I *I Innovation, Sciences et Innovation, Science and CA 2754741 C 2019/02/12

Developpement economique Canada Economic Development Canada
Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 754 741
12y BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2010/03/11 (51) ClL.Int./Int.Cl. GOTN 33/564 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2010/09/16 GOTN 33/543 (2000.01), GOTN 33/58 (2006.01)
2 1s , (72) Inventeur/Inventor:
(45) Date de delivrance/lssue Date: 2019/02/12 MAROTTA ANTHONY. CA
(85) Entree phase nationale/National Entry: 2011/09/08 L
(73) Proprietaire/Owner:
(86) N° demande PCT/PCT Application No.: CA 2010/000368 AUGUREX LIFE SCIENCES CORPORATION. CA
(87) N° publication PCT/PCT Publication No.: 2010/102412 (74) Agent: BORDEN LADNER GERVAIS LLP

(30) Priorite/Priority: 2009/03/11 (US61/159,386)

(54) Titre : COMPOSITIONS ET PROCEDES POUR LA CARACTERISATION DE TROUBLES ARTHRITIQUES
(54) Title: COMPOSITIONS AND METHODS FOR CHARACTERIZING ARTHRITIC CONDITIONS

Difution 1:5 1:10 1:20 1:50 1:100

34 ~—
«—— 14-3-3 Eta

26 ——

(57) Abregeé/Abstract:
The present invention relates to autoantibodies against 14-3-3 proteins or circulating iImmune complexes thereof and the detection
of such for the diagnosis and prognosis of an arthritic condition.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



w0 20107102412 A1 |[HIL A1 HYP ROV AR L R

CA 02754741 2011-09-08

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

16 September 2010 (16.09.2010)

(10) International Publication Number

WO 2010/102412 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
GOIN 33/564 (2006.01) GOIN 33/58 (2006.01)
GOIN 33/543 (2006.01)

International Application Number:
PCT/CA2010/000368

International Filing Date:
11 March 2010 (11.03.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/159,386 11 March 2009 (11.03.2009) US
Applicant (for all designated States except US). AU-
GUREX LIFE  SCIENCES CORPORATION

[CA/CA]; 1423 Dempsey Road, North Vancouver, British
Columbia V7K 1587 (CA).

Inventor; and
Inventor/Applicant (for US only): MAROTTA, Antho-

ny [CA/CA]; Unit 1405-3760 Albert Street, Burnaby,
British Columbia V5C 5Y8 (CA).

Agent: PISKO, Erin J.; Fasken Martincau DuMoulin
LLP, 2900 - 550 Burrard Street, Vancouver, British
Columbia V6C 0A3 (CA).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(534) Title: COMPOSITIONS AND METHODS FOR CHARACTERIZING ARTHRITIC CONDITIONS

1:5 1:20

1:10

Dilution
34 ——

26 —

1:50

1:100

+— 14-3-3 Eta

FIG. 1

(57) Abstract: The present mvention relates to autoantibodies against 14-3-3 proteins or circulating immune complexes thereof
and the detection of such for the diagnosis and prognosis of an arthritic condition.



CA 02754741 2011-09-08
WO 2010/102412 PCT/CA2010/000368

COMPOSITIONS AND METHODS FOR CHARACTERIZING ARTHRITIC CONDITIONS

FIELD

[001] Described herein are autoantibodies to 14-3-3 and methods of using the same to evaluate
arthritic conditions.

BACKGROUND

[002] Arthritis, or arthralgia, generally refers to inflammatory disorders of the joints of the body, and
Is usually accompanied by pain, swelling and stiffness. Arthritis may result from any of several
causes including infection, trauma, degenerative disorders, metabolic disorders or disturbances or
other unknown etiologies. Osteoarthritis (OA) is a common form of non-inflammatory arthritis that
may occur following trauma to a joint, following an infection of a joint or simply as a result of aging.
Osteoarthritis is also known as degenerative joint disease. Rheumatoid arthritis (RA) is traditionally
considered a chronic, inflammatory autoimmune disorder that causes the immune system to attack
the joints. It is a disabling and painful inflammatory condition which can lead to substantial loss of
mobility due to pain and joint destruction. Ankylosing spondylitis (AS) is a chronic, painful,

degenerative inflammatory arthritis primarily affecting the spine and sacroiliac joints, causing eventual
fusion of the spine.

[003] The body's articulating joints are called synovial joints, and each synovial joint generally
comprises the opposing ends of two adjacent bones. The ends of the bones are encased in cartilage
tissue while the entire joint area is encased in a protective soft tissue called synovium which
comprises synovial membrane. The synovial membrane produces and releases a lubricating synovial
fluid into cavities within the joint. In normal joints, the volume of synovial fluid is quite small. in
addition to its lubricating function, synovial fluid also acts as a reservoir for solutes and a few resting
mononuclear and synovial cells.

{004] The synovium can become irritated and thickened in response to many insults believed to
promote arthritis, including trauma to the joint and/or malfunction of the body’s immune system. The
consequences of such insults include excessive production and release of synovial fluid into the joint,
thereby causing swelling within and about the joint area. The increased volumes are typically
accompanied by increased concentrations in the synovial fluid of fibroblast-like synoviocyte cells (FLS
cells), pro-inflammatory cytokines such as interleukin-1 (IL-1) and tumor necrosis factor (TNF-alpha),
histamine proteins and peptides, and degradative enzymes such as matrix metalloproteases (MMPs).
The FLS cells comprise about two-thirds of the synovial cells in narmal synovial fluid, have well-
defined secretory systems, and under conditions of trauma or inflammation commonly secrete large
amounts of MMPs into the synovial fluid, specifically MMP-1, 3, 8, 9, 10, 11 and 13. MMP-1 and
MMP-3 are considered to have significant roles in the progressive structural damage of cartilage and
underlying bone tissues comprising joints. Known factors that activate FLL.S cells to produce MMP-1
and MMP-3 include |L-1 and TNF-alpha.
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[005] The causative agents for RA, AS and OA are currently not well-defined. However, the
physiological events associated with progression of the disease, from prolonged periods of swelling
and inflammation caused by excessive synovial fluid accumulation in the joints, through degradation
and deterioration of the cartilage and underlying bone tissues by degradative enzyme activities, and
the accompanying FLS cell proliferation into bone which results in permanent structural damage, are
known. If detected early enough, the potential long-term deleterious effects of disease can be
reversed, or at least minimized, with appropriate physical and medical therapies. Accordingly,
considerable efforts have been placed on the identification of suitable biomarkers for early
identification of arthritis. To this end, Kilani et al. (2007, J. Rheum. 34: 1650-1657; WO 2007/128132)
have reported that two members of the 14-3-3 protein family, particularly 14-3-3 eta and 14-3-3
gamma, are present within the synovial fluid and serum of patients with arthritis, and these isoforms
are directly correlated with the levels of MMP-1 and MMP-3 in the synovial fluid and serum.

SUMMARY

[006] The present invention concerns the finding that the presence of autoantibodies directed
against 14-3-3 protein(s) in biological samples correlates with diagnosis and/or prognosis of an
arthritic condition. The strong correlation between such autoantibodies and an arthritic condition
allows for diagnosis and/or prognosis of the arthritic condition by assaying for autoantibodies against,
or circulating immune complexes with at least one 14-3-3 protein or a fragment thereof in a biological

sample from a subject. In preferred embodiments, the 14-3-3 protein(s) comprise the eta and/or
gamma isoforms.

[007] Accordingly, described herein are methods for evaluating and/or characterizing an arthritic
condition in a mammalian subject comprising contacting a biological sample from the subject with at
least one 14-3-3 protein or fragment thereof and detecting an autoantibody against the 14-3-3 protein
or fragment thereof, wherein the presence/quantity of an autoantibody against said at least one 14-3-3
protein or fragment thereof is indicative of the existence and/or status of the arthritic condition in the
subject. Also provided herein are methods for evaluating and/or characterizing an arthritic condition in
a mammalian subject comprising detecting circulating immune complexes between an autoantibody
and at least one 14-3-3 protein in a biological sample from the subject, wherein the presence/quantity
of existing immune complexes in the sample is indicative of the existence and/or status of the arthritic
condition in the subject.

[008] The 14-3-3 protein or fragment thereof may comprise an epitope shared between a plurality of
14-3-3 protein isoforms, or may comprise an epitope unique to one or a subset of 14-3-3 protein
isoforms. In preferred embodiments, the 14-3-3 protein or fragment thereof comprises a 14-3-3 eta
and/or gamma epitope. In one embodiment, the 14-3-3 protein of fragment thereof comprises a 14-3-
3 eta epitope shared by at least one other 14-3-3 isoform, e.g.14-3-3 gamma. In another

embodiment, the 14-3-3 eta epitope is unique to 14-3-3 eta.
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[009] In one embodiment, the detecting step includes quantifying/measuring the level of
autoantibodies against, or immune complexes with, 14-3-3 protein or a fragment thereof in the
biological sample for comparison with a control sample. Accordingly, the presently-claimed methods

for evaluating an arthritic condition in a subject may provide prognostic as well as diagnostic

determinations.

[0010] In one aspect, the control sample is a normal control, and the comparison is indicative of an
arthritis diagnosis. In one embodiment, an increased level of autoantibody against, or immune
complexes with, 14-3-3 protein or a fragment thereof in said biological sample in comparison with a
normal control sample (e.g., from another subject not having an arthritic condition) is a diagnostic
indicator of an arthritic condition in said subject.

[0011] Accordingly, in some embodiments, the presence of autoantibodies to 14-3-3 protein or
immune complexes thereof in the biological sample from the subject and/or the presence of an
increased level of such autoantibodies or immune complexes in the biological sample from the subject
relative to a level of such autoantibodies or immune complexes in a normal (i.e. non-arthritic) control
sample provides a diagnosis that the subject has an arthritic condition.

[0012] In one aspect, the control sample is a previous biological sample from the mammalian
subject, and the comparison is indicative of disease progression and/or efficacy of a therapeutic
regimen. In one embodiment, a decreased level of autoantibodies to 14-3-3 or circulating immune
complexes thereof in said sample compared to the previous sample (e.g., a baseline biological
sample from said subject) is indicative of the efficacy of an ongoing therapeutic regimen.

[0013] Accordingly, in some embodiments, the relative level of autoantibodies against, or immune
complexes with, 14-3-3 or a fragment thereof detected in the biological sample from the subject
compared to the level of such autoantibodies or complexes present in a baseline biological sample
from the same subject provides a prognosis of the arthritic condition, or is indicative of the efficacy of
a therapeutic regimen.

[0014] In one aspect, the control sample is an arthritic control, and the comparison is indicative of
disease prognosis. In one embodiment, the relative level of autoantibodies to 14-3-3 or immune

complexes thereof in comparison to an arthritic control sample (e.g., from another subject with a well-
defined arthritic condition) is a prognostic indicator of arthritis.

[0015] Accordingly, in some embodiments, subjects with different arthritic status have detectable
differences in levels of autoantibodies to at least one 14-3-3 protein or fragment thereof, and/or
circulating immune complexes of such, and these differences are of prognostic relevance. Inone
example, disclosed herein are methods that may be used to determine a specific disease stage or the
histopathological phenotype of an arthritic condition based on the relative level of autoantibody
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detected in a subject compared to levels previously determined to exist throughout the course of the

arthritic condition, e.g., before treatment, during treatment, after treatment, in another patient, etc. In
another example, the methods disclosed herein may be used to classify a biological sample as being
from a subject at high risk for manifestation of an arthritic condition based on the relative level of

autoantibodies detected in the biological sample compared to a control sample, which may be, e.g.,
stored in a database.

[0016] In another aspect, the methods disclosed herein may be used to predict the responsiveness
of a subject to a therapeutic regimen based on the relative level of autoantibodies detected in a
biological sample from the subject compared to a control sample, e.g., of a second biological sample

from a second subject that was successfully treated with the therapeutic regimen.

[0017] Accordingly, in some embodiments, the relative level of autoantibodies against, or immune
complexes with, at least one 14-3-3 protein or fragment thereof in the biological sample from the first
subject is compared to the level of autoantibodies against, or immune complexes with, 14-3-3 in
biological samples from subjects whose abilities to respond to a treatment are known, wherein such
comparison determines the response potential of the first subject to the treatment. Determination of
the sensitivity of the subject to a therapeutic regimen may then be used to inform methods of treating
a subject with an arthritic condition. For example, described herein are methods of treating a subject
with an arthritic condition comprising measuring the level of autoantibody against 14-3-3 in a
biological sample from the subject (e.g., by measuring the level of autoantibody/14-3-3 immune
complex formation), correlating the level of autoantibody against or immune complex with 14-3-3 with
sensitivity of the subject to a therapeutic regimen, and providing the therapeutic regimen to the
subject. In one aspect, the invention provides methods for monitoring treatment of an arthritic
condition, comprising determining the level of autoantibodies against, or immune complexes with, at
least one 14-3-3 protein or fragment thereof in patient samples and monitoring the level of

autoantibodies/immune complexes involving 14-3-3 in a patient undergoing treatment.

[0018] In another aspect, provided herein are methods for determining and/or differentiating the
subtypes of arthritis in a patient. In this aspect, the relative level of autoantibodies against, or immune
complexes with, at least one 14-3-3 protein or fragment thereof in the biological sample from the first
subject is compared to the level of autoantibodies against, or immune complexes with, 14-3-3 in
biological samples from one or more other subjects whose subtype of arthritis is known and/or

previously-established, wherein such comparison determines the subtype of arthritis for the first
subject.

[0019] Determination that that the levels of autoantibodies against, or immune complexes with, at
least one 14-3-3 protein or fragment thereof in the biological sample from the first subject are similar
to the levels of autoantibodies against, or immune complexes with, at least one 14-3-3 protein or

fragment thereof in the biological sample from in the biological sample of an other subject whose
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subtype of arthritis is known and/or previously-established may indicate that the first subject has the
same subtype of arthritis as the other subject. For example, similar levels of autoantibodies against,
or immune complexes with, at least one 14-3-3 protein or fragment thereof in the biological sample
from the first subject and in the biologicai sample of another subject known to have inflammatory
arthritis, e.qg., Rheumatoid arthritis, may determine that the first subject also has inflammatory arthritis,
e.q., Rheumatoid arthritis.

10020] Additionally, determination that that the levels of autoantibodies against, or immune
complexes with, at least one 14-3-3 protein or fragment thereof in the biological sample from the first
subject are dissimilar to the levels of autoantibodies against, or immune complexes with, at least one
14-3-3 protein or fragment thereof in the biological sample from in the biological sample of an other
subject whose subtype of arthritis is known and/or previously-established may indicate that the first
subject has a subtype of arthritis different than that of the other subject. For example, dissimilar levels
of autoantibodies against, or immune complexes with, at least one 14-3-3 protein or fragment thereof
in the biological sample from the first subject and in the biological sample of an other subject known to
have noninflammatory arthritis, e.qg., osteoarthritis, may determine that the first subject has an
inflammatory arthritis, e.g., Rheumatoid arthritis.

[0021] In one embodiment, the detecting step comprises an immunological-based technique, e.g.,
immunoprecipitation, ELISA, Western blot analysis, immunohistochemistry, immunofluorescence,
“sandwich” immunoassays, immunoradiometric assays, gel diffusion precipitation reactions,
immunodiffusion assays, in situ immunoassays, precipitation reactions, agglutination assays,
complement fixation assays, protein A assays, immunoelectrophoresis assays, fluorescence activated

cell sorting (FACS) analysis, radicimmunoassay, and the like.

[0022] Detecting and/or measuring autoantibodies against a 14-3-3 protein or fragment thereof
according to the methods described herein may thus be performed by observing the formation of an
immune complex between the autoantibody and 14-3-3 or fragment thereof in a sample, or
alternatively determining the presence of an existing autoantibody/14-3-3 complex in a sample. In
one embodiment, the formation may be detected by way of detectably labeled 14-3-3 protein(s) or
fragment(s) thereof. In another embodiment, the complex may be detected by forming a second
immune complex between the autoantibody/14-3-3 complex and a detectably labeled secondary

antibody that binds immunoglobulin, e.g., the immunoglobulin backbone of the autoantibody.

[0023] In one embodiment, the methods involve detecting autoantibodies against 14-3-3 or
circulating immune complexes thereof in the biood, synovial fluid, plasma, serum, or tissue (e.g.
synovial joint, damaged joint tissue, etc.) of a patient. In one embodiment, detection is done by
immunoprecipitation of autoantibodies against 14-3-3 from blood, synovial fluid, plasma, serum or
tissue using 14-3-3 protein or fragment thereof. |n one embodiment, detection involves the use of
ELISA. In one embodiment, detection involves Western blot analysis of a sample comprising synoviali
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fluid, plasma, or serum from a patient. In one embodiment, detection involves the use of
radicimmunoassay. In one embodiment, detection involves the use of a strip test. In one
embodiment, detection involves the use of a point of care test. In one embodiment, detection of
autoantibodies against 14-3-3 or circulating complexes thereof is combined with detection of another
marker of arthritis (e.g., MMP, anti-CCP, anti-RF and / or CRP).

[0024] Also described herein are kits comprising a reagent for evaluating an arthritic condition in a
subject, wherein the reagent specifically recognizes autoantibodies to 14-3-3 protein or a fragment
thereof. In one embodiment, the reagent may include a detectably labeled 14-3-3 protein or fragment
thereof, which may also be immobilized on a solid support. The 14-3-3 protein or fragment thereof
may comprise an epitope shared between a plurality of 14-3-3 protein isoforms, or may comprise an
epitope unique to one or a subset of 14-3-3 protein isoforms. In preferred embodiments, the 14-3-3
protein or fragment thereof comprises a 14-3-3 eta and/or gamma epitope. In one embodiment, the
14-3-3 protein or fragment thereof comprises a 14-3-3 eta epitope shared by at least one other 14-3-3

isoform, e.g.14-3-3 gamma. In another embodiment, the 14-3-3 eta epitope is unique to 14-3-3 efa.

BRIEF DESCRIPTION OF THE DRAWINGS

10025] Fig.1 shows a western blot of recombinant 14-3-3 Eta using serial dilution of serum from a
patient diagnosed with rheumatoid arthritis (Sample 3323).

[0026] Fig. 2 shows a western blot of recombinant 14-3-3 Eta using serial dilution of serum from a
patient diagnosed with rheumatoid arthritis (Sample 3365).

[0027] Fig. 3 shows a western blot of recombinant 14-3-3 Eta using serial dilution of serum from a
patient not diagnosed with rheumatoid arthritis (Sample 40).

[0028] Fig.4 shows a western blot of recombinant 14-3-3 Eta using serial dilution of serum from a

patient not diagnosed with rheumatoid arthritis (Sample 39).
DETAILED DESCRIPTION

[0029] “Subject” and “patient” are used interchangeably and refer to, except where indicated,

mammals such as humans and non-human primates, as well as rabbits, rats, mice, goats, pigs, and
other mammalian species.

[0030] “Arthritic condition,” “arthritis,” and “arthralgia” are used interchangeably, and generally refer
to, except where indicated, an inflammatory disorder of the joints of the body. Pain, swelling,
stiffness, and difficulty of movement are frequently associated with arthritic conditions. Arthritis
consists of more than 100 different conditions. These can be anything from relatively mild forms to
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crippling systemic forms, see, e.g., www.arthritis.ca/types%200f%20arthritis/default.asp?7s=1. An
arthritic condition may result from any of several causes, including infection, trauma, degenerative
disorders, metabolic disorders or disturbances, or other unknown etiologies. An arthritic condition
may be more specifically described according to the subtype, for example, rheumatoid arthritis, mixed
connective tissue disease (MCTD), crystal induced arthritis, reactive arthritis, spondylarthropathy,
osteoarthritis, sarcoidosis, palindromic rheumatism, post traumatic arthritis, malignancy related
arthritis, septic arthritis, lyme arthritis, osteoarthritis, bacterial, infectious arthritis, etc. Arthritis may
further accompany other identified disorders, including gout, ankylosing spondylitis, systemic lupus
erythematosus, inflammatory bowel disease, psoriasis, etc. Well-defined arthritic condition refers to
knowledge regarding the type of arthritis and its stage, e.g., onset, remission, relapse etc.

{0031] "Autoantibodies" are endogenous antibodies that specifically bind self antigens, i.e., a normal
tissue component. An autoantibody is produced in response to a naturally occurring antigen of the
same body that produces the autoantibody.

[0032] “Immunological binding” and “formation of an immune complex” are used interchangeably and
as used in this context, generally refer to the non-covalent interactions of the type which occur
between an antibody, e.g., an autoantibody, and an antigen for which the antibody is specific. The
strength, or affinity of immunological binding interactions can be expressed in terms of the
dissociation constant (K4) of the interaction, wherein a smaller K, represents a greater affinity.
Immunological binding properties can be quantified using methods well known in the art. For
example, see Davies et al. (1990) Annual Rev. Biochem. 59:433-473. An antibody, or antigen-binding
fragment thereof, is said to "specifically bind," "immunologically bind," and/or is "immunologically
reactive” if it reacts at a detectable level (within, for example, an ELISA assay) with ligand, and does
not react detectably with unrelated ligands under similar conditions.

[0033] “Antibody” refers to a composition comprising a protein that binds specifically to a
corresponding antigen and has a common, general structure of immunoglobulins. The term antibody
specifically covers polyclonal antibodies, monoclonal antibodies, dimers, multimers, multispecific
antibodies (e.g., bispecific antibodies), and antibody fragments, so long as they exhibit the desired
biological activity. Antibodies may be murine, human, humanized, chimeric, or derived from other
species. Typically, an antibody will comprise at least two heavy chains and two light chains
interconnected by disulfide bonds, which when combined form a binding domain that interacts with an
antigen. Each heavy chain is comprised of a heavy chain variable region (VH) and a heavy chain
constant region (CH). The heavy chain constant region is comprised of three domains, CH1, CH2
and CH3, and may be of the mu, delta, gamma, alpha or epsilon isotype. Similarly, the light chain is
comprised of a light chain variable region (VL) and a light chain constant region (CL.). The light chain
constant region is comprised of one domain, CL, which may be of the kappa or lambda isotype. The
VH and VL regions can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed framework
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regions (FR). Each VH and VL is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order: FR1, COR1, FR2, CDRZ2, FR3, CDR3, FR4. The
variable regions of the heavy and light chains contain a binding domain that interacts with an antigen.
The constant regions of the antibodies may mediate the binding of the immunoglobulin to host tissues
or factors, including various cells of the immune system (e.g., effector cells) and the first component
(Clg) of the classical complement system. The heavy chain constant region mediates binding of the
immunoglobulin to host tissue or host factors, particularly through cellular receptors such as the Fc
receptors (e.g., FcyRI, FcyRl, FcyRlll, etc.). As used herein, antibody also includes an antigen
pinding portion of an immunoglobulin that retains the ability to bind antigen. These include, as
examples, F(ab), a monovalent fragment of VL CL and VH CH antibody domains; and F(ab’),
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the hinge
region. The term antibody also refers to recombinant single chain Fv fragments (scFv) and bispecific
motecules such as, e.g., diabodies, triabodies, and tetrabodies (see, e.g., U.S. Patent No. 5,844,094).

[0034] “Antigen’ is to be construed broadly and refers to any molecule, composition, or particle that
can bind specifically o an antibody. An antigen may have one or more epitopes that interact with the

antibody, although it does not necessarily induce production of that antibody.

(0035] Accordingly, the terms “autoantibodies against 14-3-3" and “autoantibodies to 14-3-3" are
used interchangeably and refer to endogenous antibodies produced by a mammalian subject that
specifically bind a 14-3-3 protein or a fragment thereof from said host.

[0036] “14-3-3" and “14-3-3 protein” are used interchangeably and refer to at (east one member of
the 14-3-3 family of conserved intracellular regulatory molecules that are ubiquitously expressed in
eukaryotes. 14-3-3 proteins have the ability to bind a multitude of functionally diverse signaling
proteins, including kinases, phosphatases, and transmembrane receptors. indeed, more than 100
signaling proteins have been reported as 14-3-3 ligands. 14-3-3 proteins may be considered evolved
members of the Tetratrico Peptide Repeat superfamily. They generally have 9 or 10 alpha helices,
and usually form homo- and/or hetero-dimer interactions along their amino-termini helices. These
proteins contain a number of known domains, including regions for divalent cation interaction,
phosphorylation & acetylation, and proteolytic cleavage, among others. There are seven distinct
genetically encoded isoforms of the 14-3-3 proteins that are known to be expressed in mammals, with
each isoform comprising between 242-255 amino acids. The seven 14-3-3 protein isoforms are
designated as 14-3-3 o/ (alpha/beta), 14-3-3 6/ (delta/zeta), 14-3-3 ¢ (epsilon), 14-3-3 y (gamma),
14-3-3 n (eta), 14-3-3 1/8(tau/theta), and 14-3-3 o (sigma/stratifin). 14-3-3 proteins have a high
degree of sequence similarity, and are known to undergo post-transiational processing, e.g.,
phosphorylation, citrullination, etc. See, e.g., Megidish et al. (1998) J. Biol. Chem. 273: 21834-45.
Consequently, anti-14-3-3 autoantibodies may specifically bind to and/or recognize more than one 14-
3-3 protein isoform, or may specifically bind and/or recognize only one isoform (e.g., 14-3-3 eta).
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Additionally, anti-14-3-3 antibodies may bind to and/or recognize a 14-3-3- protein that has been
modified, e.g., by natural (e.g., post-translational) or chemical processes.

[0037] The terms “specific binding” or “specifically binding” when used in reference to the interaction
of an antibody and a protein or peptide means that the interaction is dependent upon the presence of
a particular structure (i.e. epitope) on the protein; in other words the antibody is recognizing and

binding to a specific protein structure rather than to proteins in general.

[0038] Epitopes are chemical features generally present on surfaces of molecules and accessible to
interaction with an antibody. Typical chemical features are amino acids and sugar moieties, having
three-dimensional structural characteristics as well as chemical properties including charge,
hydrophilicity, and lipophilicity. Conformational epitopes are distinguished from non-conformational
epitopes by loss of reactivity with an antibody foliowing a change in the spatial elements of the
molecule without any change in the underlying chemical structure. Accordingly, the term “epitope”
when used in reference to 14-3-3 proteins or specific isomers generally refers to a determinant of the
protein, including a modified 14-3-3 protein, that is capable of binding to an antibody, e.g., an
autoantibody. Described herein are 14-3-3 epitopes that are recognized by autoantibodies in a
patient diagnosed with arthritis, particularly Rheumatoid arthritis, methods of using such epitopes to

evaluate and/or characterize an arthritic condition in a subject, and kits comprising such epitopes.

[0039] The 14-3-3 protein or fragment thereof may comprise an epitope shared between a plurality of
14-3-3 protein isoforms, or may comprise an epitope unique to one or a subset of 14-3-3 protein
isoforms. “Shared” as used herein refers to a fragment or epitope in common between two or more
14-3-3 protein isoforms. In preferred embodiments, the 14-3-3 protein or fragment thereof comprises
a 14-3-3 eta and/or gamma epitope. In one embodiment, the 14-3-3 protein of fragment thereof
comprises a 14-3-3 eta epitope shared by at least one other 14-3-3 isoform, e.g.14-3-3 gamma. In
another embodiment, the 14-3-3 eta epitope is unique to 14-3-3 eta. Commonly recognized epitopes
to 14-3-3 eta are included in Table 1 below.

Table 1: 14-3-3 Eta epitopes e ,
SEQ ID NO:1 93-107 helix LETVCNDVLSLLDKF
SEQ ID NO:2 191-199 helix EQACLLAKQ
SEQ ID NO:3 144-155 | helix NSVVEASEAAYK |
SEQIDNO:4 1144162 = lhelix NSVVEASEA
SEQIDNO5 147-155 helix _ i VEASEAAYK
SEQ ID NO:6 163-170 helix | EQMQPTHP
SEQ ID NO:7 168-177 helix THPIRLGLAL )
' SEQIDNO8 [ 82-92 _ helix VKAYTEKIEKE .
SEQ ID NO:9 68-79 helix | QKTMADGNEKKL
SEQ ID NO:10 138-146 helix ASGEKKNSV
SEQ ID NO:11 69-77 | loop | KTMADGNEK
SEQIDNO12 ~ [32-40 | loop ELNEPLSNE
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 Table 1: 14-3-3Etaepitopes -
"SEQIDNO:13 ~  [103117 ‘ Ioog I LLDKFLIKNCNDFQY
| SEQIDNO:14 1130143 100 I YYRYLAEVASGEKK
| SEQID NO:15 184-194 loop | YEIQNAPEQAC
SEQIDNO:16 [ 206-218 [ loop [ AELDTLNEDSYKD _

SEQ ID NO:17 44-57 non-helix LLSVAYKNVVGARR |
| SEQ ID NO:18 15-23 non-helix EQAERYDDM

SEQ ID NO:19 130-138 non-helix YYRYLAEVA _

SEQ 1D NO:20 1118125 non-helix ESKVFYLK |
| SEQ ID NO:21 210-218 non-helix TLNEDSYKD

SEQ ID NO:22 77-84 non-helix KKLEKVKA |

SEQIDNO:23 [ 76-86 - non-helix | EKKLRKVKAYR

SEQ D NO:24 142-158 non-helix KKNSVVEASEAAYKEAF
SEQ ID NO:25 105-120 non-helix DKFLIKNCNDFQYESK
SEQID NO:26 | 237-246 non-helix QQDEEAGEGN _ ~

SEQ ID NO:27 7582  lnonhelix | NEKKLEKVK L

| SEQ ID NO:28 104-116 ! | ‘non-helix_ | LDKFLIKNCNDFQ |
SEQ ID NO:29 141-146 non-helix EKKNSV
SEQ ID NO:30 104-115 [ non-helix_ LDKFLIKNSCNDF
SEQ ID NO:31 77-86 non-helix | KKLEKVKAYR |
SEQ ID NO:32 143-157 ’ non-helix KNSVVEASEAAYKEA
SEQ ID NO:33 1-12 non-helix DREQLLQRARLA

Diagnostic, Prognostic and Therapeutic Methods, and Treatment Monitoring

[0040] In one aspect, the invention provides methods for diagnosing diseases and conditions that

involve autoantibodies against 14-3-3. In general, the presence or absence of an arthritic condition,

or patient prognosis, may be determined by (a) contacting a biological sample obtained from a

mammalian subject with at least one 14-3-3 protein or fragment thereof; (b) detecting in the sample

the level of autoantibodies that specifically bind to the 14-3-3 protein or fragment thereof; and

(c) comparing the level in such antibodies with an appropriate control.

[0041] The methods comprise using at least one 14-3-3 protein or fragment thereof to detect

autoantibodies against the protein. There are a variety of assay formats known to those of ordinary

skill in the art for using a protein to detect antibodies in a sample. See, e.g., Harlow and Lane,
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988. As nonlimiting examples,

detection of autoantibodies against 14-3-3 may be performed using well-known methods or assays,
e.g. immunoprecipitation, ELISA, Western blot analysis, immunohistochemistry, immunofluorescence,

“sandwich” immunoassays, immunoradiometric assays, gel diffusion precipitation reactions,

immunodiffusion assays, in situ immunoassays, precipitation reactions, agglutination assays,

complement fixation assays, protein A assays, immunoelectrophoresis assays, fluorescence activated

cell sorting (FACS) analysis, radioimmunoassay, a strip test, a point of care test, and the like. The

ordinarily skilled artisan will recognize that these methods may also be used to measure the level of

autoantibodies against, or immune complexes with, 14-3-3 proteins in the biological sampile.
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[0042] In some embodiments, an automated detection assay is utilized. Methods for the automation
of immunoassays include those described in U.S. Pat. Nos. 5,885,530, 4,981,785, 6,159,750, and
5.358 691. In some embodiments, the analysis and presentation of results is also automated. For
example, in some embodiments, software that generates a prognosis based on the presence or

absence of a series of proteins corresponding to arthritic conditions is utilized, including 14-3-3 proteins.

[0043] In one embodiment, the assays involve the use of at least one 14-3-3 protein or a fragment
thereof immobilized on a solid support to bind to and capture autoantibodies that specifically bind the
14-3-3 protein(s) from the remainder of the sample. The bound autoantibodies may then be detected
using a detection reagent that contains a reporter group and specifically binds to the antibody/protein
complex. Such detection reagents may comprise, for example, a binding agent that specifically binds to

the autoantibody such as an anti-human antibody.

[0044] The solid support may be any material known to those of ordinary skill in the art. For example,
the solid support may be a test well in a microtiter plate or a nitrocellulose or other suitable membrane.
Alternatively, the support may be a bead or disc, such as glass, fiberglass, latex or a plastic material
such as polystyrene or polyvinylchloride. The support may also be a mag netic particle or a fiber optic
sensor, such as those disclosed, for example, in U.S. Pat. No. 5,359,681. The 14-3-3 protein or
fragment thereof may be immobilized on the solid support using a variety of techniques known to those
of skill in the art, which are amply described in the patent and scientific literature. In the context of the
oresent invention, the term “immobilization” refers to both noncovalent association, such as adsorption,
and covalent attachment (which may be a direct linkage between the antibody and functional groups on
the support or may be a linkage by way of a cross-linking agent). Immobilization by adsorption to a well
in a microtiter plate or to a membrane is preferred. In such cases, adsorption may be achieved by
contacting the antibody, in a suitable buffer, with the solid support for a suitable amount of time. The
contact time varies with temperature, but is typically between about 1 hour and about 1 day. In one
embodiment, a microtitre plate coated with streptavidin is used in conjunction with a biotinylated 14-3-3

protein or fragment thereof.

[0045] Covalent attachment of the 14-3-3 protein or fragment thereof to a solid support may
generally be achieved by first reacting the support with a bifunctional reagent that will react with both
the support and the 14-3-3 protein or fragment thereof. The capturea autoantibody can then be
detected using the non-competitive "sandwich" technique where labeled ligana for the autoantibody

is exposed to the washed solid phase. Alternatively, competitive formats rely on the prior introduction
of a labeled antibody to the sample so that labeled and unlabelled forms compete for binding to the
solid phase. Such assay techniques are well known and well described in both the patent and scientific
literature. See. e.g., U.S. Pat. Nos. 3,791,932; 3,817,837, 3,839,153, 3,850,752; 3,850,578; 3,853,987,
3 867,517; 3,879,262; 3,901,654, 3,935,074, 3,984,533; 3,996,345; 4,034,074, ana 4.098,876.

Enzyme-linked immunosorbent assay (ELISA) methods are described in detail in U.S. Pat
11
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Nos. 3,791,932; 3,839,153; 3,850,752; 3,879,262; and 4,034,074. ELISA assays detect very low titers

of autoantibodies.

[0046] Autoantibodies can also be detected by solid-phase radioimmunoassay (RIA). The solid
phase is exposed to the serum sample in the presence of radio-labeled antibodies that compete for
binding to the immobilized ligand. In this assay, the amount of radiolabel bound to the solid phase is
inversely related to the amount of autoantibodies initially present in the serum sample. After
separation of the solid phase, non-specifically bound radiolabel is removed by washing, and the
amount of radiolabel bound to the solid phase determined. The amount of bound radiolabel is, in turn,
related to the amount of autoantibodies initially present in the sample.

[0047] In one embodiment, the assay is performed in a flow-through or strip test format, wherein the
14-3-3 protein or fragment thereof is immobilized on a membrane, such as nitrocellulose. In the flow-
through test, autoantibodies to 14-3-3 proteins within the sample bind to the immobilized 14-3-3
protein or fragment thereof as the sample contacts the membrane. A second, labeled binding agent
then binds to the immune complex as a solution containing the second binding agent contacts the
membrane. The detection of bound second binding agent may then be performed as described
above. In the strip test format, one end of the membrane to which 14-3-3 protein or fragment thereof
IS bound is immersed in a solution containing the sample. The sample migrates along the membrane
through a region containing second binding agent, e.g., to the autoantibodies, and to the area of
immobilized 14-3-3 protein or fragment thereof. Concentration of second binding agent at the area of
immobilized 14-3-3 protein or fragment thereof indicates the presence of an arthritic condition, or
patient prognosis, etc. Typically, the concentration of second binding agent at that site generates a
pattem, such as a line, that can be read visually. The absence of such a pattern indicates a negative
result. In general, the amount of binding agent immobilized on the membrane is selected to generate
a visually discernible pattern when the biological sample contains a level of the autoantibody that
would be sufficient to generate a positive signal in the assay, in the format discussed above.
Preferred binding agents for use in such assays are 14-3-3 proteins and fragments thereof. Such
tests can typically be performed with a very small amount of biological sample and at the point of
care, which may also be quantifiable.

[0048] In addition to detecting the presence of autoantibodies in a sample, many methods can be
used to quantitatively measure the levels of the autoantibodies. In some methods, the antigen reacts
with the autoantibody in a liquid phase, and the autoantibodies are quantitatively measured by an
immunoprecipitation technique. For example, a 14-3-3 protein or fragment thereof (i.e., full length
iIsomer or antigenic fragments) can be detectably labeled (e.g., with an isotope or an enzyme). The
polypeptides can be labeled during synthesis (e.g., by adding *S-methionine to an in vitro translation
system or cellular expression system) or after synthesis. The detectable antigen is added directly to a
liquid biological sample (e.q., a serum) to form immune complexes. The immune complexes can be
precipitated with polyethylene glycol. The immune complexes can also be isolated with a secondary
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antibody (e.g., goat anti-human immunoglobulin) or other kind of binding molecules (e.g., protsin A or
protein G) that is bound to a solid support (e.g., agarose or sepharose beads). The
immunoprecipitates are washed several times after being separated from the liquid sample and
examined for intensity of the detectable label (e.g., radioactivity). Any autoantibody present in the
sample can thus be detected and quantified. Optionally, an unlabelled polypeptide can also be added
to compete with the labeled polypeptide for binding to autoantibodies.

[0048] The diagnostic methods of the present invention are also directed to detecting in a subject
circulating immune complexes formed between 14-3-3 proteins and an autoantibody. The methods
discussed above can be readily modified for detection of such immune complexes. For example, an
immobilized binding molecule (e.g., protein A or protein G bound to a bead) can be added to a liquid
biological sample. After separation from the liquid phase, immune complexes captured by the binding
molecules can be analyzed with SDS-PAGE and probed with various antibodies against 14-3-3
proteins. The captured antigens can also be subject to direct amino acid sequence analysis. Identity
of the immune complexes can thus be revealed. A number of assays are routinely practiced to detect
circulating immune complexes in a subject, e.g., as described in Tomimori-Yamashita et al., Lepr Rev,
70(3):261-71, 1999 (antibody-based enzyme-linked immunosorbent assay); Krapf et al., J Clin Lab
Immunol, 21(4):183-7, 1986 (fluorescence linked immunosorbent assay); Kazeem et al., East Afr Med
J, 67(6):396-403, 1990 (laser immunonephelometry); and Rodrick et al., J Clin Lab Immunol,
7(3):193-8, 1982 (Protein A-glass fiber filter assay, PA-GFF, and polyethylene glycol insolubilization
assay). Each of these well known assays can be employed to detect circulating immune complexes
for the methods of the present invention.

[0050] To improve clinical sensitivity, multiple markers may be assayed within a given sample. In
particular, one or more other markers of arthritis, or prognostic indicators, etc., may be assayed in
combination with autoantibodies to 14-3-3 protein. These other markers may be proteins or nucleic
acids. In a preferred embodiment, one or more of the other markers are MMP proteins or nucleic
acids or other factors which are commonly used as indicators for arthritis, e.g., anti-CCP, anti-RF,
CRP, SAA, IL-6, SIOO, osteopontin, RF, MMP-I, MMP-3, hyaluronic acid, sCD14, angiogenesis
markers and products of bone, cartilage or synovium metabolism (e.g.,CTX- 1 and CTX - II), etc.
Methods for isolating and assaying nucleic acids based on reference sequences are well known in the
art, as are methods for detecting proteins of interest within a patient sample.

{0051] Combination assays may be done concurrently or sequentially. The selection of markers may
be based on routine experiments to determine combinations that results in optimal sensitivity.

[0052] In one embodiment, the invention provides methods for diagnosing an arthritic condition. In
general, an arthritic condition may be detected in a patient based on the presence of autoantibodies to
14-3-3 in the synovial fluid, synovial joint, blood, plasma, or serum of a patient. In other words,
autoantibodies to 14-3-3 protein may be used as a marker to indicate arthritis.
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[0053] |n addition, the presence of autoantibodies to 14-3-3, or the relative levels of autoantibodies
to 14-3-3, as determined through the use of a 14-3-3 protein or fragment thereof may be a prognostic

indicator of early-stage arthritis, before it progresses to a debilitating form. An advantage of early
prognosis or diagnosis is earlier implementation of a treatment regimen.

[0054] To determine the presence or absence of an arthritic condition in a subject, the level of
autoantibodies against, or immune complexes with, 14-3-3 in a biological sample from the subject
may generally be compared to a level of autoantibodies/immune complexes corresponding to a
normal control. In one preferred embodiment, the normal control is established from the average
mean level of autoantibodies against, or immune complexes with,14-3-3 in samples from patients
without arthritis. In an alternative embodiment, the normal control value may be determined using a
Receiver Operator Curve, for example see the method of Sackett et al., Clinical Epidemiology: A
Basic Science for Clinical Medicine, Little Brown and Co., 1985, p. 106-7. Briefly, in this embodiment,
the control value may be determined from a plot of pairs of true positive rates (i.e., sensitivity) and
false positive rates (100%-specificity) that correspond to each possible cut-off value for the diagnostic
test result. The control value on the plot that is the closest to the upper left-hand corner (i.e., the
value that encloses the largest area) provides the most accurate value, and a sample generating a
signal that is higher than the value determined by this method may be considered positive.
Alternatively, the control value may be shifted to the left along the plot, to minimize the false positive
rate, or to the right, to minimize the false negative rate. In general, a sample generating a signal that
is higher than the control value determined by this method is considered positive for arthritis.

[0055] In one aspect, the invention provides methods for differentiating between subtypes of arthritis.
In one embodiment, the methods involve determining the level of autoantibodies against, or immune
complexes with, at least one 14-3-3 protein or fragment thereof. In a preferred embodiment, the level
of autoantibodies/immune complexes to 14-3-3 in the patient is compared to that of samples from
subjects whose subtype of arthritis is known and/or previously-established.

[0056] In one aspect, the invention provides methods for determining the response potential of a
patient to treatment directed at arthritis. In one embodiment, the methods involve determining the
level of autoantibodies against, or immune complexes with, at least one 14-3-3 protein or fragment
thereof in a patient sample. In a preferred embodiment, the level of autoantibodies to/immune
complexes with 14-3-3 in the patient sample is compared to that of samples from subjects whose
ability to respond to treatment is known. A relatively high level of autoantibodies to/immune
complexes with 14-3-3 in a first patient sample as compared to a sample from a non-inflammatory
subject and/or a sample from another inflammatory patient may indicate the first patient is a preferred
candidate for a well-known treatment, e.g., disease-modifying anti-rheumatic drug (DMARD) therapy
such as anti-TNF, methotrexate, minocycline, hydroxychloroquine, sulphasalazine, azathiprine, anti-
IL-1, anti-IL-6r, and the like. Conversely, a relatively low level of autoantibodies/immune complexes to
14-3-3 in a first patient sample as compared to a sample from another inflammatory patient may
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indicate the first patient is not a preferred candidate for a well-known treatment, especially if the level
is closer to that of a sample from a non-inflammatory subject.

[0057] Treatment regimens for various types of arthritis are known in the art. For example, a patient
diagnosed with rheumatoid arthritis may be prescribed non-steroidal anti-inflammatory medications
(NSAIDs) initially, to ease the discomfort and reduce the inflammation. Other treatment regimens may
include, for example, steroidal anti-inflammatory medications (SAIDs e.g. cortisol, prednisone),
cyclooxygenase 2 specific inhibitors (CSls), glucocorticoids, and/or standard disease-modifying anti-
rheumatic drugs (DMARDS) such as, e.g., anti-TNF-alpha neutralizing agents, immunosuppressive
drugs (e.g., cyclosporine, azathioprine, cyclophasphamide), antibiotics, antimalarials and cytotoxic
drugs (e.g., methotrexate, sulfasalazine, leflunomide,). Treatment regimens may also advantageously
iInclude those that target 14-3-3 proteins directly, see, e.g., PCT/CA2008/002154. Details on dosage
or examples of particular drugs will be known to those of skill in the art, and may be found in, for
example Harrison’s Principles of Internal Medicine 15th ed. BRAUNWALD et al eds. McGraw-Hill or
“The Pharmacological basis of therapeutics”, 10th edition. 5 HARDMAN HG., LIMBIRD LE. editors.

McGraw-Hill, New York, and in “Clinical Oncology”, 3" edition. Churchill Livingstone/ Elsevier Press,
2004. ABELOFF, MD. editor.

[0058] In one aspect, the invention provides methods for monitoring treatment of arthritis. In one
embodiment, the methods involve determining the level of autoantibodies against, or immune
complexes with, at least one 14-3-3 protein or fragment thereof in patient samples and monitoring the
level of autoantibodies to/immune complexes with 14-3-3 in a patient undergoing treatment.

[0059] The presence or relative levels of autoantibodies to/immune complexes with 14-3-3 may
correlate with the presence or relative levels of other proteins known to be associated with arthritic
conditions in patients. Nonlimiting examples of proteins well-known to be associated with an arthritic
condition include inflammatory cytokines, such as tumor necrosis factor, 14-3-3 protein, and matrix
metalloproteinases (MMPs), such as MMP-1 or MMP-3, etc. At least 25 different MMPs have been
identified. Detection of autoantibodies to 14-3-3 in combination with detection of at least one
inflammatory cytokine and/or MMP in a patient sample may be used to diagnose arthritis.
Additionally, the presence or relative levels of autoantibodies/immune complexes to 14-3-3 in
combination with at least one 14-3-3 isoform, at least one MMP and/or at least one inflammatory

cytokine in a patient sample may be used as a prognostic indicator of early-stage arthritis, before the

arthritis progresses to a debilitating form.

[0060] Also described herein are kits for evaluating an arthritic condition. Such Kkits typically
comprise two or more components necessary for performing a diagnostic and/or prognostic assay.
Components may be compounds, reagents, containers, instructions and/or equipment. For example,
one container within a kit may contain a 14-3-3 protein or fragment thereof. Such kits may also
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contain a detection reagent as described above that contains a reporter group suitable for direct or
indirect detection of antibody binding.

[0061] Accordingly, described herein are kits for detecting the presence of autoantibodies to/immune
complexes with 14-3-3 and optionaily other markers, e.g., MMPs, in a patient sample, the kit being
useful for providing a diagnostic or prognostic result suitable for diagnosing or differentiating various
arthritic conditions. Additional indications where the presence of 14-3-3 proteins and/or
autoantibodies may be implicated also include, for example, cardiovascular and/or neurodegenerative
disorders. A kit may comprise a 14-3-3 protein or fragment thereof, which may optionally be
detectably iabeled, e.g., with a radioactive label, a luminescent label, a fluorescent label, an enzyme,
etc. Methaods for detectably labeling proteins are well-known in the art. Such a kit may further
include detection reagents specific for other markers of arthritis e.g., anti-CCP, anti-RF, CRP, SAA,
IL-6, SIOQ0, osteopontin, RF, MMP-I, MMP-3, hyaluronic acid, sCD14, angiogenesis markers and
products of bone, cartilage or synovium metabolism (e.g.,CTX- | and CTX - ll), etc. The kit may
further include other secondary reagents necessary for the detection of autoantibodies to 14-3-3
immunologically, such as labeled secondary antibodies (e.g. anti-human antibodies), chromogenic or
fluourogenic reagents, polymerization agents and the like. Instructions for using the kit for diagnostic
or prognostic purposes, including appropriate comparison standards for quantifying and/or evaluating
the level of such autoantibodies in the context of a particular disease state, may also be

advantageously provided in printed form and/or recorded on a suitable media.

EXPERIMENTAL

[0062] Example 1: Detection of recombinant 14-3-3 eta with human serum

[0063] Recombinant 14-3-3 Eta protein (Augurex, North Vancouver, BC, Canada) was loaded onto
an SDS-PAGE gel and transferred to a nitrocellulose membrane. Human sera from subjects not
diagnosed with rheumatoid arthritis (Biochemed, Winchester, VA) or subjects diagnosed with
rheumatoid arthritis (Biochemed, Suffolk County, NY) were incubated with the membrane to detect
and characterize autoantibodies for 14-3-3 Eta in sera. Autoantibodies were detected using an
anti-human secondary antibody conjugated to HRP (Jackson ImmunoResearch Laboratories, West

Grove, PA) and visualized by chemiluminescence.

[0064] In particular, 2 ug of recombinant 14-3-3 Eta protein in sample buffer (62.5 mM Tris acid, 2%
SDS, 10% glycerol, 0.01% bromophenol blue, 5% B-mercaptoethanol) was loaded onto a 15% SDS-
PAGE gel. The SDS-PAGE gel was run with running buffer (2.5 mM Tris base, 19.2 mM glycine,
0.1% SDS) at 70 volts for 30 minutes, then 140 volts until the dye front reached the bottom of the gel.
Protein was then transferred with transfer buffer (2.5 mM Tris base, 19.2 mM glycine, 20% methanol)
on ice for 400 mAh to a nitrocellulose membrane. Transfer efficiency was verified using Ponceau S
dye to visualize proteins on membrane. Membranes were then placed in blocking buffer (6% nonfat
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dry milk in TBS-T(10 mM Tris, pH 7.5, 150 mM NacCl, 0.05% Tween20)) and incubated on shaker for 1
hour at room temperature. Blocking buffer was removed and human sera diluted with blocking buffer
(1:5, 1:10, 1:20, 1:50, 1:100, v/v) was added to cut membranes. Membranes were incubated on
shaker overnight at 4°C. Membranes were then washed 3 times for 5 minutes each with TBS-T.
Anti-human HRP antibody (0.1 pg/ml) in blocking buffer was then added and incubated on shaker for
1 hour at room temperature. Membranes were then washed 6 times for 5 minutes each with TBS-T.
Auto-antibodies were visualized using SuperSignal West Pico Chemiluminescent Substrate (Pierce,
Rockford, il) and recorded onto film.

[0065] The representative data presented in Figs 1 and 2 demonstrate that human serum taken from
patients with arthritis possess antibodies that are directed towards 14-3-3 eta, as is evidenced by the
visualization of recombinant 14-3-3 eta by immunoblot analysis.

[0066] The presence of these auto-antibodies appears to be a specific phenomenon in inflammatory
conditions like arthritis, as these auto-antibodies were not detectable or were detectable at lower

levels in serum taken from normal healthy individuals (Figs 3 and 4).

[0067] As part of the natural defense mechanism, the immune system generates antibodies as a
means of destroying foreign particles/pathogens it encounters. In the case of arthritis, it is well
established that 14-3-3 proteins, mainly 14-3-3 eta and gamma, are detectable in the synovial fluid
and serum. Currently, it is believed that the levels of 14-3-3 protein and/or autoantibody to 14-3-3
protein or fragments thereof in the synovial fluid and serum directly correlate to joint tissue damage,
and that such correlation may be used in the methods described herein. For example, an increased

level of autoantibody to 14-3-3 may lead to a reduction in 14-3-3 protein, and thus correlate with a
lower level or risk of joint tissue damage.

[0068] This study was performed to determine whether the immune system attempts to counteract or
respond to the presence of 14-3-3, by specifically generating an antibody response to target and clear
them from serum. The presence of these autoantibodies would provide further evidence that these
proteins do not normally exist in the extracellular space, as the body would not mount such a
response if they were normally present.

[0069] The data clearly demonstrates that in the case of arthritis, autoantibodies targeted to 14-3-3
are present at higher levels in comparison to serum from normal healthy individuals. Accordingly, the
differential expression of these antibodies in comparison to normal healthy individuals may be useful
in terms of diagnosing arthritis. Furthermore, the differential expression may have utility in the
prognosis of the disease as well as defining which therapy to administer to a patient as well as

monitoring a patient’s response to a given therapy.

[0070] Example 2: Development of an assay to measure the titres or levels of anti-14-3-3- antibodies
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[0071] In order to map the 14-3-3 epitopes most commonly recognized by autoantibodies,
overlapping 15-residue peptides representing the entire sequence of 14-3-3 eta peptide will be
synthesized directly on cellulose paper using the spot synthesis technique. Cysteine residues will be
replaced with serine in order to reduce the chemical complications caused by the presence of cysteines.
Cellulose membranes modified with polyethylene glycol and Fmoc-protected amino acids will be
purchased from Abimed (Lagenfeld, Germany). The array will be defined on the membrane by coupling
a B-alanine spacer and peptides will be synthesized using standard DIC (diisopropyicarbodiimide)/HOBt
(hydroxybenzotriazole) coupling chemistry as described previously (Molina et al. (1996) Peptide
Research 9: 151-155; Frank et al. (1992) Tetrahedron 48. 9217-9232).

[0072] Activated amino acids will be spotted using an Abimed ASP 222 robot. Washing and
deprotection steps will be done manually and the peptides will be N-terminally acetylated after the final
synthesis cycle. Following peptide synthesis, the membrane will be washed in methanol for 10 minutes
and in blocker (e.g., TBST (Tris-buffered saline with 0.1% (v/v) Tween.TM. 20) and 1% (w/v) casein).
After washing, the membrane will be incubated with serum obtained from a patient diagnosed with
Rheumatoid arthirtis with gentle shaking. After washing with blocker 3 times, the membrane will be
incubated with HRP-labeled secondary antibody. The membrane will be washed three times for 10
minutes each with blocker and 2 times for 10 minutes each with TBST. Bound antibody will be visualized

using SuperSignal™ West reagent (Pierce) and a digital camera (Alphananotech Flucromager).

[0073] Epitope mapping for a 14-3-3 peptide will be performed with serum from at least three different
patients, each diagnosed with arthritis and confirmed as having anti-14-3-3 autoantibodies, to determine
the commonly recognized epitopes. Additionally, epitope mapping may be performed with another if not
all 14-3-3 isoforms to determine whether the commonly recognized epitope is specific to one isoform,

e.g., 14-3-3 eta, or shared with one, two, three, four, five, or six other 14-3-3 isoforms.

[0074] The commonly recognized epitope(s) of at least 14-3-3 eta will be synthesized and used to
evaluate the specificity of the epitope(s) for evaluating and/or characterizing an arthritic condition,
particularly Rheumatoid Arthritis, compared to other arthritic subtypes and/or healthy controls. After
specificity for evaluating and/or characterizing an arthritic condition is established, the commonly
recognized epitope(s) will be developed into a quantitative assay that measures the level of 14-3-3
autoantibodies in a patient sample. The assay may then be used to detect and/or quantify

autoantibodies to 14-3-3 protein in a patient sample.
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CLAIMS:

1. A method for evaluating an arthritic condition in a subject, comprising: a) providing a
sample from a subject suspected of having an arthritic condition; b) detecting the presence
of an autoantibody against, or an immune complex with, at least one 14-3-3 eta or gamma
protein or fragment thereof comprising at least one 14-3-3 eta or gamma epitope in said
sample; wherein the presence of said autoantibody or immune complex is indicative of an

arthritic condition in the subject.

2. The method according to claim 1, wherein said detecting step further comprises
measuring the amount of said autoantibody or immune complex and comparing it against
the amount of autoantibody or immune complex in a normal control sample, an arthritic

control sample, or in a previous sample from the same subject.

3. The method according to claim 1, wherein the detecting step comprises contacting
the biological sample with at least one 14-3-3 eta or gamma protein or fragment thereof

comprising at least one 14-3-3 eta or gamma epitope.

4. The method according to any one of claims 1-3, wherein the biological sample Is

selected from the group consisting of blood, synovial fluid, plasma, serum and tissue.

5. The method according to any one of claims 1-4, wherein the 14-3-3 eta or gamma

protein or fragment thereof comprising at least one 14-3-3 eta or gamma epitope is
detectably labeled with a label selected from the group consisting of a radioactive label, a

luminescent label, and a fluorescent label, and an enzyme.

6. The method according to any one of claims 1-4, wherein the 14-3-3 eta or gamma

protein or fragment thereof comprising at least one 14-3-3 eta or gamma epitope is bound

to a solid support.

7. The method according to any one of claims 1-3, wherein the autoantibody Is
detected by an ELISA assay.
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8. The method according to any one of claims 1-7, wherein said detection occurs by

chemiluminesence.

9. The method of claim 2, wherein an increased level of said autoantibody against, or
an immune complex with, at least one 14-3-3 eta or gamma protein or fragment thereof
comprising at least one 14-3-3 eta or gamma epitope in said sample in comparison with the

normal control sample is a diagnostic indicator of arthritis in said subject.

10. The method of claim 2, wherein a relative level of said autoantibody against, or an
immune complex with, at least one 14-3-3 eta or gmma protein or fragment thereof
comprising at least one 14-3-3 eta or gamma epitope in said sample in comparison with the

arthritic control sample is a prognostic indicator of arthritis in said subject.

11.  The method of claim 2, wherein the relative level of said autoantibody against, or an
immune complex with, at least one 14-3-3 eta or gamma protein or fragment thereof
comprising at least one 14-3-3 eta or gamma epitope in said sample in comparison with the
previous sample from the same subject is indicative of the efficacy of a therapeutic

regimen.

12.  AKit for detecting the presence of an autoantibody to at least one 14-3-3 eta or
gamma protein or fragment thereof comprising at least one 14-3-3 eta or gamma epitope
for use in evaluating an arthritic condition in a subject, wherein the kit comprises at least
one 14-3-3 eta or gamma protein or fragment thereof comprising at least one 14-3-3 eta or

gamma epitope and a secondary reagent.

13. The kit according to claim 12, wherein said at least one 14-3-3 eta or gamma protein
or fragment thereof comprising at least one 14-3-3 eta or gamma epitope Is bound to a solid

support.
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14, The kit according to claim 12, wherein the protein or fragment thereof comprises at
least one 14-3-3 eta epitope and said at least one 14-3-3 eta epitope is shared with at least

one other 14-3-3 protein isoform.

15. The kit according to claim 14, wherein said other 14-3-3 protein isoform Is 14-3-3

gamma.

10. The kit according to claim 12, wherein said 14-3-3 eta epitope is unique to 14-3-3

eta.

17. The method of claim 1, further comprising detecting at least one additional arthritis
marker in said biological sample, wherein said at least one additional arthritis marker is
selected from the group consisting of 14-3-3- eta protein, matrix metalloproteinase-1
(MMP-1), matrix metalloproteinase-3 (MMP-3), anti-cyclic citrullinated peptide (anti-CCP),
rheumatoid factor (RF), c-reactive protein (CRP), serum amyloid A (SAA), interleukin 6 (IL-
68), S100 calcium-binding protein, osteopontin, hyaluronic acid, soluble cluster of
differentiation 14 (sCD14), c-terminal crosslinking telopeptide of type | (CTX-l) collagen and
c-terminal crosslinking telopeptide of type |l (CTX-Il) collagen.

18. The method of claim 6, wherein said solid support is a test well in a microtiter plate

or a nitrocellulose.
19. The method of claim 6, wherein said solid support is a bead or disc.

20. The method of claim 19, wherein said bead or disc is comprised of a material

selected from the group consisting of glass, fiberglass, latex and a plastic material.

21. The method of claim 6, wherein the 14-3-3 fragment bound to said solid support

reacts with the autoantibody in a liquid phase.
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22. The method according to any one of claims 1-11, wherein said 14-3-3 eta protein or

fragment thereof comprises a 14-3-3 eta epitope comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 1-32.

23. The kit according to claim 14, wherein said 14-3-3 eta epitope comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs: 1-32.

24. The kit of claim 13, wherein said solid support is a test well in a microtiter plate or a

nitrocellulose.

29. The kit of claim 13, wherein said solid support is a bead or disc.

26. The kit of claim 25, wherein said bead or disc is comprised of a material selected

from the group consisting of glass, fiberglass, latex and a plastic material.

27 The kit of claim 13, wherein the 14-3-3 fragment bound to said solid support reacts

with the autoantibody in a liquid phase.
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