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WHA'T IS CLAIMED IS:

1. An isolated polypeptide comprising an amino acid sequence that has
least 95% amino acid sequence identity to an amino acid sequence selected from the grofip of
sequences of TABLE 1, wherein the polypeptide comprises an amino acid that is a pgfar
amino acid other than K or R at position 423, as determined with reference to SEQAD NO:1,

and wherein the polypeptide has chondrogenic activity.

2, The polypeptide of claim 1, wherein the polypeptidgfcomprises an
amino acid sequence that has at least 95% sequence identity to an amingfacid sequence of any
one of SEQ I N(O:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NQF33, SEQ ID NO:34,
SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38/5LEQ ID NO:39, SEQ ID
NO:40, SEQ 1D NO:41, SEQ 1D NG:65, SEQ 1D NO:66, SEQAD NO:67, SEQ ID NO:68,
SEQ ID NO:69, or SEQ ID NO:70.

3. The polypeptide of claim 2, whegin the polypeptide comprises an
amino acid sequence that has at least 95% sequencegddentily 1o an amino acid sequence of any
one of SEQ ID NO:14, SEQ ID NO:15, SEQ IDJ0:16, SEQ ID NO:17, SEQ ID NO:18,
SEQ ID NO:19, SEQ ID NO:20, SEQ ID NOZI1, SEQ ID NO:22, SEQ ID NO:23, SEQ ID
NO:24, SEQ ID NO:25, SEQ ID NG:26, SYQ 1D NO:27, SEQ ID NO:28, SEQ ID NO:29,
SEQ ID NO:58, SEQ ID NO:59, SEQ IF NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID
NQ:63, or SEQ ID NO:64.

4. The polyp€ptide of claim 1, wherein the polypeptide comprises an
amino acid sequence of any gfle of SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID
NO:33, SEQ ID NO:34, S} ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NQO:38,
SEQ ID NO:39, SEQ IFNO:40, SEQ ID NO:41, SEQ ID NO:65, SEQ ID NO:66, SEQ ID
NO:67, SEQ ID NOS, SEQ ID NO:69, or SEQ ID NO:70.

The polypeptide of claim 4, wherein the polypeptide comprises an
amino acid gfuence of any one of SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID
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6. The polypeptide of claim 1, wherein the polypeptide has al least 95%
sequence identity to an amino acid sequence of any one of SEQ [D NO:30, SEQ ID NO:31,
SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID N(O:35, SEQ ID NO:36, SEQ

NO:60, SEQ ID NO:61, SEQ 1D NO:62, SEQ ID NO:63, or SE@ D NO:64.

8. The polypeptide of claim 1, whereinghe polypeptide is an amino acid

sequence sclected from the group of sequences of TABLE

0. The polypeptide of claim 8§,
ID NO:30, SEQ 1D NO:31, SEQ 1D NO:32, SEQAD NO:33, SEQ TD NO:34, SEQ TD NO:335,
SEQ ID NQO:36, SEQ [D NO:37, SEQ 1D NOZSE, SEQ ID NO:39, SEQ ID NO:40, SEQ ID
NO:41, SEQ ID NO:65, SEQ ID NO:66, SPQ ID NO:67, SEQ ID NO:68, SEQ 1D NO:69,
and SEQ ID NO:70.

erein the polypeptide is any one of SEQ

10.  The polypepylie of claim 9, wherein the polypeptide is any one of SEQ
ID NO:14, SEQ ID NO:15, SEGAD NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:20,
SEQ ID NO:21, SEQ ID NOZ2, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID
NO:27, SEQ ID NO:28, SPQ ID NO:29, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60,
SEQ ID NO:61, SEQ IFNO:62, SEQ ID NO:63, or SEQ I NO:64.

il.

or S or the amino acid at position 423 is deleted.

The polypeptide of any one of claims 1-10, wherein the amino acid at

position 423 is

The polypeptide of any one of claims 1-10), wherein the amino acid at

The polypeptide of any one of claims 1-10, wherein the amino acid at

sition 423 is S.

66



WO 2014/138687 PCT/US2014/0622102

14.  The polypeptide of any one of claims 1 (o 11, wherein the polypeplide
is PEGylated.

16.  The polypeptide of any claim 15, wherein the hetggblogous peptide is

fused at the amino-terminal end of the polypeptide.

17.  The polypeptide of claim 15, wherein the hfterologous peptide is fused

at the carboxy-terminal end of the polypeptide.

18. A pharmaceutical composition comgfrising a polypeptide of any one of

claims 1 to 17,

19.  The pharmaceutical compggftion of claim 18, further comprising a

hyaluronic acid or a derivative thereof.

20 The pharmaceuticalomposition of claim 18, further comprising an
of oral salmon calcitonin, SD-6010 (iNOS
1), collagen hydrolyzate, FGF18, BMP7, rusalatide

agent sclected from the group consisti
inhibitor), vitamin D3 (choliecalcifi
acetate, avocado soy unsaponifiglfles (ASU), karlogenin, a steroid, and a non-steroidal anti-

inflammalory agent (NSAID)

21. A phethod of treating, ameliorating or preventing arthritis or joint
damage in a patient, thf method comprising administering Lo a joint of the patient a
therapeutically effeftive amount of a pharmaceutical composition of claim 18, thereby

treating, amcliogfting or preventing arthritis or joint damage in the patient.

22, The method of claim 21, wherein the patient has arthritis or joint

23, The method of claim 21, wherein the patient is al risk for, arthritis or
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24, The method of claim 22 or claim 23, wherein the arthritis is

osteoarthritis, trauna arthritis, or autoimmune arthritis.

25,  The method of any one of claims 21 to 24, wherein the composjflon

further comprises hyaluronic acid.

26.  The method of any one of claims 21 (o 25, [urther compfising a

surgical procedure to an affected joint.

28.  The method of claim 26 wherein adminigring the pharmaceutical

compaosition occurs in conjunction with any one of bone magfow stimulation, cartilage
replacement, antologous chondrocyte implantation (ACI)/matrix-induced autologous

chondrocyte implantation (MACI).

29. The method of any one of glaims 21-26 wherein administering the
pharmaceutical composition occurs in conjungfon with one or more additional chondrogenic

factors.

30. The method of gfly one of claims 21-26 wherein administering the

pharmaceutical composition occurgdn a matrix or biocompatible scaffold.

31. A methgh of inducing differentiation of mesenchymal stem cells into

chondrocytes, the method ggfmprising contacting mesenchymal stem cells with an effective
amount of a polypeptidef any one of claims 1 to 17 to induce differentiation of the

mesenchymal stem cgffls into chondrocytes.

The method of claim 31, wherein the method is performed in vivo and

re present in a human subject.

33. The method of claim 32, wherein the subj.ect has arthritis or joint

34, The method of claim 32, wherein the subject is at risk for, arthrilis or

joint damage.
L]
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35. The methed of claim 33 or claim 34, wherein the arthrilis is

osteoarthritis, trauma arthritis, or autoimmune arthritis.

36.  The method of any one of claims 32 to 35, further comprising a

surgical procedure to an affected joint in a subject.

37.  The method of any one of claims 32 to 35 wherein adminjflering the

polypeptide occurs during or after a surgical procedure.

38.  'The method of any one of claims 32-35 wherein aghninistering the

polypeptide occurs in conjunction with one or more additional chondgfgenic factors.

39.  The method of claim 36 wherein administegng the polypeptide occurs
in conjunction with any one of bone marrow stimulation, cartifge replacement, autologous
chondrocyte implantation { ACI), matrix-induced autologougfchondrocyte implantation

(MACD).

4.  'The method of claim 36 whegfin administering the polypeptide oceurs

in a matrix or biocompatible scaffold.

41. A method of treating gfsubject comprising administering to the subject

4 therapeutically effective amount of a pgfypeptide of any one of claims 1 to 17, wherein the

42, The methogfof claim 41, wherein the patient has arthritis or joint

damage.

43, Thefnethod of claim 41, wherein the patient is at risk for, arthritis or

joint damage.

44, The method of claim 42 or ¢claim 43, wherein the arthritis is

osteoarthritis, tyfluma arthritis, or autcimmune arthritis.

45.  The method of any one of claims 41 to 44, [urther comprising

adminig€ring hyaluronic acid.

46.  The method of any one of claims 41 to 45, further comprising a

rgical procedure to an affected joint.
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47.  'The method of any one of claims 41 to 45 wherein administering the

polypeptide occurs during or after a surgical procedure.

48. The method of claim 46 wherein administering the polypeptide ocgirs

(MACI).

49.  The method of any one of claims 41-46 wherein admyistering the
polypeptide occurs in conjunction with or in addition to one or more adgffional chondrogenic

factors.

50.  The method of any one of claims 41-46 wiferein administering the

polypeptide is in conjunction with or in addition to a matrix gyfbiocompatible scaffold.




Claims

1. An isolated polypeptide comprising an amino acid sequence that has at least 95%
amino acid sequence identity to an amino acid sequence selected from the group of sequences
of TABLE 1, wherein the polypeptide comprises an amino acid that is a polar amino acid
other than K or R at position 423, as determined with reference to SEQ ID NO:1, and

wherein the polypeptide has chondrogenic activity.

2. The polypeptide of claim 1, wherein the polypeptide comprises an amino acid
sequence that has at least 95% sequence identity to an amino acid sequence of any one of
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,
SEQ ID NO:41, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID
NO:69, or SEQ ID NO:70.

3. The polypeptide of claim 1, wherein the polypeptide comprises an amino acid
sequence that has at least 95% sequence identity to an amino acid sequence of any one of
SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID
NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24,
SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID
NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NQ:61, SEQ ID NO:62, SEQ ID NO:63, or
SEQ ID NO:64.

4. The polypeptide of claim 1, wherein the polypeptide comprises an amino acid
sequence of any one of SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33,
SEQ ID NO:34, SEQ 1D NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID
NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67,
SEQ 1D NO:68, SEQ ID NO:69, or SEQ ID NO:70.

5. The polypeptide of claim 1, wherein the polypeptide comprises an amino acid
sequence of any one of SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:24, SEQ ID
NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:58,
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SEQ ID NO:59, SEQ ID NO:60, SEQ 1D NO:61, SEQ ID NO:62, SEQ ID NO:63, or SEQ ID
NO:64.

6. The polypeptide of claim 1, wherein the polypeptide has at least 95% sequence
identity to an amino acid sequence of any one of SEQ 1D NO:30, SEQ ID NO:31, SEQ ID
NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:65, SEQ ID
NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, or SEQ ID NO:70.

7. The polypeptide of claim 1, wherein the polypeptide has at least 95% sequence
identity to an amino acid sequence of any one of SEQ ID NO:14, SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21,
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ 1D
NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:58, SEQ ID NQ:59, SEQ ID NO:60,
SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, or SEQ ID NO:64.

8. The polypeptide of claim 1, wherein the polypeptide consists of an amino acid

sequence selected from the group of sequences of TABLE 1.

0. The polypeptide of claim 1, wherein the polypeptide consists of an amino acid
sequence selected from any one of SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID
NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38,
SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:65, SEQ ID NO:66, SEQ ID
NO:67, SEQ ID NO:68, SEQ ID NO:69, or SEQ ID NO:70.

10.  The polypeptide of claim 1, wherein the polypeptide consists of an amino acid
sequence selected from any one of SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID
NO:17, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:24,
SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ 1D NO:29, SEQ ID
NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, or
SEQ ID NO:64.

11.  The polypeptide of any one of claims 1-10, wherein the amino acid at position 423 is

Q or S or the amino acid at position 423 is deleted.
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12.  The polypeptide of any one of claims 1-10, wherein the amino acid at position 423 is

13.  The polypeptide of any one of claims 1-10, wherein the amino acid at position 423 is

14. The polypeptide of any one of claims 1 to 11, wherein the polypeptide is PEGylated.

15. The polypeptide of any one of claims 1-14, wherein the polypeptide is fused to a
heterologous peptide selected from any of human serum albumin (HSA), an immunoglobulin
heavy chain constant region (Fc), a polyhistidine, a glutathione S transferase (GST), a
thioredoxin, a protein A, a protein G, or a maltose binding protein (MBP), or a fragment

thereof.

16.  The polypeptide of any claim 15, wherein the heterologous peptide is fused at the

amino-terminal end of the polypeptide.

17. The polypeptide of claim 15, wherein the heterologous peptide is fused at the
carboxy-terminal end of the polypeptide.

18. A pharmaceutical composition comprising a polypeptide of any one of claims 1 to 17.

19.  The pharmaceutical composition of claim 18, further comprising a hyaluronic acid or

a denivative thereof.

20.  The pharmaceutical composition of claim 18, further comprising an agent selected
from the group consisting of oral salmon calcitonin, SD-6010 (iNOS inhibitor), vitamin D3
(choliecalciferol), collagen hydrolyzate, FGF18, BMP7, rusalatide acetate, avocado soy
unsaponifiables (ASU), kartogenin, a steroid, and a non-steroidal anti-inflammatory agent

(NSAID)

21.  The pharmaceutical composition of claim 18 for use in treating, ameliorating or
preventing arthritis or joint damage in a subject, wherein a therapeutically effective amount

of the pharmaceutical composition of claim 18 is to be administered to a joint of the subject.
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22, The polypeptide of any one of claims 1-17 for use in inducing differentiation of
mesenchymal stem cells into chondrocytes, wherein mesenchymal stem cells are contacted
with an effective amount of a polypeptide of any one of claims 1-17 to induce differentiation

of the mesenchymal stem cells into chondrocytes.

23.  The polypeptide for use according to claim 22, wherein the differentiation of the
mesenchymal stem cells into chondrocytes is to be induced in vivo and the mesenchymal

stem cells are present in a human subject.

24.  The polypeptide for use according to claim 23, wherein the subject has or is at risk

for, arthritis or joint damage.

25.  The polypeptide of any one of claims 1-17 for use in treating a subject who has or is
at risk of joint damage or arthritis, wherein a therapeutically effective amount of the

polypeptide of any one of claims 1-17 is to be administered to the subject.

26.  The pharmaceutical composition for use according to claim 21 or the polypeptide for
use according to claim 24 or claim 25, wherein the arthritis is osteoarthritis, trauma arthritis,

or autoimmune arthritis.

27. The pharmaceutical composition for use according to claim 21, further comprising

hyaluronic acid.

28.  The pharmaceutical composition for use according to claim 21 or the polypeptide for
use according to claim 25, wherein the pharmaceutical composition or polypeptide is to be
administered in conjunction with any one of bone marrow stimulation, cartilage replacement,
autologous chondrocyte implantation (ACI), matrix-induced autologous chondrocyte

implantation (MACI).

29.  The pharmaceutical composition for use according to claim 21 or the polypeptide for
use according to claim 25, wherein the pharmaceutical composition or polypeptide is to be
administered in conjunction with or in addition to one or more additional chondrogenic

factors.
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30.  The pharmaceutical composition for use according to claim 21 or the polypeptide for
use according to claim 25, wherein the pharmaceutical composition or polypeptide is to be

administered in a matrix or biocompatible scaffold.
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