EP 2 373 682 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

EP 2 373 682 B1

European
Patent Office

9

Office européen

des brevets (1 1 )

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
09.03.2016 Bulletin 2016/10

(51) IntClL:
A61K 38]29(2006.0%) A61P 19/00 (2006.0)
(86) International application number:
Application number: 09836848.3 PCT/US2009/068099
(87) International publication number:
WO 2010/077877 (08.07.2010 Gazette 2010/27)

Date of filing: 15.12.2009

(54)

TREATMENT OF EARLY-STAGE OSTEOARTHRITIS
BEHANDLUNG VON OSTEOARTHRITIS IM FRUHEN STADIUM
TRAITEMENT DE L'OSTEOARTHRITE A UN STADE PRECOCE

(84)

(30)

(43)

(73)

(72)

(74)

(56)

* SONDERGAARD B C ET AL: "160 PTH ACTS AS

Designated Contracting States:

ATBE BG CHCY CZDE DKEE ES FIFR GB GR
HRHUIEISITLILT LU LV MC MK MT NL NO PL
PT RO SE SI SK SM TR

Priority: 16.12.2008 US 336209

Date of publication of application:
12.10.2011 Bulletin 2011/41

Proprietor: Kaohsiung Medical University
San Ming District
Kaohsiung, 807 (CN)

Inventors:

HO, Mei-Ling
Kaohsiung, 807 (CN)
WANG, Gwo-Jaw
Kaohsiung, 807 (CN)
CHANG, Je-Ken
Kaohsiung, 807 (CN)
FU, Yin-Chih
Kaohsiung, 807 (CN)
CHEN, Chung-Hwan
Kaohsiung, 807 (CN)

Representative: Ter Meer Steinmeister & Partner
Patentanwalte mbB

Nymphenburger StraBBe 4

80335 Miinchen (DE)

References cited:

US-A1-2007 190 030 US-B1-6 787 518

AN ANABOLIC EFFECTOR ON
OSTEOARTHRITIC ARTICULAR CARTILAGE:
COULD PTH BE A NEW TREATMENT
OPPORTUNITY FOR OSTEOARTHRITIS?",
OSTEOARTHRITIS AND CARTILAGE, BAILLIERE
TINDALL, LONDON, GB, vol. 16, 1 September
2008 (2008-09-01), pages S81-S82, XP025689873,
ISSN: 1063-4584, DOI:
10.1016/S1063-4584(08)60206-X [retrieved on
2008-09-01]

SONDERGAARD B C ET AL: "PTH has Direct
Anabolic Effects on Osteoarthritic Articular
Cartilage in Vitro and in Vivo: Is PTH a New
Treatment for Osteoarthritis?", JOURNAL OF
BONE AND MINERAL RESEARCH, vol. 23, no.
Suppl. S, September 2008 (2008-09), page S412,
XP009160860,& 30TH ANNUAL MEETING OF THE
AMERICAN-SOCIETY-FOR-BONE-AND-MINERA
L-RESE ARCH; MONTREAL, CANADA;
SEPTEMBER 12 -16, 2008 ISSN: 0884-0431
HODSMAN ANTHONY B ET AL: "Parathyroid
hormone and teriparatide for the treatment of
osteoporosis: A review of the evidence and
suggested guidelines for its use"”, ENDOCRINE
REVIEWS, vol. 26, no. 5, August 2005 (2005-08),
pages 688-703, XP002679420, ISSN: 0163-769X

Remarks:

Thefile contains technical information submitted after
the application was filed and not included in this
specification

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 373 682 B1
Description
SEQUENCE LISTING

[0001] The instant application contains a Sequence Listing which has been submitted via EFS-Web and is hereby
incorporated by reference in its entirety. Said ASCII copy, created on December 15, 2009, is named 383295US.txt, and
is 4,289 bytes in size.

FIELD

[0002] The presentdisclosurerelatestoaminoacids 1-34 of parathyroid hormone for use in a treatment of osteoarthritis,
and in particular relates to amino acids 1-34 of parathyroid hormone for use in treating early-stage osteoarthritis by intra-
articular injection of amino acids 1-34 of parathyroid hormone.

BACKGROUND

[0003] Arthritis encompasses a group of conditions involving damage to the joints of the body. Arthritis is the leading
cause of disability in people older than the age of fifty-five. The most common form of arthritis, osteoarthritis (OA) is a
result of trauma to the joint, infection of the joint, or age. Osteoarthritis is a clinical syndrome in which low-grade inflam-
mation results in pain in the joints, caused by abnormal wearing of the cartilage that covers and acts as a cushion inside
joints and destruction or change of the characteristics of synovial fluid that lubricates those joints. As the bone surface
becomes less well protected by cartilage, the patient experiences pain upon bearing weight, including walking and
standing. Due to increased movement because of the pain, regional muscles may atrophy, and ligaments may become
more lax.

[0004] Osteoarthritis affects nearly 21 million people in the United States, accounting for 25% of visits to primary care
physicians, and half of non-steroidal anti-inflammatory drug (NSAID) prescriptions. It is estimated that 80% of the pop-
ulation will have radiographic evidence of osteoarthritis by age 65, although only 60% of those will be symptomatic.
[0005] Osteoarthritis is anincreasingly common joint disease as the numbers of elderly people grow in many countries.
In the US, for example, 10% of the population older than 60 years has OA. Current treatments for OA primarily involve
the use of anti-inflammatory drugs, analgesics, and lubricating supplements. Therefore, it is a priority to develop agents
that can suppress the progression of OA at an early-stage.

[0006] In patients with OA, chondrocytes are known to be able to resume phenotypic changes such as those occurring
in epiphyseal growth plates, where chondrocytes undergo the process of terminal differentiation from hypertrophy to
mineral deposition to eventual apoptosis (Blanco FJ et al., Arthritis Rheum 1998; 41: 284-9; Kirsch T et al., Osteoarthritis
Cartilage 2000; 8: 294-302). Chondrocytes in OA express the marker proteins of hypertrophic chondrocytes, including
annexins, alkaline phosphatase, and type X collagen (Col X), but not type Il collagen (Col Il).

[0007] A feedback loop regulating endochondral ossification in growth plates involves parathyroid hormone-related
peptide (PTHrP), Indian hedgehog (IHH), and Bcl-2. PTHrP maintains the function of proliferating chondrocytes and
inhibits chondrocyte differentiation toward hypertrophy (Horton WE Jr et al., Matrix Biol 1998; 17: 107-15; Weisser J et
al., Exp Cell Res, 2002; 279: 1-13). Previous reports have indicated that the biologic changes in articular chondrocytes
during OA progression are similar to those of endochondral ossification (Blanco FJ, et al., Arthritis Rheum 1998; 41:
284-9; Kirsch T et al., Osteoarthritis Cartilage 2000; 8: 294-302).

[0008] The biological changes of chondrocyte differentiation in growth plate are similar to that observed in the pro-
gression of osteoarthritis. It has been reported that in osteoarthritis, phenotypic changes for chondrocytes are similar to
those in epiphyseal growth plates, wherein chondrocytes undergo terminal differentiation, hypertrophy, mineral deposition
and eventually apoptosis (Arthritis. Rheum. (1998) 41(2): 284-9; Ann. Rheum. Dis. (2000) 59(12): 959-65; Osteoarthritis
Cartilage (2000) 8(4): 294-302). The chondrocytes in osteoarthritis express the marker proteins of hypertrophic chondro-
cytes, including annexins, alkaline phosphatase and type X collagen (Col X), but eliminate the expression of type Il
collagen (Col Il).

[0009] It has been suggested that parathyroid hormone related protein (PTHrP) might be useful for the treatment of
osteoarthritis. PCT patent application, WO2008/156725, for example, describes inhibition of articular cartilage mineral-
ization by injecting PTHrP into the deep zone of articular cartilage. As noted above, chondrocyte differentiation involves
complex processes, including cell proliferation, hypertrophy, terminal differentiation, mineralization and cell death (ap-
optosis). However, the art does not appear to provide any method that will reverse the degenerative process of chondro-
cytes, involving articular cartilage mineralization that occurs during development of osteoarthritis in a patient.

[0010] Accordingly, there is a need for methods that will inhibit or prevent cartilage mineralization and chondrocyte
apoptosis, that will inhibit or reverse the degenerative process of chondrocytes in the early-stage of osteoarthritis, and
that can be used for treatment of osteoarthritis, particularly early-stage osteoarthritis.
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SUMMARY

[0011] In one aspect, the present disclosure provides amino acids 1-34 of parathyroid hormone for use in treating
early stage osteoarthritis in a human by intra-articular injection of amino acids 1-34 of parathyroid hormone at therapeu-
tically effective dose range of 0.1 pmole to 5000 pmole.

[0012] In anembodiment of the presentinvention, the amino acids 1-34 of parathyroid hormone is provided by delivery
of a therapeutically active dose of from 5 pmole to 300 pmole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention of the present disclosure will be further understood from the following description with reference
to the accompanying drawings, in which:

FIGS. 1A-1F show the changes in levels of (A) mRNA for aggrecan, (B) glycosaminoglycan (GAG), (C) collagen
type lla1 (Col2a1), (D) collagen type Xa1 (Col10a1), (E) alkaline phosphatase (ALP), and (F) Indian hedgehog
(IHH) in control or azaC-treated human articular chondrocytes, with or without treatment with PTH (1-34), a 34-
amino acid long peptide made up of amino-terminal amino acids 1 through 34 of human parathyroid hormone.
FIGS. 2A-2C show the changes in (A) expression of mMRNA for Bcl-2, (B) expression of mRNA for Bax, and (C) the
ratio of Bcl-2 to Bax in control or azaC-treated human articular chondrocytes, with or without treatment with PTH
(1-34).

FIG. 3 shows the effect of PTH (1-34) on azaC-induced apoptosis in human articular chondrocytes.

FIG. 4 shows the effect of PTH (1-34) on glycosaminoglycan (GAG) levels in normal and osteoarthritic (OA) rat
articular cartilage.

FIG. 5 shows the effect of PTH (1-34) on immunolocalized type Il collagen in normal and osteoarthritic (OA) rat
articular cartilage.

FIG. 6 shows the effect of PTH (1-34) on chondrocyte apoptosis in normal and osteoarthritic (OA) rat articular cartilage.
FIG. 7 shows the effect of PTH (1-34) at 3 dosages on glycosaminoglycan (GAG) levels in osteoarthritic (OA) rat
articular cartilage.

DETAILED DESCRIPTION

[0014] The following descriptions of the preferred embodiments and drawings are recited solely for purposes of illus-
tration and not as a definition of the limits of the present invention, for which reference should be made to the appended
claims.

[0015] The terminology used herein is for the purpose of describing particular embodiments of the invention only and
is not intended to be limiting. Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one having ordinary skill in the art to which the invention pertains.

[0016] Finally, as used in this specification and the appended claims, the singular forms "a, "an" and "the" include
plural referents unless the content clearly dictates otherwise.

Definitions

[0017] The terms "parathyroid hormone (PTH)" and "PTH" of the present disclosure refers to parathyroid hormone,
particuarly human parathyroid hormone, and its derivatives. Parathyroid hormone used in the methods of the present
disclosure may occur in various forms such as PTH of a native type, PTH produced genetic engineering techniques, or
PTH synthesized chemically. Examples of PTH derivatives are partial peptides of the PTH as defined above, the con-
stituent amino acids of the PTH of partial peptides thereof which may be partly replaced by other amino acids, the
constituent amino acids of the PTH or partial peptides thereof which may be partly depleted, as well as peptides that
have one or more amino acids added to the PTH or partial peptides thereof. Note that the peptides as PTH derivatives
may have similar activities to the PTH itself. Examples of partial peptides of PTH include human PTH (1-34), human
PTH (1-64), human PTH (35-84) and bovine PTH (1-34). PTH (1-34) refers to a partial peptide of PTH that is composed
of 34 amino acids as counted from the N terminus of PTH. The administered agent of the present invention is PTH (1-34)
(i.e. human PTH (1-34)). The terms "amino acids 1-34 of parathyroid hormone" include but are not limited to, recombinant
human PTH(1-34), synthetic human PTH(1-34), PTH(1-34), human PTH(1-34) salts, simple derivatives of human
PTH(1-34), such as human PTH(1-34) amide. Examples of suitable human PTH salts include but are not limited to
acetate, adipate, angelate, bromide, butyrate, chloride, citrate, citraconate, citramalate, crotonate, propionate, pen-
tanoate, hexanoate, heptanoate, levulinate, succinate, maleate, glycolate, gluconate, glucuronate, 3-hydroxyisobutyrate,
tricarballylicate, malonate, glutarate, itaconate, mesaconate, dimethylolpropinate, tiglicate, glycerate, methacrylate, iso-



10

15

20

25

30

35

40

45

50

55

EP 2 373 682 B1

crotonate, beta.-hydroxibutyrate, hydracrylate, ascorbate, aspartate, glutamate, 2-hydroxyisobutyrate, lactate, malate,
pyruvate, fumarate, tartarate, nitrate, phosphate, benzene, sulfonate, methane sulfonate, sulfate and sulfonate. The
noted term "amino acids 1-34 of parathyroid hormone" may also encompass various forms, such as acids, free bases,
charged or uncharged molecules, components of molecular complexes or nonirritating, pharmacologically acceptable
salts.

[0018] The phrase "early-stage osteoarthritis" used herein encompasses, but is not limited to medical conditions in
which the afflicted animal’s - e.g. afflicted human'’s - articular cartilage shows little to no sign of fibrillation and the overall
thickness of cartilage is apparently preserved, although some clustering of chondrocytes may be evident. The term
"early-stage osteoarthritis" is characterized by the observation that no more than 70% of the chondrocytes of afflicted
animal’s cartilage sample shows immunostaining for alkaline phosphatase, annexins, and type X collagen. (T. Kirsch et
al., Osteoarthritis and Cartilage (2000) 8: 294-302). Afflicted animals, e.g., humans, suffering from early-stage osteoar-
thritis may feel minor stiffness and occasional joint pain, and some of them may feel localized joint pain.

[0019] The term "joint cavity," as used herein refers to the fluid-filled space between the bones of a synovial joint.
[0020] The term "intra-articular injection," refers to a method of administering a medication into a joint cavity of a patient
that involves use of a syringe or other injection device.

[0021] The afflicted "subject," "patient," or "animal" treated according to the methods disclosed may be a human or a
non-human mammal, and therefore the afflicted "subject," "patient," or "animal" may be a human, as well as a dog, cat,
mouse, rat, cow, sheep, pig, goat, or a primate, and may include laboratory animals, livestock, and domestic animals.
In certain embodiments, the afflicted subject, patient, or animal is a human afflicted with osteoarthritis, and more partic-
ularly a human afflicted with early-stage osteoarthritis.

[0022] The term "degenerative process," with respect to chondrocyte degeneration, is characterized by, e.g., a change
of the synthesis of matrix components of the chondrocytes, such as a decrease in type Il collagen and an increase in
type X collagen, and encompasses, but is not limited to terminal differentiation of chondrocytes.

EARLY STAGE OSTEOARTHRITIS AND TREATMENT THEREOF

[0023] Symptoms of early stage osteoarthritis may include pain, stiffness, limited joint movement, swelling, and bony
enlargement. These symptoms may manifest themselves in various parts of an afflicted animal, such as in a hip, a knee,
in the hands, or any other joints in the body. Furthermore, these symptoms may become manifest during certain activities
such as bending, kneeling, climbing stairs, running, rowing, and other intense or extended physical exertion, pain and
stiffness in a joint during or after use, or after a period of inactivity, or any combination thereof. In addition, the symptom
may be related to or exacerbated by the weather, such as discomfort in a joint before or during a change in the weather,
e.g., associated with a change in barometric pressure.

[0024] Treatment of an animal, e.g. a human afflicted with early-stage osteoarthritis, with amino acids 1-34 of PTH
according to the present invention can maintain chondrogenesis and continued survival of articular chondrocytes thereby
suppressing the progression of osteoarthritis.

[0025] The chondrocyte changesthatoccurin osteoarthritis are mimicked by an established cell culture model involving
azaC-induced terminal differentiation of human articular chondrocytes, which was used to establish the use of PTH for
treatment of early-stage osteoarthritis. Using this human articular chondrocyte cultures model, it was found that PTH
(1-34) treatment not only rescued the azaC-induced type Il collagen suppression but also increased expression of type
Il collagen. A similar effect of PTH (1-34) on changes in glycosaminoglycan (GAG) levels was also found. Normal articular
chondrocytes express type Il collagen and aggrecan, required for the proper function of articular cartilage. When under-
going terminal differentiation, leading to osteoarthritis, chondrocytes will express markers, including alkaline phosphatase
and type X collagen, while the expression of type Il collagen and aggrecan will decrease. This degenerative process
may lead to chondrocyte mineralization and eventual cell death. Therefore, the methods of the present disclosure can
inhibit, stop, or reverse the degenerative process of chondrocytes in the early-stage of OA.

[0026] According to the present invention, amino acids 1-34 of parathyroid hormone for use for treatment of the early
stage osteoarthritic joint can inhibit or prevent cell death (apoptosis) of chondrocytes.

[0027] Clinical features of osteoarthritis include joint pain, morning stiffness lasting more than 30 minutes, jointinstability
or buckling, and loss of function. Signs of osteoarthritis include bony enlargement at affected joints, limitation of range
of motion, crepitus upon motion of the joint, pain with motion, and malalignment of the affected joint, and deformity of
the affected joint. lllustrative methods for the detection of early stage osteoarthritis include those based upon radiological
methods that can detect and determine the presence and concentration of glycosaminoglycans (GAGs) in joint cartilage.
Such methods include MRI techniques identified as "delayed Gadolinium Enhanced MRI of Cartilage" (dlGEMRIC) and
"Chemical Exchange-dependent Saturation Transfer" (gagCEST) (see e.g., Ling et al. (2009) Proc. Natl. Acad. Sci. USA
105(7): 2266-70) as well as methods based upon computer tomography (see e.g. Josh et al. (2009) J. Am. Chem. Soc.
131(37): 13234-35). Additional methods for diagnosis of osteoarthritis include ultrasonography and plain film (X-ray) as
well as invasive methods, including arthrography and arthroscopy (see e.g. Tsai et al. (2007) OsteoArthritis and Cartilage
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15: 245-50, and Lee et al. (2008) OsteoArthritis and Cartilage 16: 352-58.)

[0028] Once diagnosed, early stage osteoarthritis can be treated using the amino acids 1-34 of PTH disclosed herein.
In certain embodiments, amino acids 1-34 of PTH is used for treating early stage osteoarthritis by administration of PTH
(1-34) (human PTH (1-34)) into the affected joint cavity of a patient, e.g., by injection into the fluid filled space between
the bones of a synovial joint.

In one aspect of such embodiments, the agent is injected into the synovial fluid of the affected joint using a syringe or
other injection device. Determination of the amount and formulation of the agent and the frequency of administration
thereof are within the professional scope of the appropriate medical practitioner provided with the present disclosure.
The agent is administered in an amount within the range of from about 0.1 pmole to about 5000 pmole, from about 0.5
pmole to about 1500 pmole, within the range of from about 1 pmole to about 1000 pmole, within the range of from about
2.5 pmole to about 500 pmole, or within the range of from about 5 pmole to about 300 pmole. In certain embodiments,
the therapeutically effective dose is that which provides an initial concentration of the agent in synovial fluid of the synovial
joint within the range of from about 0.1 nM to about 200 nM, within the range of from about 0.25 nM to about 100 nM,
within the range of from about 0.5 nM to about 75 nM, within the range of from about 0.75 nM to about 50 nM, or within
the range of from about 1 nM to about 25 nM. In another aspect, a therapeutically dose of the agent is provided by
delivery of from about 0.1 mL to about 10 mL of a solution in which the agent is present at a concentration within the
range of from about 1 nM to about 500 nM. In another aspect, the agent is delivered in a volume within the range of
from about 1 mL to about 3mL and the agent is present in that solution at a concentration within the range of from about
5 nM to about 100 nM.

[0029] The presentdisclosure provides a papain-induced model of osteoarthritis in rats that was used to test the effects
of PTH (1-34) on articular cartilage in vivo during the progression of osteoarthritis. In this papain-induced rat model of
osteoarthritis, intra-articular administration of PTH (1-34) attenuated the decrease in GAG and restored type Il collagen.
Moreover, treatment for 5 weeks returned GAG to normal levels and enhanced type Il collagen to greater-than-normal
levels in osteoarthritis-induced cartilage. Furthermore, treatment with PTH (1-34) for 3-5 weeks appeared to suppress
the expression of type X collagen caused by osteoarthritis induction. In addition, apoptosis of chondrocytes caused by
OA induction was significantly suppressed by 1-5 weeks of PTH (1-34) treatment.

[0030] According to the methods disclosed herein, PTH (1-34) treatment did not appear to alter the expression of type
Il collagen, type X collagen, ALP, aggrecan, and GAG in normal human articular chondrocytes and control rat knee
joints (i.e., non-osteoarthritic rat knee joints). Applicants believe, without wishing to be held to that belief, that adminis-
tration of PTH (1-34) may only affect osteoarthritis-affected cartilage. According to the the present disclosure, PTH (1-34)
can inhibit, stop, or reverse progression of terminal differentiation of human articular chondrocytes similar to the pro-
gression seen in osteoarthritis. Therefore, PTH (1-34) can be used to treat early-stage osteoarthritis without affecting
normal chondrocytes.

[0031] According to the present disclosure, PTH (1-34) can be administered continuously or periodically to an afflicted
animal, e.g., a human suffering from early-stage osteoarthritis, thereby inhibiting or prevent apoptosis of articular, and
inhibit, stop, or reverse the degenerative process of articular chondrocytes.

Formulation and Dosage

[0032] A formulation for injection can include a carrier which is a solvent or a dispersion medium. Suitable carriers
include water, physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany NJ) phosphate buffered
saline (PBS), ethanol, polyols (e.g. glycerol, glycol, propylene glycol, and the like), and mixtures thereof. These compo-
sitions must be sterile and fluid to allow injection. Fluidity can be maintained with a coating such as lecithin or a surfactant.
Microbial contamination can be prevented by inclusion of antibacterial and antifungal agents, such as parabens, chlo-
robutanol, phenol, ascorbic acid, and theimerosal. Sugars and polyalcohols, such as mannitol, sorbitol, sodium chloride,
can be used to maintain isotonicity in the composition.

[0033] As disclosed herein, the therapeutically effective dose of PTH (1-34) (human PTH (1-34)) for the treatment of
early-stage osteoarthritis is within the range of from 0.1 pmole to 5000 pmole, within the range of from 0.5 pmole to 1500
pmole, within the range of from 1 pmole to 1000 pmole, within the range of from 2.5 pmole to 500 pmole, or within the
range of from 5 pmole to 300 pmole. In certain embodiments, the therapeutically effective dose is that which provides
an initial concentration of the agent in synovial fluid of the synovial joint within the range of from about 0.1 nM to about
200 nM, within the range of from about 0.25 nM to about 100 nM, within the range of from about 0.5 nM to about 75 nM,
within the range of from about 0.75 nM to about 50 nM, or within the range of from about 1 nM to about 25 nM. In another
aspect, a therapeutically dose of the agent is provided by delivery of from about 0.1 mL to about 10 mL of a solution in
which the agent is present at a concentration within the range of from about 1 nM to about 500 nM. In another aspect,
the agent is delivered in a volume within the range of from about 1 mL to about 3mL and the agent is present in that
solution at a concentration within the range of from about 5 nM to about 100 nM.

[0034] The compositions delivered according to the present invention may include additional or second agents such
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as an organic bisphosphonate, a chemotherapeutic agent, a radiopharmaceutical agent, a TNF-alpha antagonist, a non-
steroidal anti-inflammation drug, a steroid, an anti-oxidant, an angiogenesis inhibitor, a matrix metalloporoteinase inhib-
itor, a vitamin, a selective estrogen receptor modulator (SERM), an estrogen-progestin, an androgen, a calcitonin, an
antibiotic, a cathepsin K inhibitor, a statin, an integrin receptor antagonist, an osteoblast anabolic agent, or a selective
serotonin reuptake inhibitor, a glucosamine, a hyaluronan or mixtures thereof. In certain embodiments, the second agent
is a glucosamine, a hyaluronan, or a mixture thereof.

EXAMPLES
Materials and Methods
Human articular chondrocyte cultures

[0035] A normal human articular cartilage sample was obtained from the knee joint of a 23-year-old Asian male who
died as the result of a traffic accident. Another articular cartilage sample was obtained from the normal area of a knee
joint obtained from a 64-year old female donor with OA who had undergone arthroplasty. The cartilage samples were
minced and digested sequentially in hyaluronidase (0.5 mg/ml), Pronase (1 mg/ml), and collagenase (1 mg/ml). The
isolated chondrocytes were then encapsulated in alginate beads. Fifteen beads were cultured in 5 ml of culture medium
in each well of a 6-well plate. The culture medium consisted of Dulbecco’s modified Eagle’s medium containing 100
mg/ml of ascorbic acid, nonessential amino acids, penicillin/streptomycin, 1% insulin-transferrin-selenium, and 10% fetal
bovine serum (FBS). The beads were cultured at 37°C in a humidified 5% CO, incubator for 7 days before each exper-
iment, and the culture medium was changed every 3 days.

AzaC induction and PTH treatment of chondrocyte cultures

[0036] Chondrocyte cultures were divided into 4 groups. The azaC plus PTH group was first subjected to azaC induction
and was then treated with PTH. The azaC group was subjected to azaC induction but was not subsequently treated with
PTH. The PTH group received PTH but was not subjected to azaC induction. The control group was not subjected to
azaC induction and was not treated with PTH. AzaC induction was used to induce terminal differentiation in chondrocytes
(see e.g. Cell Biol Int (2006) 30(3): 288-94). Briefly, cultures were treated with 15 pug/ml of 5-azacytidine (Sigma, St.
Louis, MO) for 48 hours. PTH treatment, after azaC induction, involved culturing chondrocytes in medium containing 10
nM PTH (1-34). Cells from all groups were harvested on days 3, 7, and 10 of PTH (1-34) treatment. Chondrocytes were
released from the alginate beads when the beads were dissolved in a 0.9% NacCl solution containing 0.05M disodium
citrate and 0.03M disodium EDTA at pH 7.4. Cells were collected from low-speed centrifugation at 1,500 rpm for 5 minutes.

Quantitative real-time polymerase chain reaction (PCR)

[0037] Total RNA from chondrocytes was isolated using the RNeasy Mini kit (Qiagen, Valencia, CA). The first-strand
complementary DNA (cDNA) was converted from 1 g of RNA using the Advantage RT-for-PCR kit (Clontech, Palo
Alto, CA). Levels of messenger RNA (mRNA) for SOX9, aggrecan, type llo1 collagen (Col2a1), type Xa1 collagen
(Col10a1), ALP, IHH, Bcl-2, and Bax were measured using quantitative real-time PCR with the Bio-Rad iQ5 real-time
PCR detection system (Bio-Rad, Hercules, CA), using the iQ SYBR Green Supermix (Bio-Rad, Hercules, CA). Reactions
took place in a 25-pl mixture containing the cDNA, specific primers for each gene, and the iQ SYBR Green Supermix.
[0038] The specific PCR products were detected by the double-stranded DNA binding fluorescence dye SYBR Green.
Relative mRNA levels were calculated from the threshold cycle (Ct) value of each PCR product and normalized to that
of GAPDH using the comparative Ct method. The relative quantity of each gene’s expression in the control cells was
set to 1, and all others were transformed to a ratio. A dissociation (melting) curve was generated after each PCR to
check its specificity. All PCR amplifications were performed in triplicate, and the experiments were repeated at least 3
times.

Dimethylmethylene blue (DMMB) assay

[0039] Alginate beads were dissolved as described above and further digested by papain (300 png/ml) at 60°C for 18
hours. The levels of DNA and sulfated glycosaminoglycan (GAG) in the samples were quantified using Hoechst 33258
dye and 1,9-dimethylmethylene blue dye, respectively. A standard curve for the DMMB assay was generated using
aqueous chondroitin sulfate C solution (Sigma-Aldrich, St. Louis, MO) at concentrations ranging from 0 to 25u.g/pl.
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TUNEL staining

[0040] We measured apoptotic cells using the TUNEL (terminal deoxy-nucleotidyl transferase mediated dUTP nick
end labeling) staining method using the In Situ Cell Death Detection Kit, TMR red (Roche, Mannheim, Germany).
Following the manufacturer’s guidelines, cells were fixed with 4% paraformaldehyde in phosphate buffered saline (PBS)
at a cell density of 1 x 106/ml and incubated at room temperature for 10 minutes, and then settled on a slide by centrif-
ugation at a speed of 2,000 rpm for 5 minutes using a cytospin (Cytospin 3; Shandon, Cheshire, UK). Slides were rinsed
twice with PBS, and the cells were permeabilized by incubating in permeabilization solution (0.1% Triton X-100in 0.1%
sodium citrate) for 2 minutes on ice. The TUNEL reaction mixture containing terminal deoxynucleotidyl transferase and
rhodamine (the labeling dye) was added to the slides and incubated at 37°C in a humidified chamber in the dark for 60
minutes. The reaction was stopped by a blocking buffer (0.1% Triton X-100/0.5% bovine serum albumin in PBS). Cells
were counterstained by 4’,6-diamidino-2-phenylindole (DAPI). The slides were observed under a fluorescence micro-
scope with an excitation wavelength of 580 nm for rhodamine and 365 nm for DAPI. Cell nuclei were stained blue by
DAPI, and only apoptotic cells were stained red by rhodamine. Stained cells were counted in 5 microscopic fields
(1.566mm2/field) on each slide. Data were analyzed using Image-Pro Plus analysis software (Media Cybernetics, Silver
Spring, MD). The rate of apoptosis in chondrocytes was defined as the ratio of red-stained cells (apoptotic cells) to blue-
stained cells (total cells).

Animal experiments

[0041] Fifty-four 12-week-old male Sprague-Dawley rats (250-300 gm) were purchased from BioLASCO Taiwan and
housed under standard laboratory conditions (temperature 24°C, 12-hour light-dark cycle) with food and water ad libitum.
The animals were acclimatized to the laboratory environment for 1 week before the experiments.

Osteoarthritis induction and PTH treatment

[0042] Rats were divided into the following 3 groups: OA (OA induction without PTH [1-34] treatment) (n = 18), OA
plus PTH (PTH [1-34] treatment followed by OA induction) (n = 18), and PTH (PTH [1-34] treatment without OA induction)
(n = 18). Each left knee, which served as the contralateral control joint, was injected with vehicle without PTH treatment
or OA induction. The right knees were the study joints. OA was induced in the right knees of rats in the OA and OA plus
PTH groups with intraarticular injections of 20l of 4% papain solution and 20 !l of 0.03M cysteine. The injections were
given with a 26-gauge needle via the patellar tendon on days 1, 4, and 7 of the experiment (see e.g., Nucl Med Commun
(1996) 17(6): 529-35). In the OA plus PTH group, after OA induction, the right knees were injected intraarticularly with
40 pl of 10 nM PTH (1-34) every 3 days until rats were killed. In the PTH group, the same PTH (1-34) treatment was
performed but without OA induction. Six rats from each group were killed by CO2 inhalation at the same time points as
rats in the OA plus PTH group, in which PTH (1-34) treatment was given for 1, 3, and 5 weeks.

Histologic analysis

[0043] After rats were killed, the knees were harvested, and the tibia plateaus with articular cartilage were collected
and fixed with 10% neutral buffered formalin prior to histologic preparation. The samples were then decalcified in 10%
formic acid/PBS. The decalcified tibia articular samples were paraffin embedded, and 5-pm microsections in the coronary
plane were prepared. GAG was stained with Safranin O-fast green (1% Safranin O counterstained with 0.75% hematoxylin
and then 1% fast green) (Sigma, St. Louis MO). Localized type Il collagen and type X collagen were immunostained.
Apoptotic cells in cartilage were TUNEL stained.

Histomorphometric analysis

[0044] GAG was stained red by Safranin O, and the total and red-stained areas in the articular cartilage of each
proximal tibia were measured using Image-Pro Plus software, version 5.0. The ratio of red stained area to total area
(red:total) in each group was calculated.

Immunohistochemistry

[0045] The tibia articular sections were rehydrated, and the endogenous peroxidase in tissue was blocked with 3%
hydrogen peroxide. Samples were digested by enzymes for epitope retrieval before incubation with primary antibodies
(see e.g. J Histochem Cytochem (2002) 50(8): 1049-58). The optimal condition for enzyme digestion for type Il collagen
immunostaining was a mixture of 2.5% hyaluronidase and 1 mg/ml of Pronase in PBS (pH 7.4; Sigma) at 37°C for 1
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hour. For type X collagen immunostaining the optimal condition was 0.1 units/ml of chondroitinase ABC (Sigma) for 1
hour and 1 mg/ml of pepsin in Tris HCI (pH 3.0) at 37°C for 15 minutes. Sections were then blocked with fetal bovine
serum (FBS) for 1 hour and incubated with primary antibodies to type Il collagen (mouse monoclonal antibody; Chemicon,
Temecula, CA) and type X collagen (rat polyclonal antibody) (1:200; Cosmo Bio, Tokyo, Japan) or (mouse monoclonal
antibody) (1:100) (Sigma) at 37°C for 4 hours or at room temperature for 1 hour. The secondary antibodies were incubated
for 30 minutes using biotin-labeled goat anti-mouse immunoglobulin for type Il collagen (Dako, Carpinteria, CA) and
biotin-labeled goat anti-rabbit immunoglobulin for type X collagen (Biocare Medical, Walnut Creek, CA), and horseradish
peroxidase-conjugated streptavidin (Dako, Carpenteria CA or Biocare Medical). Staining with a 3,3’-diaminobenzidine
solution containing 0.01% hydrogen peroxide resulted in a brown color. Finally, sections were counterstained with
hematoxylin and observed on a microscope. The relative density of immunostaining (density/area; mean = SEM area
25.44 = 2.77 mm2) was measured using Image-Pro Plus software, version 5.0 (Media Cybernetics).

TUNEL staining for tibia articular sections

[0046] Apoptotic cells in each section were measured by TUNEL staining using the In Situ Cell Death Detection Kit,
TMR red. Sections were rehydrated and incubated with proteinase K (10 pg/mlin Tris HCI [pH 7.4]) for 20 minutes. After
permeabilization, sections were incubated with pepsin (0.25% in HCI [pH 2.0]) for 30 minutes at 37°C. The process that
followed was the same as that for the chondrocyte cultures described above. Sections were also stained with DAPI and
hematoxylin and eosin to check the localization of cells. DAPI-stained cells (mean = SEM 150 = 40) were counted in
the center area of the cartilage in tibia plateaus. The rate of apoptosis was defined using the same method as that used
in the chondrocyte cultures.

Statistical analysis

[0047] Data are presented as the mean and SEM of results from 4 samples from the in vitro study and 6 samples from
the in vivo study. All experiments were repeated at least 3 times. Statistical significance was evaluated by one-way
analysis of variance, and multiple comparisons were performed using Scheffe’s test. P values less than 0.05 were
considered significant.

Example 1: Inhibition of the degenerative process of human articular chondrocytes (in vitro)

[0048] Normal articular chondrocytes express type Il collagen, GAG and aggrecan, required for the proper function
of articular cartilage. When undergoing terminal differentiation, leading to OA, chondrocytes will express markers, in-
cluding alkaline phosphatase (ALP), Indian hedgehog (IHH), and type X collagen, meanwhile, the expression of type Il
collagen and aggrecan will decrease. This degenerative process may lead to chondrocytes mineralization and eventually
cell death.

[0049] FIGS. 1A-1F show the changes in levels of (A) mRNA for aggrecan, (B) glycosaminoglycan (GAG), (C) type
lla1 collagen (Col2a1), (D) type Xa.1 collagen (Col10a1), (E) alkaline phosphatase (ALP), and (F) Indian hedgehog (IHH)
in human articular chondrocytes after treatment with the parathyroid hormone related substance PTH (1-34). Cells were
left untreated (control), treated with PTH alone, treated with azaC alone, or treated with both azaC and PTH. Cells from
all groups were harvested when the azaC plus PTH group reached days 3, 7, and 10 of PTH treatment. The mRNA
expression was quantified by real-time polymerase chain reaction. Bars show the mean and SEM of 4 replicated cultures.
All experiments were repeated at least 3 times. Data were evaluated by one-way analysis of variance, and multiple
comparisons were performed using Scheffe’s method. * =P < 0.05; * * =P < 0.01 versus control; #=P < 0.05; ##=P<0.01.
[0050] Total RNA from chondrocytes was isolated and first-strand complementary DNA (cDNA) prepared as described
above in Materials and Methods. Levels of messenger RNA (mRNA) for SOX9, aggrecan, type lla1 collagen (Col2a1),
type Xa1 collagen (Col10a1), ALP, IHH, Bcl-2, and Bax were measured using quantitative real-time PCR with the Bio-
Rad iQ5 real-time PCR detection system (Bio-Rad, Hercules, CA), using the iQ SYBR Green Supermix (Bio-Rad,
Hercules, CA). Reactions took place in a 25-pl mixture containing the cDNA, specific primers for each gene, and the iQ
SYBR Green Supermix.

[0051] The cycling conditions were as follows: for collagen type lla1 (col2a1), collagen type X a1 (col10a1) and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), cycling conditions were 1 cycle at 95C for 3 min, followed by
40 cycles of 95°C for 10 sec, 61°C for 30 sec and 55°C for 1 min; or ALP, cycling conditions were 1 cycle at 95°C for 3
min, followed by 40 cycles at 95°C for 10 sec, 65°C for 30 sec and 55°C for 1 min. Primer sequences were as follows:
(i) Collagen type lla1 (81 bp product): Forward primer: 5’-CAA CAC TGC CAA CGT CCA GAT-3’, designated as SEQ
ID NO:1; Reverse primer: 5-TCT TGC AGT GGT AGG TGA TGT TCT-3’, designated SEQ ID NO:2. (ii) Collagen X a1
(85 bp product): Forward primer: 5’-CAG ATT TGA GCT ATC AGA CCA ACA A-3’, designated as SEQ ID NO:3; Reverse
primer: 5-AAA TTC AAG AGA GGC TTC ACA TAC G-3’, designated as SEQ ID NO:4. (iii) GAPDH (126 bp product):
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Forward primer: 5°-TCT CCT CTG ACT TCA ACA GCG AC-3’, designated as SEQ ID NO:5; Reverse primer: 5-CCC
TGT TGC TGT AGC CAA ATT C-3’, designated as SEQ ID NO:6. (iv) Alkaline phosphatase (64 bp product): Forward
primer: 5-AAC TTC CAG ACC ATT GGC TTG A-3’; designated as SEQ ID NO:7; Reverse primer: 5-TTG CCG CGT
GTC GTG TT-3’, designated as SEQ ID NO:8. (v) Aggrecan (189 bp product): Forward primer: 5’- ACA GCT GGG GAC
ATT AGT GG -3’, designated as SEQ ID NO:9; Reverse primer: 5’- GTG GAA TGC AGA GGT GGT TT -3’, designated
as SEQ ID NO:10. (vi) Indian Hedgehog (82 bp product): Forward primer: 5- TCA TCT TCA AGG ACG AGG AG-3’,
designated as SEQ ID NO:11; Reverse primer: 5- ATA GCC AGC GAG TTC AGG -3, designated as SEQ ID NO:12.
(vii) Bcl-2(254 bp product): Forward primer: 5- TCA TCT TCA AGG ACG AGG AG-3’, designated as SEQ ID NO:13;
Reverse primer: 5- ATA GCC AGC GAG TTC AGG-3, designated as SEQ ID NO:14. (Viii) Bax (161 bp product):
Forward primer: 5- TTT GCT TCA GGG TTT CAT CC designated as SEQ ID NO:15; Reverse primer: 5- TCC TCT
GCA GCT CCA TGT TA designated as SEQ ID NO:16.

[0052] The specific PCR products were detected by the fluorescence of SYBR Green, the double stranded DNA
binding dye (Biotechniques (1998) 24(6): 954-8, 960, 962). The relative mRNA expression level was calculated from
the threshold cycle (Ct) value of each PCR product and normalized with that of the GAPDH by using the comparative
Ct method (Methods (2001) 25(4): 402-8). The relative quantity of expression of each gene from the control cells on day
3 after AzaC-induction was set to 100%, and all the others were transformed to a percentage change to the base. After
the PCR reaction, a dissociation (melting) curve was generated to check the specificity of the PCR reaction. All the PCR
amplifications were performed in triplicate, and experiments were repeated at least 3 times.

[0053] Expression of aggrecan, Col2a1 (type Il collagen), Col10a1 (type X collagen), ALP, and IHH genes in the PTH
group were not significantly different from those in the control group after 3-10 days of PTH (1-34) treatment (Figures
1A and 1C-1F). In the azaC group, mRNA levels of aggrecan and Col2a1 were lower than those in the control group
after 3 days and 7 days of azaC induction (Figures 1A and 1C). After 3 days of azaC induction, aggrecan levels were
56% of control (P < 0.05) and Col2a1 levels were 46.3% of control (P < 0.01). After 7 days of azaC induction, aggrecan
levels were 31% of control (P < 0.01) and Col2a1 levels were 64.8% of control (P < 0.05). Furthermore, the levels of
Col10a1 (2.3-2.4 times that of control) and ALP (5.3-10.9 times that of control) in the azaC group were significantly
higher than in the control group 7 and 10 days after azaC induction (P < 0.01) (Figures 1D and 1E). IHH expression was
also significantly elevated 3, 7, and 10 days after azaC induction (Levels were 6.5 times that of control after 3 days of
azaC induction [P < 0.01], 2.6 times that of control after 7 days of azaC induction [P < 0.05], and 2.7 times that of control
after 10 days of azaC induction [P < 0.05]). (FIG. 1F). In the azaC plus PTH group, PTH (1-34) treatment for 3, 7, and
10 days after azaC induction reversed azaC-induced changes in mRNA levels of Col2a1, Col10a1, ALP, IHH, and
aggrecan (except in the 10-day cultures of Col2a1 and aggrecan) (Fig. 1). The level of mMRNA for aggrecan in the azaC
plus PTH group was significantly higher than that in the azaC group after 3 and 7 days of treatment (P < 0.05 for 3 days
of treatment and P < 0.01 for 7 days of treatment) and was not significantly different from the control group. However,
after 10 days of PTH treatment, the aggrecan level was not different from that in the azaC group, which was lower than
that in control cultures (P < 0.05) (FIG. 1A). The level of Col2a1 expression in the azaC plus PTH group was significantly
higher than that in the azaC group after 3 days of treatment with PTH (1-34) (P < 0.05) and was not significantly different
from the control group. After 7 days of PTH (1-34) treatment, the level of Col2a1 expression in the azaC plus PTH group
was higher than it was in either the azaC (P < 0.01) or control (P < 0.05) group (FIG. 1C). However, after 10 days of
PTH (1-34) treatment, no significant difference was found among all 3 groups. The changes in levels of mMRNA for
Col10a1, ALP, and IHH induced by azaC were significantly eliminated in the azaC plus PTH cultures after PTH(1-34)
treatment (P < 0.01 for Col10a1 and ALP after 3, 7 and 10 days of treatment; P < 0.01 for IHH after 3 days of treatment;
P < 0.05 for IHH after 7 and 10 days of treatment) (FIGS. 1D-1F). Of special note, on day 3 of PTH(1-34) treatment,
expression of Col10a1 and ALP were lower in the azaC plus PTH cultures than they were in the control cultures (P <
0.01) (FIG. 1D and FIG. 1E). However, on day 7 of treatment, no significant difference was found between the controls
and azaC plus PTH groups in the expression of either gene. On day 10 of treatment, the expression of ALP in the azaC
plus PTH cultures was higher than that in the control cultures (P < 0.05) (FIG. 1E). The level of mRNA for IHH in the
azaC plus PTH group was 47-71% lower than that in the control cultures after 3-10 days of PTH (1-34) treatment, but
only the differences after 10 days were nearly statistically significant (FIG. 1 F).

[0054] GAG levels in chondrocyte cultures were not significantly different between the PTH and control groups. GAG
levels in the azaC group were significantly lower than control on 3 and 7 days after azaC induction (P < 0.01) (FIG. 1B).
GAG levels in the azaC plus PTH group were significantly higher than they were in the azaC group on 3, 7, and 10 days
after PTH(1-34) treatment (P < 0.01). Although expression of mMRNA for aggrecan was not reversed by PTH (1-34) after
10 days of treatment in the azaC plus PTH group (FIG. 1A), GAG levels in the azaC plus PTH group were still higher
than they were in the control group after 7 and 10 days (P < 0.01) (FIG. 1B). The decreased expressions of Col10a1,
ALP, and IHH genes, aggrecan, Col2a1, and GAG observed during treating human articular chondrocytes suffered from
azaC-induced OA with PTH, indicate that PTH treatment can reverse the degenerative process of human articular
chondrocytes and inhibit terminal differentiation of chondrocytes. In addition, the expressions of aggrecan, Col2a1, and
GAG were not significantly effected by the treatment of PTH to normal human articular chondrocytes, which indicates
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that PTH or PTH derived substance can be used to treat early-stage OA without affecting normal chondrocytes.
Example 2: Inhibition of human articular chondrocytes apoptosis (in vitro)

[0055] Bcl-2 and Bax are members of a family of cytoplasmic proteins that regulate apoptosis. The two proteins have
highly similar amino acid sequences but are functionally opposed: Bcl-2 acts to inhibit apoptosis, whereas Bax counteracts
this effect (Hunter, J Biol Chem. (1996) 271(15):8521-4).

[0056] FIGS. 2A-2C show the changes in (A) expression of mMRNA for Bcl-2, (B) expression of mMRNA for Bax, and (C)
the ratio of Bcl-2 to Bax in human articular chondrocytes after treatment with parathyroid hormone (PTH). Cells were
left untreated (control), treated with PTH alone, treated with azaC alone, or treated with both azaC and PTH. Cells from
all groups were harvested when the azaC plus PTH group reached days 3, 7, 10 and 14 of PTH treatment. The mRNA
expression was quantified by real-time polymerase chain reaction. Bars show the mean and SEM of 4 replicated cultures.
All experiments were repeated at least 3 times. Data were evaluated by one-way analysis of variance, and multiple
comparisons were performed using Scheffe’s method. * =P<0.05; * * =P < 0.01 versus control; #=P < 0.05; ##=P < 0.01.
[0057] To study the changes in expression of Bcl-2 and Bax over a longer time period, a 14-day group was added. In
the PTH group, expression of Bcl-2 and Bax showed no significant changes compared with the control cultures. Although
Bcl-2 expression was 1.7 times that in control after 3-10 days of treatment, no statistically significant difference was
found. In the azaC group, Bcl-2 mRNA level increased significantly 3 and 10 days after azaC induction (3.2 times that
of control after 3 days of treatment [P < 0.05]; 4.7 times that of control after 10 days of treatment [P < 0.01]) (FIG. 2A).
In the azaC plus PTH group, Bcl-2 expression was also higher than that of the control cultures (2.1 times that of control
after 3 days of treatment [P < 0.05]; 2.1 times control after 7 days of treatment [P < 0.05]; and 6.0 times control after 10
days of treatment [P < 0.01]), indicating that PTH treatment could not reverse the effect of azaC on Bcl-2 expression.
After 14 days of treatment with PTH, expression of Bcl-2 was not significantly different among groups (FIG. 2A). The
level of Bax mRNA expression decreased slightly (61-88% of control) in both azaC and azaC plus PTH groups after
3-10 days of PTH treatment, but the difference was not statistically significant. However, 14 days after azaC induction,
Bax expression in the azaC group increased significantly (2.1 times that of control [P < 0.01]), and Bax expression in
the azaC plus PTH group remained 1.6 times that in the control cultures, indicating that PTH treatment could not
completely reverse the effect of azaC on Bax expression (FIG. 2B). The ratio of Bcl-2 to Bax was higher in the azaC
and azaC plus PTH groups than in the control group after 3 days (P < 0.05) and 10 days (P < 0.01) of PTH treatment.
No significant difference was found in the Bcl-2:Bax ratio between azaC and azaC plus PTH groups after 7 or 14 days
of PTH treatment (FIG. 2C). When chondrocytes apoptosis occurs to a patient, e.g. suffered from late stage OA, PTH
treatment cannot reverse the cell death.

[0058] By using TUNEL staining, the rate of apoptosis in human articular chondrocyte cultures in the control, azaC,
and azaC plus PTH groups were compared after 14 days of PTH(1-34) treatment (for the azaC plus PTH group).
[0059] FIG. 3 shows the effect of parathyroid hormone on azaC-induced apoptosis in human articular chondrocytes.
Rates of apoptosis in control cells, cells treated with azaC alone, and cells treated with azaC plus PTH were compared.
Bars show the mean and SEM of 4 replicated cultures. Data were evaluated by one-way analysis of variance, and
multiple comparisons were performed using Scheffe’s method. * * =P<0.01 versus control; ##=P < 0.01.

[0060] The rates of apoptosis in human articular chondrocytes were significantly higher in azaC cultures than in control
cultures (4.8-fold increase, P < 0.01). The rates of apoptosis in azaC plus PTH cultures were significantly lower than in
azaC cultures (P < 0.01) but still higher than they were in control cultures (3.1-fold increase, P <0.01) (FIG. 3). Although
PTH treatment cannotreverse chondrocytes apoptosis once the apoptosis is initiated, it can prevent the death of chondro-
cytes and reduce the rates of apoptosis by reversing the degenerative process of chondrocytes when they are in the
early-stage of OA progress.

Example 3: Inhibition of the degenerative process of articular chondrocytes in a rat animal model

[0061] FIG. 4 shows the effect of parathyroid hormone on glycosaminoglycan (GAG) levels in normal and osteoarthritic
(OA) rat articular cartilage. Safranin O-stained articular cartilage in the proximal tibia from the contralateral control joints
of rats in the OA group and the study joints of rats in the OA, OA plus PTH, and PTH groups were measured for the
ratio of Safranin O-stained area to total area. The ratios of Safranin O-stained area to total area (red/total) among all
groups after 1, 3, and 5 weeks of PTH treatment were compared. Bars show the mean and SEM of 6 samples. Data
were evaluated by one-way analysis of variance, and multiple comparisons were performed using Scheffe’s method. *
* =P < 0.01 versus study joints in the OA group at each time point; ##=P<0.01.

[0062] Photomicrographs of Safranin O-stained (GAG positive) articular cartilage from the contralateral control joints
of rats in the OA group, as well as those from the study joints of rats in the OA, OA plus PTH, and PTH groups were
generated according to the aforementioned methods. The ratio of Safranin O-stained area to total area (red : total) was
measured and compared among groups (FIG. 4). The red : total ratio of the contralateral control cartilage in the OA, OA
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plus PTH, and PTH groups was not significantly different among all 3 groups at any time point. The red : total ratio in
the cartilage from the study joint in the OA group was significantly lower than that of the contralateral control cartilage
1, 3, and 5 weeks after OA induction (P < 0.01) (FIG. 4). The red : total ratio in the study cartilage in the OA plus PTH
group was also significantly lower than that of the contralateral control after 1 and 3 weeks of PTH (1-34) treatment
following OA induction (P <0.01). However, the ratio increased over time. After 5 weeks of PTH (1-34) treatment, cartilage
from the OA plus PTH group was not significantly different from the contralateral control cartilage (FIG. 4). The red :
total ratio in the OA plus PTH group was significantly higher than that in the OA group after 1, 3, and 5 weeks of PTH
(1-34) treatment (P < 0.01) (FIG. 4). In the PTH group, there were no significant differences between study cartilage
and contralateral control cartilage at any time point (FIG. 4).

[0063] Photomicrographs of the immunohistochemical-stained articular cartilage from the contralateral control joints
of rats in the OA group, as well as those from the study joints of rats in the OA and OA plus PTH groups were generated
according to the aforementioned methods. Immunohistochemistry analysis by quantifying the relative density showed
that the density of immunolocalized type Il collagen of the contralateral control cartilage was not significantly different
among the 3 groups.

[0064] FIG 5 shows the effect of parathyroid hormone on immunolocalized type Il collagen in normal and osteoarthritic
(OA) rat articular cartilage. Articular cartilage immunostained with type Il collagen for articular cartilage in the proximal
tibia from the contralateral control joints of rats in the OA group and the study joints of rats in the OA and OA plus PTH
groups were measured. Growth plate cartilage was stained as the positive control. Growth plate and articular cartilage
samples that were stained without primary antibody were used as the negative control. Relative densities in contralateral
control cartilage, OA cartilage, and OA cartilage treated with PTH after 3 and 5 weeks of treatment were compared.
Bars show the mean and SEM of 6 samples. Data were evaluated by one-way analysis of variance, and multiple
comparisons were performed using Scheffe’s method. * =P<0.05; * * =P<0.01, versus study joints in the OA group at
each time point; #=P < 0.05.

[0065] Immunolocalized type Il collagen was significantly eliminated in study cartilage from rats in the OA group 3 and
5 weeks after OA induction compared with contralateral control cartilage (P < 0.05). In the study cartilage from the OA
plus PTH group, the density of immunolocalized type Il collagen was significantly higher than that in the OA group (P <
0.05), but was not different from that in contralateral control cartilage after 3 weeks of PTH (1-34) treatment following
OA induction (FIG. 5). After 5 weeks of treatment with PTH (1-34), the density of immunolocalized type Il collagen in
the study cartilage from the OA plus PTH group was significantly higher than not only that in the OA group (P < 0.01)
but also that in the contralateral control of the OA plus PTH group (P < 0.05). Immunolocalized type X collagen was
predominantly found in articular chondrocytes from the OA group, but was less evident in cartilage in the OA plus PTH
group after 3 and 5 weeks of PTH (1-34) treatment. No obvious type X collagen-stained chondrocytes were found in the
contralateral control cartilage. When treating PTH for rats suffered from papain-induced OA, the expressions of GAG,
type Il collagen and type X collagen also indicated the effect of reversing the degenerative process of articular chondro-
cytes.

Example 4: Inhibition of articular chondrocytes apoptosis in a rat animal model

[0066] Representative photomicrographs of the TUNEL stained articular cartilage from the contralateral control joints
of rats in the OA group, as well as those from the study joints of rats in the OA and OA plus PTH groups were generated
according to the aforementioned methods.

[0067] FIG.6 shows the effect of parathyroid hormone on chondrocyte apoptosis in normal and osteoarthritic (OA) rat
articular cartilage. TUNEL-stained and 4’,6-diamidino-2-phenylindole (DAPI)-stained articular cartilage in the proximal
tibia from the contralateral control joints of rats in the OA group and the study joints of rats in the OA and OA plus PTH
groups after 1, 3, and 5 weeks of PTH treatment were measured. Rates of apoptosis in contralateral control joints, OA
joints, and OA joints treated with PTH were compared. Bars show the mean and SEM of 6 samples. Data were evaluated
by one-way analysis of variance, and multiple comparisons were performed using Scheffe’s method. * =P < 0.05; * * =P
< 0.01, versus study joints in the OA group at each time point; #=P < 0.05; ##=P < 0.01.

[0068] Theresultsindicated that the rate of apoptosis of cells in the study cartilage from the OA group was significantly
higher than that in the contralateral control cartilage 3 weeks (P < 0.05) and 5 weeks (P < 0.01) after OA induction (FIG.
6). In the OA plus PTH group, the rate of apoptosis of chondrocytes in the study cartilage was significantly lower than
that in the OA group (P < 0.01), and showed no significant difference from the contralateral control cartilage (FIG. 6).
Therefore, when treating rats suffered from papain-induced OA with PTH, the death of chondrocytes was prevented and
the rates of apoptosis were reduced.

[0069] As disclosed herein, the azaC-induced chondrocyte terminal differentiation (mimicking OA change) culture
model and papain-induced OA rat model were used to demonstrate that parathyroid hormone (PTH) can be used to
treat early-stage osteoarthritis, prevent articular chondrocytes apoptosis and reverse a degenerative process of articular
chondrocytes. Additionally, according to the methods of the present disclosure, papain-induced OA rat model was used
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to demonstrate treating early-stage OA with PTH via intra-articular injection.
Example 5: Dose range for inhibition of the degenerative process of articular chondrocytes in a rat animal model

[0070] FIG. 7 shows the effect of parathyroid hormone on glycosaminoglycan (GAG) levels in normal and osteoarthritic
(OA) rat articular cartilage upon treatment after 5 weeks of treatment. Methods are as described above in the Sections
entitled "Animal Experiments" and "Osteoarthritis Induction and PTH Treatment" except that the concentration of the
administered dose of PTH (1-34) was 5 nM, 10 nM, or 100 nM. Safranin O-stained articular cartilage in the proximal
tibia from the contralateral control joints of rats in the OA group and the study joints of rats in the OA and OA plus PTH
groups are measured for the ratio of Safranin O-stained area to total area. The ratios of Safranin O-stained area to total
area (red/total) among all groups after 5 weeks of PTH treatment are compared. Bars show the mean and SEM of 6
samples. Data are evaluated by one-way analysis of variance, and multiple comparisons are performed using Scheffe’s
method. * * =P<0.01: the control joints versus study joints in the OA group at the indicated time point; ##=P < 0.01: the
OA joints versus study joints in groups of OA plus PTH 5nM, OA plus PTH 10nM, and OA plus PTH 100nM.

[0071] Photomicrographs of Safranin O-stained (GAG positive) articular cartilage from the contralateral control joints
of rats in the OA group, as well as those from the study joints of rats in the OA and OA plus PTH groups are generated
according to the aforementioned methods. The ratio of Safranin O-stained area to total area (red : total) is measured
and compared among groups (FIG. 7). The red : total ratio of the contralateral control cartilage in the OA and OA plus
PTH groups was not significantly different among all 3 groups. The red : total ratio in the cartilage from the study joint
in the OA group was significantly lower than that of the contralateral control cartilage 5 weeks after OA induction (P <
0.01) (FIG. 7). After 5 weeks of PTH (1-34) treatment, cartilage from the OA plus PTH group was not significantly different
from the contralateral control cartilage (FIG. 7), i.e., the red : total ratio in the OA plus PTH group was significantly higher
than that in the OA group after 5 weeks of PTH (1-34) treatment (P < 0.01) (FIG. 7). These results show that treatment
with 5, 10, and 100 nM PTH (1-34) for 5 weeks (inject every three days) can produce significant suppression of GAG
loss. The GAG level of the OA group is significantly lower than that of the control group (p<0.01). The GAG levels
observed after treatment with 5, 10, or 100 nM PTH (1-34) are significantly higher than that in the OA group (p<0.01).
In addition, there is no significant difference between the control group and the PTH-treated groups.

[0072] While the invention has been described by way of example and in terms of the preferred embodiments, it is to
be understood that the invention is not limited to the disclosed embodiments. To the contrary, it is intended to cover
various modifications and similar arrangements (as would be apparent to those skilled in the art). Therefore the scope
of the appended claims should be accorded the broadest interpretation so as to encompass all such modifications and
similar arrangements.

SEQUENCE LISTING
[0073]
<110> KAOHSIUNG MEDICAL UNIVERSITY
<120> TREATMENT OF EARLY-STAGE OSTEOARTHRITIS
<130> 383295-001WO

<140>
<141>

<150> 12/336,209
<151> 2008-12-16

<160> 17

<170> Patentln version 3.5
<210> 1

<211> 21

<212> DNA
<213> Atrtificial Sequence
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<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 1
caacactgcc aacgtccaga t 21

<210> 2

<211> 24

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 2
tcttgcagtg gtaggtgatg ttct 24

<210> 3

<211> 25

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 3
cagatttgag ctatcagacc aacaa 25

<210> 4

<211> 25

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 4
aaattcaaga gaggcttcac atacg 25

<210> 5

<211> 23

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 5
tctectetga cttcaacage gac 23

<210> 6

<211> 22

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer
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<400> 6
ccetgttget gtagccaaat tc 22

<210>7

<211> 22

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 7
aacttccaga ccattggctt ga 22

<210> 8

<211> 17

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 8
ttgccgcegtg tegtgtt 17

<210>9

<211> 20

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 9
acagctgggg acattagtgg 20

<210> 10

<211> 20

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 10
gtggaatgca gaggtggttt 20

<210> 11

<211> 20

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 11
tcatcttcaa ggacgaggag 20
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<210> 12

<211> 18

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 12
atagccagcg agttcagg 18

<210> 13

<211> 20

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 13
tcatcttcaa ggacgaggag 20

<210> 14

<211> 18

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 14
atagccagcg agttcagg 18

<210> 15

<211> 20

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 15
tttgcttcag ggtttcatcc 20

<210> 16

<211> 20

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic primer

<400> 16
tcctetgeag ctecatgtta 20

<210> 17

<211> 34
<212> PRT
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<213> Homo sapiens

<400> 17

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
20 25 30

Asn Phe

Claims

Amino acids 1-34 of parathyroid hormone for use in treating early stage osteoarthritis in a human by intra-articular
injection of amino acids 1-34 of parathyroid hormone at therapeutically effective dose range of 0.1 pmole to 5000
pmole.

2. The amino acids 1-34 of parathyroid hormone for use according to claim 1, which is provided by delivery of a
therapeutically active dose of from 5 pmole to 300 pmole.

Patentanspriiche

1. Aminosduren 1-34 des Parathyroid-Hormons zur Verwendung in der Behandlung von Osteoarthritis im Anfangs-
stadiumin einem Menschen durch intraartikulare Injektion von Aminosauren 1-34 des Parathyroid-Hormons in einem
therapeutisch wirksamen Dosierungsbereich von 0,1 pmol bis 5000 pmol.

2. Aminosauren 1-34 des Parathyroid-Hormons zur Verwendung nach Anspruch 1, welche durch die Verabreichung

einer therapeutisch wirksamen Dosierung von 5 pmol bis 300 pmol zu Verfiigung gestellt wird.

Revendications

Les aminoacides 1 a 34 de 'hormone parathyroidienne pour usage dans le traitement de I'ostéoarthrite au stade
précoce d’un étre humain par injection intraarticulaire des aminoacides 1 a 34 de I'hormone parathyroidienne en
une plage de dose thérapeutiquement effective de 0,1 pmol a 5000 pmol.

Les aminoacides 1 a 34 de I'hormone parathyroidienne pour usage selon la revendication 1, qui est pourvue par
délivrance d’une dose thérapeutiquement active de 5 pmol a 300 pmol.
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