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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority on U.S. provisional application no. 60/854,077 filed on 25 October 2006.

FIELD OF THE INVENTION

[0002] The present invention relates to methods of prognosing osteoarthritis, and methods of selecting compounds.

BACKGROUND OF THE INVENTION

[0003] The etiology of (OA), the most common form of arthritis, remains unclear notwithstanding the multiplicity of
factors that have been considered in primary OA (1, 2). At present, it has become increasingly evident that the majority
of OA genetic susceptibility loci cannot be attributed only to structural genes or genes regulating bone mass (3-5). These
studies have also highlighted the great heterogeneity and differences in the degree of OA heritability between different
joint sites (e.g. hand versus knee) and gender. This is also reflected by the multiplicity of loci identified in OA linkage
studies and their discrepancies. Moreover, the functional importance of these susceptibility loci has yet to be confirmed
and illustrates our incomplete knowledge of the biology of OA.

[0004] Pitx1 (previously called Ptx1) is a homeodomain transcription factor detected initially throughout pituitary de-
velopment. The Pitx-family contains three related members. Pitx1, Pitx2 and Pitx3, which are members of the paired
class of homeodomain proteins. The three Pitx factors have similar transcription properties (6-8). The pitx1 gene is highly
expressed in mouse hind limb long bones during development (5) and accumulation of high levels of Pitx1 proteins were
detected by immunohistochemistry on hind limb long bone sections mainly in the periarticular region, along the peri-
chondrium (including at the hip and knee joints) and also in the nuclei of proliferative chondrocytes (8). Pitx1 expression
was also detected in craniofacial structures such as the mandible and at the temporo-mandibular joints. Mice that are
homozygous for the pitx1 deletion are born with the expected Mendelian ratio, but they die soon after birth and phenotypic
analysis of pitx1 mutant newborn mice shows striking craniofacial and hind limb skeletal abnormalities (9). Interestingly,
heterozygous mice harboring only one mutated allele were phenotypically normal at birth, but a majority of aging pitx1+/-
heterozygous mice exhibited gradual degenerative changes of knee joints, showing OA-like lesions at seven months of
age. Comparison of histological analysis performed on seven-month old wild-type (Figure 1 a) and pitx1 +/- mouse
(Figure 1b) femurs further confirmed an abnormal thickening of the subchondral, trabecular and cortical bone, a feature
commonly found in OA. At higher magnification, histological sections stained with the Goldner method revealed a fibril-
lation and a marked calcification affecting only the articular cartilage of pitx1 heterozygous mice (Figure 1d). These
abnormalities were reminiscent of clinical changes usually observed in OA patients.

[0005] The prohibitins, prohibitin (also known as PHB-1 or BAP32) and prohibitone (also known as PHB-2, B-cell
receptor associated protein or BAP37, REA for Repressor of estrogen receptor) are highly conserved proteins in eu-
karyotic cells that are present in multiple cellular compartments (30-32). PHB-1 is localized to the mitochondria where
it might have a role in the maintenance of mitochondrial function as well as in the nucleus where it facilitates cellular
senescence by recruiting specific co-repressors to inhibit E2F target genes (19-21). The role of PHB-1 in cell-cycle
regulation is also demonstrated by its physical interaction with the retinoblastoma tumor-suppressor protein families (22,
23) and through a direct interaction with the highly conserved marked box region of E2Fs (24) preventing E2Fs interaction
with their cognate sequence. Nonetheless, the function of PHB-1 in the nucleus is still controversial although its nuclear
localization has been found in a variety of cell lines (24).

[0006] To the Applicant’s knowledge, there is no molecular test for assessment of the risk of progression and severity
of OA.

SUMMARY OF THE INVENTION

[0007] In accordance with an aspect of the present invention, there is provided a method of selecting a compound,
said method comprising the steps of (a) contacting a test compound with at least one cell having a mutation within the
E2F-like site of the pitx1 promoter, and (b) determining pitx1 transcription and/or expression level; wherein the test
compound is selected if pitx1 transcription and/or expression level is increased in the presence of the test compound
as compared to that in the absence thereof. In a specific embodiment, the mutation is a mutation corresponding to -3727
C—T within the E2F-like site of the pitx1 promoter. In another specific embodiment, the selected compound is potentially
useful in the treatment of primary osteoarthritis in a joint where Pitx1 is normally expressed. In another specific embod-
iment, the joint where Pitx1 is normally expressed is selected from the group consisting of knee joint, hip joint and
temporo-mandibular joint. In another specific embodiment, the joint where Pitx1 is normally expressed is knee joint. In



10

15

20

25

30

35

40

45

50

55

EP 2 089 546 B1

another specific embodiment, the joint where Pitx1 is normally expressed is hip joint. In another specific embodiment,
the joint where Pitx1 is normally expressed is temporo-mandibular joint.

[0008] Inaccordance with another aspect of the present invention, there is provided a method comprising: (a) providing
a DNA sample from a subject; and (b) comparing the binding of a pitx1 repressor protein selected from the group
consisting of prohibitin (PHB-1), prohibitone (PHB-2) and B cell lymphoma-6 transcriptional repressor interacting co-
repressor (BCoR), to an E2F-like site of the pitx1 promoter in the DNA sample from the subject, with that in a control
DNA sample, wherein an increased binding of the pitx1 repressor protein to the E2F-like site of the pitx1 promoter in
the subject DNA sample as compared to that in the control DNA sample, is indicative that the subject has or is at risk
for developing osteoarthritis. In a specific embodiment, said repressor protein is PHB-1. In another specific embodiment,
said repressor protein is PHB-2. In another specific embodiment, said repressor protein is BCoR. In another specific
embodiment, said subject was not clinically diagnosed with osteoarthritis.

[0009] In accordance with another aspect of the present invention, there is provided an isolated nucleic acid molecule
of no more than 300 nucleotides comprising (a) a sequence of at least 20 contiguous nucleotides of
AGTTCCATACTCCCATCTGTGCCTCACTGGCGGCAGTCCTGCTCAAATACATC CTGGCTCT (SEQ ID NO: 1) in-
cluding nucleotide at position 31 wherein C is replaced by T; or (b) the complement of the sequence in (a). In a specific
embodiment, the sequence in (a) is of at least 30 contiguous nucleotides of AGTTCCATACTCCCATCTGTGCCTCACT-
GGCGGCAGTCCTGCTCAAATACATC CTGGCTCT (SEQ ID NO: 1).

[0010] Inaccordance with another aspect of the present invention, there is provided an array of nucleic acid molecules
attached to a solid support, the array comprising an oligonucleotide hybridizable to the nucleic acid molecule of the
present invention, under conditions in which the oligonucleotide will not substantially hybridize to a nucleic acid molecule
consisting of AGTTCCATACTCCCATCTGTGCCTCACTGGCGGCAGTCCTGCTCAAATACATC CTGGCTCT (SEQ ID
NO: 1) or its complement.

[0011] In accordance with another aspect of the present invention, there is provided a single-stranded DNA probe of
no more than 300 nucleotides hybridizable under high stringency conditions to (a) a nucleic acid molecule consisting of
AGTTCCATACTCCCATCTGTGCCTCACTGGCGGCAGTCCTGCTCAAATACATC CTGGCTCT (SEQ ID NO: 1) in-
cluding nucleotide at position 31 wherein C is replaced by T; or to (b) the complement of the nucleic acid molecule in
(a) but not to or to a lesser extent to a nucleic acid molecule consisting of AGTTCCATACTCCCATCTGTGCCTCACT-
GGCGGCAGTCCTGCTCAAATACATC CTGGCTCT (SEQ ID NO: 1) or to its complement. In a specific embodiment,
the probe is detectably labeled.

[0012] Described is a kit comprising the probe of the present invention and instructions to use the probe to diagnose
osteoarthritis in a subject.

[0013] Described is a kit comprising the probe of the present invention and instructions to use the probe to predict
whether a subject is at risk of developing osteoarthritis.

[0014] In a specific embodiment of the kits the kits further comprise a container for a DNA sample from the subject.
In another specific embodiment, the kits further comprise an antibody specific to a pitx1 repressor protein.

[0015] Inaccordance with another aspect of the present invention, there is provided a method comprising: determining
the cellular localization of a pitx1 repressor protein selected from the group consisting of prohibitin (PHB-1) and prohibitone
(PHB-2) in a subject cell sample selected from the group consisting of an articular chondrocytes sample, a growth plate
chondrocytes sample, an osteoblasts sample, a skeletal myoblasts sample and a synoviocytes sample. In a specific
embodiment, said method further comprises determining whether the repressor protein nuclear concentration is higher
in the subject cell sample as compared to that in a control cell sample; wherein a higher repressor protein nuclear
concentration in the subject cell sample is indicative that the subject is at risk of developing osteoarthritis.

[0016] Inaccordance with another aspect of the presentinvention, there is provided a method comprising: (a) identifying
a subject suspected of having osteoarthritis (OA); and (b) detecting the blood concentration of a pitx1 repressor protein
in a blood sample of the subject.

[0017] Inaccordance with another aspect of the presentinvention, there is provided a method comprising: (a) identifying
a subject suspected of having osteoarthritis (OA); and (b) detecting the synovial fluid concentration of a pitx1 repressor
protein in a synovial fluid sample of the subject.

[0018] In a specific embodiment of the methods, the osteoarthritis is selected from the group consisting of knee joint
arthritis, hip joint arthritis and temporo-mandibular joints arthritis. In another specific embodiment, the osteoarthritis is
knee joint arthritis. In another specific embodiment, the osteoarthritis is hip joint arthritis.

[0019] Inaccordance with another aspect of the presentinvention, there is provided a method of selecting a compound,
said method comprising (a) contacting a test compound with a cell sample selected from the group consisting of an
articular chondrocytes sample, a growth plate chondrocytes sample, an osteoblasts sample, a skeletal myoblasts sample
and a synoviocytes sample; and (b) determining a pitx1 repressor protein nuclear localization in the cell sample; wherein
the test compound is selected if the pitx1 repressor protein nuclear localization in the cell sample is decreased in the
presence of the candidate compound as compared to in the absence thereof. In a specific embodiment, the selected
test compound is potentially useful in preventing accumulation or retention of a pitx1 repressor protein in cell nuclei or
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in promoting a pitx1 repressor protein nuclear export. In another specific embodiment, the selected test compound is
potentially useful in the treatment of primary osteoarthritis. In another specific embodiment, the pitx1 repressor protein
is PHB-1. In another specific embodiment, the pitx1 repressor protein is PHB-2. In another specific embodiment, the
pitx1 repressor protein is BCoR.

[0020] Inaccordance with another aspect of the presentinvention, there is provided a method of selecting a compound,
said method comprising the steps of (a) contacting a test compound with a cell sample selected from the group consisting
of an articular chondrocytes sample, a growth plate chondrocytes sample, an osteoblasts sample, a skeletal myoblasts
sample and a synoviocytes sample; and (b) measuring the binding of a pitx1 repressor protein or complex on pitx1’s
E2F-like site in the cell sample, wherein the test compound is selected if the binding of the pitx1 repressor protein or
complex on pitx1’s E2F-like site in the cell sample is decreased in the presence of the test compound as compared to
in the absence thereof. In a specific embodiment, the selected test compound is potentially useful in the treatment of
primary osteoarthritis. In another specific embodiment, the pitx1 repressor protein or complex comprises PHB-1. In
another specific embodiment, the pitx1 repressor protein or complex comprises PHB-2. In another specific embodiment,
the pitx1 repressor protein or complex comprises BCoR. In another specific embodiment, said cell sample is from a
subject having osteoarthritis. In another specific embodiment, said cell sample is an articular chondrocytes sample. In
another specific embodiment, said articular chondrocytes sample is from a subject having osteoarthritis in a knee joint.
[0021] Inaccordance with another aspect of the present invention, there is provided a method of identifying a mutation
contributing to osteoarthritis, comprising comparing the nucleotide sequence of a gene selected from the group consisting
of PHB-1 gene and PHB-2 gene, or of any gene encoding a protein causing the nuclear accumulation or retention of
PHB-1 or PHB-2 in articular chondrocytes of a subject having osteoarthritis with that of the corresponding gene in a
control subject. In a specific embodiment, said gene is the PHB-1 gene. In another specific embodiment, said gene is
the PHB-2 gene. In another specific embodiment, said mutation is one affecting PHB-1 or PHB-2 DNA-binding and/or
its cellular localization.

[0022] In accordance with another aspect of the present invention, there is provided a method for diagnosing oste-
oarthritis comprising detecting in a subject the presence of a mutation directly or indirectly causing the nuclear accumu-
lation or retention of PHB-1 or PHB-2 in cells where PHB-1, PHB-2 or Pitx1 is normally expressed, wherein the presence
of the mutation is an indication that the subject has or is at risk of developing osteoarthritis. In a specific embodiment,
said method comprises detecting a mutation in CRM-1.

[0023] In accordance with another aspect of the present invention, there is provided a method for diagnosing oste-
oarthritis comprising detecting in a subject, the presence of at least one post-translational modification directly or indirectly
causing the nuclear accumulation or retention of PHB-1 or PHB-2 in cells where PHB-1, PHB-2 or Pitx1 is normally
expressed, wherein the presence of the at least one post-translational modification is an indication that the subject has
osteoarthritis.

[0024] A kitis provided comprising an antibody specific to PHB-1 or to PHB-2 and an antibody specific to BCoR. In a
specific embodiment, the kit further comprises instructions to use the antibodies to predicting whether a subject is at
risk for developing osteoarthritis.

[0025] A purified repressor complex is described comprising BCoR and at least one of PHB-1 and PHB-2. In a specific
embodiment, the repressor complex comprises BCoR and PHB-1. In another specific embodiment, the repressor complex
comprises BCoR and PHB-2. In another specific embodiment, the repressor complex comprises BCoR, PHB-1 and
PHB-2.

[0026] In accordance with another aspect of the present invention, there is provided a method of using the repressor
complex of any one of claims 32-34, for binding to a E2F-site. In a specific embodiment, the E2F-site is that of pitx1
promoter.

[0027] Inaccordance with another aspect of the present invention, there is provided a method comprising: determining
the cellular localization of a pitx1 repressor protein or complex selected from the group consisting of prohibitin (PHB-1),
prohibitone (PHB-2), B cell lymphoma-6 transcriptional repressor interacting co-repressor (BCoR), PHB-1-containing
complex, PHB-2-containing complex and BCoR-containing complex, in a subject cell sample selected from the group
consisting of an articular chondrocytes sample, a growth plate chondrocytes sample, an osteoblasts sample, a skeletal
myoblasts sample and a synoviocytes sample.

[0028] In a specific embodiment, the method further comprises determining whether the repressor protein or complex
nuclear concentration is higher in the subject cell sample as compared to that in a control cell sample; wherein a higher
repressor protein or complex nuclear concentration in the subject cell sample is indicative that the subject is at risk of
developing osteoarthritis.

[0029] Inaccordance with another aspect of the presentinvention, there is provided a method comprising: (a) identifying
a subject suspected of having osteoarthritis (OA); and (b) detecting the blood concentration of a pitx1 repressor protein
or complex in a blood sample of the subject.

[0030] Inaccordance with another aspect of the presentinvention, there is provided a method comprising: (a) identifying
a subject suspected of having osteoarthritis (OA); and (b) detecting the synovial fluid concentration of a pitx1 repressor
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protein or complex in a synovial fluid sample of the subject.

[0031] In a specific embodiment, the osteoarthritis is selected from the group consisting of knee joint arthritis, hip joint
arthritis and temporo-mandibular joints arthritis. In another specific embodiment, the osteoarthritis is knee joint arthritis.
In another specific embodiment, the osteoarthritis is hip joint arthritis.

[0032] Inaccordance with another aspect of the presentinvention, there is provided a method of selecting a compound,
said method comprising (a) contacting a test compound with a cell sample selected from the group consisting of an
articular chondrocytes sample, a growth plate chondrocytes sample, an osteoblasts sample, a skeletal myoblasts sample
and a synoviocytes sample; and (b) determining a pitx1 repressor protein or complex nuclear localization in the cell
sample; wherein the test compound is selected if the pitx1 repressor protein or complex nuclear localization in the cell
sample is decreased in the presence of the candidate compound as compared to in the absence thereof.

[0033] Inaccordance with another aspect of the present invention, there is provided a method of selecting a compound,
said method comprising (a) contacting a test compound with a cell sample selected from the group consisting of an
articular chondrocytes sample, a growth plate chondrocytes sample, an osteoblasts sample, a skeletal myoblasts sample
and a synoviocytes sample; and (b) assessing the sumoylation of a pitx1 repressor protein or complex in the cell sample;
wherein the test compound is selected if the sumoylation of the pitx1 repressor protein or complex in the cell sample is
increased in the presence of the candidate compound as compared to in the absence thereof.

[0034] In a specific embodiment, the selected test compound is potentially useful in preventing accumulation or re-
tention of the pitx1 repressor protein or complex in cell nuclei or in promoting the pitx1 repressor protein or complex
nuclear export.

[0035] Inaccordance with another aspect of the presentinvention, there is provided a method of selecting a compound,
said method comprising the steps of (a) contacting a test compound with a cell sample selected from the group consisting
of an articular chondrocytes sample, a growth plate chondrocytes sample, an osteoblasts sample, a skeletal myoblasts
sample and a synoviocytes sample; and (b) measuring the binding of a pitx1 repressor protein or complex on pitx1’s
E2F-like site in the cell sample, wherein the test compound is selected if the binding of the pitx1 repressor protein or
complex on pitx1’s E2F-like site in the cell sample is decreased in the presence of the test compound as compared to
in the absence thereof.

[0036] In a specific embodiment, the selected test compound is potentially useful in the treatment of primary osteoar-
thritis. In another specific embodiment, the pitx1 repressor protein or complex comprises prohibitin (PHB-1). In another
specific embodiment, the pitx1 repressor protein or complex comprises prohibitone (PHB-2). In another specific embod-
iment, the pitx1 repressor protein or complex comprises B cell ymphoma-6 transcriptional repressor interacting co-
repressor (BCoR). In another specific embodiment, the pitx1 repressor protein is prohibitin (PHB-1). In another specific
embodiment, the pitx1 repressor protein is prohibitone (PHB-2). In another specific embodiment, the pitx1 repressor
protein is B cell ymphoma-6 transcriptional repressor interacting co-repressor (BCoR). In another specific embodiment,
said cell sample is from a subject having osteoarthritis. In another specific embodiment, said cell sample is an articular
chondrocytes sample. In another specific embodiment, said articular chondrocytes sample is from a subject having
osteoarthritis in a knee joint.

[0037] Inaccordance with another aspect of the present invention, there is provided a method of identifying a mutation
contributing to osteoarthritis, comprising comparing the nucleotide sequence of a gene selected from the group consisting
of prohibitin (PHB-1) gene, prohibitone (PHB-2) gene, B cell lymphoma-6 transcriptional repressor interacting co-repres-
sor (BCoR) gene or of any gene encoding a protein causing the nuclear accumulation or retention of PHB-1, PHB-2 or
BCoR in articular chondrocytes of a subject having osteoarthritis with that of the corresponding gene in a control subject.
[0038] In a specific embodiment, said gene is the PHB-1 gene. In another specific embodiment, said gene is the PHB-
2 gene. In another specific embodiment, said mutation is one affecting PHB-1 or PHB-2 DNA-binding and/or its cellular
localization.

[0039] In accordance with another aspect of the present invention, there is provided a method for predicting the risk
of developing osteoarthritis comprising detecting in a subject the presence of a mutation directly or indirectly causing
the nuclear accumulation or retention of prohibitin (PHB-1), prohibitone (PHB-2) or B cell lymphoma-6 transcriptional
repressor interacting co-repressor (BCoR) in cells where PHB-1, PHB-2, BCoR or Pitx1 is normally expressed, wherein
the presence of the mutation is an indication that the subject has or is at risk of developing osteoarthritis.

[0040] In a specific embodiment, said method comprises detecting a mutation in CRM-1.

[0041] In accordance with another aspect of the present invention, there is provided a method of identifying a post-
translational modification contributing to osteoarthritis, comprising comparing the post-translational modification of a
protein selected from the group consisting of prohibitin (PHB-1) and prohibitone (PHB-2), B cell lymphoma-6 transcrip-
tional repressor interacting co-repressor (BCoR) or of any protein causing the nuclear accumulation or retention of PHB-
1, PHB-2 or BCoR in articular chondrocytes of a subject having osteoarthritis with that of the corresponding gene in a
control subject.

[0042] In accordance with another aspect of the present invention, there is provided a method for predicting the risk
of developing osteoarthritis comprising detecting in a subject, the presence of at least one post-translational modification
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directly or indirectly causing the nuclear accumulation or retention of prohibitin (PHB-1), prohibitone (PHB-2) or B cell
lymphoma-6 transcriptional repressor interacting co-repressor (BCoR) in cells where PHB-1, PHB-2 or Pitx1 is normally
expressed, wherein the presence of the at least one post-translational modification is an indication that the subject has
or is at risk of developing osteoarthritis.

[0043] Akitis provided comprising an antibody specific to prohibitin (PHB-1) or to prohibitone (PHB-2) and an antibody
specific to B cell lymphoma-6 transcriptional repressor interacting co-repressor (BCoR).

[0044] In a specific embodiment, the kit of further comprises instructions to use the antibodies to predict whether a
subject is at risk for developing osteoarthritis.

[0045] A purified repressor complex is provided comprising B cell ymphoma-6 transcriptional repressor interacting
co-repressor (BCoR) and at least one of prohibitin (PHB-1) and prohibitone (PHB-2).

[0046] In a specific embodiment, the repressor complex comprises BCoR and PHB-1. In another specific embodiment,
the repressor complex comprises BCoR and PHB-2. In another specific embodiment, the repressor complex comprises
BCoR, PHB-1 and PHB-2.

[0047] In accordance with another aspect of the present invention, there is provided a method of using the repressor
complex, for binding to a E2F-site. In a specific embodiment, the E2F-site is that of pitx1 promoter.

[0048] The articles "a," "an" and "the" are used herein to refer to one or to more than one (i.e., to at least one) of the
grammatical object of the article.

[0049] The term "including" and "comprising" are used herein to mean, and re used interchangeably with, the phrases
"including but not limited to" and "comprising but not limited to".

[0050] The terms "such as" are used herein to mean, and is used interchangeably with, the phrase "such as but not
limited to".

[0051] As used herein the term "osteoarthritis" refers to a form of arthritis involving the deterioration of the cartilage
that cushions the ends of bones within joints. It is also called degenerative arthritis, degenerative joint disease or hyper-
trophic arthritis. This term includes early onset of osteoarthritis. Worldwide, osteoarthritis is the most common joint
disorder. In western countries, radiographic evidence of this disease is present in the majority of persons by 65 years
of age and in about 80 percent of persons more than 75 years of age (33). Approximately 11 percent of persons more
than 64 years of age have symptomatic osteoarthritis of the knee (34).

[0052] Asusedhereintheterms "early onset of osteoarthritis" refer to a form of osteoarthritis that either is first diagnosed
at 40 years of age or earlier or that leads to knee joint replacement of the subject before he is 55 years old.

[0053] As used herein the terms "risk of developing osteoarthritis" refers to a predisposition of a subject of presenting
primary OA symptoms and/or more severe primary OA symptoms at a future time. Similarly, the "risk of developing
osteoarthritis in a joint where Pitx1is normally expressed" refers to a risk for a subject of presenting primary OA symptoms,
and/or more severe primary OA symptoms at a future time in a joint where Pitx1 is normally expressed.

[0054] As used herein the terms "primary OA" when used to qualify knee/hip joint OA refers to knee/hip joint OA due
to a disease or degeneration for instance as opposed to secondary knee/hip joint OA resulting from trauma, joint overuse,
obesity, etc.

[0055] As used herein the term "subject" is meant to refer to any mammal including human, mice, rat, dog, cat, pig,
monkey, horse, etc. In a particular embodiment, it refers to a human. In another particular embodiment, it refers to a
horse and more specifically a racing horse.

[0056] As used herein the terms "control DNA sample" are meant to refer to a genomic DNA that does not come from
a subject known to suffer from osteoarthritis (OA) (control subject). In reference to either cartilage sections or articular
chondrocytes obtained from OA versus control subjects, these controls subjects are age-matched individuals unaffected
by OA as tested at the time of autopsy or at the time of biopsy when knee joints or hip joints are obtained after a trauma.
[0057] As used herein the terms "predisposition for developing a disease or condition" refers to a predisposition of a
subject of presenting symptoms of the disease or condition and/or more severe symptoms of the disease or conditions
at a future time.

[0058] As used herein the terms "control sample" are meant to refer to a sample that does not come from a subject
known to suffer from the disease or disorder or from the subject under scrutiny but before the subject had the disease
or disorder. In methods of diagnosing a predisposition of a subject to develop a disease or disorder, the sample may
also come from the subject under scrutiny at an earlier stage of the disease or disorder.

[0059] As used herein the terms "subject DNA sample" are meant to refer to any biological sample from the subject
from whom genomic DNA can be extracted, namely any subject tissue or cell type including saliva and blood.

[0060] As used herein the terms "cell sample" are meant to refer to a sample containing any type of cell wherein, in
a subject affected by OA, PHB-1, PHB-2 and/or BCoR (also known as BCL-6 interacting corepressor, wherein BCL-6
stands for B cell lymphoma-6 transcriptional repressor) pathologically accumulates in the cell nuclei. Without being so
limited, it includes articular chondrocytes, growth plate chondrocytes, osteoblasts, skeletal myoblasts and synoviocytes.
As used herein the terms "articular chondrocyte" are meant to refer to chondrocytes found in joints.

[0061] As used herein the terms "not clinically diagnosed with osteoarthritis" are meant to refer to a subject that was
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never diagnosed with OA using a clinical method such as an imaging method like X-ray, and magnetic resonance imaging
(MRI). In particular, for diagnosing hip OA, a current clinical method recommended by the American College of Rheu-
matology includes hip pain and at least 2 of the following 3 features: ESR<20 mm/hour; radiographic femoral or acetabular
osteophytes; and radiographic joint space narrowing (superior, axial, and/or medial). In particular, for diagnosing knee
OA, there are three methods currently recommended by the American College of Rheumatology 1) Clinical and laboratory
method: knee pain and at least 5 of the following 9 features: age > 50 years, stiffness < 30 minutes, crepitus, bony
tenderness, bony enlargement, no palpable warmth, ESR <40 mm/hour, RF <1:40; and SF OA; 2) Clinical and radio-
graphic: knee pain, and at least 2 of the following 3 features, Age > 50 years; stiffness < 30 minutes; crepitus; +
osteophytes; and 3) Clinical: knee pain and at least 3 of the following 6 features: age > 50 years, stiffness < 30 minutes,
crepitus, bony tenderness, bony enlargement, no palpable warmth.

[0062] As used herein the terminology "purified", "isolated", "purification" or "isolation" in the expressions "purified
polypeptide", "isolated polypeptide", "isolated protein”, "purified complexes", "isolated complexes" or "tandem affinity
purification" means altered "by the hand of man" from its natural state (i.e. if it occurs in nature, it has been changed or
removed from its original environment) or it has been synthesized in a non-natural environment (e.g., artificially synthe-
sized). These terms do not require absolute purity (such as a homogeneous preparation) but instead represents an
indication that it is relatively more pure than in the natural environment. For example, a protein/peptide naturally present
in a living organism is not "purified" or "isolated", but the same protein separated (about 90-95% pure at least) from the
coexisting materials of its natural state is "purified" or "isolated" as this term is employed herein.

[0063] As used herein, the term "antibody" or refers to an antibody that specifically binds to (interacts with) a protein
of the present invention and displays no substantial binding to other naturally occurring proteins other than the ones
sharing the same antigenic determinants. The term antibody or immunoglobulin is used in the broadest sense, and
covers monoclonal antibodies (including full length monoclonal antibodies), polyclonal antibodies, multispecific antibod-
ies, and antibody fragments so long as they exhibit the desired biological activity. Antibody fragments comprise a portion
of a full length antibody, generally an antigen binding or variable region thereof. Examples of antibody fragments include
Fab, Fab’, F(ab’)2, and Fv fragments, diabodies, linear antibodies, single-chain antibody molecules, single domain
antibodies (e.g., from camelids), shark NAR single domain antibodies, and multispecific antibodies formed from antibody
fragments. Antibody fragments can also refer to binding moieties comprising CDRs or antigen binding domains including,
but not limited to, VH regions (VH, VH-VH), anticalins, PepBodies™, antibody-T-cell epitope fusions (Troybodies) or
Peptibodies. Additionally, any secondary antibodies, either monoclonal or polyclonal, directed to the first antibodies
would also be included within the scope of this invention.

[0064] In general, techniques for preparing antibodies (including monoclonal antibodies and hybridomas) and for
detecting antigens using antibodies are well known in the art (Campbell, 1984, In "Monoclonal Antibody Technology:
Laboratory Techniques in Biochemistry and Molecular Biology", Elsevier Science Publisher, Amsterdam, The Nether-
lands) and in Harlow et al., 1988 (in: Antibody A Laboratory Manual, CSH Laboratories). The term antibody encompasses
herein polyclonal, monoclonal antibodies and antibody variants such as single-chain antibodies, humanized antibodies,
chimeric antibodies and immunologically active fragments of antibodies (e.g. Fab and Fab’ fragments) which inhibit or
neutralize their respective interaction domains in Hyphen and/or are specific thereto.

Diagnostic or prognostic methods

[0065] A method for diagnosing or screening for the presence of a disease or disorder or a predisposition for developing
the disease or disorder in a subject, which disease or disorder is characterized by an aberrant amount, activity, protein
composition, intracellular localization and/or formation of a complex, comprising the steps of: (1) comparing the amount
of, activity of, protein composition of, intracellular localization of, and/or formation of said complex in a sample from the
subject with that in a control sample, wherein a difference in said amount, activity, protein composition of, intracellular
localization and/or formation of said complex as compared to that in the control sample is indicative that the subject has
the disease or disorder or a predisposition for developing the disease or condition.

[0066] In a specific embodiment, the control sample is selected from a sample from the subject at an earlier stage of
the disease or disorder or before the subject had the disease. In another embodiment, the control sample is from a
different subject that does not have the disease or disorder or predisposition to develop the disease or condition.
[0067] As used herein the terms "corresponding to" in the expression "a mutation corresponding to -3727 C—T" are
meant to reflect the fact that the C—T mutation occurring in the E2F-like site of the human pitx1 promoter may be found
in certain subjects at a position thatis upstream or downstream from the position - 3727. Indeed, because of polymorphism
in the pitx1 promoter within the population, the C—T mutation may be at a position other than 3727 nucleotides upstream
of the transcription point of pitx1. For instance if, as compared to subjects wherein the C—T mutation occurs at position
-3727, a subject has a deletion of one nucleotide between the transcription point of pitx1 and the position where the
mutation in the E2F-like site of the human pitx1 promoter occurs, then the position of the mutation will be -3726 in that
subject. Similarly as compared to subjects wherein the C—T mutation occurs at position -3727, a subject that possesses
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an additional nucleotide in the region of interest, the position of the mutation will be -3728 in that subject. The method
of the present invention thus encompasses determining whether there is a C—T mutation in the E2F-like site of the pitx1
promoter at a position that corresponds to that found at position -3727 C—T in the subjects tested in the Examples
presented herein. Also as used herein, the terms "corresponding to" in the expression "a mutation corresponding to
-3727 C—T" is meant to encompass a G—A mutation found in the strand complementary to that containing the -3727
C-T mutation.

[0068] Other mutations encompass by the present invention include any other mutation within or adjacent the core
binding site of the E2F-like site found in human pitx1 promoter that could prevent the binding of E2Fs or enhance the
recruitment and/or stabilization of a repressor complex reducing or abrogating Pitx1 gene expression.

[0069] As used herein, the terms "joint where Pitx1 is normally expressed" are meant to refer to, without being so
limited, knee joint and hip joint.

[0070] The present invention encompasses methods for identifying a mutation corresponding to -3727 C—T within
an E2F-like site in one strand of subject pitx1 promoter. Such methods include, without being so limited, Wave nucleic
acid fragment analysis (dHPLC) and direct sequencing on PCR fragments amplified from genomic DNA isolated from
subjects.

[0071] The present invention also relates to methods for the determination of the level of expression of transcripts or
translation product of a single gene such as pitx1. The present invention therefore encompasses any known method for
such determination including real time PCR and competitive PCR, Northern blots, nuclease protection, plaque hybridi-
zation and slot blots.

[0072] The presentinvention also concerns isolated nucleic acid molecules including probes. In specific embodiments,
the isolated nucleic acid molecules have no more than 300, or no more than 200, or no more than 100, or no more than
90, or no more than 80, or no more than 70, or no more than 60, or no more than 50, or no more than 40 or no more
than 30 nucleotides. In specific embodiments, the isolated nucleic acid molecules have at least 20, or at least 30, or at
least 40 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 300 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 200 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 100 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 90 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 80 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 70 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 60 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 50 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 40 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 20 and no more
than 30 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 300 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 200 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 100 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 90 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 80 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 70 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 60 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 50 nucleotides. In other specific embodiments, the isolated nucleic acid molecules have at least 30 and no more
than 40 nucleotides.

[0073] Probes of the invention can be utilized with naturally occurring sugar-phosphate backbones as well as modified
backbones including phosphorothioates, dithionates, alkyl phosphonates and a-nucleotides and the like. Modified sugar-
phosphate backbones are generally known (62,63). Probes of the invention can be constructed of either ribonucleic acid
(RNA) or deoxyribonucleic acid (DNA), and preferably of DNA.

[0074] The types of detection methods in which probes can be used include Southern blots (DNA detection), dot or
slot blots (DNA, RNA), and Northern blots (RNA detection). Although less preferred, labeled proteins could also be used
to detect a particular nucleic acid sequence to which it binds. Other detection methods include kits containing probes
on a dipstick setup and the like.

[0075] As used herein the terms "detectably labeled" refer to a marking of a probe in accordance with the presence
invention that will allow the detection of the mutation of the present invention. Although the present invention is not
specifically dependent on the use of a label for the detection of a particular nucleic acid sequence, such a label might
be beneficial, by increasing the sensitivity of the detection. Furthermore, it enables automation. Probes can be labeled
according to numerous well known methods (64). Non-limiting examples of labels include 3H, 14C, 32P, and 35S. Non-
limiting examples of detectable markers include ligands, fluorophores, chemiluminescent agents, enzymes, and anti-
bodies. Other detectable markers for use with probes, which can enable an increase in sensitivity of the method of the
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invention, include biotin and radionucleotides. It will become evident to the person of ordinary skill that the choice of a
particular label dictates the manner in which it is bound to the probe.

[0076] As commonly known, radioactive nucleotides can be incorporated into probes of the invention by several
methods. Non-limiting examples thereof include kinasing the 5’ ends of the probes using gamma 32P ATP and polynu-
cleotide kinase, using the Klenow fragment of Pol | of E. coli in the presence of radioactive dNTP (e.g. uniformly labeled
DNA probe using random oligonucleotide primers in low-melt gels), using the SP6/T7 system to transcribe a DNA
segment in the presence of one or more radioactive NTP, and the like.

[0077] The present invention also relates to methods of selecting compounds. As used herein the term "compound"
is meant to encompass natural, synthetic or semi-synthetic compounds, including without being so limited chemicals,
macromolecules, cell or tissue extracts (from plants or animals), nucleic acid molecules, peptides, antibodies and proteins.
[0078] The presentinvention also relates to arrays. As used herein, an "array" is an intentionally created collection of
molecules which can be prepared either synthetically or biosynthetically. The molecules in the array can be identical or
different from each other. The array can assume a variety of formats, e.g., libraries of soluble molecules; libraries of
compounds tethered to resin beads, silica chips, or other solid supports.

[0079] As used herein "array of nucleic acid molecules" is an intentionally created collection of nucleic acids which
can be prepared either synthetically or biosynthetically in a variety of different formats (e.g., libraries of soluble molecules;
and libraries of oligonucleotides tethered to resin beads, silica chips, or other solid supports). Additionally, the term
"array" is meant to include those libraries of nucleic acids which can be prepared by spotting nucleic acids of essentially
any length (e.g., from 1 to about 1000 nucleotide monomers in length) onto a substrate. The term "nucleic acid" as used
herein refers to a polymeric form of nucleotides of any length, either ribonucleotides, deoxyribonucleotides or peptide
nucleic acids (PNAs), that comprise purine and pyrimidine bases, or other natural, chemically or biochemically modified,
non-natural, or derivatized nucleotide bases. The backbone of the polynucleotide can comprise sugars and phosphate
groups, as may typically be found in RNA or DNA, or modified or substituted sugar or phosphate groups. A polynucleotide
may comprise modified nucleotides, such as methylated nucleotides and nucleotide analogs. The sequence of nucle-
otides may be interrupted by non-nucleotide components. Thus the terms nucleoside, nucleotide, deoxynucleoside and
deoxynucleotide generally include analogs such as those described herein. These analogs are those molecules having
some structural features in common with a naturally occurring nucleoside or nucleotide such that when incorporated
into a nucleic acid or oligonucleotide sequence, they allow hybridization with a naturally occurring nucleic acid sequence
in solution. Typically, these analogs are derived from naturally occurring nucleosides and nucleotides by replacing and/or
modifying the base, the ribose or the phosphodiester moiety. The changes can be tailor made to stabilize or destabilize
hybrid formation or enhance the specificity of hybridization with a complementary nucleic acid sequence as desired.
[0080] As used herein "solid support", "support", and "substrate" are used interchangeably and refer to a material or
group of materials having a rigid or semi-rigid surface or surfaces. In many embodiments, at least one surface of the
solid support will be substantially flat, although in some embodiments it may be desirable to physically separate synthesis
regions for different compounds with, for example, wells, raised regions, pins, etched trenches, or the like. According to
other embodiments, the solid support(s) will take the form of beads, resins, gels, microspheres, or other geometric
configurations.

[0081] Anyknown nucleic acid arrays can be used in accordance with the present invention. For instance, such arrays
include those based on short or longer oligonucleotide probes as well as cDNAs or polymerase chain reaction (PCR)
products (52). Other methods include serial analysis of gene expression (SAGE), differential display, (53) as well as
subtractive hybridization methods (54), differential screening (DS), RNA arbitrarily primer (RAP)-PCR, restriction endo-
nucleolytic analysis of differentially expressed sequences (READS), amplified restriction fragment-length polymorphisms
(AFLP).

[0082] "Stringent hybridization conditions" and "stringent hybridization wash conditions" in the context of nucleic acid
hybridization experiments such as Southern and Northern hybridization are sequence dependent, and are different under
different environmental parameters. The T, is the temperature (under defined ionic strength and pH) at which 50% of
the target sequence hybridizes to a perfectly matched probe. Specificity is typically the function of post-hybridization
washes, the critical factors being the ionic strength and temperature of the final wash solution. For DNA-DNA hybrids,
the T,,, can be approximated from the equation of Meinkoth and Wahl, 1984; T,,, 81.5°C + 16.6 (log M) +0.41 (%GC) -
0.61 (% form) - 500/L; where M is the molarity of monovalent cations, %GC is the percentage of guanosine and cytosine
nucleotides in the DNA, % form is the percentage of formamide in the hybridization solution, and L is the length of the
hybrid in base pairs. T, is reduced by about 1°C for each 1% of mismatching; thus, T, hybridization, and/or wash
conditions can be adjusted to hybridize to sequences of the desired identity. For example, if sequences with >90%
identity are sought, the T,,, can be decreased 10°C. Generally, stringent conditions are selected to be about 5°C lower
than the thermal melting point | for the specific sequence and its complement at a defined ionic strength and pH. However,
severely stringent conditions can utilize a hybridization and/or wash at 1, 2, 3, or 4°C lower than the thermal melting
point I; moderately stringent conditions can utilize a hybridization and/or wash at 6, 7, 8, 9, or 10°C lower than the thermal
melting point I; low stringency conditions can utilize a hybridization and/or wash at 11, 12, 13, 14, 15, or 20°C lower than
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the thermal melting point I. Using the equation, hybridization and wash compositions, and desired T, those of ordinary
skill will understand that variations in the stringency of hybridization and/or wash solutions are inherently described. If
the desired degree of mismatching results in a T of less than 45°C (aqueous solution) or 32°C (formamide solution), it
is preferred to increase the SSC concentration so that a higher temperature can be used. An extensive guide to the
hybridization of nucleic acids is found in Tijssen, 1993. Generally, highly stringent hybridization and wash conditions are
selected to be about 5°C lower than the thermal melting point T, for the specific sequence at a defined ionic strength
and pH.

[0083] An example of highly stringent wash conditions is 0.15 M NaCl at 72°C for about 15 minutes. An example of
stringent wash conditions is a 0.2X SSC wash at 65°C for 15 minutes (see 64 for a description of SSC buffer). Often, a
high stringency wash is preceded by a low stringency wash to remove background probe signal. An example medium
stringency wash for a duplex of, e.g., more than 100 nucleotides, is 1X SSC at 45°C for 15 minutes. An example low
stringency wash for a duplex of, e.g., more than 100 nucleotides, is 4-6X SSC at 40°C for 15 minutes. For short probes
(e.g., about 10 to 50 nucleotides), stringent conditions typically involve salt concentrations of less than about 1.5 M,
more preferably about 0.01 to 1.0 M, Na ion concentration (or other salts) at pH 7.0 to 8.3, and the temperature is typically
at least about 30°C and at least about 60°C for long robes (e.g., >50 nucleotides). Stringent conditions may also be
achieved with the addition of destabilizing agents such as formamide. In general, a signal to noise ratio of 2X (or higher)
than that observed for an unrelated probe in the particular hybridization assay indicates detection of a specific hybridi-
zation. Nucleic acids that do not hybridize to each other under stringent conditions are still substantially identical if the
proteins that they encode are substantially identical. This occurs, e.g., when a copy of a nucleic acid is created using
the maximum codon degeneracy permitted by the genetic code.

[0084] Very stringent conditions are selected to be equal to the T, for a particular probe. An example of stringent
conditions for hybridization of complementary nucleic acids which have more than 100 complementary residues on a
filter in a Southern or Northern blot is 50% formamide, e.g., hybridization in 50% formamide, 1 M NaCl, 1% SDS at 37°C,
and a wash in 0. 1X SSC at 60 to 65°C. Exemplary low stringency conditions include hybridization with a buffer solution
of 30 to 35% formamide, 1 M NaCl, 1% SDS (sodium dodecyl sulphate) at 37°C, and a wash in 1X to 2X SSC (20X SSC
= 3.0 M NaCl/0.3 M trisodium citrate) at 50 to 55°C. Exemplary moderate stringency conditions include hybridization in
40 to 45% formamide, 1.0 M NaCl, 1% SDS at 37°C, and a wash in 0.5X to 1X SSC at 55 to 60°C.

[0085] Washing with a solution containing tetramethylammonium chloride (TeMAC) could allow the detection of a
single mismatch using oligonucleotide hybridyzation since such mismatch could generate a 10°C difference in the
annealing temperature. The formulation to determine the washing temperature is Tm (°C) =] -682 (L-1) + 97 where L
represents the length of the oligonucleotide that will be used for the hybridization. When the oligonucleotide of the present
invention has a length of 20 nucleotides: 5-TCACTGGTGGCAGTCCTGCT-3' (SEQ ID NO: 2), underscore indicating
the mutation, the hybridization is performed 5°C below the Tm which is calculated using the formula above at 62.9°C.
In principle, a single mismatch will generate a 10°C drop in the annealing so that a temperature of 57°C should only
detect mutants harbouring the T mutation. Such conditions are high stringency conditions appropriate to identify a single
nucleotide mutation in the 20 nucleotides probes of the present invention (56).

[0086] As used herein the terms "repressor protein" when used in relation to the E2F-like site of the pitx1 promoter
region refer to any protein that alone and/or in combination with other proteins lowers or represses expression of Pitx1.
Without being so limited, they include BCoR, PHB-1, PHB-2, combination thereof and any interacting partner of PHB-
1, PHB-2 and/or BCoR including those disclosed in Table 1 above. As used herein the term "BCoR repressing activity
on pitx1" or "PHB-1 repressing activity on pitx1" or "PHB-2 repressing activity on pitx1" is thus meant to refer to the
activity of any of these proteins leading to decreased expression of Pitx1.

[0087] As used herein the terms "repressor complex" when used in relation to the E2F-like site of the pitx1 promoter
region refers to a combination of repressor proteins that lowers or represses expression of Pitx1.

[0088] The present invention also encompasses arrays to detect and/or quantify the nuclear localization of proteins
including PHB-1, PHB-2 and/or BCoR. Such arrays include protein micro- or macroarrays, gel technologies including
high-resolution 2D-gel methodologies, possibly coupled with mass spectrometry (55), imaging system at the cellular
level such as microscopy combined with a fluorescent labeling system.

[0089] The present invention also includes the use of tissue biopsy to determine the nuclear accumulation of PHB-1,
PHB-2 and BCoR within articular chondrocytes, growth plate chondrocytes, osteoblasts, skeletal myoblasts and syn-
oviocytes. Forinstance, cartilage biopsy could be performed during arthroscopy procedure to assess OA or its progression
by immunofluorescence microscopy to determine the nuclear localization of PHB-1, PHB-2 and/or BCoR. This method
could be useful for instance when arthroscopy procedure is required to establish a clinical diagnostic. Alternatively, a
muscle biopsy in lower limbs could be used to test whether or not PHB-1 and/or PHB-2 are accumulated in the nuclei
of myoblasts. This method would advantageously be less invasive than a regular arthroscopy. The determination of the
cellular localization or concentration of a pitx1 repressor protein is typically performed either by a) preparing a nuclear
extract of a subject sample and determining concentration of a pitx1 repressor protein; or by (b) determining the localization
of the pitx1 repressor protein by immunohistochemistry.
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[0090] In accordance with the present invention, an increased pitx1 repressor protein nuclear localization in a subject
may be the sign of an increased binding/affinity of the repressor protein to the pitx1’s E2F-like site, of an increased
nuclear entry/import of the repressor protein or a decreased nuclear export of the repressor protein. The presentinvention
also relates to methods of selecting a compound. Hence, a compound tested with specific embodiments of methods of
selecting compounds of the present invention that results in a decreased pitx1 repressor protein nuclear localization
may be a compound that decreases binding/affinity of the repressor protein to the pitx1’s E2F-like site, that decreases
nuclear entry/import of the repressor protein or that increases nuclear export of the repressor protein.

[0091] The present invention also encompasses methods for identifying specific mutation(s) directly or indirectly af-
fecting the function of PHB-1 and/or PHB-2. Without being so limited, mutations of interest include any mutation affecting
the transport of these proteins outside the nucleus, or modifying the interactions between PHB-1 and/or PHB-2.
[0092] As used herein, the terms "mutation directly or indirectly causing the nuclear accumulation or retention of PHB-
1, PHB-2 or BcoR in cells where PHB-1, PHB-2, BCoR or Pitx1 is normally expressed" are meant to refer to, without
being so limited, a mutation within the NES (nuclear export sequences) of PHB-1, PHB-2 or BCoR; a mutation modulating
the formation of homomeric and heteromeric complexes between PHB-1, BCoR and/or PHB-2 resulting in the masking
of their respective NES or reducing their accessibility to exportin-1 (also know as CRM-1); a mutation affecting the
expression and/or function of exportin-1; a mutation affecting the formation of a ternary complex with CRM-1/exportin
1 and GTP-bound form of Ran in the nucleus; a mutation affecting TGF-f signaling including a mutation affecting binding
of TGF-B with asporin, a cartilage extracellular protein elevated in OA cartilage; a mutation affecting the PHB-1 or PHB-
2 recruitment of Brg-1/Brm to E2F-responsive promoters; a mutation affecting JNK1’s ability to promote PHB-1’s asso-
ciation with Brg-1 or Brn on E2F-responsive promoters; a mutation affecting Akt’s binding to PHB-1-PHB-2 or Akt’s ability
to enter the nucleus. It also refers to any mutations in molecules interacting with PHB-1, BCoR and/or PHB-2, which
could prevent the nuclear export of PHB-1 and/or PHB-2. The list of known interacting partners of PHB-1 and PHB-2 is
indicated in Table 1 but it is not limited to the molecules indicated in this Table 1.

TABLE 1: LIST OF PROTEINS INTERACTING WITH PHB-1 AND/OR PHB-2

PHB-1 PHB-2
AR(37) Akt (38)
Brg-1 (39) ER (40)
Brm(39) HDAC1(41)
CRM-1(42) HDAC5(41)
E2F1(4343) NR2F1 (41)
ER (44) NR2F2 (41)
HDAC1 (45) PHB-1 (46)
HP1 (47)

JINK1(47)

MLK2(48)

N-CoR (45)

p53(49)

PHB-2 (46)

Raf (50)

Rb (51)

[0093] As used herein the terms "post-translational modification directly or indirectly causing the nuclear accumulation
or retention of PHB-1, PHB-2 or BCoR in cells where PHB-1, PHB-2, BCoR or Pitx1 is normally expressed" includes,
without being so limited, a post-translational modification including phosphorylation with kinases such as JNK1, tyrosine
kinases such as MTOR, PAK, EGFR and/or JAK, ubiquitinylation or sumoylation modulating the formation of homomeric
and heteromeric complexes between PHB-1, PHB-2 and/or BCoR resulting in the masking of their respective NES or
reducing their accessibility to exportin-1.

[0094] Disclosed is a kit for diagnosing OA and/or predicting whether a subject is at risk of developing OA comprising
an isolated nucleic acid, a protein or a ligand such as an antibody in accordance with the present invention. For example,
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a compartmentalized kit in accordance with the present invention includes any kit in which reagents are contained in
separate containers. Such containers include small glass containers, plastic containers or strips of plastic or paper. Such
containers allow the efficient transfer of reagents from one compartment to another compartment such that the samples
and reagents are not cross-contaminated and the agents or solutions of each container can be added in a quantitative
fashion from one compartment to another. Such containers will include a container which will accept the subject sample
(DNA genomic nucleic acid, cell sample or blood samples), a container which contains in some kits of the present
invention, the probes used in the methods of the present invention, containers which contain enzymes, containers which
contain wash reagents, and containers which contain the reagents used to detect the extension products. Also disclosed
is a kit comprising the antibodies which are specific to pitx1 repressors. Kits may also contain instructions to use these
probes and or antibodies to diagnose OA or predict whether a subject is at risk of developing OA.

[0095] Other objects, advantages and features of the present invention will become more apparent upon reading of
the following non-restrictive description of specific embodiments thereof, given by way of example only with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0096] Inthe appended drawings:

[0097] Figure 1 shows a bone histology from a distal end of right femur of 7-month old normal mouse (wt) and pitx1
+/- (ht). Goldner staining shows in bone and calcified tissues as green and cartilage and bone marrow cells as red. A
representative section of subchondral, cortical and trabecular bone thickening observed in pitx1+/- mice (b) as compared
to wild-type ones (a) At higher magnification, a substantial increase in fibrillation and calcification is observed in the
articular cartilage of heterozygous mice (d) as compared to wild-type ones (c). Note that original magnification of panels
(a) and (b) is x5 and panels (c) and (d) is X20:

[0098] Figure 2 compares Pitx1 expression in articular chondrocytes from OA patients and matched control subjects.
(a) Reverse transcription-polymerase chain reaction for pitx1 gene expression in human articular chondrocytes derived
from knee cartilage of control subjects (N, n=4) and patients with osteoarthritis (OA, n=7). Pitx1 specific mMRNA transcripts
were detected in all control tissues (N1-N4). Loss of the pitx1 gene expression was observed in all examined OA samples
(OA1-0OA7) and B-actin expression was used as internal control. Immunodetection of Pitx1 proteins in human control
(b) and OA (c) cartilage tissues was performed using a specific antibody against human Pitx1 protein. In control cartilage
sections (n=8), specific immunoreactivity was demonstrated by intense brown staining in nucleus of chondrocytes of
the superficial and deep zones (arrow). In OA cartilage (n=8), only a few cells stained specifically for Pitx1. These were
located mainly in the superficial layer (arrow). The specificity of staining was evaluated by omission of the primary
antibody and by substitution of the primary antibody with non-immune IgG (Nordic Immunology, Tilburg, The Netherlands)
following the same experimental protocol. No staining was observed. (Original magnification X 20.) (d) Cell scores for
Pitx1-positive chondrocytes, indicating significant differences between OA and normal (control) cartilage and between
the deep zones for each cartilage type, by Mann-Whitney U test. Values are the mean + SEM of 8 normal and 8 OA
specimens;

[0099] Figure 3 shows an alignment of the human pitx1 E2F-like DNA-binding site with known E2F sites found in
mammalian cell cycle regulation promoters. Alignment of different E2F binding sites (E2F core) and conserved adjacent
cyclin homology region (CHR) found in promoter of genes involved in the regulation of cell cycle. The presented E2F
sites are DNA Polo. (SEQ ID NO: 3); p107 (SEQ ID NO: 4); Cdc2 (SEQ ID NO: 5); Adeno E2a (SEQ ID NO: 6); E2F-1
(SEQ ID NO: 7); H2A (SEQ ID NO: 8); DHFR (SEQ ID NO: 9); HsOrc1 (SEQ ID NO: 10); c-Myc (SEQ ID NO: 11); CycA
(SEQ ID NO: 12); Cdc25 (SEQ ID NO: 13); TK (SEQ ID NO: 14); B-Myb (SEQ ID NO: 15); Hpitx1 (SEQ ID NO: 16).
Positions are indicated and numbered in function of the transcriptional start site while Act and Rep indicate an activating
and a repressing site respectively. Note that E2F element found in human pitx1 promoter is more distal than usual cell
cycle genes;

[0100] Figure 4 shows an electrophoretic mobility shift assay (EMSA) of nuclear extracts prepared with OA articular
chondrocytes. Representative EMSA using the wild type probe (a) or the mutant probe (b). Note that attempts to supershift
the bound complexes were performed with different antibodies and addition of anti-BCoR antibodies disrupted partially
the main complex and generated an additional band suggesting the presence of BCoR in the bound complex .(c) Rep-
resentative off-rate autoradiograph showing the effect of addition of unlabeled double-stranded oligonucleotide corre-
sponding to E2F-like site found in human pitx1 promoter as a competitor on the E2F complex binding to radiolabeled
wild-type E2F site (wild-type probe) versus mutant E2F site found in OA patients (mutant probe). Competitor double-
stranded oligonucleotide (70-fold molar excess) was added (£=0), and aliquots of gel mobility shift reaction mixtures
were removed at the indicated times after the addition. (d) The dissociation rate of wild-type E2F and the mutant (OA)
site were compared by directly counting the radioactivity of each bound E2F complex by cutting the corresponding bands
on the dried gel. The half-life of binding for off-rate experiments was computed by plotting the disappearance of 50%
when compared to the initial binding of E2F complex. The graph depicts the average half-life value for the E2F complex;
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[0101] Figure 5 shows in vitro and in vivo characterization of PHB-1, PHB-2 and BCoR interactions in primary OA
articular chondrocytes. (a) Co-immunoprecipitation were performed with anti-PHB-1, anti-PHB-2 (as internal control)
and anti-E2F 1 in OA and normal nuclear extracts obtained from primary human articular chondrocytes cultures. Western
blot performed with anti-PHB-2 shows that PHB-2 interacts physically with PHB-1 and E2F1 only in OA nuclear extracts.
(b) Chromatin immunoprecipitation (ChlP) assays were performed and showed that PHB-1 and BCoR co-localise in vivo
with the distal E2F site identified in the human pitx1 promoter. Amplification of a 372 bp PCR fragment were obtained
with input (positive control) and after immunoprecipitation with anti-PHB-1 and anti-BCoR antibodies. Immunoprecipi-
tation with anti-E2F1 did not generate a positive PCR amplification indicating that E2F 1 does not co-localise on the pitx1
promoter with PHB-1 and BCoR in spite of the fact that PHB-2 can interact in solution with E2F1 in OA nuclear extracts.
The second lane represents a negative control generated by omission of the primary antibody during the immunopre-
cipitation (-Ab);

[0102] Figure 6 shows immunodetection of PHB-1 proteins in human articular cartilage. Panels a) and b) represent
cartilage section obtained from control and OA subjects respectively immunostained with anti- human PHB-1 protein
(cat#RB-292-PO, Lab Vision Corp., Fremont CA, USA). Nuclear signal for PHB-1 was increased significantly in superficial
and deep zones (arrow) only in OA cartilage (10X and 40X magpnifications). A non specific immunostaining was detected
also with the ECM in both groups (normal and OA). (c) Cell scores for PHB-1-nuclear chondrocytes, indicating significant
differences between OA and normal (control) cartilage and between the zones for each cartilage type, by Mann-Whitney
U test. Values are the mean = SEM of normal (n=3) and OA (n=3) specimens;

[0103] Figure 7 (Table S2) shows peptides (SEQ ID NOs: 17-27) sequencing results identifying PHB-1, PHB-2 and
BCoR as part of the repressing complex that binds to the pitx1 E2F-like site;

[0104] Figure 8 shows EMSA using total nuclear extract (alone or with PHB-1 antibody (Prohibitin Ab-2 (RB-292-P0)
Lab Vision Corp., Fremont, CA)) and PHB-1-depleted nuclear extract. The use of a PHB-1 antibody did not allow any
supershift but depletion of PHB-1 in OA nuclear extract abrogated all the complexes formation bound to the wild-type
radiolabeled probe;

[0105] Figure 9 shows an expression analysis by semi-quantitative RT-PCR of PHB2, PHB-1 and BCoR in human
articular chondrocytes (normal vs. OA);

[0106] Figure 10 shows the nuclear localization of PHB-1 in an OA patients by immunohistochemistry using an anti-
PHB-1 (Santa Cruz, sc-18196);

[0107] Figure 11 upper left panel shows a western blot of PHB-1 expressed in cytoplasm (c) and nucleus (n) of normal
and OA human articular chondrocytes. Upper right panel shows two putative sumoylation sites at proximity of a nuclear
export sequence (SEQ ID NO: 68) found in human PHB-1 protein. Lower panel shows the two putative sumoylation
sites at positions 202 (SEQ ID NO: 69) and 204 (SEQ ID NO: 70);

[0108] Figure 12 presents the nuclear (n) and cytoplasmic (c) protein expression of PHB-1 and Pan-SUMO in articular
chondrocytes of OA patients (C73 and C74) and control patient (C75) analyzed by western blot. 3 markers are presented:
Lamine (nucleus), GAPDH (cytoplasm) and ATP-Synthase (mitochondria);

[0109] Figure 13 graphically presents the repression of mir20a promoter by corepressors BCoR, PHB-1, PHB-2 and
combinations thereof;

[0110] Figure 14 graphically presents the repression of human PITX1 gene promoter promoter by corepressors BCoR,
PHB-1, PHB-2 and combinations thereof;

[0111] Figure 15 shows the sequence of a 10 kb pitx1 promoter region (SEQ ID NO: 28) and polymorphisms in that
pitx1 promoter region between human subjects. The primers used to cover the different amplicons to cover the 10 kb
regions are provided in Table 2 below;

[0112] Figure 16 shows human PHB-1 mRNA nucleotide (obtained from gi|6031190|ref|[NM_002634.2) (SEQ ID NO:
29) and amino acid sequence (obtained from gi|4505773|ref|[NP_002625.1) (SEQ ID NO: 30);

[0113] Figure 17 shows human PHB-2 mRNA nucleotide (obtained from >gi|31543548|ref|[NM_007273.3) (SEQ ID
NO: 31) and amino acid sequence (obtained from gi|6005854|ref|[NP_009204.1)(SEQ ID NO: 32); and

[0114] Figure 18 shows a) a sequence comprising 30 bp upstream and 30 bp downstream of the C to T mutation
found in the human pitx1 promoter (SEQ ID NO: 1); b) nucleotide fragment showing restriction sites surrounding wild-
type pitx1 E2F-like site (SEQ ID NO: 16) and (SEQ ID NO: 33); and c) nucleotide fragment showing restriction sites
surrounding OA mutated human pitx1 E2F-like site (SEQ ID NO: 2) and (SEQ ID NO: 34).

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0115] The Applicantobserved a correlation between accumulation of PHB-1, PHB-2 and BCoR in the nuclei of articular
chondrocytes and OA.
[0116] The present invention is illustrated in further details by the following non-limiting examples.
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Mice
[0117] Pitx1 +/- mice were prepared as previously reported (65).

Human Specimens

[0118] Human tissues were collected with the consent of patients. The Institutional Ethics Committee Board of Sainte
Justine and Notre Dame Hospitals in Montreal, Canada approved the study protocol. All OA (n=58), RA (n=39) and
control subjects (n=18) were evaluated by a certified rheumatologist based on the American College of Rheumatology
Diagnostic Subcommittee for OA criteria (25). Of those, 93 patients (43 OA, 39 RA and 11 healthy controls) were used
for the genetic study. Other patients (OA and controls) were used either for EMSA analysis, expression analysis or
immunohistochemistry studies using cartilage sections.

Articular chondrocyte cultures

[0119] Cartilage was sectioned from the tibial plateaus, rinsed, finely chopped and cells released by enzymatic digestion
performed as previously described (26).

[0120] The cells were seeded in Falcon culture flasks at high density (108 cells per 175 cm?2 flask) and grown to
confluence in Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco BRL, Burlington, Ontario, Canada) containing 10%
heated-inactivated foetal calf serum (FCS; Hyclone, Logan, UT) and 1% penicillin/streptomycin (Gibco BRL). Only first
passage cultured cells were used. Expression analysis was performed using RNA prepared from articular cartilage
isolated from OA patients and age- and gender-matched control subjects.

Total RNA isolation and RT-PCR

[0121] Total RNA was prepared by phenol/chloroform extraction. For RT-PCR, 2 ng of total RNA was reversed tran-
scribed using ThermoScript™ reverse transcriptase (Invitrogen), and the equivalent of 0.1 wg of reverse-transcribed
RNA used for PCR reactions. These were carried out in a final volume of 25 .l containing 200 micromolar dNTPs, 1,5
mM MgClI2, 10 pM of each primer, and 1U Pfx DNA-polymerase (Invitrogen). PCR reactions were performed using the
following primers and conditions: human pitx1 (960-bp PCR product), forward primer 5-CCCACCTCCATGGACGCCTT-
3’ (SEQ ID NO: 35); reverse primer 5-GTCAGCTGTTGTACTGGCACGC-3' (SEQ ID NO: 36) (35 cycles: 94°C/45
seconds, 65°C/45 seconds, 68°C/1 minute), human B-actin (233-bp PCR product), forward primer 5-GGAAATCGT-
GCGTGACAT-3’ (SEQID NO: 37), reverse primer 5-TCATGATGGAGTTGAATGT AGTT-3’ (SEQID NO: 38) (32 cycles:
94°C/1 minute, 55°C/1 minute, 72°C/1 minute), human PHB2 (730-bp PCR product),forward primer 5-GCCCAGAACTT-
GAAGGACTT-3’ (SEQ ID NO: 39); reverse primer 5-TCTTGCTCAGTGCTTCTCCA-3’ (SEQ ID NO: 40) (30 cycles:
94°C/45 seconds, 66°C/45 seconds, 72°C/1minute), human PHB-1 (546-bp PCR product), forward primer 5-AGTAT-
GTGTGGTTGGGGAAT-3’ (SEQ ID NO: 41); reverse primer 5-GCTCGCTCTGTAAGGTCGTC-3' (SEQ ID NO: 42) (30
cycles: 94°C/45 seconds, 65°C/45 seconds, 72°C/1 minute), and human BCoR (640-bp PCR product), forward primer
5-*AAAGAGCCGGATCGCAGG-3’ (SEQ ID NO: 43); reverse primer 5-CACCATTGATGTTGAGAGGGC-3’ (SEQ ID
NO: 44) (35 cycles: 94°C/45 seconds, 72°C/45 seconds, 72°C/1 minute). For quantitative and semi-quantitative analysis,
all amplifications were normalized against that of the housekeeping gene -actin. PCR amplified product were separated
on 1.5% agarose gel (1.0% for semi-quantitative analysis) and visualized by ethidium bromide staining.

Pitx1 promoter sequencing

[0122] One hundred (100) ng of genomic DNA was mixed in a final volume of 25 .l containing 200 micromolar dNTPs,
1,5 mM MgCl,, 10 pM of each primer (see Table 2 below for full list of primers used), and 1 U Pfx DNA-polymerase
(Invitrogen). PCR reactions were performed using the following conditions (35 cycles : 94°C/30 seconds, 60°C/30 sec-
onds, 68°C/1 minute 20 seconds) and primers:

TABLE 2: PITX PROMOTER PRIMERS

PP1 (962 bp) forward primer 5-CTGTTTGCTCAAGACGCTGA-3’ (SEQ ID NO: 45)
reverse primer 5-CTCGGCCTCACAAAAGAAAC-3’ (SEQ ID NO: 46)

PP2 (966 bp) | forward primer 5-TGTCTGCATTCAGGCTGTTC-3’ (SEQ ID NO: 47)
reverse primer 5-GATTCCCTCCTCGAGTCCTT-3’ (SEQ ID NO: 48)

PP3 (1039 bp) | forward primer 5-CAAGTGAGCTGGATGCTGAA-3’ (SEQ ID NO: 49)
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(continued)
reverse primer 5-AGGGAGTGTCCCTTCACAGA-3’ (SEQ ID NO: 50)

PP4 (1085 bp) | forward primer 5-GCTCAGCCATTCTCAGGAAC-3’; (SEQ ID NO: 51)
reverse primer 5-GCCATTGTCCCAGTCAAGAT-3’ (SEQ ID NO: 52)

PP5 (1011 bp) | forward primer 5-TCGCGTCAAGAGGGTATTTT-3’ (SEQ ID NO: 53)
reverse primer 5-TAGGACCCATGGCTCTACCC-3’ (SEQ ID NO: 54)

PP6 (1098 bp) | forward primer 5-CACGAGTCAGGTGGGAAACT-3’ (SEQ ID NO: 55)
reverse primer 5-GACGTCTGCTGCTTTTCTGC-3 (SEQ ID NO: 56)

PP7 (963 bp) | forward primer 5-AGGCACGGACTAGCAGGAC-3’ (SEQ ID NO: 57)
reverse primer 5-ATGCGGACGAAGCCAGAG-3' (SEQ ID NO: 58)

PP8 (986 bp) | forward primer 5-TTAGCATTCAGCCCCTCTGT-3’ (SEQ ID NO: 59)
reverse primer 5-TTCATGAGATGCAGTCAGCAG-3' (SEQ ID NO: 60)

PP9 (951 bp) forward primer 5-ACAACTGGTAGGGGCAACAG-3’ (SEQ ID NO: 61)
reverse primer 5-TGTGTGGCTTTGGCAAATAA-3’ (SEQ ID NO: 62)

PP10 (990 bp) | forward primer 5-GCACTGTGCTCCAACTGTGT-3 (SEQ ID NO: 63)
reverse primer 5-GGGGGAGTGTTCTTTTCCTT-3 (SEQ ID NO: 64)

Immunohistochemistry assays

[0123] IHC assays for Pitx1 were performed using cartilage sections obtained from 8 OA patients (2 males and 6
females, 59+ 10 years, mean = SEM) undergoing total knee replacement, and from 8 donors without a known history
of joint disorders. These tissues were obtained post-mortem from knee condyles within 24 h of death (2 males and six
females aged 67 =8 years, mean = SEM). For IHC assay with PHB-1 antibody, cartilage was obtained from 3 OA patients
(61 £ 8 years, mean = SEM) and 3 control patients (57 + 28 years, mean = SEM). Tissue specimens were embedded
in paraffin, sectioned and examined by IHC for Pitx1 or PHB-1 (and counterstained with hematoxylin for PHB-1 exper-
iments). OA severity was previously evaluated on adjacent sections using the Mankin’s histological/histochemical scale
(27).

Nuclear protein extraction and EMSA

[0124] For nuclear protein extraction, cells were rinced with cold 1X PBS and scraped in a buffer containing 10 mM
hepes (pH 7.9), 1.5 mM MgCl,, 10 mM KCI, 1% NP40, 0.5 mM DTT, 1mM PMSF, 10 wg/ml of aprotinin, 10 pg/ml of
leupeptin and 10 w.g/ml of pepstatin. They were left on ice for 10-20 minute while mixed regularly using a vortex. After
a 3 minute centrifugation at 3000 rpm, the pellet was resuspended in a buffer containing 20 mM hepes (pH 7.9), 25%
glycerol, 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, 0.5 mM DTT, 2 mM PMSF, 10 ng/ml of aprotinin, 10 png/ml of
leupeptin and 10 p.g/ml of pepstatin. After a 20 minute incubation on ice and a 2 minute centrifugation at 12500 rpm,
the supernatant was collected.

[0125] For the analysis of E2F DNA complexes formed in the presence of OA articular chondrocytes, gel mobility shift
reactions were performed essentially as previously described (28). Nuclear extracts (5 p.g of proteins) were incubated
for 30 min at a temperature of between about 20-25°C in 20 p.l of a solution containing 20 mM HEPES (pH 7.5), 40 mM
KCI, 5% glycerol, 5 mM spermidine, and 100 ng of poly(dA-dT) and 4 n.g of anti-BCoR antibodies (Abcam, ab5276)
were added to specific samples (with a + sign). The following probes were then added and incubated for another 30 min
atroom T°: wild-type 5-CTGTGCCTCACTGGCGGCAGTCCTGCTCAA-3 (SEQID NO: 65); and mutant5’-CTGTGCCT-
CACTGGTGGCAGTCCTGCTCAA-3’ (SEQ ID NO: 66). Samples were then separated on 7% native polyacrylamide
gels (acrylamide:bis 29:1 in 0.5 x Tris-borate EDTA). Gels were run at 180 V for 3 h with a recirculation pump for the
buffer and a cooling tank.

[0126] In the presence of radiolabeled probe (14ng/100,000cpm) a cold competitor was added as indicated. For
supershift analysis, the nuclear extracts were pre-incubated 30 min on ice then incubated in presence of 0,2 p.g of E2Fs
antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA; listed in Table 3 below) and incubated on ice for 1 h.
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TABLE 3 : LIST OF ANTIBODIES USED

Antibodies used for results presented in Figure 4:

E2F1 (KH95, sc-251 X) Santa Cruz Biotechnology, (Santa Cruz, CA, USA
E2F3 (C-18, sc-878 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
E2F4 (A20, sc-1082 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
E2F5 C-20, sc-1083) X Santa Cruz Biotechnology, Santa Cruz, CA, USA

(
E2F6 (K-20, sc-8176 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
DP1 (K-20, sc-610 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
(
(

Sp1 1C6, sc-420 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
Sp3 D-20, sc-644 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
BCoR (ab5276) Abcam Inc., Camridge, MA, USA

RXRo (D-20, sc-553 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
Others not shown:

E2F1 (H-137, sc-22820 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
E2F2 (L-20, sc-632 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
E2F3 (N-20, sc-879 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
E2F8 (HO0079733-M01) Abnova Corporation, Taipei, Taiwan

DP-2 (C-20, sc-829 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA
Sp1 (H-225, sc-14027 X) Santa Cruz Biotechnology, Santa Cruz, CA, USA

[0127] The sequences of the oligonucleotide probes were: E2F-like (wild-type) 5-CTGTGCCTCACTGGCGGCAGTC-
CTGCTCAA-3' (SEQ ID NO: 65); and E2F-like mutant (OA) site, 5- CTGTGCCTCACTGGTGGCAGTCCTGCTCAA-3
(SEQ ID NO: 66). Samples were then separated on 7% native polyacrylamide gels (acrylamide:bis 29:1 in 0.5 x Tris-
borate EDTA). Gels were run at 180 V for 3 h with a recirculation pump for the buffer and a cooling tank. For analysis
of dissociation rate (off-rate), a 70-fold excess of unlabeled competitor oligonucleotide corresponding to the wild-type
E2F site found in human pitx1 promoter was added after 30 min of incubation on ice with either labelled probe. Aliquots
from the same binding mixture were taken at different times and frozen on dry ice to stop the reaction prior loading on gel.

Nuclear complexes precipitation by DNA pull down

[0128] Nuclear extracts (300 mg of protein) prepared from cultured human OA articular chondrocytes from knee joints
were initially incubated in presence of 25 ml of streptavidin-magnetic beads slurry (BioClone Inc. San Diego, CA, USA)
in order to remove unspecific protein interactions. Following this, pre-cleared nuclear extract were incubated with 5 mg
of biotinylated ds probe (5-CTGTGCCTCACTGGTGGCAGTCCTG CTCAA-3' (SEQ ID NO: 66)) for 2 h at 4°C with slow
agitation in 1X EMSA binding buffer. 50 ml of streptavidin-magnetic beads slurry was added and after 1 h of incubation
at4°C the bound complexes were recovered using a magnetic stand and several washes according to the manufacturer’s
specifications. The complexes were then detached from the beads in a boiling mixture of NUPAGE™ 4x LDS loading
buffer (Invitrogen) and B-mercaptoethanol. After centrifugation, the supernatant was loaded on a SDS-PAGE gel and
visualized by Coomassie blue staining.

Co-immunoprecipitation

[0129] Nuclearand cytoplasmic extracts obtained from chondrocytes of normal or OA patients were incubated overnight
with goat anti-PHB-1 antibodies (Santa Cruz, sc-18196). Immunoprecipitated proteins were collected using protein A-
sepharose beads. 50 p.g of proteins were loaded and run on SDS-PAGE. Proteins were then transferred to a nitrocellulose
membrane at 100V for 70 minutes. For blotting, rabbit anti-PHB-1 antibodies (Santa Cruz, sc-28259) were used in a 15:
10000 dilution.
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Transfection

[0130] The Lipofectamine™ 2000 protocole from Invitrogen (www.invitrogen.com) was followed: All amounts and
volumes are given on a per well basis. A DNA (p.g) to Lipofectamine™ 2000 (p.l) ratio of 1:2 to 1:3 was used. Cells were
transfected at high cell density for high efficiency, high expression levels, and to minimize cytotoxicity. One day before
transfection, 0.5-2 x 10% cells were plated in 500 pl of growth medium without antibiotics so that cells were 90-95%
confluent at the time of transfection. For each transfection sample, complexes were prepared as follows: a. DNA was
diluted in 50 wl of Opti-MEM® | Reduced Serum Medium without serum and mixed gently. Lipofectamine™ 2000 was
gently mixed before used, then the appropriate amount was diluted in 50 pl of Opti-MEM® | Medium and incubated for
5 minutes at room temperature. After the 5 minute incubation, the diluted DNA was combined with diluted Lipofectamine™
2000 (total volume = 100 p.l), mixed gently and incubated for 20 minutes at room temperature. The 100 pl of complexes
were added to each well containing cells and medium. The plate was mixed gently by rocking back and forth. The cells
were incubated at 37°C in a CO, incubator for 18-48 hours prior to testing for transgene expression.

Peptide sequencing analysis

[0131] Bands containing proteins from the DNA pulldown assay and EMSA were cut, washed, sliced, dried and
rehydrated in ammonium bicarbonate buffer. Proteins were digested with trypsin and extracted from the gel pieces using
50% acetonitrile and 0.1% formic acid. Samples were evaporated to dryness and resuspended in 3% acetonitrile-0.1%
formic acid in a final volume of 20 pl.

Mass spectroscopy analysis

[0132] Samples (10l volume) were analyzed using a LC-MS/MS system consisting of Agilent™ 1100 Series nanoflow
liquid chromatography system and 1100 Series LC MSD SL ion trap mass spectrometer (Agilent Technologies, Palo
Alto, CA, USA). Peptides were enriched on a Zorbax™ 300SB-C18 trap column (5 um, 5 x 0.3 mm) and separated by
reversed phase on a Zorbax™ 300SB-C18 analytical column (3.5 pm, 150 x 0.075 mm, Agilent) with a gradient of 5-90%
acetonitrile in 0.1 % formic acid at a flow rate of 300 nl/min. The column eluent was sprayed directly into the mass
spectrometer. Spectra were interpreted using Spectrum Mill™ software (Agilent) and NCBI NR mammalian database.

Extraction parameters with Spectrum Mill™ software

[0133] Cysteine modification: carbamidomethylation; sequence tag length >1; mass range of precursor ions: 600.0 to
4000.0 Da; scan time range: 0 to 300 minutes; scans were merged for same precursor m/z: +/- 15 seconds; +/- 1.4 m/z.

Chromatin immunoprecipitation assays

[0134] CHIP experimentwas carried out with the ChIP-IT™ kit (Active Motif, Carlsbad, CA, USA) ChIP-IT™ kit. Briefly,
cells were cross-linked with 1% formaldehyde and collected in cell scraping solution. Nuclear extraction was then per-
formed using lysis buffer and total DNA was sheared to an approximate length of 0.3-1.5 kb (Branson Sonifier™ 450).
Chromatin was pre-cleared with Protein G beads and separated as follows: total input, negative control without antibody,
and CHIP with either anti-PHB-1 (Santa Cruz), anti-BCoR (Abcam) or anti-E2F 1 antibodies (Santa Cruz). After overnight
incubation with the appropriate antibody, Protein G beads were added and several washes were carefully done. Chromatin
was eluted from the beads using CHIP elution buffer. Cross-linking reversal was done by heating samples at 65°C for
4h, and DNA was purified using columns provided in the kit. PCR analysis was performed using the following primers
and conditions: human pitx1 promoter harbouring the E2F site (372 bp PCR product), forward primer 5-GCTCAGCCAT-
TCTCAGGAAC-3’ (SEQ ID NO: 51); reverse primer 5-CCACCTACCTCTTTCTGCCT-3’ (SEQ ID NO: 67) (35 cycles:
94°C/45 seconds, 68°C/45 seconds, 68°C/1 minute).

Statistical analysis

[0135] The 95% confidence intervals for sensitivity, specificity, positive predictive value and negative predictive value
presented in Table 4 were calculated according to Deeks and Altman (29). The association between the presence of
mutation and diagnosis was assessed using the Fisher’'s Exact Test (two-tailed test). A p value < 0.05 was considered
statistically significant.
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EXAMPLE 1

Comparison of Pitx1 expression in articular chondrocytes of OA subjects with that of in articular chondrocytes
matched controls

[0136] To determine whether pitx1 plays a role in the genetic control of OA onset, an expression analysis of pitx1
gene using RNA prepared from articular chondrocyte cultures derived from knee cartilage of OA patients (n=7) and age-
and gender-matched control subjects (n=4) was performed. Pitx1 expression was detected only in articular chondrocytes
derived from matched controls, while in OA articular chondrocytes, Pitx1 expression was abrogated or barely detectable
by RT-PCR (Figure 2a). Analysis of Pitx1 protein levels and distribution in human knee joint sections showed Pitx1
proteins only in control cartilages (n=8), while Pitx1 proteins were hardly detected in OA cartilage sections (n=8) (Figure
2bcd).

EXAMPLE 2
Identification of pitx1 promoter mutation

[0137] To examine the mechanisms turning off pitx1 gene expression in OA patients, the 5’ regulatory region of human
pitx1 gene was examined for specific mutations leading to a progressive loss of Pitx1 expression during adulthood.
Sequencing analysis of genomic DNA obtained from OA, rheumatoid arthritis (RA) and matched control subjects revealed,
along a 10 kb promoter region of human pitx1 gene, a single homozygous mutation (-3727 C—T) (position corresponds
to distance from transcription point) affecting only OA patients (11/43) with a high frequency (25%) while none of the
RA patients (0/29) and matched control subjects (0/11) had the homozygous mutation. The specificity, the positive
predictive values and negative predictive values of the mutation were calculated for each group as reported in Table 4
below. A statistically significant association between the mutation and diagnosis was calculated (two-tailed test) by
comparing OA versus RA patients (p=0.002) or by combining RA and control subjects (p<0.001). Heterozygous mutation
was present in OA patients (3/43), RA subjects (6/29) and control subjects (3/11) although the association between the
heterozygous mutation and diagnosis was not statistically significant (p=0.14 for OA versus RA and p= 0.09 for OA
versus control).

TABLE 4: SENSITIVITY, SPECIFICITY, POSITIVE PREDICTIVE VALUE* (PPV) AND NEGATIVE PREDICTIVE
VALUE** (NPV) OF PITX1 mutation (-3727 C—T) for OA

OA-(Control & RA)

100.0 (97.6-100.0)

100.0 (71.5-100.0)

Mutation Sensitivity Specificity PPV NPV
Homozygous

OA-Control 25.6 (13.8-39.5) 100.0 (71.5-100.0) 100.0 (71.5-100.0) 25.6 (13.8-
OA-RA 100.0 (88.1-100.0) 100.0 (71.5-100.0) 39.5)

47.5 (35.2-60.0)

55.6 (44.0-66.8)

Heterozygous
OA-Control 7.0 (1.4-16.4) 72.7 (39.0-94.0)
OA-RA 79.3 (60.3-92.0)

OA-(Control & RA) 77.5 (63.4-88.9)

[0138] Promoter sequence analysis performed with the ALGGEN PROMO™ search program (using TRANSFAC™
version 8.3; (35, 36) revealed that the homozygous mutation was localized within the core of an E2F-like site (10, 11).
The sequence encompassing the E2F-like site found upstream of the human pitx1 gene is more distal although it shows
an overlap with several functional E2F sites and also with an adjacent region termed cyclin homology region (CHR)
found in promoter of genes involved in the regulation of cell cycle 12 (Figure 3). The transcriptional relationship between
pitx1 and E2Fs is further strengthened by the works of Muller et al. showing that E2F1, E2F2 and E2F3 up regulate
Pitx1 expression by several fold in osteosarcoma cell line U20S (13). To date, eight different mammalian E2Fs have
been cloned; each of them can heterodimerize with either DP1 or DP2/3 proteins and bind with similar affinity to the
same collection of target sites (14). These factors could be broadly divided into two classes: activators (E2F1-3) and
repressors (E2F4-8) of transcription (15), which could explain why E2F sites on a promoter do not always indicate that
it is induced by E2F but, on the contrary, that it can be repressed through those sites as well (16-18).

19



10

15

20

25

30

35

40

45

50

55

EP 2 089 546 B1
EXAMPLE 3
Determination of functional consequences of mutation in the E2F-like site on complex binding

[0139] Todetermine the functional consequences of the homozygous mutation found in OA patients, it was investigated
whether E2Fs were able to bind this E2F-like site using nuclear extracts prepared with OA articular chondrocytes as
described above. EMSA analysis using both radiolabeled E2F-like sites (wild-type Figure 4a versus mutant Figure 4b)
showed no supershift of the bound complex with any antibodies against E2Fs, or their dimerization partners DP-1 or
DP-2 (E2F2, E2F8 and DP2 data not shown). The Sp1 and Sp3 transcription factors were also analysed since they bind
GC-rich regions such as the E2F-like site found in the human Pitx1 promoter. Unfortunately, there was no supershift
with either anti-Sp1 or anti-Sp3 antibodies. Addition of BCoR antibodies generated the binding of an additional lower
complex bound in presence of either probes although the binding was increased with the mutant one as is mostly apparent
by comparing lanes 4 to 6. Functional analysis by EMSA revealed a slower dissociation rate when the complex was
bound to the mutant E2F probe indicating that C—T mutation increased the stability of the bound complex.

EXAMPLE 4
Identification of BCoR as a member of the pitx1 repressor complex

[0140] In order to characterize the nature of the complex identified in Example 3, bands corresponding to the bound
complex were cut and extracted from an EMSA wet gel to perform a peptide sequencing analysis combined with tandem
mass spectrometry.

[0141] This experiment led to the identification of peptides corresponding to BCoR, a known co-repressor (see Figure
7). The presence of BCoR in the bound complex was confirmed also by the detection of an additional lower band in
EMSA when BCoR antibodies were added (see Example 3 and Figure 4a, 4b).

EXAMPLE 5
Identification of PHB-1 and PHB-2 as members of the pitx1 repressor complex

[0142] A DNA-pull down method as described above was used with a biotinylated double-stranded oligonucleotide
harboring the mutant E2F-like site to allow the identification of peptides corresponding to prohibitin (PHB-1) and pro-
hibitone (PHB-2) (Figure 7). To confirm the presence of PHB-1 in the bound complex, an immuno-depletion of PHB-1
in nuclear extracts prepared from OA articular chondrocytes was performed and no binding was observed in EMSA with
PHB-1 depleted nuclear extracts using either radiolabeled probes (Figure 8).

EXAMPLE 6

Identification of the PHB-1 and PHB-2 nucleus localization in OA and normal articular chondrocytes

[0143] The cellular localization of PHB-1 was compared in normal and OA articular chondrocytes by IHC assays using
anti-PHB-1 antibodies. As may be seen in Figure 6, an increased nuclear localization of PHB-1 was observed in OA
cartilages when compared to age-matched control cartilages. See also Figure 10 for a larger magnification using different
anti-PHB-1 antibodies. The cellular localization of PHB-2 is also compared in normal and OA articular chondrocytes by
IHC assays using anti-PHB-2 antibodies.

EXAMPLE 7

Co-immunoprecipitation assay of PHB-1, PHB-2 and E2F1

[0144] Co-immunoprecipitation assay of PHB-1, PHB-2 and E2F1 were performed as described above. Physical

interactions between PHB-1, PHB-2 and E2F1 were detected in nuclear extracts prepared from human OA articular
chondrocytes while controls did not show any interaction with PHB-2 (Figure 5a).
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EXAMPLE 8

Chip assay to demonstrate the functionality of the EF2 site in OA chondrocytes and co-occupancy of PHB-1
and BCoR

[0145] Chromatin immunoprecipitation (ChIP) assays were performed as described above with primary OA articular
chondrocytes cultures to examine the co-occupancy of PHB-1, BCoR and E2F 1 on the E2F-responsive element identified
in human pitx1 promoter. PHB-1 and BCoR co-localised in vivo only in OA chondrocytes confirming also the functionality
and specificity of this E2F site although E2F1 was not detected (Figure 5b). The interaction is however not dependent
on the -3727 C—T mutation since wild-type also interacts with the repressor complex.

EXAMPLE 9
Identification of the -3727 C to T homozygous mutation in a subject sample

[0146] Genomic DNA is isolated (directly using available commercial kits or after extraction of lymphocytes) from the
subject saliva or blood. The human pitx1 promoter region harbouring the -3727 C—T homozygous mutation is then
amplified by PCR using specific primers. Amplified products are identified by direct sequencing using genomic DNA
extracted from lymphocytes. They may also be digested with either restriction enzyme Acil or Fnu4H to detect the
presence of the mutation. Because replacement of C by T in OA patients abrogates Acil and Fnu4HI restriction sites
normally present in the wild-type sequence, the presence of the mutation are assessed by absence of relevant restriction
fragments.

EXAMPLE 10

Assay to identify blood and synovial concentration levels of PHB-1, PHB-2 or native peptide agonists to cell
surface PHB-1 in subjects

[0147] PHB-1and PHB-2 are also found in the bloodstream (Mishra et al. 2006). Diet-induced obesity was successfully
reversed in mice through subcutaneous injection of a chimeric proapoptotic peptide that binds to PHB-1 at the cell surface
of white fat vasculature (57). The peptide cut off the blood supply to fat tissue leading to its reabsorption. Most of the
OA patients are obese. Dosage of PHB-1 in biological fluids like plasma/serum, urine or synovial fluids are performed
using an ELISA method (see for instance 58).

EXAMPLE 11
Assay to identify RNA levels of PHB-1, PHB-2 and BCoR between normal and OA human articular chondrocytes

[0148] Expression analysis was performed as described above by semi-quantitative RT-PCR of PHB-2, PHB-1 and
BCoR in human articular chondrocytes (normal vs. OA). RNA was extracted from 4 normal patients and 10 OA patients.
No significant change was observed between normal and OA articular chondrocytes as may be seen in Figure 9.

EXAMPLE 12

Detection of PHB-1 immunoreactive bands in nuclear and cytoplasm of human articular chondrocyte fractions
from OA subjects

[0149] Co-immunoprecipitation of PHB-1 was performed as described above.

[0150] The detection using an anti-PHB-1 antibody revealed (upper left panel of Figure 11) a major PHB-1 immuno-
reactive band of 32kDa, which corresponds to the molecular weight of the PHB-1 alone. PHB-1 immunoreactive bands
of higher molecular weight suggest post-translational modifications of PHB-1 modifying its weight.

[0151] On Figure 11, a higher molecular weight bands pattern is detected mostly in the nuclear fraction of OA patients.
This pattern is not found in the nuclear fraction of the control subject.
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EXAMPLE 13
Comparison of sumoylation of PHB-1 between normal and OA human articular chondrocytes

[0152] Sumoylation is the binding of one or more small proteins of 12kDa, designated SUMO, to another protein.
SUMO proteins will lead to a laddering profile of the protein to which they are binding in a western blot. The hypothesis
that the laddering of PHB-1 immunoreactive bands observed in Figure 11, was caused by sumoylation was thus tested.
[0153] SUMOsp (SUMOsp: a web server for sumoylation site prediction. Yu Xue, Fengfeng Zhou, Chuanhai Fu, Ying
Xu, and Xuebiao Yao. Nucl Acids Res 34: W254-W257, 2006.) predicted that PHB-1 contains two putative sumoylation
sites at proximity of a nuclear export sequence (NES), namely at positions 204 and 240. The upper right panel of Figure
11 presents the position of these putative sites and the sequence of the NES (SEQ ID NO: 68). The table in the lower
panel of Figure 11 presents the sequences of these sites, namely 202 (SEQ ID NO: 69) and 240 (SEQ ID NO: 70).
[0154] Total proteins of nuclear and cytoplasmic fractions from articular chondrocytes of OA patients (C73 and C74)
and age-matched control patient (C75) were then analyzed by western blot against PHB-1 and Pan-SUMO. They were
loaded and run on SDS-PAGE. Proteins were then transferred to a PVDF membrane at 100V for 70 minutes. The 3
markers used, namely lamine (nucleus), GAPDH (cytoplasm) and ATP-Synthase (mitochondria), show that the samples
have been separated efficiently into a nuclear fraction (X-N) and a cytoplasmic fraction (Cyto). These antibodies were
used for blotting: anti-PHB-1 (Santa Cruz, sc-28259), Pan SUMO antibodies (ABGENT, AP1299a), anti-Lamin A/C (Cell
Signaling, #2032), anti-GAPDH (Santa Cruz, sc-20357) and anti-F1-ATPase (Santa Cruz, sc-16689).

[0155] Pan-SUMO immunoreactive bands in Figure 12 reveal proteins (different proteins or a single protein) modified
by the binding of one or more SUMO proteins, as reflected by bands with increasing molecular weights.

[0156] Figure 12 shows that the two OA subjects have the same sumoylation pattern in the nuclear fraction, and that
this pattern is absent from the control subject. Arrows (except for the 32kDa bands) pointto bands that are immunoreactive
to both PHB-1 and PAN SUMO, and are detected in the nuclear fraction of OA subjects but not in the control nuclear
fraction. These results suggest that sumoylation contributes to PHB-1 nuclear localization in OA patients.

[0157] Clinically, this suggests that increased sumoylation is the primary event leading to PHB-1 nuclear accumulation
and repression of Pitx1 in primary OA. The biological consequences of sumoylation include the increase of protein
stability, increase targeting of proteins (including transcription factors) from the cytoplasm to the nucleus, regulates
transcriptional activities of proteins, mediates the binding of the protein to other proteins and increases the repressor
activity of certain transcription factors. Recent studies linked sumoylation of several proteins to important diseases
(neurodegenerative diseases, acute promyelocytic leukemia, type | diabetes and other disorders). The regulation of
these postranslational modifications may provide new targets for therapeutic intervention in several human diseases.
[0158] PHB-1 is a molecule having a molecular weight of less than 50kDa and can passively penetrate the cell nucleus.
In normal subjects, PHB-1 is quickly exported out of the cell nucleus through the exportin system by the recognition of
a nucleus export signal (NES). Without being bound by such hypothesis, the proximity of the 2 sumoylation sites to the
NES, could contribute to the nuclear retention of PHB-1 in OA subjects by hiding the NES and thereby prevent the
recognition PHB-1 by exportin.

EXAMPLE 14

Determination of repression of mir20a promoter by co-repressors PHB-1, PHB-2, BCoR and combinations
thereof

[0159] MG-63 cells were transfected as described above with Lipofectamine™ 2000 during 6 hours. After the trans-
fection, fresh media was added to cells during 24 hours and 10-7 M 4-OH-Tamoxifen was added to cells during 24 hours.
[0160] The luciferase assay was then performed. Results are presented in Figure 13. Results are expressed by the
fold induction of luciferase signal of reporter construct compared to that of a control. The control (CTRL) luciferase activity
was that measured in osteoblastic MG-63 cells co-transfected with mir20A reporter promoter, known to be regulated by
E2Fs, from Sylvestre Y et al. 2007, pBAPE-ER and pLPC NEP-Flag vectors. The E2F1 was the condition where cells
were co-transfected with E2F1-ER over-expressing vector. All luciferase signal was normalized by a beta-gal reporter
vector. The X-axis represents the names of each repressor co-overexpressed in the conditions tested. This transient
transfection assay shows that BCoR alone or in combinations with PHB-1 (designated PHB in Figure 13) and/or PHB-
2 is sufficient to repress the induction of an E2F reporter construct like mir20a even in the presence of the mir20a agonist
E2F1.
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EXAMPLE 15
Determination of repression of PITX1 promoter by corepressors PHB-1, PHB-2, BCoR and combinations thereof

[0161] MG-63 cells were transfected as described above with a vector containing 3000 or 2000bp of PITX1 gene
promoter upstream of a firefly luciferase gene. Cells were synchronised 16h by serum starvation. Fresh serum was
added during 48h and the luciferase assay was performed. The luciferase signal was normalised against beta-gal.
Results are expressed by the fold induction of luciferase signal compared to a luciferase signal from an empty vector.
Results are presented in Figure 14. These results show the repression driven when BCoR, PHB-1 and PHB2 are
combined together using a fragment of human pitx1 promoter (fragment -3000bp). This demonstrates the repressor
activity of this complex. Without being bound by this hypothesis, it is suggested that more than one E2F-like sites may
be present on the PITX1 gene.

EXAMPLE 16
Analysis of Prohibitin-CRM-1 interaction in normal and OA articular chondrocytes

[0162] PHB-1 physical interaction with CRM-1 is measured by co-IP assays as described above, while Western blot
with anti-CRM-1 antibodies (Santa Cruz) are performed with nuclear extracts prepared with normal and OA articular
chondrocytes to assess changes in CRM-1 levels in normal versus OA cartilage cells. In parallel, functionality of CRM-
1 is tested by an immunostaining method. Cells are either untreated or treated with 30 wM camptothecin (Sigma) for 4
h, a topoisomerase | inhibitor that stimulates the nuclear export of PHB-1 through a CRM-1-dependent mechanism.
Subcellular localisation of p53 is used as internal control since p53 normally co-ocalises with PHB-1 and migrate to the
cytoplasm upon camptothecin treatment. Cells are fixed in 4% PFA for 5 min and blocked in 5% BSA in PBS buffer at
RT for 1 h, followed by primary antibody incubations overnight at 4°C. After washing, secondary antibody incubation is
performed with goat anti anti-mouse IgG Alexa™ Fluor-488 (green) and goat anti-rabbit IgG Alexa™ Fluor-546 (red) for
30 min at room temperature. Cells are visualised with a Zeiss™ LSM 510 confocal microscope. Finally, the contribution
of TGF-f signalling to PHB-1 nuclear export is investigated since it was reported that TGF-B1 mediates the nuclear
export of PHB-1 in a prostate cancer cell line.

EXAMPLE 17
OA genetic association studies

[0163] Genotyping of the (-3727 C—T) found in the promoter of human pitx1 gene is performed in a large cohort that
currently comprises 1,400 cases (510 males and 890 females) and 750 controls (350 females and 400 males) well
characterised. The cases have each undergone elective joint-replacement surgery (hip or knee) due to severe, end-
stage primary OA. The controls have no symptoms of OA or of any other joint or musculoskeletal disease. The cases
and controls are all aged 45 or over, they are unrelated to each other and are of UK Caucasian origin. The DNA from
the cases and the controls are arrayed on to 96-well microtitre plates at concentrations of 100ng/wl and 10ng/pl. Results
are analysed in function of differences in genotype or allele frequencies between OA cases and controls. The cases are
stratified by sex, age, by joint replaced or by sex combined with joint replaced or age combined with joint replaced.
[0164] Genetic association, and Hardy-Weinberg equilibrium for the distribution of genotypes, are tested by x2 analysis
with Yates’s correction. Odds ratios are calculated with 95 percent confidence intervals. The pair wise linkage disequi-
librium coefficient (r2)Z is calculated using the GOLD™ program (59). Haplotype frequencies between variants showing
evidence of linkage disequilibrium at r2>0.2 is estimated using the EH-PLUS™ program (60). Haplotype frequency
differences are then compared using x2.

EXAMPLE 13
Characterisation of nuclear factors known to interact with PHB-1 and/or PHB-2

[0165] Additional partners of PHB-1 and PHB-2 are expected to exist since there are no indications in the literature
that either molecule can bind directly to the DNA to exert their transcriptional repression. It was shown that prohibitin
recruits Brg-1/Brm to E2F-responsive promoters, and that this recruitment is required for the repression of E2F-mediated
transcription by PHB-1. Although PHB-1 associates with, and recruits, Brg-1 and Brm independently of pRb, prohibi-
tin/Brg-1/Brm-mediated transcriptional repression requires pRb. PHB-1 and PHB-2 mediated transcriptional repression
required also histone-deacetylase activity (HDAC1), but unlike pRb, additional co-repressors like N-CoR are also involved
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(24,41). In addition, PHB-2 also associates with the class Il histone deacetylase HDACS. Finally, it was reported that
PHB-2 specifically interacts with the chicken ovalbumin upstream binding transcription factors | and Il (COUP-TFI and
COUP-TF-Il). The nuclear receptor chicken ovalbumin upstream binding transcription factor | was found to cooperate
with PHB-2 and histone deacetylases in the repression of target genes. PHB-1 and PHB-2 thus appear to repress E2F-
mediated transcription utilising different molecular mediators and facilitate channelling of specific signalling pathways
to the cell cycle machinery.

[0166] Whether pitx1 repression is mediated by recruitment of Brg-1/Brm to this E2F site is investigated. The contri-
bution of specific histone deacetylases (HDACSs) is also investigated. To test whether Brg-1, Brm and prohibitin physically
interact in OA nuclear extracts, co-immunoprecipitation studies are carried out using nuclear extracts from OA articular
chondrocytes, which contain PHB-1 and PHB-2 endogenously. Immunoprecipitation are then performed with anti-cmyc
(negative control), anti-Brg-1 or anti-Brm antibodies, and the precipitated proteins are then immunoblotted for PHB-1 or
PHB-2. Normal articular chondrocytes obtained from control subjects or purchased (PromoCell) are tested in parallel
as negative controls. Positive controls are generated with the use of anti-E2F1, anti-E2F2 and anti-E2F3 antibodies
since E2F1 and E2F3 mRNA were detected in normal and OA articular chondrocytes.

[0167] The same approach is used to determine whether additional known partners of PHB-1 and PHB-2 are present
in the repressor complex detected in OA patients (the candidate proteins are indicated in Table 1 above). Notably, the
presence of pRb or of one of its family members (p107 and p130) are investigated since prohibitin/Brg-1/Brm-mediated
transcriptional repression was shown to require pRb. To assess whether PHB-1 co-localises in vivo with Brg-1 and Brm
to the E2F-responsive element found in the human pitx1 promoter, chromatin immunoprecipitation (CHIP) assays, using
anti-Brg-1 and anti-Brm antibodies are performed. ChIP assays are performed with OA articular chondrocytes derived
from at least ten distinct OA patients according to the manufacturer’s specifications (ActiveMotif, Carlsbad CA, USA).
Articular chondrocyte cultures are obtained from distinct OA patients in order to investigate whether these factors and
repressing mechanism are predominantly found only in a specific subset of OA patients or they are conserved among
all primary OA patients (excluding secondary knee joint OA). Presence of the mutation is determined by direct sequencing
of the promoter region harbouring the E2F-like site for each OA and control subjects to assess whether the mutation
seen in human pitx1 promoter has effects in the recruitment of different nuclear interacting partners. Whether pRb or
one ofits family members (p107 and p-130) is also recruited in vivowith Brg-1 and Brm s investigated. Control experiments
is carried out in parallel with normal human articular chondrocytes using anti-E2F1, anti E2F-2 and anti-E2F3 antibodies
as positive controls to demonstrate that this E2F site is also subjected to a positive transcriptional regulation by E2Fs
in normal cartilage cells. Negative controls will be provided by anti-PHB-1 and anti-PHB-2 antibodies.

EXAMPLE 18
Determination of mechanisms modulating prohibitins interactions with Brg-1/Brm in OA

[0168] Several reports showed that JNK1 promotes the association of PHB-1 with Brg-1 or Brm on E2F-responsive
promoters and represses the transcriptional activity of E2F. The finding that JNK1 phosphorylates PHB-1 (in vitro) and
regulates prohibitin/Brg1/Brm associations in vivo now adds a testable potential mechanistic link to this pathway. Fur-
thermore, PHB-1 interacts with MLK2, a binding partner of, activator of, and substrate for JINK1. To determine whether
JNK1 could affect the physical association between PHB-1 and Brg-1/Brm, co-IP methods are used with normal and
OA articular chondrocyte cultures untreated or treated with 100 wM of SP600125, a specific inhibitor of JNK1 for two
hours (Stressgene Bioreagents, Ann Arbor, MI, USA). The effect of JNK1 on the recruitment of PHB-1, PHB-2, Brg-1
and Brm to the endogenous and mutant E2F site in the human pitx1 promoter is then tested by CHIP assays.

[0169] Akt subcellular localisation is compared in normal and OA chondrocytes by IHC methods as well as by Western
blot analysis with corresponding cytoplasmic and nuclear extracts. Detection of Akt and phospho-Akt (pAkt) is preformed
with specific antibodies (Santa Cruz). In the event that cytoplasmic Akt is predominantly detected in OA cells, Akt
phosphorylation is stimulated by adding physiological doses of 17-B-estradiol (10-19M, Sigma) since estrogenic stimu-
lation was reported to promote accumulation of activated Akt in the nucleus (61).

[0170] Additional PHB-1 and PHB-2 interacting partners such as HDAC1 and HDACS5 are tested while others are
determined by DNA-pull down method. The analysis of the proteins complexed is carried-out by peptide sequencing
coupled to mass spectrometry as described above. The role of estrogens in Akt activation and nuclear localisation is of
interest in OA pathogenesis because postmenopausal women are more affected by OA than males after 65 years.

EXAMPLE 19
Determination of post-translational modifications masking/interfering with NES of PHB-1

[0171] There is evidence that PHB-1 and PHB-2 can undergo post-translational modification such as phosphorylation

24



10

15

20

25

30

35

40

45

50

55

EP 2 089 546 B1

and ubiquitination, but the role of post-translational modifications in modulating the various functions of the prohibitins
has yet to be determined. In-silico analysis revealed that PHB-1 NES can be phosphorylated by tyrosine kinases MTOR,
PAK, EGFR and JAK. The effect of individual kinases is tested by adding specific kinase inhibitors to the cells prior to
analysing PHB-1 interaction with CRM-1 as described above.

[0172] Whether the NES of PHB-1 is a substrate for an unknown kinase or any other enzymatic action reducing its
interaction with CRM-1 is also tested. A peptide corresponding to the NES of PHB-1 is synthesized and conjugated to
a carrier peptide, penetratin™ (Q-Biogene), for delivery into the cells (cytoplasm and nucleus). The effect of delivering
this peptide on the nuclear export of PHB-1 is assessed by double immunofluorescence experiments. Conformation
changes in PHB-1-PHB-2 heterodimers or homodimers are also examined by cross-linkage analyses and Western blot.
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Claims

A method of predicting the risk of developing osteoarthritis comprising:

determining the nuclear concentration of a pitx1 repressor protein or complex selected from the group consisting
of prohibitin (PHB-1), prohibitone (PHB-2), B cell ymphoma-6 transcriptional repressor interacting co-repressor
(BCoR), PHB-1-containing complex, PHB-2-containing complex and BCoR-containing complex, in a subject
cell sample selected from the group consisting of an articular chondrocytes sample, a growth plate chondrocytes
sample, an osteoblasts sample, a skeletal myoblasts sample and a synoviocytes sample; and

determining whether the repressor protein or complex nuclear concentration is higher in the subject cell sample
as compared to that in a control cell sample,

wherein a higher repressor protein or complex nuclear concentration in the subject cell sample is indicative that
the subject is at risk of developing osteoarthritis.

2. A method of predicting the risk of developing osteoarthritis comprising:

(a) identifying a subject suspected of having osteoarthritis (OA); and

(b) detecting the blood concentration, the tissue concentration or the synovial fluid concentration of a pitx1
repressor protein or complex selected from the group consisting of prohibitin (PHB-1), prohibitone (PHB-2), B
cell ymphoma-6 transcriptional repressor interacting co-repressor (BCoR), PHB-1-containing complex, PHB-
2-containing complex and BCoR-containing complex in a blood sample, a tissue biopsy or a synovial fluid
sample of the subject.

3. The method of any one of claims 1 to 2, wherein the osteoarthritis is selected from the group consisting of knee joint

arthritis, hip joint arthritis and temporo-mandibular joints arthritis.
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A method of selecting a compound, said method comprising

(a) contacting a test compound with a cell sample selected from the group consisting of an articular chondrocytes
sample, a growth plate chondrocytes sample, an osteoblasts sample, a skeletal myoblasts sample and a syn-
oviocytes sample; and

(b) determining a pitx1 repressor protein or complex nuclear localization or assessing the sumoylation of a pitx1
repressor protein or complex or measuring the binding of a pitx1 repressor protein or complex on pitx1’s E2F-
like site in the cell sample in the cell sample, wherein said pitx1 repressor protein or complex is selected from
the group consisting of prohibitin (PHB-1), prohibitone (PHB-2), B cell lymphoma-6 transcriptional repressor
interacting co-repressor (BCoR), PHB-1-containing complex, PHB-2-containing complex and BCoR-containing
complex;

wherein the test compound is selected if 1) the pitx1 repressor protein or complex nuclear localization in the cell
sample is decreased in the presence of the test compound as compared to in the absence thereof; 2) the sumoylation
of the pitx1 repressor protein or complex in the cell sample is decreased in the presence of the test compound as
compared to in the absence thereof; or 3) the binding of the pitx1 repressor protein or complex on pitx1’'s E2F-like
site in the cell sample is decreased in the presence of the test compound as compared to in the absence thereof.

The method of claim 4, wherein the selected test compound is potentially useful in preventing accumulation or
retention of the pitx1 repressor protein or complex in cell nuclei or in promoting the pitx1 repressor protein or complex
nuclear export.

The method of any one of claims 1-5, wherein the pitx1 repressor protein or complex comprises prohibitin (PHB-1),
and preferably wherein the repressor protein is PHB-1.

The method of any one of claims 1-5, wherein the pitx1 repressor protein or complex comprises prohibitone (PHB-
2), and preferably wherein the repressor protein is PHB-2.

The method of any one of claims 1-5, wherein the pitx1 repressor protein or complex comprises B cell lymphoma-
6 transcriptional repressor interacting co-repressor (BCoR), and preferably wherein the repressor protein is BCoR.

The method of any one of claims 1 and 4-8, wherein said cell sample is from a subject having osteoarthritis.

The method of any one of claims 1 and 4-9, wherein said cell sample is an articular chondrocytes sample, preferably
from a subject having osteoarthritis in a knee joint, a hip joint or a temporo-mandibular joint.

An in vitro method for predicting the risk of developing osteoarthritis comprising detecting in a subject, the presence
of at least one post-translational modification directly or indirectly causing the nuclear accumulation or retention of
prohibitin (PHB-1), prohibitone (PHB-2) or B cell lymphoma-6 transcriptional repressor interacting co-repressor
(BCoR) in cells where PHB-1, PHB-2 or Pitx1 is normally expressed, wherein the presence of the at least one post-
translational modification is an indication that the subject has or is at risk of developing osteoarthritis.

The method of claim 11, wherein said method comprises detecting in a subject, the presence of at least one post-
translational modification directly or indirectly causing the nuclear accumulation or retention of prohibitin (PHB-1).

The method of claim 11 or 12, wherein said post-translational modification is sumoylation.

Patentanspriiche

1.

Verfahren zur Voraussage des Risikos der Entwicklung von Osteoarthritis, umfassend:

Bestimmen der Kernkonzentration eines pitxl-Repressorproteins oder -komplexes, ausgewahlt aus der Gruppe,
bestehend aus Prohibitin (PHB-1), Prohibiton (PHB-2), B-Zelllymphoma-6-transkriptionsrepressorinteraktions-
korepressor (BCoR), PHB-1 enthaltendem Komplex, PHB-2 enthaltendem Komplex und BCoR enthaltendem
Komplex in einer Zellprobe eines Probanden, ausgewahlt aus der Gruppe, bestehend aus einer Gelenkchon-
drozytenprobe, einer Wachstumsplattenchondrozytenprobe, einer Osteoblastenprobe, eines Skelettmyobla-
stenprobe und einer Synoviozytenprobe; und
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Bestimmen, ob die Repressorprotein- oder Repressorkomplexkernkonzentration in der Probandenzellprobe
hoher ist im Vergleich zu jener einer Kontrollzellprobe,

wobei eine héhere Repressorprotein oder Repressorkomplexkernkonzentration in der Probandenzellprobe in-
dikativ dafir ist, dass der Proband ein Risiko zur Entwicklung von Osteoarthritis besitzt.

2. Verfahren zur Voraussage des Risikos der Entwicklung von Osteoarthritis, umfassend:

3.

4.

10.

1.

(a) Identifizieren eines Probanden, der vermutlich Osteoarthritis hat (OA); und

(b) Ermitteln der Blutkonzentration, der Gewebekonzentration oder der Synovialflissigkeitskonzentration eines
pitx1-Repressorproteins oder eines solchen Komplexes, ausgewahlt aus der Gruppe, bestehend aus Prohibitin
(PHB-1), Prohibiton (PHB-2), B-Zelllymphoma-6-transkriptionrepressorinteraktionskorepressor (BCoR), PHB-
1 enthaltendem Komplex, PHB-2 enthaltendem Komplex und BCoR enthaltendem Komplex in einer Blutprobe,
in einer Biopsie- oder Synovialflissigkeitsprobe des Probanden.

Verfahren nach einem jeden der Anspriiche 1 und 2, wobei die Osteoarthritis aus der Gruppe ausgewahlt ist,
bestehend aus Kniegelenksarthritis, Hiiftgelenkarthritis und Schlafenbein-Unterkiefer-Gelenkearthritis.

Verfahren zum Auswahlen einer Verbindung, wobei das Verfahren umfasst:

(a) Inkontaktbringen einer Testverbindung mit einer Zellprobe, ausgewahlt aus der Gruppe, bestehend aus
einer Gelenkchondrozytenprobe, einer Wachstumsplattenchondrozytenprobe, einer Osteoblastenprobe, einer
Skeletmyoblastenprobe und einer Synoviozytenprobe; und

(b) Bestimmen einer pitxl-Repressorprotein- oder pitx1-Repressorkomplexkernlokalisierung oder Feststellen
der Sumoylierung eines pitx1-Repressorproteins oder -komplexes oder Messen der Bindung eines pitx1-Re-
pressorproteins oder -komplexes an einer pitx1’-E2F-ahnlichen Stelle in der Zellprobe, wobei das pitx1-Repres-
sorprotein oder der Komplex aus der Gruppe ausgewahlt ist, bestehend aus Prohibitin (PHB-1), Prohibiton
(PHB-2), B-Zelllymphoma-6-transkriptionsrepressorinteraktionskorepressor (BCoR), PHB-1 enthaltenem Kom-
plex, PHB-2 enthaltendem Komplex und BCoR enthaltendem Komplex;

wobei die Testverbindung ausgewahlt wird, wenn 1) die pitx1-Repressorprotein- oder pitxl-Repressorkomplexkern-
lokalisierung in der Zellprobe in Gegenwart der Testverbindung im Vergleich zur Abwesenheit davon erniedrigt ist;
2) die Sumoylierung des pitx1-Repressorproteins oder - komplexes in der Zellprobe in Gegenwart der Testverbindung
im Vergleich zur Abwesenheit davon erniedrigt ist; oder 3) die Bindung des pitx1-Repressorproteins oder -komplexes
an die pitx1-E2F ahnliche Stelle in der Zellprobe in Anwesenheit der Testverbindung im Vergleich zur Abwesenheit
davon erniedrigt ist.

Verfahren nach Anspruch 4, worin die ausgewahlte Testverbindung potenziell nltzlich bei der Pravention der Ak-
kumulation oder Retention des pitx1-Repressorproteins oder -komplexes im Zellkern oder in der Beschleunigung
des Exportes des pitx1-Repressorproteins oder -komplexes aus dem Kern ist.

Verfahren nach einem jeden der Anspriiche 1 bis 5, worin das pitxl-Repressorprotein oder der pitxl-Repressorkom-
plex Prohibitin (PHB-1) umfasst und vorzugsweise, worin das Repressorprotein PHB-1 ist.

Verfahren nach einem jeden der Anspriiche 1 bis 5, worin das pitxl-Repressorprotein oder der Komplex Prohibiton
(PHB-2) umfasst und vorzugsweise, worin das Repressorprotein PHB-2 ist.

Verfahren nach einem jeden der Anspriiche 1 bis 5, worin das pitxl-Repressorprotein oder der Komplex B-Zelllym-
phoma-6-transkriptionsrepressorinteraktionskorepressor (BCoR) umfasst und vorzugsweise worin das Repressor-

protein BCoR iist.

Verfahren nach einem jeden der Anspriiche 1 und 4 bis 8, worin die Zellprobe von einem Probanden mit Osteoarthritis
stammt.

Verfahren nach einem jeden der Anspriiche 1 und 4 bis 9, worin die Zellprobe eine Gelenkchondrozytenprobe,
vorzugsweise von einem Probanden mit Osteoarthritis in einem Kniegelenk, einem Hiiftgelenk oder einem Schla-

fenbein-Unterkiefer-Gelenk stammt.

In-vitro-Verfahren zur Voraussage des Risikos der Entwicklung von Osteoarthritis, umfassend das Ermitteln der
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Anwesenheit von wenigstens einer Posttranslationsmodifikation in einem Patienten, welcher direkt oder indirekt die
Kernakkumulation oder -retention von Prohibitin (PHB-1), Prohibiton (PHB-2) oder B-Zelllymphoma-
6transkriptionrepressorinteraktionscorepressor (BCoR) in Zellen verursacht, in denen PHB-1, PHB-2 oder Pitx1
normalerweise exprimiert werden, worin die Anwesenheit von wenigstens einer Posttranslationsmodifikation ein
Anzeichen daflr ist, dass der Patient Osteoarthritis besitzt oder das Risiko hat, eine zu entwickeln.

Verfahren nach Anspruch 11, worin das Verfahren das Ermitteln der Anwesenheit wenigstens einer posttranslato-
rischen Modifikation bei einem Probanden umfasst, welche direkt oder indirekt die Kernakkumulation oder -retention
von Prohibitin (PHB-1) verursacht.

Verfahren nach Anspruch 11 oder 12, worin die posttranslatorische Modifikation eine Sumoylierung ist.

Revendications

1.

2.

3.

Procédé de prévision du risque de développer une arthrose comprenant :

la détermination de la concentration nucléaire en une protéine ou un complexe répresseur de pitx1 choisi dans
le groupe constitué d’une prohibitine (PHB-1), d’'une prohibitone (PHB-2), d’'un corépresseur interagissant avec
le répresseur de transcription BCL-6 (BCoR), d’'un complexe contenant PHB-1, d’'un complexe contenant PHB-
2 et d’'un complexe contenant BCoR, dans un échantillon cellulaire d’un sujet choisi dans le groupe constitué
d’un échantillon de chondrocytes articulaires, d’'un échantillon de chondrocytes de cartilage de conjugaison,
d'un échantillon d’'ostéoblastes, d’'un échantillon de myoblastes squelettiques et d’'un échantillon de
synoviocytes ; et

la détermination quant a savoir si la concentration nucléaire en protéine ou complexe répresseur est supérieure
dans I'’échantillon cellulaire d’un sujet par comparaison avec celle qui est dans un échantillon cellulaire témoin,
dans lequel une concentration nucléaire en protéine ou complexe répresseur supérieure dans I'échantillon
cellulaire du sujet est indicative en ce que le sujet court un risque de développer une arthrose.

Procédé de prévision du risque de développer une arthrose comprenant :

(a) l'identification d’un sujet suspecté de présenter une arthrose (OA [osteoarthritis]) ; et

(b) la détection de la concentration sanguine, de la concentration tissulaire ou de la concentration du liquide
synovial en une protéine ou un complexe répresseur de pitx1 choisi dans le groupe constitué d’une prohibitine
(PHB-1) d’'une prohibitone (PHB-2), d’'un corépresseur interagissant avec le répresseur de transcription BCL-
6 (BCoR), d’'un complexe contenant PHB-1, d’'un complexe contenant PHB-2 et d’'un complexe contenant BCoR
dans un échantillon sanguin, une biopsie tissulaire ou un échantillon de liquide synovial du sujet.

Procédé selon I'une quelconque des revendications 1 et 2, dans lequel I'arthrose est choisie dans le groupe constitué
d’une arthrite de I'articulation du genou, d’'une arthrite de 'articulation de la hanche et d’'une arthrite des articulations
temporo-mandibulaires.

Procédé de sélection d’'un composé, ledit procédé comprenant

(a) la mise en contact d’'un composé test avec un échantillon cellulaire choisi dans le groupe constitué d’un
échantillon de chondrocytes articulaires, d’un échantillon de chondrocytes de cartilage de conjugaison, d’un
échantillon d’ostéoblastes, d’un échantillon de myoblastes squelettiques et d’'un échantillon de synoviocytes ; et
(b) la détermination d’une localisation nucléaire de protéine ou de complexe répresseur de pitx1 ou I'évaluation
de la sumoylation d’une protéine ou d’'un complexe répresseur de pitx1 ou la mesure de la liaison d’'une protéine
ou d’'un complexe répresseur de pitx1 sur un site analogue a E2F de pitx1 dans I'échantillon cellulaire, ou ladite
protéine ou ledit complexe répresseur de pitx1 est choisi(e) dans le groupe constitué d’'une prohibitine (PHB-
1), d’'une prohibitone (PHB-2), d’'un corépresseur interagissant avec le répresseur de transcription BCL-6
(BCoR), d'un complexe contenant PHB-1, d’'un complexe contenant PHB-2 et d’'un complexe contenant BCoR ;

dans lequel le composé test est sélectionné si 1) la localisation nucléaire de la protéine ou du complexe répresseur
de pitx1 dans I'’échantillon cellulaire est réduite en présence du composé test par comparaison avec son absence ;
2) la sumoylation de la protéine ou du complexe répresseur de pitx1 dans I'échantillon cellulaire est réduite en
présence du composé test par comparaison avec son absence ; ou bien 3) la liaison de la protéine ou du complexe
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répresseur de pitx1 sur un site analogue a E2F de pitx1 dans I'échantillon cellulaire est réduite en présence du
composé test par comparaison avec son absence.

Procédé selon la revendication 4, dans lequel le composé test sélectionné est potentiellement utile pour prévenir
une accumulation ou une rétention de la protéine ou du complexe répresseur de pitx1 dans des noyaux cellulaires
ou pour favoriser I'export nucléaire de la protéine ou du complexe répresseur de pitx1.

Procédé selon I'une quelconque des revendications 1 a 5, dans lequel la protéine ou le complexe répresseur de
pitx1 comprend de la prohibitine (PHB-1), et de préférence dans lequel la protéine répresseur est PHB-1.

Procédé selon 'une quelconque des revendications 1 a 5, dans lequel la protéine ou le complexe répresseur de
pitx1 comprend de la prohibitone (PHB-2), et de préférence dans lequel la protéine répresseur est PHB-2.

Procédé selon I'une quelconque des revendications 1 a 5, dans lequel la protéine ou le complexe répresseur de
pitx1 comprend un corépresseur interagissant avec le répresseur de transcription BCL-6 (BCoR), et de préférence
dans lequel la protéine répresseur est BCoR.

Procédé selon I'une quelconque des revendications 1 et 4 a 8, dans lequel ledit échantillon cellulaire provient d’un
sujet présentant une arthrose.

Procédé selonl'une quelconque des revendications 1 et4 a9, dans lequel ledit échantillon cellulaire est un échantillon
de chondrocytes articulaires, de préférence provenant d’un sujet présentant une arthrose dans une articulation de
genou, une articulation de hanche ou une articulation temporo-mandibulaire.

Procédeé in vitro destiné a prévoir le risque de développer une arthrose comprenant la détection, chez un sujet, de
la présence d’au moins une modification post-traductionnelle entrainant directement ou indirectement 'accumulation
ou la rétention nucléaire de prohibitine (PHB-1), de prohibitone (PHB-2) et de corépresseur interagissant avec le
répresseur de transcription BCL-6 (BCoR) dans des cellules ou PHB-1, PHB-2 ou Pitx1 est normalement exprimeé,
dans lequel la présence de la au moins une modification post-traductionnelle est une indication que le sujet présente
ou court un risque de développer une arthrose.

Procédé selon la revendication 11, dans lequel ledit procédé comprend la détection, chez un sujet, de la présence
d’au moins une modification post-traductionnelle entrainant directement ou indirectement I'accumulation ou la ré-

tention nucléaire de prohibitine (PHB-1).

Procédé selon la revendication 11 ou 12, dans lequel ladite modification post-traductionnelle est une sumoylation.
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AGTATGIGIGGTTGGGGAATTCATGTGGAGGTCAGAGTGGAAGCAGGTGTGAGAGGGTCCAGCAGAAGG
AARCATGGCTGCCARAGTGTTTGAGTCCATTGGCARGT TTGGCCTGGCCT TAGCTGTTGCAGGAGGCGT
GGTGARCTCTGOCTTATATAATGTGGATGCTGGGCACAGAGCTGTCATCTTTGACCGATTCCGTGGAGT
GCAGGACATTGTGGTAGGGGAAGGGACT CATTTTCTCATCCOGTGGGTACAGARACCAATTATCTTTGA
CTGCOGTTCT CGACCACGTAATGTGCCAGTCATCACTGGTAGCAARGATTTACAGARTGTCAACATCAC
ACTGCGCATCCTCTTCCGGCCTGTCGCCAGCCAGCTTCCTCGCATCTTCACCAGCATOGGAGAGGACTA
TGATGAGCGTGTGCTGCOGTCCATCACAACTGAGATCCTCAAGTCAGTGGTGGCTCGCTTTGATGCTGG
AGAACTAATCACCCAGAGAGRGCTGGTCTCCAGGCAGGTGAGCGACGACCTTACAGAGCGAGCCGOCAC
CTTTGGGCTCATCCTGGATGACGTGTCCT TGACACATCTGACCTTOGGGARGGAGT TCACAGAAGCGGT
GGAAGCCARRCAGGTGGCTCAGCAGGARGCAGAGAGGGCCAGATTTGTGGTGGARAAGGCTGAGCARCA
GARRARGGCGGCCATCATCTCTGCT GAGGGOGACTOCARGGCAGCTGAGCTGAT TGCCAACTCACTGGC
CACTGCAGGGGATGGCCTGATCGAGCTGCGCARGCTGGAAGCTGCAGAGGACATCGCGTACCAGCTCTC
ACGCTCTCGGAACATCACCTACCTGCCAGCGGGGCAGTCOGTGCTCCTOCAGCTGOCOCAGTGAGGGCC
CACCCTGCCTGCACCTCOGCGGGCTGACTGGGOCACAGCOCCGATGATTCTTAACACAGCCTTCCTTCT
GCTCCCACCCCAGAAATCACTGTGAAAT TTCATGATTGGCTTARAGTGAAGGAARTARAGGTAARATCA
CTTCAGATCTCTAATTAGTCTATCARATGARACTCT TTCATTCTTCTCACATCCATCTACTTTTTTATC
CACCTCCCTACCAAARATTGCCAAGTGCCTATGCAAACCAGCTTTAGGTCCCAATTCGGGGCCTGCTGS
AGTTCCGGCCTGGGCACCAGCATTTGGCAGCACGCAGGCGGGGCAGTATGTGATGGACTGGGGAGCACA
GGTGTCTGCCTAGATCCACGTGTGGCCTCCGTCCTGTCACTGATGGRAGGTTTGCGGATGAGGGCATGT
GCGGCPGAACTGAGAAGGCAGGC@CCGTCHCCCAGOGGHC@GTGCAGATG@GCFGAAGAGAGGT
GCCGGGGAGGGGCAGAGAGGAAGTGGTCTGT CTGTTACCAT AAGTCTGATTCTCTTTAACTGTGTGACC
AGCGGAARCAGGTGTGTGTGAACTGGGCACAGATTGRAGART CTGCCOCTGTTGAGETGGETGGGOCTG
ACTGTTGCOCCCCAGGGTCCTARARCT TGGATGGACTTGTAT AGTGAGAGAGGAGGCCTGGACCGAGAT
GIGAGTCCTGTTGAAGACTTCCTCTCTACCCCOCACCTTGGTCOCTCTCAGATACCCAGTGGARTTCCA
ACTTGAAGGATTGCATCCTGCTGGGGCTGAACATGOCTGCCARAGAOGTGTCCGACCTACGTTCCTGES

CCCCTCGT TCAGAGACTGCCCTTCTCACGGGCTCTATGCCTGCACTGGGARGGARACARATGTGTATAR
ACTGCTGTCAATARATGACACCCAGACCTTCC

Iz _16A

MAAKVFESTGKFGLALAVAGGVVNSALYNVDAGHRAVI FDRFRGVQDIVVGEGTHFLI PWVOKPIIFDC
RSRPRNVPVITGSKDLONVNITLRI LERPVASQLPRI FTSIGEDYDERVLPS ITTEILKSVVARFDAGE
LITQRELVSRQVSDDLTERAATEGLIWDVSLTP&TEG(EFTEAVEAKQVAQQEAERARWVEIQ\BQQK
KAAIISAEGDSKAAELIANSLATAGDGLIELRKLEAAEDIAYQLSRSRN ITYLPAGQSVLIQLPQ

—TII=_1658
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AAGTTOGGGTCCGTAGTGGGCTARGGGGGAGGGTTTCAARGGGAGCGCACT TCCGCTGCCCTTICTTTC
GCCAGCCTTACGGGCCCGRAACCCTCGTGTGAAGGGTGCAGTACCTAAGCCGGAGCGGGGTAGAGGOGEG
CCGGCACCCCCTTCTGACCTCCAGTGCCGCCGGCCTCAAGATCAGACATGGCCCAGAACT TGRAGGACT
TGGCGGGACGGCTGCCCGCCGEECCOCGGGGCATGEGCACGECCCTGAAGCTGTTGCTGRGEGCCEEG
COGTGGCCTACGGTGTGCGCGARTCTGTGT TCACCGTGGRAGGOGGECACRGAGCCATCTTCTTCARTC
GGATCGGTGGAGTGCAGCAGGACACTATCCTGGCCGAGGGCCTTCACTTCAGGATCCCTTGGTTCCAGT
ACCCCATTATCTATGACATTCGGGCCAGACCTCGARAAATCTCCTCOCCTACAGGCTCCARAGACCTAC
AGATGGTGAATATCTCCCTGCGAGTGTTGTCTCGACCCAATGCTCAGGAGCTTCCTAGCATGTACCAGC
GCCTAGGGCTGGACTACGAGGAACGAGTGT TGOCGTCCATTGTCAACGAGGTGCTCRAGAGTGTGGTGG
CCAAGTTCAATGCCTCACAGCTGATCACCCAGCGGGCCCAGGTATCOCTGTTGATCCGCCGGGAGCTGA
CAGAGAGGGCCAAGGACT TCAGCCTCATCCTGGATGATGTGGCCATCACRGAGCTGAGCT TTAGCCGAG
AGTACACAGCTGCTGTAGAAGCCARACAAGTGGCCCAGCAGGAGGCOCAGCGGGCCCAATTCTTGGTAG
ARAARGCAARGCAGGRACAGCGGCAGAARATTGTGCAGGCCGAGGGTGAGGCCGAGGCTGCCAAGATGC
TTGGAGRAGCACTGAGCARGAACCCTGGCTACATCARACT TCGCAAGATTCGAGCAGCCCAGAARTATCT
CCARGRCGATCGCCACRTCACAGARTCGTATCTATCTCACAGCTGACARCCTTGTGCTGARCCTACAGG
ATGAAAGTTTCACCAGGGGARGTGACAGCCTCATCAAGGGTARGAAATGAGCCTAGTCACCAAGAACTC
CACCCCCAGAGGAAGTGGATCTGCTTCTCCAGTTTTTGAGGAGCCAGCCAGGGGTCCAGCACAGCCCTA
CCCCGCCCCAGTATCATGCGATGGTCCOCCACACCGGTTCCCTGAACCCCTCT TGGATTARGGRAGACT
GAAGACTAGCCCCTTTTCTGGGARATTACT TTCCTCCTCCCTGTGTTARCTGGGGCTGTTGGGGACAGT
GCGTGATTTCTCAGTGAT TTCCTACRGTGT TGTTCCCTCCCTCARGGCTGGGAGGAGRTARRCRCCARC
CCAGGAATTCTCAATARATTTTTATTACTTAACCTG

—F=r=_17A

MAONLKDLAGRLPAGPRGMGTALKLLLGAGAVAYGVRESVFTVEGGHRAI FENRIGGVQQDTILAEGLH
FRIPWFQYPI IYDIRARPRKISSPTGSKDLOMVNI SLRVLSRPNAQELPSMYQRLGLDYEERVLPSIVN
EVLKSVVAKENASQLI TQRAQVSLLIRRELTERAKDFSLILDOVAI TELSFSREYTAAVEAKQVAQQEA
ORAQFLVEKAKQEQRQKT VOREGEAEARKMLGEAL SKNPGYIKLRKI RAAQNI SKTTATSONRI YLTAD
NLVLNLQDESFTRGSDSLIKGKK

—TI=_178
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TABLE 1: LIST OF PROTEINS INTERACTING WITH PHB-1 AND/OR PHB-2

PHB-1

PHB-2

AFTRTFIHEREBETHNRRN I A, RS EEBREELT  rer

FAERFZEF1 (pitx-1) EBEANARES , MRIBBRE ,

Akt (38)

Brg-1(39)

ER (40)
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