are found fo be up-regulated in synovial fluid sumples of subjects with eurly osteoarthritis
gomparad to synovial fluid samples of normal individuals,

For example, altered expression levels of any one ot more, preferably twe or more of the
OA murkers described herein may be used to determine the presence or absence, degree,
severity, type or stage of QA in one or more subjects. Alered expression ofany 2, 3,4, 5, 6,7,
#. 9, 10, 11, 12 or more of the molecular markers may be used 1o determine the presence or
absence, degree, severity, type or stage of OA n one or more subjects. One skilled in the art will
appreciate that, peneraily, the more markers examined, the more accurate the determination of

the presence or absence, degree, severity, type or stage of QA in the one or more subjects.
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Official Name

Gene Name

GenBank Accession Number

Menocyte Chemoattractant
Protein-1 (MCP-1/CCLD)

CCL2

Human G: NM_062982
Huran F; NP 002973
Caning G: NM 031003297
Caninc P: NP 001003207 1

Interleukin-¥

1LY

Hurnan G: NM_ 00584
Human P! NF 00575
Canine G: NM_0G1903200
Caninc P: NP_001003200

Keratinocyte Chemoattractant/
GRO-alphas ¢<CXCLD)

CXCLY

Human G: NM 001511
Human B: NP 001502
Canine G:

Canine P:

Matrix Metalloproteinage-2

MMP2

Huorman G: NM_004539)
Human F: NP (04521
Caning G: XM_535300
Canine P: XP 335300

Mairix Metalloproteinase-3

MMP3

Human G: NM_002422
Human P: NP_002413
Canine G: NM_001002967
Caninc P: NP 001002967

Interleukin-6

186

Human G: NM_006600
Human P: NP_0005%1
Canine G: XM_E50499
Caning P: XP 855392

Matrix Metatloproteinasc-

MMP1

Hutnan G: NM_002421
Hutman P: NP_002412
Canine G: XM 546546
Canine P: XP_346346

RANTES, Chemokine (C-C
motif) lgand 5 {CCL3)

CCLS

Human G: NMM_ 002985
Human P: NP 002876
Canine G: NM_0061903010
Canine P: NP 001003010

Matrix Mcetatloproteinase-9

MMPY

[Tuman G: NM_004994
Human P: NP_004G85
Caninc G: NM _0G1903219

Canine P: NP 001003219

Interleukin-13

1L

Human G: NM 000576
Human P, NP_000367
Canine G: NM_00103797]1
Canine P: NP 001033060
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Apolipoprotein Al APOAL Human G: NM_000039
Human P; NP_000G30
Canine G: NM_OG1 197048
Canine P: XP 5363564

Apolipoprotein £ APOCE Human G: NM_000041
Human F: NP_000032
Caning G XM 533044
Caninc P: XP 3533644

Decorin DON Human G: NM 001929
Hurmare P: NP (014911
Canine G: NM_DG1003228
Caning P: NP 00100322

Cartilage Intermediate Layer | CILP Human G: NM_003613
Protein Human P: NP 003604
Canine G: XM _ 544728
Canine P. XP 344728

Cartilage  oligomeric  matrix | COMP Human G NM_0060935
protein Human P: NF_000086
Caninc G: XM k60228
Caninc P: XP 865321

Measuring the expression of any OA markers or a plurality of the OA markers may be
accomplished by a variety of techniques that are well known in the art.  Expression may be
moenitored directly by detecting products of the OA marker genes {Z.e., mRNA or protein), or it
may be assessed indirectly by detecting alterations in the DNA {e.g., amplification, methylation,
et} thar affect expression of the OA marker gengs, RNA, protein, or DPNA may be isolated
from cells of interest using technigues well known in the art and disclosed in standard molecular
biology reference books, such as Ausubel et al,, (2003) CURRENT PROTGCOLS IN MOLECULAR
BioLoGy, John Wiley & Sons, New York, NY.

Dereetion of tha RNA products of the OA marker genes may be accomphished by a
varicty of methods. Some methods are quantitative and allow estimation of the original levels of
RNA between the OA sample and control sample, whereas other methods are merely gualitative.
Additional informarion regarding the mcthods prosented below may be found for example n
Ausubel ot al,, (2003} CURRENT PROTOCOLS IN MOLECULAR BIGLOGY, John Wiley & Sons, New
York, NY, or Sambrook et al. (19589} MOECULAR CLONING: A LABORATORY MaNUAL, Cold
Spring Harbor Press, Cold Spring Harbor, NY. A person skilled in the art will know which

parameters may be manipulated to optimize detection of the mRNA of intcrest.
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Quantitative real-time PCR (QRT-PCR) may bs used to measure the differential
exprosgion of any OA marker in an OA sample and control sample. In QRT-PCR, the RNA
template is generally reverse transcribed into ¢DNA, which is then amplified via a PCR reaction.
The PCR amplification process is catalyzed by a thermostable DNA polymerase. Non-limiting
examples of suitable thermostalle DNA polymerases include Tagq DNA polymerase, Pfu DNA
polymoerase, TH {also known as Venty DNA polymerase, Tl DNA pelymerase, and Tth DNA
polymerase. The PCR process may comprise three steps {le., denataration, anncaling, and
extension) or two steps (Le., denaturstion and snnesling/extension). The temperature of the
annealing or anncaling/extension step can and will vary, depending upon the amplification
primers. That is, their micleotide sequences, melting temperatures, and’or concentrations. The
temperature of the annealing or annealing/extending step may range froan about 50°C 1o about
75°C. The amount of PCR product is followed cycle-by-cycle in real time, which allows for
determination of the initial concentrations of mBNA. The reaction may be performed in the
prescnce of a dye that binds to double-siranded DNA| such as SYBR Green. The reaclion may
also be performed with fluorcscent veporter probeg, such as TAQMAN® probes (Applied
Biosystems, Foster City, CA) that fluoresce when the guencher ts remeved during the PCR
extension cycle. Fluorescence values are recorded during each cycle and represent the amount of
product amplified 1o that point i the amplification reaction. The cyele when the fluorescent
signal s first recorded as statistically significant is the threshold eyele (Cf). To minimize crrors
and reduce any sample-to-sample variation, QRT-PCR is fypicaily performed using an internal
standard, The ideal internal standard is expressed at a constant level among different tissues, and
is upaffected by the exporimental treatment,  Suitable mierpsl standards include, bur arc not
limited to, mRNAs for the housekeeping genes glyceraldshyde-3-phosphate-dehydrogenase
{GAPDH) and beta-actin.

Reverse-transcriptase PCR (RT-PCR) may also be used t© measure the differential
expresston of an OA marker, As described above, the RNA template is reverse transeribed into
¢DNA, which s then amplified via a typical PCR reaction. After a set number of cycles the
amplified DNA products are tvpically separated by gel electrophoresis. Comparison of the
rolative amount of PCR product amplificd in the different colls will roveal whether the molecular

muazker is differentially oxprossed inan QA sample,
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Differential expression of an QA marker may also be measured using a nucleic acid
mictparray. In this methed, single-stranded nucteie scids (e.g., ¢DNAs, oligonucleatides, oie.)
arc plated, or wrrayed, on 4 solid support. The solid support may be a muterial such us glasy,
silica-based, silicon-based. & synthetic polymer, a biclogical polymer, a copolymer, 1 metul, or a
megmbranz. The form or shape of the solid support may vary, depending on the application,
Suitable cxamples inchude, but are not himited to, shides, strips, plates, wells, microparticlos,
fibers (such ax optical fibers), gels, and combinations thereof. The arrayed immobilized
sequences are generully hybridized with specific DNA probes from the cells of interest.
Fluorescently labeied cDNA probes may be generated through incorporation of fluorescently
labeled deoxynucleotides by reverse transcription of RNA extracted from the cells of interest.
The probes are hybridized to the immobtlived mucleic acids on the microchip under highly
stringent conditions. After stringent washing to remove non-specifically bound probes, the chip
is scapncd by confocal laser microscopy or by another detection method, such as a4 CCP camera.
Curantitation of hybridization of cach arrayed clement allows for assessment of corresponding
mRNA zbundance. With dual celor fluorcscence, separately labeled ¢DNA probes generated
from two sources of ENA are hybridized pairwisc to the array. The reletive abundance of the
transcripts from the two sources corresponding fo gach specified molecular marker 15 thus
determined simultancously,  Microarray analysiy may be performed by comumercially available
cquipment, following manufacturer's protocels, such as by wsing the Affymetrix GenChip
technology, or Incvte's microsrray technology.
Differential expression of an OA marker may also be measured using Nerthern blotting,
For this, RNA samples are first separated by size via clectrophorests I an agarose gel under
denaturing conditions. The RNA s then transferred to & membrane, crosslinked, and hybridized,
under highly stringent conditions, to a labeled DNA probe. After washing to remove the non-
specifically bound probe, the hybridized labeled species are detected using techmiques well
known i the art. The probe may be labeled with a radicactive element, a chemical that fluoresce
when exposed to oltraviolet light, a tag that is detected with an antibody, or an enzyme that
catalyses the formation of a colored or a fluorescent product. A comparison of the relative
amounts of RNA dotccted in a control sample and a tost samplc will roveal whether the

expression of the OA marker or OA markers is changed in the tost sample.
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Nuclease protection assays may also be used to monitor the differential expression of an
OA marker in an OA sample and control samaple.  In nuclesse profection asgays, an antisensc
probe hybridizes in solution to un RNA sample. The antisense probe may be labeled with an
isotope, a fluorophore, an enzyme, or another tag. Following hybridization, nucleases are added
to degrade the single-stranded, unhybridized probe and RNA.  An acrylamide gel 15 wsed to
sepagate the romatning protected double-stranded  fragments, which are then deteeted using
techniques well known in the art. Again, qualitative differences in expression may be detected.

Differential expression of an OA marker may also be measured using in sifu
hybridization, This type of hybridization uses 2 labeled antisense probe to localize @ particular
mRNA in cells of a tissue scetion. The hybridization and washing steps are generally performed
under hghly stringent conditions. The probe may be labeled with a fluorophore or a small tag
{such as biotin or digoxigenin) that may be deteeted by another protein or antibody, such that the
labeicd hybrid may be visualized under a microscope. The franscripts of an QA marker may be
locatizcd 10 the nucleus, the eytoplasm, or the plasma membranc of a cell.

Detection of the protein products of the OA markers may be accomplished by several
diffcrent techniques, many of which arc antibody-bascd. Additional information rcgarding the
methods discussed below may be found in Ausubel ot al, (2003) CURRENT PROTOCOLS IN
MOLECUEAR BICLOGY, John Wiley & Sons, New York, NY, or Sambrook ct al (1989}
MoLECULAR CLONENG: A LABORATORY MaNUAL, Cold Spring Harbor Press, Cold Spring
Harbor, NY. One skilled in the art will know which parameters may be manipulated fo optimize
detection of the protein of interest.

An cnzyme-finked immunosorbent assay (BELISA)Y may be used to detect and quantify
protein fevels. This method comprises preparing the antigen {é.e., protem of inlerest), coating the
wells of a microtiter plate with the antigen, incubating with an aniibody that recognizes the
aatigen, washing away the unbound antibody, and detecting the antibody-antigen complex. The
antibody is generally conjugated to an enzyme, such as homeradish peroxidase or alkaline
phosphatase, which generate colorimetric, fluorescent, or chemiluminescent products,  An
ELISA may also use two antibodies, ane of which is specific to the protein of interest and the
other of which recognizes the first antibody and 1s coupled to an enzyme for detection. Further,

instead of coating the well with the antigen, the antibody may be coated on the well, In this case,
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4 second antibody conjugated fo a detectable compound 1s added following the addition of the
antigen of interest to the ceated well,

The Luminex platform (available from Lumincx Corp., Austin, Texas) can be used to
detect and quantify protein levels using multiplexed ussays based on a capture bead system in
which microsphere beads are color-coded with dyes inte up to one hundred distinct sets. Fach
color-coded bead set is coated with @ specific binding reagent such ay an antibody specific to a
selected protein muarker, allowing the capture and detection of specific protein anulytes from a
very small amount, e.g a drop of fluid, from a biological sample such as plasma, serum, lysates
or synovial fluid, Depending upon which analyte(s) are being screened, at least one or several
bead scts may be incubated with the sample in ovder to cupture the analytes. A Luminex compact
analyzer uses lasers to excite the internal dyes that identify each microsphere beads, and also any
reporter dye capturced during the assay. Multiple readings can be made on cach bead sct.
Because of the special dye rafio incorporated cach bead, cach unique bead population can be
analyzed scparatcly afler acquisition. An excmplary mulfiplex nmunoassay platlorm is also the
*MAP platform available from Qiagen Ine.

Relative profein lovels muy alse be measured by Westorn blotting.  Westorn blotting
generally comprises preparing protein samples, using gel electrophoresis to sepurate the
denatured profeins by mass, and probing the blot with antibodics specific to the prowin of
interest.  Doteotion s usually accomplished wsing two antibodics, the sccond of which is
conjugated to an enzyme for detection or another reporfer molecule. Methods used to detect
differenges in protein levels include colorimetric detection, chemiluminescent detection,
fluoreseent detection, and radioactive detection.

Meusurement of protein levels may also be performed using a protein microarray or an
antibody microarray. In these methods, the proteins or antibodies are covalently attached to the
surface of the microarray or biochip. The protein of interest is detected by interaction with an
antibody, and the antibody/antigen compleses are generlly detected via fluorescent tags on the
antibody.

Relative protein levels may also be assessed by immunchistochemistry, in which a
profein is localized in colls of a tissuc section by its inforaction with a specific antibody. The
aatigenfantbody complex may be visuslized by a varety of methods.  Onc or two antibodies

may be wsed, as described above for ELISA. The detection antibody may be tagged with a
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fluorophore, or it may be conjugated to an enzyme that callyzes the production of & detectable
proaduct. The labeled complex 19 typically visualized under a microseope.

Changes it the expression of any one or more OA markers may also be assessed by
detecting alterations in the DNA encoding euch OA marker gene. The DNA may be amplified,
which is a process whereby the mumber of copies of a region of DNA or a gene is increased,
Usually, the amouat of RNA produet s also increased, in propottion te the nutaber of additional
copies of DNA. Amplification of DNA may be detected by PCR techmiques, which are well
known in the art.  Amplification of DNA may also be detected by Southern blotting, in which
genomic DNA is hybridized to labeled probes under highly stringent conditions, and the labeled
hybrids may be detected as deseribed abeove for Northern blotting.

Changes in the methylation status of DNA muy also indicate changes in expression of
any OA marker. The regulatory region of & gene may be methylated, which entails the addition
of a methy! group to the 3-carbon of cytosine in a UpG dinucleotide.  Genes that arc
ransceiptionally silent tend o have methylaled or hypermethylated repulatory regions, Thus,
demethylation of an OA marker gene may lead o increased cxpression i tissue or celly, which is
dctectable from a biclogical samplc obtaincd from & subject. Likowise, methviation of an OA
marker gene may lead to decreased expression in issue or cells, which is detectable from a
biclogical sample obtained from a subject. Changes in the methylation ytatus of an OA marker
gene in 4 sample or samples from one or more subjects with OA, relative to a sample or sumples
from one or more contrel subjects, may be assessed using methylation-sensitive restriction
enzymes to digest DNA fotlowed by Scuthern detection or PCR amplification. Changes in the
methylation status of an OA marker may also be detected using a bisulfite reaction based
method. For this, sodium bisulfite is used to convert unmethylated cytosines to uracils, and then
the methylated cytosines are detected by methylation specific PCR (MSPL

Singie nucleotide polymorphisms (SNPg) in the regulatory region of an OA marker gene
may also affect its level of expression. For example, an altered nucleotide may affect the binding
of a franscription factor such that rranscription is up-regulated or down-regulated. The presence
of a particular SNFP may be detected by DNA sequencing. A SNF may also be detected by
sclective hybridization to an eligonucleotide probe (0. ¢., it hybridizes to a scguence containing a
particular SNP, but not to sequences without the SNP), A particular SNP may also be detected

using a PCR based technigue or an oliponucleotide microarray based assay,
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Expression of any one or more of the QA markers cam be measured in an QA sample
relative o a conirol sample. The OA cell may be iselated from a subject known to have OA
based on generally accepted clinical indiestors, and expression of any OA marker may be
examined i virro. The type of blopsy used to isolated cells can and will vary, depending upon
the location and nature of the OA, A sample of cells, fissug, or biologica flnd such ax synovial
fluid, may be removed by necdle aspiration biopsy. For this, 4 fine needle attached to a syringe
1s inserted through the skin and into the organ, tissue or joint capsule of interest. The needie may
be guided to the region of interest using ultrasound or computed tomography (CT) imaging.
Onee the needle is inserted into the fissue, & vacuum is created with the syringe such that cells or
fluid may be sucked through the needle and collected in the svringe. A samplc of cells or tissue
may also be removed by incisional or cove biopsy. Fov this, a cone, a cylinder, or a tiny bit of
tissue is removed from the region of imtercst. Thix type of biopsy i generally guided by CT
imaging, nltrasound. or an cndescope.

RNA, protein, or DNA may be exiracted from any biclegical sample conlaining cells or
tissue, to permit analysis of the cxpression level or levels of any one or more OA markers using
mcthods described herein sbove. Biopsicd cclis or tissuc may alse be cmbedded in plastic or
paraffin, from which nucleic acids may be isolated. The expression of an QA marker may alse
be performed in the biopsied colls or tssue i sitm (eg., in s hyvbridization,
immunchistochemistry).

Expression of an OA marker may also be examined /i vive 1 a subject. A particular
mRNA or protein may be labgled with fluorescent dye. a bioluminescent marker, a fluorescent
semiconductor nanocrystal, ot a short-lived radioisotope, and thon the subjoct may be tmaged or

seatmed using a variety of techniques, depending upon the type of label.
C. Methods

A method for diagnosing, staging, or monitoring osteoarthritis can include, for example,
measuring in 4 biological sample from the subject the level of expression of at least two
polypeptides selected from the group consisting of; MCP1, L8, KC, MMP2, MMP3, MMPO,
L6, MMPL, RANTES, TL113, Apolipoprotcin A1, Apclipoprotcin B, DON, CILP and COMP,
and fragments of any thereof, and any combination thereof, whercin the expression levely of the
at least two polypeptides or fragments thereof [ the biologicel sample provide a sample protein
cxpression profile indicative of the presence or absence, degree, severity, type or stage of
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osteoarthritls in the subject. The level of expression of the at least two polypeptides is measured

using any of the above profein or mueleie acid gquantification techndques, inclading bur not

lirnited to by detecting alterations in DNA duc to a process selected from the group consisting of

DNA amplification, DNA methylation/demethylation, and single nucleotide polymorphisms.

The method may further comprise comparing the sample protein expression profile to a control

protein expression profife, wherein 2 difference between the sample protein expression profile

and the control protein expression profile is indicative of the presence or absence, degree,
severity, type or stage of nsteosrthritis in the snbject.

The OA biomarkers described herein are thus used in methods to detect the presence of
OA in 4 subjeet, to study populations of subjects s to the oceurrence of OA, and to cvalaate OA
treatment efficacy. Accordingly, the present disclosure provides metheds for characterizing eest
samples obtained From & subjoct suspected of having QA for disgnosing OA in & subject, for
identifying the subtype of QA. and for asscusing the advancement of UA in a subject. ln such
meibods, the biomarkers' capression levels detesmined for a biolopical sample oblained fom (he
subjeet arc compared to the levels in one or more control samples. The control samples muy be
obtaincd from a healthy subjcct {or a group of hcalthy subjects), from & subject {or group of
subjects) with QA, from & subject {or group of subjectsy with subtype I QA or subtype H OA,
and/or from an subject {or group of subjects} with a spocific stage of the discase (2.g., carly OA
or late OA}. Ay mentioned above, the control expression levels of the biomarkers of interest are
preferably determined from a significant number of individuals. and an average or mean is
obtained. In certain preferred embodiments, the expression levels determined for the biological
sample under investigation are compared to at loast ope exprossion profile for OA, as described
ghove.

The OA biomarkers having expression levels that correlate with the presence or absence
of OA, or OA degree, severity, type or stage, are attractive targets for the wentification of new
therapeutic agents {e.g., using screens o detect compounds or substances that inhibit or enhance
the expression of these biomarkersy. Accordingly, the present disclosure alse provides methods
for the wdentification of compounds or substances with the potential for effectively treating OA,
or slowing OA progression,

The QA biornarkers can be readily applied in various screening methods, for example for

identifying a candidate substance as 2 therapeutic apgent for teeating osteoarthritis,  Such a
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method may comprise, for example, a) asdministering the candidate substance to a subject
diagnosed with spentancous osfcoarthritis; b} measuring the cxpression level of two or mere OA
polypeptides seleeted Foem the group consisting of MCP1, ILE, KC, MMP2, MMP3, 114,
MMPI, RANTES, MMP9, IL1B, Apolipoprotein Al, Apolipoprotein E, DON, CILP and COMP
in a biglogical sample from the subject; and ¢) selecting the candidate substance as a candidate
therapeutic agent for treating osteoarthritis if the expression fevel of cach of the two or more OA
polypeptides in the biological sample 18 lower than or equal to the expression level for the
selected two or more OA polypeptides in a binlogical sumple from a control subject not
administered the test substance.

The methods may further include, for example, contacting a biclogical system that
expresses at keast one OA biorarker, with a candidate (test) substance for a time and under
canditions sufficicnt for the candidate substanec to change the expression of the at teast one OA
biomarker, and measuring a first OA biomarker expression level.  The method may further
comprise mamtainiog (the biolegical system for the same time and vonder the same condilions in
the absenee of the candidate substance, or after contacting the biclogical system with 4 conirol
subsiance, then measuring a sccond QA biomarker cxprossion lovel; and comparing the first snd
second OA biomarker expression levels, wheretr a first OA biomarker expression level that is
less than or greater than the sccond OA biomarker expression level s indicative that the
candidate substance 15 a candidate therapeutic agent for ircating OA. Any candidate substance or
@ plurality of substances (e.g. a library) can be screened, including buf not hmited to synthetic
and natural substances, and any combination of naturally ocourring and synthetic substances, It
should be understood that such sercening cen be performed using muliiple A biomarkers in
parallel, which may be faciltated using any of many readily commercially available multiplex
assavs. The method may further include generating an OA expression profile for the onre or
more QA biomarkers being evaluated, which can include for example expression information for
each QA biomarker under the test and conirol conditions,

Such screening methods may be carried out using any type of biological system, such as
but not limited to & cell or celis, a biological fluid, a biological tissue, or an animal. Methods can
bo carried our using any system capable of showing cartilage degencration in response to the
presence of induced or spontancously occwrring OA, Including bur not limited o an animal

maodel, a whole body part such as a knee, hip or elbow, or a portien thereof. Assay and sereenitg
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methods can be performed wsing colls grown in standard tissue culture. Preferably, such cells are
muammelian, and more preforably of canine or human origin. Celle may be primary cclls,
secondary celly, or immortalized cells and can be prepared by techniques well knowr in the art,
inchuding cells that are genetically engineered to contain or knock out a selected gene, or are
avaitable from well known commercial sonrces such as the American Type Culture Collection,
Munassas, V. These of routine skilf in the art can seleet a cell type or cell line according to
generally recognized principles such as the objective of the assay, type and nurmber of OA
marker, drug being tested, and the like.  Cells may be cultured using standard cell culture
techniques, media and standards, such as growing and maintaining in a sterile envivonment at
377 C.

Any candidate substance identified by the screening methods can be finther tested in
assays that allow for the determination of the compound's propertics in wvo. Suitablc animal
models of osteoarthritis are well known in the art, including medels of spontancously occurring
OA and OA induccd by surgical Instability or genctic modilication. Asnimal modcls of paturally
ocewring OA oceur in knee joints of guinca pigs, mice, and Syrian hamsters. Modcls of OA
induced by surgical instability include meodial meniscal fear in guinca pigs und rats, medial or
lateral partial meniscectomy in rabbits, and medial parital or total meniscectomy or anterior
crugiate transcetion in dogs. Transgenic mouse models are known,  Other animal models of OA
that can be used for validating o candidate substance identified as a potential OA therapeutic
agents include many others described in detail in the literature known fo those in the art.

Alternatively, the QA biomarkers can be applied in a method for monitering the effect of
a treatment of ostcoarthritis [n a subject.  Suech a method may comprise, for example, a)
obtaining a first OA blomarker expression profile comprising measuring the expression level of
two or more QA polypeptides selected from the group consisting of MCP1, IL8, KC, MMP2,
MMP3, L6, MMPI, RANTES, MMP9, IL1B, Apclipoprotein Al, Apolipoprotein E, DON,
CILP and COMP 1 a first biological sample obtained from the subject before the ostevarthritis
treatment is administered to the subject; b) obtaining a second OA biomarker expression profile
comprising measuring the expression level of the twoe or more OA polypeptides selected in (a), in
a sccond biclogical sample obtained from the subjoct after or whilo the ostcoarthrits oreatment 1s
administered to the subject; and ¢} comparing the first QA biomarker cxpression profile with the

second OA biomarker expression profile, wherein if the expression level of gach of the two or
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more selected QA polypeptides 1n the first OA biomarker expression profile is lower than or

equal to the exprossion level for the seleered two or more OA pelypeprides in the sccond

biological sample from the subjeet is indicative of a therapeutic effeet of the osteoarthritis
treatment in the subject.

The terms “OA treatment’™ and “ostecarthritis treatment” as used interchangeably herein,
refer to the application of, or adidnistration of any therapeutic device or agent that reduces the
expression levels in a subject of any combination of two or more of the OA biomarkers described
herein, and/or that reduces or eliminates climical symptoms of OA in a subject.

Onee the responsivensss of a subject to a particular OA treatment has been determined,
an cffcetive treatment may be sclected for treating a subject with OA. 1f for example the OA is
deterrined to be responsive to a particalar pharmaceatical agent, then a treatment cormprising the
agent may be given fo the subjoct. H, however, the OA is determined to be non-responsive to the
agent, then another treatment may be sclected for the subject.  Thus, detcrmining the
responsiveness of a subject before administering a lrecatment regime would spare subjoctls from
potentislly toxic or unhelpful treatments.  Route of administration for any agent that is a
candidatc substance for treating OA will vary depending upon factors including the naturc of the
agent.  The route of administration may be intradermal, transdermal, parenteral, intravenous,
intemmuscular,  inwanssal,  subcutancous,  percutancous,  infratracheal,  intraperitoncal,
itratumoral, oral, perfusion, lavage, or direct injection. The trestment regimen can and will

vary. depending on the trpe of OA, its location, its stage, and the health and age of the subject.

D. Reagents and Kits

Kits aceording to the present disclosure may comprise one or more reagents for
measuring the expression of at least one OA marker, wherein changes in the expression of the
one or more OA in a subject relative to a control subject are Indicative of the presence or
abscnec, stage, severity or subtype of OA, QA markers comprisc those listed in Table 1. A
diagnostic kit may include at feast one reagent that is capable of gpecifically binding to at least
one OA marker as described herein, to thereby detect the expression level of ong or more of the
OA markers,

Fach kit may comprise onc or more speeific binding reagents, cach binding reagont
specific to g sclected OA marker or fragment thereof. The specifle binding reagents may cach
comprisc any molccule capable of such specific binding, such as an antibady that specifically
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binds o the protein marker, or fragment thereof, or a nucleic acid probe complementary to a
polynucleotide sequence such as a ¢(DNA or oligonucleotide. By “specific binding” is moeant the
reaction of the reagent with the polypeptide to produce & deteetable product, while not reacting
detectably with other polypeptides having unrelated sequences. Specific binding reagents to be
used 1n the measurement of the expression of the OA markers can and will vary, depending wpon
the type of technique to be used. For example, the kit may comprise oligenucleotide primrers for
QRT-PCR. Nucleic acid probes contained may be inchuded in a kit and are optionally provided
together with a solid substrate, such as but not imited to beads, a chip, a plste, and a microarrsy.
Nugcleic acid probes are optionally immobilized on the surface of such a substrate.  The kit may
comprisc fluorcseent reporter probes. The kit may alse further comprise a reverse transeriptase,
4 Taq pobymerase, and appropriate buffers and salts.

A kit may comprisc untibodics that can be used for an immunoassay, e.g. for an ELISA.
The kst may further comprise a substrate for detection of enzyme-conjugated antibodics.
Antibedics thal can be used in the methods and incladed in kits include moneclonal and
polyclonal antibedics, immunelogically active fragments {e.g., Fab or {Fub} 2 fragments),
sntibody heavy chains, humanized antibodies, antibody light chains, and chimeric antibodics.
Antibodies, meluding monoctonal and polyelonal antibodies, fragments and chimeras, may be
proepared and purificd using methoeds well known in the art, or obrtained from scientific or
commercial sources.

Any binding agent can be directly or indirectly labeled with a detectable label.
Preferably, the detectable label generates a signal that can be measured and is correlated, e.g.
proportional to the amount of protein marker present in the sample belag analyzed. Petectable
labels, methods for labeling molecoles including polypeptides, antibodies and oligonucleotides
are well-known in the art.

Additional reagents useful for analyzing biological samples, for example determining the
presence or absence, degree, severity, type or stage of QA In a subject, may be provided in a kit.
Depending on the fechnique or procedure, the kit may further comprise one or more additional
reagents such as, but not limited to, buffers such as extraction buffers, amplification buffers,
hybridization buffors, immunadcetection buffors, laboling buffors, or any cquivalent roagent.
Reagents may be supplied in solid (e.z., Ivophilized) or Haguid form, and these may optionally be

provided in individual packages using containers such ag vials, packets, bottles and the lke, for
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each individnal reagent. FEach component can for example be providad in an amount appropriste
for direct use or may be provided in a reducoed or concentrated form that can be reconstitured.

Diagnoutic and treatment monitoring kits can further comprise materialy and tools useful
for carrving out disgnostic and monitoring methods according to the present disclosure. The kits
can be used for example m diagnostic laboratories, climical or research sethings, The kit may
further comprise instructions for use, inchuding for example any procedural protocols and
instraetions for using the various reagents in the kit for performing different steps of the process.
Instructions for using the kit according to one or more methods of the invention may comprise
instructions for processing the biological sample obtained from the subject and/or for performing
the test, and instructions for anelyzing or interpreting the results. Instructions may be provided
irs printed form or stored on any computer reeduble redium inchading but not livited to DVDs,
CDs, hard disk drives, magnctic tape and scrvers capable of comnunicating over computer
networks.

A kit may further comprise onc or more comirod samples. A kit may comprise at least one
cxpression profile for A, OA subtype, and/or OA progression us described herein for use as
comparison femplate.  Preferably, the expression profile is provided as digital information stored
on a computer-readable medium.,

It will be understood that generally, components of & kit arc conveniently packaged or

bound together for case of handling in commercial distribution and sale.

. Adaptations of the Methods of the Present Disclosure

By way of cxample, and nol of limilation, cxamples of the present disclosures shall now be
given,

Example 1; Assessment of profeins in media from in vitro cultured normal and OA
articwlar cartilage explants

Articuiay cartilage ways harvesied from the femoral head of dogs (n=6) undergoing total
hip replacement due to chromic OA and from dogs (n=6) with no overt clinical signs of OA and
guthanized for reasons unrelated 1o the present study, Two dmm explants were created from the
tissue of euch animu! and incubated in 500ul of DMEM with supplemental nutrients for 7 days.
Culture media from each individual was analyzed using a canine cytoking and chemoking
immuneassay for MCPL, IL-8 and KC {(Millipore) based on the xMAP platform. A sgcond
aliquot was analyzed using & multiplex human MMP immunoassay for MMPs 2, 3 and 13 (R&D
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Systerns) that has been shown to cress react with canine samples. Clinically relevant subgroups
wore then ereated hased on QA-matug and the media from cach subgronp was pooled for
proteoinics analysis. Bach media pool was acctone preeipitated and quantified to casure
equivalent protein loading for one-dimensional polyvacrylamide gel electrophoresis {1D-PAGE)
with reduging conditions, Gel separation of the normal group could not be pursued due to
insufficient volume and very low protein concontration of the normal culture media. Following
gel separation of the remaining pooled samples, euch lane was cut into & equal sections {total
n=24) and in-gel trypsin digests were performed.  Each digest was analyzed by LC-M3/MS
using LTQ Orbitrap instrumentation, Results were statistically evaluated with the unpaired t-test
with significance sot at p<0.05. Following initial analysis, high ubundance bloed proteins were
“hidden” from the instroment and re-analysts of the subclinical OA and clinical OA was
performed. Fold changes between these two groups were determined using the Scaffold 2
Viewer Protcome softwarc.

Subelinical QA vorsus Clinical OA {mild and scvercy: Alicrations of 37 proteins were
identified in media between subelinical OA and clinical OA groups, including numerous high
sbundance blood proteins {scrum glbumin’ and scverul extraccllular matrix (ECM) proteins.
Cartilage Oligomeric Matrix Protein (COMP} was significantly higher in the subclinical QA
group compared to clinical OA groups {(p=0.0033}.

Subclinics]l OA versus Severe Clinical OA (Figure 1) The bar graphs show quantitative
values obtained by Muss-Spec for select proteins from subclinical OA and clinical OA (high)
groups following the removal of high abundance blood proteins, Alterations of 133 proteing
wore identified inmedia betwoeen subchinicsl QA and sovere clinical OA groups onee high
abundance proteins were masked. Cartilage Intermediate Layer Protein {CILP), Decoria and
COMP were all lower in the severe clinical OA group [4.2x, 4.0x and 1.4x respectively] (Fig.
1A Apolipoproteins Al and E were 9.1x and 2.6x higher in the severe chinical QA group,
respectively (Fig, 1B).

Removal of high abundance proteins, such as albumin, greatly increased the detection of
lower abundance preteins in this study, COMP s currently one of the most studied biomarkers
in joint discasc, and it bas boon shown fo be significantly incroased duning the inifial stages of
0A followed by a decline In the later stages of discase, COMP was highor in the dogs in the

subciinical OA group in this study, thus providing additionzal support for the use of this novel
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biomarker panel for the dizgnosis of early OA. Another protein of interest is Apolipeprotein Al
{ApoAl). ApoAl has boen shewn 1o be higher in ostcearthritic canine and hurnan aynovial fluld
and human srticular cartiluge compared to tormals, but to our knowledge we are the first fo
confirm the release of ApoAl from canine articular cartilage. These results provide continued
support for the use of caning tissues n fransistional research for human OA, and additional
support for the use of 4 biomarker panel for diamosis and staging of carly OA.

Further study was undertaken to: 1} delineate the alterations of cytokine and chemokine
concentrations in synovial flud in osteoarthritic and non-osteoarthritic knee joints and 2}
determine if any cytokine and chemokine fluctuations discern OA using receiver operating
characteristic fROCY curve analysis. Twenty-one adult, intact female, hound dogs >20kg were
included in this study. Fach dog underwent one of four arthroscopic procedures: transection of
the anterior cruciate ligament (ACL-T), transcetion of the meniscus (MR), creation of two fill-
thickness grooves in the cartilage of the medial fomoral condyle (Groove} or probe manipuiation
ofall joint landmarks withoul insult (SHAM). The non-operated, contralaleral hind limb served
a8 an infernal control for cach dog. Synovial fluid was collccted immediately prior to surgery on
thc operated limb, and 12 wocks post-operatively from both the operated and contralateral
control lirnbs, These were analyzed using a muliplex canine cyiokine and chemoking
immunoassay (Millipore) for IL-2, IL-4, IL-7, IL-8, 11.-15, IL-18, IP-10, INF-y, TNF-g, MCP1,
KC, and GM-CSF based on the xMAP platform. Results were statistically evaluated with the
uapaired -test or the Mann- Whitney Rank Sum fest with significance set at p=0.05. Imaging
studies (including ulirasound and magnstic resonance imaging), arthroscopy and histopathologic
data were also collected to fully characterize the pathology of glf joint tissues.

in the synovial fluid, monocyte chemoattractant protein 1 (MCP1) was significantly
increased in ACL-T joints {n=5) 12 weeks after surgery comparad to day 9 (n=21; p=<0.001) and
the SHAM jomts at 12 weeks (n=3; p=0.009). Increased MUP1 was also observed in the Groove
{p=6) and MR groups (p=3) at 12 weeks compared to day 0, but statistical significance was not
reached. Interleukin-§ (1L-8) was significantly increased at 12 weeks in the ACL-T and MR dogs
compared to day 0 (n=21; A: p=0.001, M: p=0.018), the non-operated limb at 12 weeks (n=21;
Az p=0.002, M: p=0.018}, and the SHAM group {n=3; A: p=0.019, M p=0.049y at 12 woeks.

Keoratinocyte-derived chemoattractant (KC) was significantly deercased n the Groove group at
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were below detectable levels in the synovial fluld of these animals, Using receiver operating
characteristic curves, arcag under the corve {AUC) were caleulated for 1L-8, MCP1 and KC

individually and as u combined pancl (Table Z).

Table 2: Areas under the curve (AUCY + 5K for 1L-8, KC or MCP1

ACL-Tvs SHAM | CA vs SHAM

iL-8 1 0.86£0.07
MCP1 C.67+0.17 0.59+0.17
KC 0.7420.17 | 0.62£0,17
Combined 0.88+.11

Thus in canine models of OA, changes in oyvtokine and chemoking levels accur within the
synovial fluid after OA induction. ROC curves for diagnostic tests with perfect discrimination
between normal and QA have an AUUC=1.0. The results demonstrated that a biomarkor pancl
inclnding monocyte chemoatiractant protein 1 IMCPI/CCL2), interleukin-8 {TL-8/CXCLEY and
keratinocyie-derived chemoattractant (KC/CXCL1) demonstrates strong diseriminatory ability

far distinguishing OA dogs from normal dogs.

Example 2; Assessment of synovial fluid and serum cyiokines, chemokines and matrix
metalloproteinases (MMPs) in dogs with spontanesusly occurring OA

Merhods, nformed client consent was obtained for each dog included in this study.
Blocd and synovial fluid were obtained from 10 adult medium and large breed dogs prosenting
to the UMC-VMTH for surgical intervention of unilateral stifle (knee) OA (Pre-Op OA; n=1{).
These dogs ranged from 3-8 vears old (mean 5.15 years median might be better). Synovial fluid
was obtained from the affected stifle via routing aseptic arthrocentesis, and bioed was coliected
via jugular venipuncture, Clinteal knee OA was confirmed in each dog by a board-certified
veterinary orthepagdic surgeon, Radiographic evidence of QA was confirmed by a board-
certified veterinary radiologist. All dogs underwent knee surgery for cruciate ligament
deficicney and recovered uneventfully. Eight to 12 weeks later, the dogs retumned for a post-
operative re-check, and blood and synovial fluid were collected again to assess changes in
matkers after surgical intervention. The contrel group was comprised of nine medium and large

breed adult dogs ranging from 2-5 years old (mean 2.9 years), These dogs had no clinical history
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of joint trauma, were not lame and were deemed to be free of clinical OA by a board certified

veterinary orthopacdic surgeon, Radiegraphic evaloation of the shoulders, knces and hips

verified the absence of OA. Blood and synovial fluid were collected in g simitar manner {o the

OA dogs at a time convenient (o the clients. The synovial flvid samples were analyzed in

duplicate using a multiplex canine cytoking and chermokine immunoassay (Millipore Corp, St
Louis, MO, USA) based on the xMAP platform {(Qagen Inc.) for IL-2, IL-4, 1L-6, IL-7, [L-¥, IL-
10, 1L-15, 1L-18, IP-10, INF-y, TNF-a, MCP1, KC, and GM-CSF per manufacturers'

instructions. Another 25uls was analyzed in duplicate using a multiplex human matrix

metalloproteinase (MMP) immunpassay (R&ED Systems, Minneapolis, MN, USA) based on the
*MAP platform (Qxagen, Inc} for MMP1, MMPZ, MMP3, MMPO and MMP13. This assay has

been previously shown by our laboratory to cross-react with samples of canine origin, Resulis

were statistically ovaluated with an unpatred t-tost or Mann-Whitney Rank Sum test {SigmaStat

3.5; Systat Software, Incorporated, San Jose, CA, USA) with significance sct at p<(0.03.

Rexults: Results oblained following the methods described above are sumumarized in

Figures 2A and 2B and Table 3 (below).

Table 3: Proteins exhibiting differences in expression between synovial fluid collected

from normal and O A caning knces

SYNOVIAL FLUID

FOLD CHANGE

Identified Pretein

Nermal: OA

Aggrecan core protein

Clusterin

Alpha-2-macroglobulin
Angiotensinogen

Apolipoprotein B-100

Complement €3

Complement factor J

Fibrongctin 1 isoform | preproprotein
Transthyretin

Zinc-alpha-2-givcoprotein

2.08
0.3
(.22
.41
(.13
0.4
(.43
.32
3.25
.21

In synovial fluid, TLB and KC were significantly higher in the Pre-Op OA dogs compared

to normad dogs (p<0.001; p=0.01) and in the Post-Op OA dogs compared to normal dogs
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{p={1002; p=0.03). Both analytes were lower i Post-Op QA dogs compared to Pre-Op OA
dogs, but this decrease was not gtaristically significant. MCP-1 was significantly hipher in the
Pre-Op OA dogs and Post-Op OA dogs comparced to normal dogs (p<G.061; P=0.009), and there
was 4 significunt decrease in MUP-1 following surgery compared to pre-surgery values (p=0.01).
ILE was sigmficantly higher in the Pre-Op OA dogs compared to aormal dogs (p=0.02), but the
remaining cyvtokines and chemolines were below the limit of detection. MMP2 was highest in
the Post-Op OA dogs, and this was significantly higher than the normal dogs {(p=0.010). MMP3
was highest in the Pre-Op OA dogs and lowest in the Post-Op OA dogs, but these changes did
not reach statistical significance. (Figs, 2A and 2B).

The performances of these markers as individuals and as o combined pancl were
evaluated through ROC curve analysis using stutistical software (SAS Institute). Specifically,
ROC curves were gencrated using IMP 7.0.2 software {SAS Ingtitute) and used to determine the
discriminatory abilitics of the various liomarker combinations. Several biomarker pancls led to
perfeet discrimination (AUC—1.0) between groups (Table 4). In Table 4, “Cyto Markers” are
TLE, MCP! and KC, und *Cyto and MMP™ refers to IL8, MCPL, KC, MMP2 and MMP3.

Table 4: Analyte panels that lead to perfect AUCs

The remaining serwn and SF were separated with 1D-PAGE and analyzed by quid
chromatography mass specteametry {LC-MS/MS). Matches were searched against the National
Center for Biotechnology Information (NCBI) non-redundant datsbase taxonomy-limited to dogs
only. Significant differences between groups were represented by a p<0.05 and a fold change
=24

In serum, MMP2 and MMP3 were highest in the normal dogs and loewost in the Pre-Op

OA dogs. MMP2 was significantly higher in normal dogs and Post-Op OA dogs compared to
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Pre-Op OA dogs (p=0.003; p=0.03). but there was not a significant difference between normal
and Pase-Op OA dogs. MMP3 was significanty higher in normal dogg and Post-Op OA dags
compared to Pre-Op OA dogy (p=0.002, p=0.03), but there was not a significant difference
between Pre-Op und Post-Op OA dogs. Significant differences were not detected between
groups for 18, KO, MCPT, TRIR L2, 17 or GMOSE, and the rermaining analytes were below
the limit of detection for the assuy.

Thus, ROC curve analysis deronstrates for the first time that a biomarker panel
measuring synovial fluid MCPE, 118, KC, MMP2 and MMP3 has the ability to consistently
differentiate normal healthy knees from knees in dogs with spontaneously occurring chinical OA,
Ip addition, MCP1 was significantly lower in the Post-Op OA dogs compared to their Pre-Op
OA values, and 118 and KC declined after treatrnent as well, indicating that this rovel biomarker
pancl has great potential for clinical psc in both diagnostic and treatment monitoring
applications. The three cytokines were able to repeatedly distinguish between Pre-Op OA and
Post-Op OA individuals (AUC-0.9) when they were measured in the synovial [Lidd, bai the
addition of MMP2 and MMP3 to the pancl improved the performance (ATC=1.0}, indicating
that the addition of MMPs to this or any diagnostic biomarker pancl would be usctul for
treatment monitoring or progaesis. Thus the resubts show that use of synovial fluid biomarkers
has kmportant clinical application based on the relative case in obtaining samples, the associated
costs, and the joint speeific natare of these evaluations.  Addition of MMPs to the biomarker

panel ephances its capabilities, especially with respect to treatment monitoring.

Example 3: OA biomarkers in synovial fluid of human patients

OA biomarkers in the synovial fluid of human paticats were investigated. Specific goals
were 1) to identify and measure the concentration of specific MMPs and inflanunatory cytokines
released to the synovial fluid of normal and QA patients undergoing total knee arthroplasty: and
2y to correlate the production of these inflammatory blomarkers with radiographic severity of
disease. All procedures were performed with IRB (IRB#1042248) approval. Synovial fluid was
aspirated from three “irue normal™ patients {23, 27, 28 v/o) with no previous knee mjury, clinical
symptoms of knes pam or OA, or operative procedures performed. Synovial fluid was aspirated
from 18 paticnts (21 knces) with OA immediately preceding their total knee arthroplasty
procedure {ape range = 44-86 y/o). Equal volumes of hyalurenidase treated synovial fluid

samples were analvzed using the Fluoroking MAP human MMP (MMP-1, .29 _and (13} and
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cvtoking {(Interleukin 16 {1L-15), 1L-6, IL-8, Tumor necrosis factor-u {TNF- ), Macrophage
inflammarory protein 1o (MIP-1a), MIP-18, Monacyte chemoractic prorein | (MCP-1),
RANTES) multiplex pancls (R&D Systerns}. A log transformation was performed to normualize
the datn for statistical anslysis. Results from the normal and OA groups were evaluated using an
unpaired i-test and between analytes using & Pearson product moment corrglation. Significance
ws set 1t p<G.05. Euach paticnt eventually undergoing TKA had a stunding AP rediograph
performed during the pre-operative evaluation. The Modified Keligren and Lawrence scoring
systern was upplied to both the medial und lateral compartments and then totaled. The
radiographic scores were correlated with the log transformed MMPleytokine data using
Spearman rank order corrclation with significance sct at p<.05.

Normal v, QA4 Of the 12 biomarkers tested, MMP-1, H-6, 1128, and RANTES were
significantly higher in the synovial fluid of OA patients comaparcd to normal paticnts, as shown
in Figure 3. Three of the twelve were trending toward significance: MIP-18, MCUP-1, and MMP-
2 {nol represented in Fig, 3, p—0.103). MMP-9, MMP-13, TL-18, TNF- o, and MIP-1a were
below the detection Hmits of this assay for sl paticnts.

Caorrefation between Anafyres: MMP-1 had 1 moderate positive corrclation with MMP-2
{r=0.43), 1L-6 (7=0.52), 1L-8 (=0.43), and RANTES {0.58). 1L-6 had & strong {r=0.79} positive
corrclation with HL-¥ and & moderate {r=0.44} positive correlation with MMP-2. MCP-1 had 4
maderate (r=0.56) positive correlation with IL-6 and strong (r=0.70) positive correlation with IL-
8.

Correlation with Radiographic Scoring: The radiographic scoring system had strong

positive corralations with 41.-6 (r=0.71) and |L-8 (r=0.82), and modoraie positive correlations

it is believed this data provides for the first time an indication of synovial fluid
biomarkers for (XA in human patients. importantly, true normal contrals were used for this study,
which is not often the case and thus a major limiting factor in human chinical stdies, The results
from this study suggest that 1L-6 and 1L-8 are particularly intriguing as potential biomarkers as a
stgnificant increase in these two cytokines was shown in OA patients, and also a strong
corrclation betwoen the two, and strong corrolations ro soverity of radiographic change. Also
shown was a moderatcly strong correlation noted botween severity of radiographic change and

MMP-1 and MCP-1 levels, The correlations to radiographic severity are particularly important as
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it provides an immediate chinical relevance to the mnvestigation of these proteins as QA
biomarkers. IL-6, -8, MMP-!, and MCP-1 can readily be assessed as a panel in small velume
samples of synovial fuid using 4 commereially available asyay.
The results from this Example together with the results of Exurnples I and 2 show that
1L-6, -8, MMPs, KC, and MCP-1 provide a biomarker panel for both presence and severity of

discase and treatment monitoring in beth canine and human paticnts.

Exampie 4: Validation of novel OA biomarker panels for distinguishing and determining
the severity of various forms of arthritis in dogs

Further study can be used to validate the novel QA biomarker pancls for distinguishing
and determining the soverity of various forms of arthritis in dogs. A starting hypothesis is that
the novel OA biomarker panel can have high seusitivity and specificity (=0.9) and ROC data
{=0.8) for determining the presence and severity of OA in clinical cohorts of canine patients,

To validate a novel OA biomarker panel for diagnosis and disease staging in ¢linical
caning patients, synovial fluid, uring, and blood is collected via routing arthrocentcsis,
cystocentesis, and jugular venipuncture, respectively, from dogs (n = 20 per group oenimum)
with normal stifles (knees), stities affected by infectious arthritis, stifles affected by a
developmental disorder (patellar luxation), and stifles affected by a degenceative disorder
{cruciate ligament discusc) upon presentation to our Veterinary Medical Teaching Hospital
{(VMTH). The University of Missouri's YMTH admits welt over 100 cascs in cach of these
gohorts cach year, Lpidemictogic data is obtained and recorded in the medical record for cach
case.

Clinical Assessments - Clinical lameness scorcs are determined and scores assigned in
blinded fashion by two veterinary orthopaedic surgeons bused on visual examination of gait
using an established scoring sysiem {10). Comfortable range of motion {CROM) in cach stfle is
deternined by placing a gonjometer on cach Hmb such that one arm of the geniometer is aligned
with the femur and one arm is uligned with the tibia with the rotation point centered at the joint
ling, Each stifle s flexed and extended to the point allowable without definitive resistance or
signs of pain from the dog. The maximal flexion and extension angles is recorded. This
procedure is repeated 3 times. The CROM 1s determined by subtracting the mean flexion angle

from the mean extension angle for each stifie.
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Radingraphic Assessment - The dogs are sedated to obtain craniocaudal and mediolateral
digital radiographic views of affected stifles. The radiopraphs are scored by onc Invetigator
biinded to information regarding patient cohort und clinical signs, utilizing a subjective scoring
system. (13, 313 Fer this scoring methedolegy, nine regions of the stifie are evaluated and
given a seore from (-3 based on severity of secondary radiographic changes associated with
clinical OA in dogs. Therefore, cach stifle recelves o score ranging from 0-27. Stifles scored
from 0 to 4 are considered normal. Stifles scored from 5 to 9 are considered to have mild OA.
Stifles scored from 13- 18 are conwidered to have moderate OA, and shifles scored 1927 are
considered to have severe QA,

Arthroscopic Assessment - Arthroscopic evaluation of affocted stifles sre performed using
craniolateral and craniomedial portals. Al articular sorfaces of the patella, fernur and tibiz are
cxamined and scored with respeet to degree of asticular cartilage damage (FCRS systom’.
Meniscal, igementous, and synovial pathology arc arthroscopically asscssed and described in
terms of natare, exicny, and location.  Dogs in the pormal stifle group do not wdergo
arthroscopy.

Biomarkers — A small aliquot {251y from cach sample is thawed. For urinc and synovial
fluid, samples are cenirifuged &t 14.000 rpm for 10 minutes to peliet debris, and the supernatant
removed. Synovial fluid samples are incubated with hyaluronidase (MP Biomedicals, LLC,
Solon, Ohio} at 37°C for 60 minutes to deercase viscosity. Each aliquot of synovial fluid, urine,
and serum is analyzed in duplicate using multiplex immunoassays based on the xMAP platform
{Qiagen Inc., Valencia, CA} for [L-1B, 10-2, 1L-4, 1L-6, 1L-7, [L-8, [L-19, [L-15, IL-18, 1P-10,
INF-v, TNF-g, MUPI, KO, GM-CSF, COMP, Apol, Apod, MIP-1a}, MIP-15 MMP1, MMP2,
MMP3, MMP9 and MMP 13 according to the manufacturers’ directions. Briefly, each of the
samples is admixed with monoclonal antibody-charged, small (5.6 micron), polystyrene
microspheres in a 96-well plate. Following an overnight incubation at 4°C, a polvclonal
secoadary antibody is added, as well as streptavidin-phycoerythrin,  The median fluorescence
intensity {MF1) is determined for each sample, and concentrations (pg/ml) ebtained from a
standard curve.

Statistical Analvses - Strength of corrclations betwoen cach biomarker and combinations
of blomarkers to detect presonce and stage of discase is analyzed using a Pearson’s Corrclation.

Sensitivity, specificity, and receiver operating characteristic curve (ROC) data is calewlated for

33

47RO



19

20

30

(77) JP 2015-79000 A 2015.4.23

WO 2011/169738 PCFATS2011/027242

Aty Docket No» G53818-F10LACH30
rited via b3S Web
each biemarker and combinations of biomarkers to determine discriminatory potential between
prosence, type, and severity of discase for the variovs coborts based en all outcoane measures
cenployed.
Example 5: Validation of novel OA biomarker panels for distingnishing and determining
the severity of various forms of arthriéis in humans

Further study cen alse be used to validate the novel OA biomarker pancls for diagnosis
and discasc staging in clinical human patients. With informed patient consent under IRB
approval, synovial fhuid, urine, and blood s collected via routine arthrocentesis, free catch urine
collcetion, and peripheral venipuncture, respectively, from patieonts (n=20 por group minimam)
with normal kneey, kiices with cheumatoid arthritis, kaces with meniscal teurs and grade 1.2
articular cartilage pathology, knees with post-traumatic OA, and knees with endstage OA
undergoing total knse arthroplasty at The University of Missouri Hospitals and Clinics (CMHC),
The UMHC admits well over 200 cagses in gach of these cohorts gach year. Epidemiologic data
15 obtained and recorded in the medical record for each case.

Clinical Assessments — Knge exantination is porformed on all participants and findings
recorded. The 36-ltem Short-Form Health Survey (5F-36) is used to assess the patient quality of
life.2 I'his 18 a self-reported mudtidomain questionnaire, refigoting the patient’s pain, strength,
and affect sccondary to their discase. Funetional cutcome measures is asscssed via the Westomn
Ontario McMaster Undversitics Osicoarthritis Index (WOMAC)(34).

Rudiographic Assessment - Knee radiographs are assessed using the Modified Kelgren-
{awrenee scoring syster (213 whore the medial and fatcral compartmonts is rovicwed, scored for
the severity of changes and then scores totaled.

Whaole-foint Surgical Assessment — At the time of surgery {arthrotomy or arthroscopy), all
articular surfaces of the patella, fomur and tibia are examined and scorsd with respect to dogres
of articular castilage damage (ICRS gystem}. Meniscal, ligesmentous, and synovial pathology are
assessed and desertbod interms of nature, extent, and location.  Patients in the normal group do
not undergo surgical assessment.

Biomarkers — A small aliquot {23p]y from cach sample is thawed. For urine and synovial
fluid, semples are confrifuged at 14,000 rpm for 10 minates to pelict debris, and the supematant
reroved. Synovial fluid samples are incubated with hyaluronidase (MP Biomedicals, LLC,

Solon, Ohio) at 37°C for 60 minutes to decrease viscogity. Each aliquot of synovial fluid, urine,
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and seram is analyzed in duplicate using mulfiplex mmunocassays based on the xMAP platform
{Qiagen Ine., Vatencia, CA) for IL-1B, IE-2, 114, 1L-6, IL-7, HL-8, TL-10, H-15, IL-18, IP-10,
INF.y, TNFur, MICP1, KC, GM-CSF, COMP, Apol, ApoZ, MIP-1a), MIP-15 MMP1, MMP2,
MMP3, MMP9 and MMP13 according to the manufacturers’ directions. Briefly, each of the
samples 15 admixed with menoclonal antibody-charged, small (3.6 micron), polystyrene
mictosphores in a 96-well plate. Following an overnight incubation at 4°C, a polyclonal
secondery antibody is added, as welf as streptavidin-phycoerythrin. The median fluorescence
intensity {MFT) is determined for each sample, and concentrations (pg/ml} ebtained from a
standard curve,

Statistical Analvses - Strength of correlations between cach biomarker and combinations
of biomnarkers to detect presence and stage of disease is analyzed using a Pearson’s Correlation.
Sensitivity, speeificity, and receiver operating characteristic curve (ROC) data is caleulated for
cach biomarker and combinations of biomarkers to determinc discriminatory potential between
presence, lype, and soverity of discase for the various cohorts based on all oulcome measurcs
cmployed.

The present disclosure tllustratively described herein suitably may be practiced in the
absenee of any slement or elements, limitation or limitations which are not specifically disclosed
herein. Thus, for cxample, in cach instance hercin any of the terms "comprising,” "consisting
easentially of" and "conststing of' muay be replaced with cither of the other twoe terms. The terms
and expressions which have been employed are used as terms of description and not of
limvitation, and there is no intention that in the use of such terms and expressions of excluding
any cquivalents of the features shoven and doscribed or portions thereof, but it is recogmized that
various modifications are possible within the scope of the present disclosure claimed. Thus, it
should be understood that although the present disclosure has been specifically disclosed by
preferred embodiments and optional features, modification and variation of the concepts heregin
disclosed may be resorted o by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the appended
claims.

All patents and publications mentiencd in the specification are indicative of the lovels of

those skilled in the art to which the prosent disclosiwe portains, All patents and publications arc
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herein incorporated by reference to the same extent us if each individual publication was

specifically and individually indicated o be incorporated by voference.
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WHAT 18 CLAIMED i8:

1. A method for diagnosing, staging, or monitoring osteoarthriiis i a subject comypriam;
measuring in a biological sample from the subject the level of expression of at least two
polypeptides sefected from the group consisting of: MCPL, 1L, KC, MMP2, MMP3, MMPS,
1L&, MMP1, RANTES, TL1B, Apolipaprotein A1, Apolipoprorein E, DON, CILP and COMP,
and frugments of any thercof, and any combination thercof, whercin the expression lovels of the
at least two polypeptides or fragments thergot in the biclogical sample provide a sample protein
expression profile indicative of the presence or absence, degree, soverity, type or stage of

osteogrthritis in the subject.

2. The method of claim 1, wherein the biclogical sample comprises any one of synovial

fluid, whote bleod, blood plasma, serum, urine, and saliva.

3. The method of ¢laim 1, whorein the biological sample comprises synovial fluid,

4. The method of claim I, wherein the level of expression of at teast four polypeptides is
measured.

5. The method of claim 1, wherein the subject is a human,

o, The method of claim !, wherein the subject is g canine,

7. The method of claim 1, comprising measuring In a biologicul sample from the subject the

level of expression of MCPIL, 1LE, KC, MMP2Z and MMP3, or fragments therzof,
B The method of ¢claim 7, wherein the subject is a canine,

9. The method of claim §, comprising measuring in ¢ biological sample from the subject the

level of cxpression of MCP1, TL6, TLE, KC and MMP1, or fragments thercof.
190, The method of ¢laim 9, wherein the subject s & human,

11, The method of claim 10, further comprising measuring in the biological sample the level

of expression of RANTES, or fragments thereof,
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12, The method of claim I, further comprising: comparing the sample protein expression
profie o a conrrol protein expression prafile, wherein a difference between the sample profein
cxpression profile und the control protein expression profile ig indicative of the prescnce or

absence, degree, severity, type or stuge of ostecarthritis in the subject.

13, The method of claim I, wherein the subject s at risk of having or is suspected of having

osteoarthritis,

14, The method according to claim 1, whereln the level of expression of the at least ewo
polypeptides in the biological sample is measured using a mothod seleeled from the group
consisting of: LUMINEX, ELISA, immunoussay, mass spectrometry, high porformance liguid
chromatography, rwo-dimensional ¢loctropheresis, gPCR, RT-PCR, nuclcic acid microarray, i

st hybridization, SAGE, Western blofting, protein microarray, and antibody microarray.

15 The method of claim 1, whorgin the level of cxpression of the at least two polypeptides in
the biological sample is measured by detecting alterations in DNA duc to a process selected from
the group consisting of DNA amplification, DNA methylation/demethylation, and single

nucleotide polymorphisms.

16, An OA biomarker expression profile comprising polypeptide cxpression level
information for two or more polypeptides selected from the proup consisting of: MCPI, ILE, KC,
MMPZ, MMP3, IL6, MMP1, RANTES, MMP9, IL1B, Apclipoprotein Al, Apolipoprotein E,
DN, CILP and COMP and fragmoents of any thereof, and any combination thereof, obtamed

from a blological sample from a subject suspected of having osteoarthritis.

17. The QA cxprossion profile of claim 13, further comprising polypeptide expression level

information for at keast one biological sample obtained from at least one healthy subject.

18.  The QA cxpression profile of claim 16, wherein the bielogical samples from tho subjoct
suspected of having osteoarthritis and the healthy subject or subjects hoth comprise & sample of
synovial fluid, a sample of whole blood, a sample of blood plasing, o sample of seram, & sampde

of aring, and a sample of saliva.
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19, The OA expression profile of claim 16, wherein the biclogical samples from the subject
suspected of having osteoarthritis and the healthy subject or subjocts both comprise & sample of

synovial flaid.

20. A diagnostic reagent for osteoarthritis comprising two or more antibodies against any two
or more OA biomarkers or fragments thereof selected from the sroup consisting of: MCP, ILE,
KC, MMP2, MMP3, [L6, MMP!, RANTES, MMP9, 1L1B, Apoclipoprotein Al, Apolipoprotein
E, DON, CILP and COMP and fragments of any thereof.

21, A Lit comprising the diagnostic resgent of claim 19.

22, A kit for diagnesing osteoarthritis in & subject, the kit comprising: at least two QA
blomarker deteetion reagents that cach specifically bind to an OA polypeptide selected from the
group consisting of MCFPL, 1LY, KC, MMPZ, MMP3, ILH, MMP1, RANTES, MMP9, IL1B,
Apolipopratein Al, Apobipoprotcin T, DON, CILP and COMP and fragmonts of any thereof, or
at least two OA biomarker detection reagents that cach specifically hind to at least part of a
polynuclectide sequence coding for at least two of the OA polypeptides, wherein the specific
binding of the reagent is indicative of the cxpression Ievel of at east onc OA polypeptide ina

biclogical sample from & subjcct.

23, The kit of claim 21, wherein suid at least one reagent that specifically defects expression
of at least one biomarker compriscs 4 nucleic acid probe complementary to at least partof a

polyaucleotide scquence coding for onc of the polypeptides.
24, The kit of claim 22, wherein the pucieic acid probe s a ¢cDNA or is an oligonucleotide.

25. The kit of claim 21, wherein the at least one GA biomarker deteetion reagent is

immobiiized on & substrate surtace.

26, The kit of claim 24, comprising at least two bismarker detection reagents arranged on the

substrate surface.
27 The kit of clain 25, whergm the at least two biomarker reaggnts arrangss on the substrate

surface comiprise 4 microarray.
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2%, A method for identifving a candidate substance as 4 therapeutic agent for treating
osteoarthritis, comprising: 1) administering the candidate substance to a subject diagnosed with
spoltancous osteoarthiritiv; b) measuring the expregsion level of two or more OA polypeptides
selected from the group consisting of MCPI, 1L8, KC, MMP2, MMP3, IL6, MMP1, RANTES,
MMPY, IL18, Apolipoprotein AL, Apolipoprotein B, DUN, CH.P and COMP m a binlogical
sample from the subicet; and e} selecting the candidate substance 4s ¢ candidate therapeutic
agent for treating osteoarthritiy if the expression level of each of the two or more OA
polypeptides in the binlogical sample is lower than or equal to the expression level for the
selected two or more OA polypeptides in a biological sample from a control subject not

adminisicred the tost substancs.

29, Themethod of claim 27, wherein the biological sample comprises any one of synovial

fluid, whele bleod, blood plasma. serum, urine, and saliva.

30, Themethod of claim 27, wherein the biological sample comprises synovial fluid,

31, The method of claim 27, wherein the level of expression of at least four polypeptides is
measured.

32, Themethod of claim 27, wherein the subject is a human,

33, The method of ¢laim 27, wherein the subject is a caning,

34, Themethod of claim 27, comprising measuring in a biological sample from the subject

the level of expression of MCPI, TLS, KC, MMPL and MMP3, or fragments thereot.
35, The method of elaim 34, whercin the subject is a canine.

36, Themethod of claim 27, comprising measuring in a biological sample from the subject
the level of expression of MCPI, 116, 118, KC and MMPI, or fragments thercof.

37 The method of claim 36, wherein the subiect is a human,

3%, The method of claim 27, whercin the expression level of cach of the at least two

polypeptides in the biological sampte from the subject is measured vsing 2 method selected from
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the group consisting of LUMINEX, ELISA, immunoassay, mass spectrometry, high
performanece Hauid chromatography, two-dimensional clectrophoresis, gPCR, RT-PCR, nucleic
acid microarray, i sify hybridization, SAGE, Western blotting, protein microsreay, snd antibody

microarray.

39, A method for monitoring the effect of & treatment of osteparthritis in a subject
comprising: a)obtaining a first OA biomarker sxpression prefile comprising measuring the
expression level of two or more OA polypeptides selected from the group consisting of MCPI,
ILE, KC, MMP2, MMP3, (L6, MMP1, RANTES, MMP9, [L18, Apolipoprotein A,
Apolipoprotein T, DON, CTLP and COMP in a first biological sample obtained from the subject
before the ostecartheitis treatment i3 administered to the subject; b) obtaining a secand QA
biomarker expression profile comprising measuring the expression level of the two or more OA
polypeptides selected in (a), in a second biological sample obtained from the subject after or
while the osteparthritis treatment is administered to the subject: and ¢) comparing the first QA
biomarker expression profile with the sccond OA biomarker expression prefile, wheremn if the
expression level of each of the two or more selected OA polypeptides in the first OA biomarker
expression profile is lower than or equal to the expression level for the sslected two or more OA
polypeptides in the second bielogical sample from the subject 8 indicative of a therapeutic effect

of the osteourthritfls trestment in the subject.

40, The method of claim 38, wherein the biological sample comprises any one of synovial

fluzd, whelce blood, blood plasma, scrum, urine, and saliva.

41, The method of ¢laim 3R, wherein the biological sampie comprises synovial flaid.
42, The method of claim 3%, whercin the level of expression of at least four polypeptides is
measured.

43, The method of claim 38, whercin the subject is a human.
44, The method of claim 38, whercin the subject is a canine.

43, The method of claim 38, comprising measuring in a biclogical sample from the subject

the level of expression of MO, 1L, KC, MMIP2 und MMP3, or fragments thereof.
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46.  The method of claim 43, wherein the sulject is a canine,

47, The method of claim 38, comprising measuring in a biclogical ssrmple from the subject

the level of expression of MCP1, 1L, 1L8, KC and MMPL, or fragments thereof,
48, The method of claim 47, whercin the subject is a human,

49, The method of claim 38, wherein the expression level of the at least two polypeptides in
the biological sample from the subject i8 measured using & method selected from the growp
consisting of: LUMINEX, ELIS A, immunoussuy, mass spectrometry, high performance liguid
chromatography, two-dimensional clectrophoresis, gPCR, R¥-PCR, nucleic acid microarray, in

sét bybridization, SAGE, Westemn blotting, protein microarray, and antibody microarray.
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Bigmarkers, biomarker panels and methods Lor disgnosing osteoarthritis (OA) are disclosed, using measurement of
the expression level of certain polypeptides g lest sample from o subject, inclading MUPL, 1L, KC, MMP2, MMP3, 116,
MMP1, RANTES, MMDPY, IL1B, Apolipoprotein Al, Apolipoprotein E, DCN, CILT and COMP. Related methods for monioring
OA weatment efficacy, dingnostic reagents, sad Kits are also described,
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