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METHODS AND USES OF CONNECTI VE TI SSUE GROMH FACTOR
AS AN | NDUCTI ON AGENT 5 The information disclosed in this
Speci fication was nmade in part with Governnent support by grant no. GM
- 37223, Wo'edasiepy the National Institute of Health. ThepgpygsduaBiet 10
ey have certain rights in the invention disclosed in this
. Speci fication. 1. STATEMENT OF RELATED CASES Thi s

application is related to and is ntinuation-in-_ 15 part application
of Serial Nunber 08/459, 717, enti &%imt” g%“cﬁﬁ%c‘ﬁ ve Tissue G owth
Factor," filed June 2, 1995, COMNECERIVE TISSUE GROWEHNEBCTOR-i n- part

application of Serial No. 02381, PedociidederFebruary 10, 1995,
havi ng the sane title, which is a divisional application of Serial

Number 20 08/ 167,628, filed Decenber 14, 1993, now i ssued as U.S.
Pat ent No® 5,408,040, which is a continuation of Serial No.
07/ 754427, filed on August 30, 1991, now abandoned. 2. FIELD OF THE
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factors and specif FR&I 1559 ﬁ’ﬁe@f‘?ﬁ%’ﬁﬁ% etglﬁv\%%e‘i‘—i%&f’aﬁmn wdt Bacd

in part with Government support by grant no. GM 37223,

awarded by the National Institute of Health. The government

10 may have certain rights in the invention disclosed in this
Specification. '

1. STATEMENT OF RELATED CASES
This application is related to and is a continuation-in-
15 part application of Serial Number 08/459,717, entitled
"Connective Tissue Growth Factor," filed June 2, 1995, which
is a continuation-in-part application of Serial No.
08/386,680, filed on February 10, 1995, having the same
title, which is a divisional application of Serial Number
20 08/167,628, filed December 14, 1993, now issued as U.S.
Patent No. 5,408,040, which is a continuation of Serial No.
07/752,427, £iled on Angust 30, 1991, now abandoned.

2. FIELD OF THE INVENTION

25 This invention relates generally to the field of growth
factors and specifically to Connective Tissue Growth Factor
{CTGF) and methods of use thereof.

3. BACKGROUND OF THE INVENTION
30 A. The Role Of Growth Factors In Bone And Cartilage
Formation
Bone And Cartilage Formation. The formation of
tissue and organs in all multicellular organisms that arise
35 from a single fertilized egyg requires the differentiation of
gspecialized cell types from non-differentiated stem cells.
- As embryogenesis proceeds, more highly specialized cell types
and complex structures are formed. Currently, however, little
concrete information is available on the identification of
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condense into small islands and differentiate into

osteoblasts and capillaries. The osteoblasts secrete a

specific type of extracellular matrix, (osteoid) which is

capable of binding calcium salts. '

15 Endochondral ossification is the process by which the
long bones of the axial skeleton (arms and legs), and the
vertebra and ribs form. Hall, supra. During this process
the formation of bone occurs via a cartilaginous tissue
intermediate stage. In mammals, the long bones form from

20 certain mesenchymal cells in the embryonic limb buds. These
cells form chondrocytes, and secrete a cartilaginous matrix.
Other surrounding mesenchymal cells form the perichondrium
(ultimately, the periosteum). In some cases, chondrocytes
adjacent to the region where chondrocytes are proliferating

25 and forming differentiate into hypertrophic chondrocytes.

Hypertrophic chondrocytes produce a different type of
matrix, and alter their tissue orientation to form the
physis. The structure of the physis is arranged in multiple
cellular columns composed of zones of cellular hypertrophy,

30 proliferation, ossification and vascularization. Hall,
supra; Gilbert, “Transcriptional regulation of gene
expression,” DEVELOPMENTAL BIOLOGY, Sth ed. Sinaur Assoc., p.
387-390 (1994). This results in a gradation of cell
transformation from chondrocytes to osteoblasts which form

35 the mineralized bone.

Endochondral ossification is an active, ongoing process *
that occurs in mammals during the growth from infant to
adult. The differentiation of mesenchymal cells to
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capabl e of binding calciumsalts. 15 Endochondral ossification is
the process by which the | ong bones of the axial skeleton (arns and
Iegs) and the vertebra and ribs form Hall, supra. During this
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WO 96/ 38168 The Relevant Art Related To Growth| FREPorH MDD The
Formation Of Bone And Cartilage. Prior to the present
invention, it was known generally that growth factors

15 comprise a class of secreted polypeptides that stimulate
target cells to proliferate, differentiate and organize
developing tissues. Typically, a growth factor’s activity is
dependent on its ability to bind to specific receptors,
thereby stimulating a signaling event within the cell.

20 Examples of some well-studied growth factors include
platelet-derived growth factor (PDGF), insulin-like growth
factor (IGF-I), transforming growth factor beta family (TGF-
B), transforming growth factor alpha (TGF-a), epidermal
growth factor (EGF), and fibroblast growth factors (FGF).

25 Effect Of TGF-§ On Chondrocyte Growth,
Differentiation and Cartilage Formation. The TGF-8s play a
role in chondrogenesis. As previously reported, TGF-81 and
TGF-$2 increase chondrogenesis in embryonic rat mesenchymal
cells (Seyedin,et al.., 1987, J. Biol. Chem. 2623 1946-1947),

30 and either isoform can induce formation of chondroblasts from
murine muscle mesenchymal cells in culture. Seyedin. et al.,
1986, J. Biol. Chem. 261: 5693-5695. Application of the TGF-
fs to murine embryonic prechondroid tissues increases
differentiation of mesenchymal cells, production of

35 proteoglycans, and replication of chondroblasts. Centrella,

. et al., 1994, Endocrine Reviews 15:27-38; Thorp and Jakowlew,

1994, Bone 15: 59-64.



chondrocytes, their proliferation and replacenent by ost eobl asts are
dependent on growth factors (including the TGF-[err] famly), and on
the mneralization of the matri x. Tuan, 1984, J. Exp. Zool. (suppl.)
{:1-13 (1984); Syfestad 5 and Caplan, 1984, Devel. Biol . 104: 348-386.

*Wth regard tQ. C tive tissue, it is felt that all S

el ements in n&ﬂﬁgg&gre derived froma single stem cel l !i,?ﬁ@%ﬁéimgzm
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growt h fdrenaase] esprysswmgf sype nElL mea%t@rtééﬁaef-mq#xcre:
[err]%1 ftransfc@clsm pifitiasais0 brabhbadiddste pEbtdogBitiaie!, MBhd
gr owt a t
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previously remftmt'-ﬂazipelr]mlﬁydcnicheé'ﬁ&,[ @ib}xZFamata.sn sirmsh:hgenem s

i n enbryonic r] rral birEn ( @%;rt 1987, J. Biol.
Chem 262: 19406- 32; Rakﬁ: %ﬁ . SO ormcan | c‘:ge form
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Seyedi n. 18 al ¢hondrocyteofbtogandsisl is@memﬂ. 559&9.5@@5.91 App!m&:.at i on of
the TG PE&S | INathQ ﬁuaanescqrrbbmng_- mwzh@edapl drxf ia384€8oh cm@s;es
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Revi ews 15: 27-medelr Wpraﬁarym.ewather thampdhe Bﬁ?ﬁelﬂcew‘%@‘me
formation, when smaller doses are used. Mundy, supra. This
20 accumulation of apparently contradictory data has hindered
efforts to define a function for the TGF-fs in
chondrogenes;s.
The Bone Morphogenic Proteins And Bone szmation. A
family of proteins termed the bone morphogenetic proteins
25 (BMP’s are capable of inducing ectopic bone formation in
certain mammalian species. With the exception of BMP-1,
which encodes a metalloprotease, all of these proteins have
structures that are related to TGF-B. However, it is not .
known which, if any of the BMP’s are responsible for the
30 regulation of bone formation during normal embryogenesis.
BMP’s were first isoclated from demineralized bone as
factors that induced bone at extra skeletal ectopic sites.
Three peptides were originally identified as BMP-1, BMP-2A,
and BMP-3. Celeste, et al., 1990, Proc. Natl Acad. Sci. USA
35 87: 9843-9847; Kubler and Urist, 1990, Clin. Orthopedics and
Rel. Res. 258: 279-294. The latter two BMPs are members of
the TGF-B superfamily. Subsequently, five more closely
related members of the BMP group have been identified and
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PCT/ US96/ 08210 Using in-situ hybridization, decreased | evels of

TG-[err]3 . were found in the gromh plates of animals with three

Separate di sorders where chondrocytes cease to differentiate. ld. In
-organ cul tur VI ne articular cartilage, type Il 5 C ‘ELil%

Pr ot eogl ycan%gglg{angm S were increased after TG [err] Oéi m nlalgtﬁr?gtion.
. Moral es and Roberts, 1988, L. Blol. Chem - 263: 12828- 12831. In
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ter, Ciba
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di fferents at i 3894,s Modhi Bepro 4nd PeF-[ 225 |173d178 growt h plate 15
chondrocyte mi tog%ﬁ%'i%u'ﬁ bAfdHAE3En h&@ ! Docdlli zale B@%%ene Proc. Natl.
Acad.” Sci . 85: In addjtion, |arge Ggent rati ons of
poad” 551 USSR aeddh 1 hbbe o bfa,gF
cartil age, raﬁmiﬂih'ﬁaﬁ-iﬂﬁé feing Melque!!mn@uggesﬂ-m rmmtmmamncsrrm | er
doses are usegoldlinthe BMPESAindidtes aaGentﬂ@mnﬂo%a:l-eatsi WIHEHCBinh
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Prot ei ns And PREkemdngat i KHblﬁF and Urigki I%ﬂﬁfa-pr%!!#ﬁ%ltjeirﬂ?édofh@%ne
nor.phogenet i ceyygesti the? BMPs (hiyP actasgnergidt ivalllyl wiltss i TeF-@st api ¢ bone

formation in yniviate the cascade of osteoinduction in-vivo. In murine
subcutis, TGF-f1 enhances the production of ectopic bone by
15 most BMPs. BMP-6 (also known as VGR-1) is expressed in
hypertrophic cartilage at the same time and in the same areas
as the TGF-8s, and is associated with collagen type X
expression. See, Celeste, et al., supra.
The addition of TGFB-2 to bone explants which have been
20 treated with either BMP-2 or BMP-3 results in increased
osteoinductive activity and an increased ratio of cartilage
to bone when compared to either factor alone. Bentz, et al.,
1991, Matrix 11:269-275. However, the synergistic effect of
these proteins by the TGF-8s is not universal. TGF-f1 has
25 been shown to directly decrease BMP-2 expression -in fetal rat
calvaria cultures. Harris, et al., 1994, J. Bone and Mineral
Res. 9: 855-863. Since BMP-2 is apparently important in bone
cell differentiation, it has been suggested that TGF-£1 may
be acting as a switch to monitor the differentiation fates of
30 chondro~ or osteo- blastic precursors.

Other Factors Found To Be Expressed In Developing
Tissue. Cyr6l is a growth regulator which has been found to
be expressed in developing mouse embryo and extraembryonic
tissues. O’Brien and Lau, 1992, Cell Growth Differ. 3:645-
35 654. Cyré6l is related to but distinct from CTGF and prior to
- the instant invention, the specific activity of ch61'was not
known.
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certain manmal i an species. Wth the exception of BMP-1, whi ch encodes
a netall oprotease, all of these proteins have structures that are
related to TG--[err]. However, it is not known which, if any of the
‘BMP' s ‘are responsi ble for the 30 regul ati on of bone formation during

- normal enbry BVMWP's were first isol ated fl‘rﬂ%ﬁgsrrszm
;dem nerali ze&p‘gone as factors that induced bone at extra skel etal

ectopic sites. Three peptides were originally identified as BWP-1,

BMP- 2A, and t . Sci. USA
35 87 9843-984 gﬂ"’ 018’ fr “&{oﬁ&‘g%&@%& ﬁ&?’?‘ﬁ% eS8
Rel . Res. 258: 279- 294 PwlPatPﬁi%GBw?a?@#ﬁ?rrMﬁs eynd Healipge

TGF-[err] supppbRnisya dimerdeumsiésuld iconsistinglctSanya chain rasidated
Enirber s of th@h@&ﬁbg g%}% ﬂ%éﬂs_bf&qn 'h%%@&b&iﬁgrér@f homodimers and all

PCT/ US96/ 9821 6ombinatigns dgolphed sto datecargnblodgairadiy afkivesi nfiith to
vgr/ 60A, !ehkbecBMEb Zh @¢aBhbr 4s alctivitg, SPDAF ANas! Bebis Exaictpkged -

Bot h vga/ 60A p I t r
dorsal/ventra aX| swﬁpﬁnh?g#mﬁ%e%%gg% &'gﬁ]qi}gggé Wi an&g%%oggnd
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fi brogenetic £8Lifiondr oost eopr ogenet i c patt er ning. Kubler and Ui st,
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with TGF-[errsuh@ healing, PDGF has been identified as a growth factor
involved in wound healing, as well as pathological conditions

15  showing on overproduction of connective tissue, including
atherosclerosis and fibrotic diseases.

It has been hypothesized that growth factors other than
PDGF may play a role in the normal development, growth, and
repair of human tissue.

20 TGF-f8 And Wound Healing. The formation of new and
regenerating tissue requires the coordinate regulation of
various genes that produce both regulatory and structural
molecules which participate in the process of cell growth and
tissue organization. As with bone induction, it appears that

25 TGF-8 plays a central regulatory component of this process.
TGF~8 is released by platelets, macrophages and neutrophils
which are present in the initial phases of the repair
process. TGF-§ can act as a growth stimulatory factor for
mesenchymal cells and as a growth inhibitory factor for

30 endothelial and epithelial cells. It has been suggested that
the growth stimulatory action of TGF-8 appears to be mediated
via an indirect mechanism involving the induction of other
genes including growth factors such as PDGF.

Several members of the TGF-S superfamily possess

35 activities suggesting possible applications for the treatment
of cell proliferative disorders, such as cancer. 1In
particular, TGF-£ has been shown to be potent growth
inhibitor for a variety of cell types (Massague, 1987, Cell

- -



tnitiate the cascade of osteoinduction in-vivo. In murine subcuti s,
TGF-[err]l enhances the production of ectopic bone by 15 nost BMPs. BMP-6
.(al'so known as VGR-1) is expressed in hypertrophic cartilage at the
sane time and in the sane areas as the TG-[err]s, and is associated

- with coll agegt expressi on. See, Celeste, et al. P%
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expression in fe | ture S 1994, J. .
Bone" and M nélar ess élﬁf devglgg‘gég%&% %R/B’le s’zlt‘apﬁg%’gﬁt?y [ rrportant
in bone 5 thel tegkis ofMatzukyi ek ali, Ha?@zbelfﬁtgnag@éélﬁhat TGF-[err]1
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To Be Expr eag%%%?tageaﬁ+dﬁﬂ%&% 8E Cifane Fepairy TEF$ wt’ﬁ

a
whi ch has be&? haugimaxked ef B&tﬁx‘ﬂ‘r‘e%(fmwél%l 1#38§e3%‘grbryo and
extraenbr yonicauses ofi staikingCaRgicgemit deapons@Oth tﬁd heteborh mdudd er .

3045 36 Gbvertd] Obr\dr rellahgd Pfod!ndlss! 284k, 1A, Uk #Rth 70" O

the instant i nvent i on, % I C act [ VI
VD 96/ 35105 'The Dond horphogenic protins (sups) ° 1@&?@98/’6%’2&

D. the Rol e g2iowBhoanfl #eetefifective\ofon] thenltregtment of fractured|amidk| et
Derived G owmdthesCkRblobsh \HuredtEepbidihcki, et al., 1981 Lancet, 1:959;
.Ferguson, et al., 1988, Clin. Orthoped. Relat. Res., 227:265;
15 Johnson, et al., 1988, Clin. Orthoped. Relat. Res., 230:257).

c. Connective Tissue Growth Factor
* . A previcusly unknown growth factor, related to
PDGF, and termed Connective Tissue Growth Factor (CTGF), has
20 been reported in a related patent. See, U.S. Patent No.
5,408,040. CTGF is a cysteine~-rich mitogenic peptide which
is selectively induced in fibroblasts after activation with
TGF-8. Igarashl, et al., 1993, Mol. Biol. Cell 4:637~645.
CIGF is a member of a family of peptides that include
25 serum induced gene products cefi0 (Simmons, et al., 1989,
Proc. Natl. Acad. Sci. USA 86:1178~1182), cyrél (O‘'Brien, et
al., 1990, Mol. Cell. Biol. 10:3569-3577), fispl2/IG M1l
(Ryseck, et al., 1993, Cell Growth & Differ. 2:225-233), and
a chicken transforming gene, nov (Joliot, et al. 1992, Mol.
30 Cell Biol. 12:10-21 (1992). CTGF also shares sequence
homology with a drosophila gene product, twisted gastrulation
(twg) (Mason, et al.., 1994, Genes & Develop. 8:1489-1501),
which determines cell fates during dorsal/ventral pattern

* formation in the embryo.
35 As reported in that patent, CTGF is the product of a
. distinct gene. As also reported in U.S. Patent No.

5,408,040, CTGF possesses mitogenic activity. The ultimate
result of this mitogenic activity in vivo, is the growth of
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PDG- is a dineric nolecule consisting of an A chain and a B chain. The
chains form heterodi ners of honodiners and all 5 conbi nations isolated to
gate are biologically active. Wth respect to the factor's activity,
DGF has been charact erl zed as stabl e protein found
*inthe [err]- %}% circu g*tﬂlgaéH fAS %%EN The rml %l,]‘gﬁlgbeen
further ﬂ‘rlzed as a mt ctic age ?
. connective tissue cells such as fibroblasts and snooth nuscl e cells.
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£ s been hyPol NN heah Ve, A1 a6 o6S YBhASta P henagpa PRSP
arolein e nor n ti‘ssue.
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TGF- [ er ritSsupesdippanty Yissuess Kthougbt identifieduggcsidanpegtive bt issue

applicati ons f@fovhﬁ'ﬁ ﬁa{i:%éi‘”et_ﬁﬁer_l-_-z 1s0ho€ dlodtly réPdtdd €@ €h80LHEF of Such ]
S CEIEEr o e gl bbb | BbA 0515 cal g RalBagolnt o ow
-6- compr;se of three dlstlnct groups of proteins: CTGF/Fispl2,
cyr6l and nov. The protein of the claimed invention falls
20 within the first group of proteins, as compared to CTGF-2,
which falls with the cyrél group. PCT Application No.
PCT/US94 /07736 at 4. _
Notwithstanding the identification of various PDGF
related growth factors, including CTGF, prior to the present
25 invention, such factors have not been proven to .be an
effective induction agent for the production of matrices,
including the induction of bone and/or cartilage tissue.

4. SUMMARY OF THE INVENTION
30 The subject invention provides novel methods and
compositions for the treatment of diseases, disorders or
ailments wherein matrix and/or connective tissue production,
including the production of bone and/or cartilage, is
desired. The subjecﬁ invention is likewise directed to the
35 treatment of diseases, disorders or ailments wherein the
promotion of wound healing is desired.
More specifically, the compositions of the present
invention comprise CTGF and/or fragments and/or derivatives

- 8 -
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49:437), M S has been shown to inhibit the growh of human endonetri al
carcinoma tunors in nude mce (Donahqe,.—et al 1981, Ann. Surg.

"194: 472), and inhibition has been shqwi$ GHEET HP(SuBEﬁi\e;s the devel oprent of
: tunors both | %&)ﬁl&vary and in 5 tlhe teREPIACEDRL zuk

Many of t4re—members—of—The TGF [err’]J éam?y are

:Nat ure, 360:
_also i nportant mediators of tissue repair. TG--[err] has been shown
to have nmarked effects on the formation of colla en and causes of

striking angithsees (Bepeirafter crilpehbmely (CTFEE") o alonRPedps, et al .,
11986, Proc. Nsinkinatddn With otiies %oﬂﬁ?ﬁactors. Tikke (CTGF umedhdnethe

proteins (EMaieeh LBHHGEIRMPIRG be eilHdl! é‘.ﬁ?ﬂe&”@y edAstivh %95mt he
treat ment of fract res and e afg%g ects L al .
1981-Lancet, PAtAE¥gL sources, tip ’B?n“ e:CPF Pr é‘d j'Rel at .
Res., 22%: 265:ecﬁlb1nanhnqemetm eabginee:eﬁﬂg ﬁqhm.q@eshoped Rel at. Res.,
230: 257) . In onecas é@é"&cﬁ:hﬁeiﬁ{rﬁ&'ﬁ:ﬁ Q.%hmgﬁ%c@ of the

A préviously unknown factor reI at

ed d
Connecti ve TiREERENE “ 1% Sempriee) ! ?\Migtﬁéﬁwrf eﬂﬁ)raf‘e& % 'gEY%I at ed
patent. See,anguBt Pt GNGFNcnlone or 5;146&%1:1@13@11:1: onec\ogt @ore-ri ch

m t ogeni ¢ pepidudouiasshto treaﬁ ai%eheegl V&isbfa&ucsﬂ éﬂﬂdr&rso%éﬁéin af t er
activati,gn wth ar as

2 a7 o8 "k insuotlon oF Hdne GHOLAZE 100 Hesyeris eﬁﬂ’&é’s %32 el ude
25  serum i reneferred, enbedinants ofcthds (wrthashs such additipyed compoundy oc.
Nat|. Acad. d .a doowdh: #dd€or.182), cyr6l (O Brien, et al ., 1990,

Mol . Cell. Biol. :Hk §i§8h§P7JQpeJU %Blgﬁec%ﬂ4ention, the methods of the

present invention comprise the administration of an effective

15 amount of CTGF, alone or in combination with one or more
compounds, again preferably one or more growth factors, to
treat diseases, disorders or ailments wherein the promotion
of wound healing is desired. '

In a preferred embodiment of the invention, the

20 composition comprising CTGF is administered directly onto or
into the site in which bone or cartilage induction is desired
so0 as to induce the formation of such bone or cartilage. In
another embodiment, the composition is formulated for
targeted delivery or alternatively, are designed for the

25 release of the novel compositions in the relevant site (e.g.,
the wound in which cartilage formation is desired). 1In each
case, the CTGF containing composition is appropriately
formulated for administration to a patient in need.

30 S, DEFINITIONS
As used in this Specification, the term "CTGF" shall
mean: (1) a protein encoded by the amino acid seguence set
forth at Figure 1C, (2) a protein having CTGF activity
wherein such protein is encoded by the amino acid seguence of
35 Figure 1C wherein one or more amino acids have been added,
v deleted, mutated, substituted or otherwise altered
: ("derivative") and the micleotide sequence encoding said
protein can hybridize to the nucleic acid sequence of Figure

- 9 -
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.(Ryseck, et al., 1993, Cell Gowh & Differ. 2:225-233), and a
chi cken transform ng gene, nov (Joliot, et al. 1992, Mdl. 30 Cell Biol.
12:10-21 (1992). CTG- al so shares sequence honol ogy with a
“drosophil a gene product, tw sted gastrulation (twg) (Mason, et al..,
. 1994, Cenes %m&op 8:1489-1501), whi ch det er m nesSpcdosibBiE S
. during dorsalrventral pattern formation in the enbryo. 35 _
rleported in that patent CTGF is the product of a di stinct gene. As
al so reporte 8 S§LSEREF 'Y eni c
ulutnl ﬁat S'Eﬁn%tl\lgbnﬁl%ti?nss ég' ;(ngflogenl Eﬁgﬂe of Gl ggen|

activity. Th ctivity in vivo, is
the growt h ofderivative thereof. -7-

8 ‘targeted thssused G Ehisl Speqificesiesn, ctiverttexnt Minduce;'Viasy,
whi ch is the ﬁ”h&@&ﬂl |ih19CHe iR Ed S Hodlibe Chbiin A% oA chitadl| Lo of

I nteraction arti1cllar ecule hough the nolecule is
ant i geni ®al | )Pmﬁﬁed"’f'otqbwse Bo f‘?’ﬂbre is i ttI e i f any peptide sequence
hormol ogy between @&Chsed in hdsPBfécifidatiBbcHthetphrade Mindinctgioraf finity

to the notnen 3gﬁn&r"egﬂ§fii éyﬁno;%y;\ﬁ Q@gggz g%r%@ﬂst B &did nol ecul e

and | ess af It f'orns, of ,t hese
pept i des, whiR¥Plogdrad; BALRR q@a’tg' a‘(ﬁ‘# h (GRuse§ the ProduckieR ar n; ot ein,
i dentified astdmmtient oﬂentsmsd;ﬁic end gresnit f{ecyor the prod@Tior of has

been rep. grteq.féq.jﬁgtivge@lssue). PCT Application No. PCT/US94/07736
(I'nternationa

Appl i cati on, PUbl | ‘Clg't* Oﬂhmﬁsﬁpﬁﬁi%i%éggﬁ%% ACC&Q#%%&?? tlg'%ePCT

connective ard:hrwes DNBporDNA apdfier RN rihdghhenceds untzgnaiatedonnecti ve

t ihssue é&ﬁéﬁcfaacwieh CEEQEthhé fuctRat! yeneleticodihg tiver .CT@orof
the present |QveNhieONa sBRf1E8LINe &' Tnk! Thvlftldy thiudes 5/
15 regulatory nucleotide sequences and 3’ untranslated sequences

associated with the CTGF structural gene. A polynucleotide
of the invention which includes the 5/ and 3’ untranslated
region is illustrated in FIGURE 1C. The 5’ regulatory
region, including the promoter, is illustrated in FIGURE 1B.

20 A more detailed description of the polynucleotides
contemplated by the present invention may be found at U.S.
Patent No. 5,408,040.

As used in this Specification, the phrase "stringent

conditions," as used herein, refers to those hybridizing

25 conditions that (1) employ low ionic strength and high
temperature for washing, for example, 0.015 M NaCl/0.0015 M
sodiun citrate/0.1% SDS at 50°C.; (2) employ during
hybridization a denaturing agent such as formamide, for
example, 50% (vol/vol) formamide with 0.1% bovine serum

30 albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium
phosphate buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium
citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M
NaCl, 0.075 M Sodium pyrophosphate, 5 x Denhardt’s solution,
sonicated salmon spefm DNA (50 g/ml), 0.1% SDS, and 10%

35 dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC and
0.1% SDS.

As used in this Specification, the phrase “recombinant

expression vector" refers to a plasmid, virus or other



conprised of three distinct groups of proteins: CTGH Fispl 2, cyr6l and
nov. The protein of the clainmed invention falls 20 within the first group
_of proteins, as conpared to CITG-- 2, which falls with the cyr6l group.
PCT Application No. PCT/ US94/ 07736 at 4. Not wi t hst andi ng t he
- identificati%%sl rious PDGF related growt h factors, ﬂ&ﬁsﬂg&ﬂﬂ\ CTGF,
:prior to the present 25 I nvention, such factors have not beén proven to
be an ef fective induction agent for the production of matrices,

i ncluding the induyctjon of, bqne and/qr cartilage tissue. 4,

SUMVARY OF Tﬁi?hlr')'ﬁgﬁl\h’a(f’sﬂ‘ the argﬁ%éa% aﬁsek?gf’n\?ﬁﬂf?‘@ﬁtﬁflowdes novel
conposi ti ons ingerthent exainganporation f dhe CT6Er denetig sequencegy nent s
wherein matrix anggoasé® e NI ShesEEcatiot)Cth@Nphrase | Ncl uding the
production of, bon [ rid 3 sired.. T ]

invention is | ?‘%\%nggéd??]é &t e%%‘rilg%elsmecaélr?pg&g.i on %ro'}teﬁgﬂgé?ﬁ?}} eat nent
of di seafes, i effestiverinindueing peneior artilage fpmmatippnonivewnshd
healing is defdaldég. More specifically, the conpositions of the
pr esent i nvention conprise CTGF and/or fragnments and/or derivatives

9 t hereof (hereinafter collectively "CTGF"E, al one or in conbination with
ot her growt h §-act SR¥IEFTRESCRIZTIONOF | THE Bction compositions may be
ei t her obtai ned byIcvREalA shdwsotheastiadtar@l oeganbyativel of theUufPER ur e,
or Prodygli Odho T CEABRLNAN RN1EhkEd I RERI Begl BAEN iHES s01id aredd ONe
aspect of the 1 nvention, there iIs EFOVIde a pharmaceuti cal conposition
conpri si ng CHd: the gene corresponding to the open reading frame.

FIGURE 1B shows a comparison of nucleotide sequences
between CTGF promoter and fisp-12 promoter. Identical
nucleotides are marked with asterisks. The TATA box and

15 other consensus sequences are indicated and shaded. The site
of transcriptional initiation is indicated at position number
+1.

FIGURE 1C shows the complete nucleotide and deduced

amino acid sequence for the CTGF structural gene and 5’ and
20 3’ untranslated sequences. -

FIGURE 2 shows experimental in situ hybridization
results related to the expression of CTGF transcripts in the
growth plate of long bones in newborn mice. The in situ
hybridization experiments were performed using an anti-sense

25 CTGF RNA probe as described below. Chondrocytes in the
proliferation zone are strongly positive for CTGF gene
expression, indicating that CTGF is produced at sites of
cartilage growth.

FIGURE 3 shows the expression of the CTGF gene during

30 enbryogenesis wherein a transgenic mouse is constructed using
a fusion gene constructed from a CTGF promoter and a §-
galactosidase structural gene. This gene, introduced into
the germ line, expresses fS-galactosidase at sites of CTGF
expression and can be detected by histochemical means by

35 expressing sections of the developing transgenic animal to

. the substrate X-gal which deposits a blue color at sites of
B-galactosidase activity. Panel A is a 12 day mouse embryo
from such a transgenic mouse. The blue staining is an area



~

l-n a second aspect of the invention, there is provided use of a conposition
conprising CTGF and a pharnmaceutical acceptable carrier in the preparation
of a medi canent for inducing bone formation. In a third aspect of
the invention, there is provided use of a conposition conprising CTGF and a
-pharnaceutic&@ abl e carrier in the preparation of a nmegis 21h 0"
# nduci ng tissue TOormation. In a fourth aspect of the invention,
. there is provided use of a conposition conprising CTG- and a pharnmaceuti cal

ccceptabl <, colfipell LSRR £l TbE B 0 LSO,

CTGF i s adni nicardddagai tediqrp.onPanet B diso a phokegraph, ofhtee Bk 1gmb
cartilage i ndutid paw ®hiksidendnstratesd Gtaitiing abetHeoemasi 6 te emy bone

or cartil age. n e odi , 084 14 ' rl?yé@g or
targeted deli vdedr?‘fgorghgl {'%(:{nﬂaét %g%‘t‘ '%%%%ﬂé%#%,oﬁgﬁge easea‘ar%ra t he
novel conPositions FARURRct maoyidas eyidence of indnctiom)afi sarfiladec apdi | age
formation i s deme 4d) culturac b£CESR10TIR mbikecamiintonicgstenpesils.on i s

appropriately e 'g@f{ | fﬁ?d | 5.

DEFI NI TI ONS aﬁl%?gsedﬁfgn { |g‘$ pe\fssllaédl %%t ?gﬁ?rt e t%gl?renkwséhall

mean: (1) a pr%]éﬁnwéﬁﬁo%tﬁﬁ ?’Fx‘é‘}aﬁ%%@&?‘%@%u@ﬁ@@lséf'f%r'fh at Figure

'ELhC’ (2) a p_rzzaqytbainegéﬁﬁffai Bmm'gz/;ms!t)eng/mhc@apedt Q) npr:ﬁ-en_cgdeﬁ by
e am n@oaci ¢h-3RA4BAERe FfolNicWeachy &Fand10pf, OF nNore anino acids have

been added, deleté ated, sybsijtuted or herw se altere

("derivative") andg‘t‘[ﬁgg%uéls.(?&si g@” q#@ﬁ@r&ggﬁﬁ: rﬂj’aé‘Xngp?%t%cﬁ &&ne

hybri di ze to tdwpressioncimoiagindeghambersfinplgnted at sites of bam@ 96/ 38168

PCT/ US96/ 0821 G-egeneratfonnder stringent conditions, or (3) a fragment of

CTG or a der'%&bﬁ*ﬁ é'E%E%OEbrtn evidence related to the expression

15 of CTGF in human osteoblasts in response to TGF-S.
FIGURES 7A~7D set forth results of a chondrogenic assay.

FIGURE 7A provides the chondrogenic assay results
for the control culture.

FIGURE 7B provides the chondrogenic assay results

20 for a culture in which 5 ng/ml TGF-81 was added.

FIGURE 7C provides the chondrogenic assay results -
for a culture in which 5 ng/ml TGF-f1 and 10 ng cholera toxin
were added.

FIGURE 7D provides the chondrogenic assay results

25 for a culture in which 5 ng/ml TGF-f1, 10 ng/ml cholera
toxin, and 5 ng/ml CTGF were added.
FIGURE 8A is a Scatchard Plot reflecting CTGF binding to
NRK cells.
FIGURE 8B is a Sctachard Plot reflecting CTGF binding to
30 rat chondroblasts. '

7. DETAILED DESCRIPTION OF THE INVENTION
7.1. Methods For Making CTGF
Nucleic Acid Sequences Eacoding CTGF.. 1In
35 . accordance with the invention, nucleotide sequences encoding
CTGF or functional equivalents thereof may be used to
generate recombinant DNA molecules that direct the expreésion
of the protein or a functional equivalent thereof, in

- 12 -



As used in this Specification, the term"induce," as used herein,
shall nean to produce, form to cause to 5 produce, or to cause to form

As used in this Specification, the phrase "induction agent" shall mean
‘an agent, including pr otei ns or ot her "bi ol ogi cal materials, which

- causes the prg, QB&Q formation of a specific end repeihedsRiafie. the
-product i on of connect ive tissue). As used in thrs

. Specification, the ter m "pol ynucl eoti de" denotes DNA, cDNA and/or RNA

whi ch encode un ransl equ es _whi.ch. fl ank .t tructural gene
encodi ng_ oTcr SBREpPELate hops cp1 B8] TSI Sty WHEEARITR Sodudiles’ "
i ncl udes 5' 1Whichchybmidjae, n%@%t#ﬁﬁm@enge&m %o nartiems nfefhe

sequences CTGRSS6Guc] mik! 8140 & Udeds thuaLUIdIc 318 hikpodiduwiceot i de

of the |nvent| i C des,t a gion is
illustrated i EF%R@T#L## Sgd regu attqigrq’lgt Eﬂi{fé@ EEQ nc?nd\'ér}g t he
pronot er ,5i s RRPEher mekhad, PN&Relegulies) encadm a'F‘YeBedb%%*ﬁ*fﬁq on of
t he pol ynucl eply HgbridizationnpLoPéedines b;ombhesmﬂ@saiﬁibbayeeérmmy dze

found at U S. E@ﬁeﬂf z@?:.eé 4986&4&1: sharad |ons ieﬂeé

Speci fication: Fhe phrase Fin as use erel n,
refers to those hyBP?d?Ql e%'ﬁo#quasmwf (the g9pebic| evfeoni c

strength and lother DNA sé@.tqneaatuhbcﬂ encodehsubhstdntiadignphe, sdnd b I
NaCl /0. 0845 Meynction@f ' Bouliivh bRt Oaﬂf‘ﬁosggiat s %Ence( 2 ha§ "Bl OYsdhHtddd .

hybri di zati on a denaturin ent, suc or,mam exa 50%
(¥o| /vol) for m B@e(an e %ﬁ%&ﬁﬁ‘v‘iﬁ% %f:r‘ﬁ’r‘h éevenamrﬁoﬁ/ Sheosonis ?Pﬁ‘dl%
pol yvi nyl pyr r exptessisn ofMCIGE:. unsSuch DN2pisegphaces Hufdfladeathese drticki t h 750

MM Nadl, 75 migraOgh ame of hybbidifing ¢’ hee’ htmaR crch) seflibRve YHber
f or mam de 5 %x,.SSC 75 I\A NaCl, 0.075 M Sodi um pyrophosphate, 5 x

Denhardt's soﬁfﬁ"&ﬂ nt con %&ﬁ?ﬁat ed sal non sperm DNA (50 g/m), 0.1% SDS,
and 10% 3%  dext r Ahtened DNa sequences wWhick mayvbe nwdaﬂmegewq@qm 0.2 x

SSC and with’ahbSinvention incl¥de Weldtibnk)i saditdenki 68lion, the
phrase "r ecomy ARt eutions Bt ui3Ek O Shlcleptifhldsidheld AT fhy \id US O
sequence that encodes the same or a functionally equivalent
gene product. The gene product itself may contain deletions,
20 additions or substitutions of amino acid residues within the
CTGF sequence, which result in a silent change thus producing
a functionally equivalent protein. Such amino acid
substitutions may be made on the basis of similarity in
polarity, charge, solubility, hydrophobicity, hydrophilicity,
25 and/or the amphipatic nature of the residues involved. For
example, negatively charged amino acids include aspartic acidq
and glutamic acid; positively charged amino acids include
lysine and arginine; amino acids with uncharged polar head
groups having similar hydrophilicity values include the

30 following: leucine, isoleucine, valine; glycine, analine;
asparagine, glutamine; serine, threonine; phenylalanine,
tyrosine.

The DNA sequences of the invention may be engineered in
order to alter the pfotein's sequence for a variety of ends
35 including but not limited to alterations which modify
processing and expression of the gene product. For example,
_mutations may be introduced using technigues which are well
known in the art, e.g., site-directed mutagenesis to, for

- 13 -
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vehicle known in the art that has been mani pul ated by I nsertion or
Jincorporation of the CTGF genetic sequences. As used in this
Speci fication, the phrase therapeutically effective” means that anount

- of CTGF whi CQV(?%BSE& effective in inducing bone or cartil agegdraisssbgaf) Of
-wound I ng 6. BRI EF DESCRI PTI ON OF THE DRAW NGS

FI GURE 1A shows the structural organization of the CTG- 10 gene. Exons
S Lo oAy Mgl Sle vy R SR,
conpari son of ﬂﬁ‘é?ﬁbﬁ esg a%n%)&tems sugh 3% FPacter ﬁrﬁé&s MY fisp-12
pronoter. | deavéxralglycosylatecthe geneaproducked Whienhustngsusls. The TATA
l0319)(t ?ggséfl pti o!nalsi ni t?gg%’ﬁé?fswu Sgaﬁfefé%ﬂg t%Ig ﬁ nu cmﬁ stte
I GRE 18 ShoRSTeeRee. diteyiBitie & No ke alazeayinelot Bite. aci g
sequence for the CH@F CGFusequencegaay bedligated] t20a hetennlogens| at ed
sequences. sequence E’oGéBaneséJ%i PRESEEIN Al For &kdmpawbieog zati on
:;ésl

I I d h h
plate of | ongs BRI, oFs BBBFAG irarhes; 4 Rl e’us Se%%?ﬁoﬁ%eﬁsg”’“

experi nents wehimeriq QTEFJpyotein amsssimmdte;srolw R4 topehthal
descri begh bel . r. [Zedy b§Sa i donnld@cially Pivaifadlet aRPicdIe anefGsiamgl y

posi tive for GIGF 08Ny also$R"i¥nirel "t (@hitddn! B2 el 31BL0dUCEd at

located between the CTGF sequence and the heterologous
protein sequence (e.g. a sequence encoding a growth factor
raelated to PDGF), so that CTGF can be cleaved away from the

15 heterologous moiety.

The coding sequence of CTGF may also be synthesized in

.whole or in part, using chemical methods well known in the
art. See, for example, Caruthers, et al., 1980, Nucleic
Acids Res. Symp. Ser. 7:215-233; Crea and Horn, 1980, Nucleic

20 Acids Res. 9(10):2331; Matteucci and Caruthers, 1980,
Tetrahedron Letters 21:719; and Chow and Kempe, 1981, Nucleic
Acids Res. 9(12):2807-2817. Alternatively, the protein
itself could be produced using chemical methods to synthesize
the CTGF amino acid sequence in whole or in part. For

25 example, peptides can be synthesized by solid phase
techniques, cleaved from the resin, and purified by
preparative high performance liquid chromatography. See
e.g., Creighton, 1983, Proteins Structures And Molecular
Principles, W.H. Freeman and Co., N.¥. pp. 50-60. The

30 composition of the synthetic peptides may be confirmed by
anino acid analysis or sequencing. See e.g., for the Edman
degradation procedure, see, Creighton, 1983, Proteins,
Structures and Molecular Principles, W.H. Freeman and Co.,
N.Y., pp. 34-49.

35 A nmore detailed description of the nucleic acid
sequences comprising the present invention and methods for
identifying such sequences may be found in U.S. Patent,
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cartilage grow h. FI GURE 3 shows the expression of the CTG- gene
during 30 enbryogenesi s wherein a transgenic nouse is constructed using
a fusion gene constructed froma CTGF pronoter and a [err]-

gal actosi dase structural gene. This gene, introduced into the germ
“line, express s - 92l actosi dase at sites of CTG- ex ﬁ,g;ﬁg?ﬁnd
can be det ectg\g’%}sﬁr’n st ochem cal neans by 35 expr essi ng se???ons of the
. devel oping transgenic animal to the substrate X-gal which deposits a
bl ue color at site r]-galactosi dase activit p Ais a 12
day nouse enbf§ Bsaf . ér’&r%ssbgh v %gﬁeﬁvﬁm‘fﬁ%edl'hgx'ﬁ'u}rft aining is
an area reference. - 11 - WO 96/ 38168
PCT/ US96/ 08210 Wagiressdoh Cob et Meaketdér ity dxpiess ahi ch is the

first % ggf%g U vgaE-FéF, - the BP%&?ﬂieaQ{jégQﬁenEQecéﬁ i b

and paw whi ch es s he en bones and

in the pa® i ntbﬁep-'g??ﬁ&nv [ﬂraﬁeg%ﬁiml{ﬁﬂﬁ%‘éﬁ%ﬂt as descr:.beﬁa@gp(g
provi des evi de&geapfwasndmﬁemadOinmratn lappeopiiate ex;heeexoﬁ adttmrr es of

C3H 0T1/2 nou YUt e T red as
descri bed undér %‘P :5%% +$ Wer e tr%éé%ﬁc %ﬁ %ﬂ( Panel
A, 5 - rap ?’6’59‘?1‘&"( PRActrapslatign gf rted,red ’@g or 5- 10
azacyt odi ne f eeoenceby CTG- (Panel D). FIGURE 5 sets forth

Nor t herny gl ot anal € éHeccfE@EaQﬂ?e methodB*WhESE 4% 'ﬂ&l@ﬂﬂ%%&ée

I mpl ant ed -at si ener at_| sets

forth evi denc&Kt giﬁ&ejo“ t"a’et ﬁé'te?ﬁ? i45ed €0’ construct express:.an
vectors containing the CTGF seguence and appropriate

transcriptional/translational control signals. These methods
include in vitro recombinant DNA techniques, synthetic

15 techniques and in vivo recombination/genetic recombination.
See e.g., the technigues described in Maniatis et al., 1989,
Molecular Cloning: A Laboratory Manual; Cold Spring Harbor
Laboratory, N.¥. and Ausubel et al., 1989, Current Protocols
in Molecular Biology, Greene Publishing Associates and Wiley

20 Interscience, N.Y. _

A variety of host-expression vector systems may be
utilized to express the CTGF coding sequence. These include
but are not limited to microorganisms such as bacteria
transformed with recombinant bacteriophage DNA, plasmid DNA

25 or cosmid DNA expression vectors containing the CTGF coding
sequence; yeast, including Pichia pastoris and Hansenula
polymorpha, transformed with recombinant expression vectors
containing the CTGF coding sequence; insect cell systems
infected with recombinant virus expression vectors (e.g.,

30 bacculovirus) - containing the CTGF coding sequence; plant cell
systems infected with recombinant virus expression vectors
{e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus,
TMV) or transformed with recombinant plasmid expression
vectors {(e.g., Ti plasmid) containing the CTGF coding

35 seguence; or animal cell systems infected with recombinant
virus expression vectors (e.g., adenovirus, vaccinia virus,
human tumor c¢ells (including HT-1080)) including cell lines
engineered to contain multiple copies of the CTGF DNA either

- 15 -



15 of CTGF in human osteoblasts in response to TG--[err].

FI GURES 7A-7D set forth results of a chondrogeni c assay.

FI GURE 7A provides the chondrogenic assay results for the control
‘Cul ture. FI GURE 7B provi des the chondrogenic assay results
- 20 for ac Lo which 5 ng/m TG--[err]1l was added.

FIGQURE 7C pr%&%ﬁﬁslk‘ﬂe chondr ogeni ¢ assay results for lz’aclgg?’flg?zéol n
. Which 5 ng/m TG [err]l and 10 ng cholera toxin wer e added.

FI GURE 7D pr 0 l ﬁﬁfﬁ)ﬂf 39?12*&11?&5% hﬁéﬁéﬁg ?a'itpliﬂé%la:.ﬁ L&J&iﬁ%—' ”

which 5 ng/m oxI N
were added. maﬁsS erg- a%ﬂ‘@h&‘?a ines) o | BBt Y

binding to herldﬁh ckt| ks understood tHAtGHRE 8&rm s“l'msSeexptnssh.cm ot

flecting CT d 3 . FAI LED
DESCRI PTI ON OFoFRES KU ond Béke Sitgaliy it verp mogt cotlars

Nucl ei ¢ ABi d SRGIUALE ARy, RRPORGY (9fthe |4?S§5°31£C%P&§EC§W? e
i nventi on, nucleatbirdsyseemiendEs isnturkhey understisd- thatf ahthouginlall

equi val ent s 1 halgRby "Ry Dot/ $R01 880t ical &e'&ﬁ&%@rérﬁﬁ(i”tééﬂﬂ”taw mol ecul es

that direct tic CXResShaM oocur alliidGRnTbEhTne! shch BEbioMp agaul val ent
96/ 38168 included in the scope of the inventiom(CT/ US96/ 08210
10 The expression elements of these systems vary in their

strength and specificities. Depending on the host/vector
systen utilized, any of a number of suitable transcription
and translation elements, including constitutive and
inducible promoters, may be used in the expression vector.

15 For example, when cloning in bacterial systems, inducible
promoters such as pL. of bacteriophage A\, plac, ptrp, ptac
(ptrp-lac hybrid promoter) and the like may be used; when
cloning in insect cell systems, promoters such as the
bacculovirus polyhedrin promoter may be used; when cloning in

20 plant cell systems, promoters derived from the genome of
plant cells (e.g., heat shock promoters; the promoter for the
small subunit of RUBISCO; the promoter for the chlorophyll
a/b binding protein) or from plant viruses (e.g., the 35S RNA
promoter of CaMV; the coat protein promoter of TMV) may be

25 used; when cloning in mammalian cell systems, promoters
derived from the genome of mammalian cells (e.g.,
metallothionein promoter) or from mammalian viruses {e.g.,
the adenovirus late promoter; the vaccinia virus 7.5K
promoter) may be used; when generating cell lines that

30 contain multiple copies of the CTGF DNA SV40~, BPV- and EBV-
based vectors may be used with an appropriate selectable
marker. .

In bacterial systems, a number of expression vectors may
be advantageously selected depending upon the use intended

35 for the expressed CIGF. For example, a suitable vector for
expression in bacteria includes the T7-based vector as
described in Rosenberg, et al.., 1987, Gene 56:125. As
further example, when large quantities of CTGF are to be
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appropriate host cells. Alternatively, nucleotide sequences whi ch
hybridi ze, under stringent position, to portions of the CTGF sequence

may al so be used in nucleic acid hybr| di zati on assays, Southern and
Northern bl ot analyses, etc. In yet 5 anot her net hod, DNA nol ecul es

* encodi ng CTCGR HBM | sol at ed by hybridization procedurfé.r SUERkIS! NI
:anti body screening o expression libraries to detect shared structural

. features. Due to the inherent degeneracy of the genetic code,

other DNA seq %o&&é?% C@&Q%Rgge%é] Q:sé Ny gL'.lLXS h‘gec%%gg 8 i%’x 1chre

functionally egurva Seq genc Sol a a nd used

in the practi theorXp¥resion:pfi bigh 01&‘{9#@ SEORFAEEHMH Products bhak ATeh of

ET bGF OISuch DN&eaﬁﬂwrmmﬁml nae bd esivablé. Suckvectapsbirchide but
ridizing t C tﬁgﬂfgtlons

Alytered DN% sg ences %E(%o eeﬂusgccfi Skggg?sdi‘ﬂ veBOEE ﬁn the

i nvent i orP i ncl{Byther| ¢ |"%¥ns lﬁé?h tBMAR Jor 282791 ),, 5% "’P&Fpoﬁgeﬁﬂi‘?fferent

nucl eoti de r egodiing samdttc:engaynba 1igateﬁec1neacthé haictepc dnlefrdanee withe or a

f f | t h
clcj)gtca: (rjlngel )et ?'g%!sﬂéei‘ coMal: 1 %ﬁgo%; subst tzu ons 0 -g%&ﬁ% %Eé% rnesqlg)cgues
Within the Prod %gﬁ&’@°r%‘wqyés & ENPRYSy Ji9BEmt NERletR AGES

produci ng Resa 133:%101013A0Py VamiNedkeni Schuster, 3960, adi nBicki dhen.
S 4TS A BB i e sl
anphi pati c nat G ngfe%/ f&@ggﬁuggﬁ?ﬁ%ﬁ g, su Qlc'r%; }gﬁr g %'235 PPvel y
charged ani no SatransfexassidGaBpar tTr gariegal, suclarﬂlasc}bnt prtteins @re :
loos:]I ti veltK Ch&bﬁﬁﬂlén&ﬁtlpoﬁi dasitg Iwepurifleal ¥ho A ydad aéﬂlﬁl ; arr} no t
aci ds wi un m y ilicity
val ues i ncl udég?ﬁgsgﬁgg "? I‘ﬁ%&ngﬁbio? E %%aﬁgoweél b qua’

anal i ne; 15 iny $her pEesrnceyOFt ﬁﬁ?ﬁalmﬂenet hrBgn PEEX ﬁﬁ%?@‘f%llaé'rﬁ ne

t yr osi ne. designed The indAudectiremisiroior! factow ol proteage helamgigecer ed
I n orderg a r f t fpeends 35
i ncl udi ng but r:].tg%s %&%#?g&a %'gllr‘%%jspon?}%g ﬁe of :I?)t%@&h@ é"m?oce:sm ng and

expressi on of rﬁﬂ'@aﬁﬁ ety Rhe; 68 mut ati ons may be
i nt roduced usi ng tnomlgpxmasmlrchwhene \miel host is lenpmocanotée competent. |

site-dirggt ed @haoeReSh Sarled caplble of DNA uptake can be prepared from
cells harvested after exﬁcnential growth and subsequently
treated by the CaCl, , or alternatively MgCl, or RbCl, method
using procedures well known in the art.
Where the host cell is a eucaryote, various methods of
25 DNA transfer can be used. These include transfection of DNA
by calcium phosphate-precipitates, conventional mechanical
procedures, including microinjection, insertion of a plasmid
encased in liposocmes, or use of virus vectors. Eucaryotic
cells may also be cotransformed with DNA sequences encoding
30 the polypeptide of the invention, and a second foreign DNA
molecule encoding a selectable phenotype, such as herpes
simplex thymidine kinase gene. Another method is to use a
eukaryotic viral vector, such as simian virus 40 (SvV40) or
bovine papilloma virus, to transiently infect or transform
35 eucaryotic cells and express protein. See, Eukaryotic Viral
Vectors, 1992, Cold Spring Harbor Laboratory, Gluzman, Ed.).
Eucaryotic host cells include yeast, mammalian cells, insect
cells and plant cells.

- 17 -
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PCT/ US96/ 08210 exanpl e, insert new restriction sites. For exanple, in
certain expression systems such as yeast, host cells my over -

gl ycosyl ate the gene product. Wen using such expression systens it may

"be preferable ter CTGF coding 5 sequence to elimnate | nked
" on i asBelsé ga; Eaghpisd

gl ycosyl ati on The CTGF sequence may be |igat
. het er ol ogous sequence to encode a fusion protein For exanple for

screening of peptide libraries sefu £nco I meric
CTGF protein expresd ¥§28thet éPﬂS’Sﬁoég ‘é?ﬁ%Sﬁec?ﬂg?ni’(Pg “?F%E‘bﬁ'h ez@ﬁ' by a
commerci al I'y eﬂnﬁucable Pronokans max bgsusgd. ForpaoreNiewrgpeal Serpant

engi neered t o0 BitcRblsaif | BeletdNa¥ BEology, Wedat g beds\camsubel Fial.,
encodi ng a gr i Pxeet Pbiisn, 2sBR8) ck Wiied TRESTIG cherl B TE° | caved
encoding a gr cl eave
away fromst he Gant a6t al o} GLRA% Metbogs in Enzymolog¥ie Wibdi GYOS8MAMNCe Of
CTGF may al so m SYRchas| ERékd N N. Y., ;@Ja&smn D6 ver Uiode , ChRAT cal

net hods wel | Span in t See, r e ) et a
1980, Nucleic lnﬂC|gngeg ' P T&ET WP%%IS §3§p d?ea dn%gﬁ%rﬂ 1980
Nucleic 20 AR&F ﬁe§er9%qm9uszme Fapression Andveasty Methodsobm
Tetrahedron Letdffo 1ﬂerq’&}.d Crawnel/ BEIpcacadlprdds;| W.¥., Aci ds

ehhE e e b e St T
sequence in wheARFHITORMCERr t 1982 S?Sath%ﬁ[ﬂ 8l . pePls de £oddnSBELRG Nt hesi zed
by solid phaseHarbor Peebs| (Wiehs. @ eadellf r Gort branpbe N varridupusihittde by
vectors for the expression of foreign genes in yeast have
been reported. Heinemann, et al., 1989,Nature 340:205; Rose,
15 et al., 1987,Gene 60:237.

In cases where plant expression vectors are used, the
expression of the CTGF coding sequence may be driven by any
of a number of promoters. For example, viral promoters such
as the 35S RNA and 19S RNA promoters of CaMV (Brisson et al.,

20 1984, Nature 310:511-514), or the coat protein promoter of
TMV (Takamatsu et al., 1987, EMBO J. 6:307-311) may be used;
alternatively, plant promoters such as the small subunit of
RUBISCO (Coruzzi et al., 1984, EMBO J. 3:1671~1680; Broglie
et al., 1984, Science 224:838-843); or heat shock promoters,

25 e.g., soybean hspl7.5-E or hspl7.3~B (Gurley et al., 1986,
Mol. Cell. Biol. 6:559-565) may be used. These constructs
can be introduced into plant cells using Ti plasmids, Ri
plasmids, plant virus vectors, direct DNA transformation,
microinjection, electroporation, etc. For reviews of such

30 techniques, see, e.g., Weissbach & Weissbach, 1988, Methods
for Plant Molecular Bioclogy, Academic Press, NY, Section
VIII, pp. 421-463; Grierson & Corey, 1988, Plant Molecular
Biology, 2d Ed., Blackie, London, Ch. 7-9.

In an insect system, an alternative expression system

35 could be used to express CTGF. In one such systenm,
Bacculovirus is used as a vector to express foreign genes.
The virus then grows in the insect cells. The CTGF coding
sequence may be cloned into non-essential regions (for



preparative high performance |iquid chromatography. See e.g.,

Crei ghton, 1983, Proteins Structures And Ml ecul ar Principles, WH.
_Freeman and Co., N Y. pp. 50-60. The 30 conposition of the synthetic
pepti des nmay be confirmed by am no acid anal ysis or sequencing. See
e.g., for the E degradati on procedure, see, Creigh

-Proteins, &m%g"ctures and Mol ecul ar Principles, WH. Free fan 4 l'Co. ,

N Y., pp. 34-49. 35 A nore detail ed description of the nucleic acid
sequences conprising, the present invention and nethods fao L dentifyin
sugh sequencg‘% b cﬁ&ﬂ}ﬁ?rensg%ké?ﬁ the virus and placed under yine
- 14 - control oﬂmnsuacnnmuyirus promoter. These recombinant

fng /e rugggle 0824 ruses areOthdn drxeéa 504%éw,in\y@b€hcé§1¢ rmrwmeatade herein by
EXp n o pre

b of ogi ol |y HAEFSEA qepe {8 BARTRRROt: Sy Refne EBERNGY S5 T4t

protein, Sor aff ¥dcoleond6: 8845 Faishi ﬁsde@dneirlbeHOawa%w 051. supra, was

inserted iNto an 2APh&RkABigh qeaateéamg ¢ Ghiber of vira?l badedect or whi ch
contains the necessaré elenents fo NScr i 3_1 and transl ati on

tr
of the i nser (PPFCBRARY SYSteRh Jay ke {Ejjizea. o Fae et e RLaR | et hod
whi ch are weladdnewirusois ssd as ansexpression wveeter: t}:m QFEFuseding

construct EX¥Rfuene8 may be ECiditedC ot a HidehdkieusSTGE sequence and

appTOPVh%te transcription/translation control complex, e.g., the late
promoter and tripartite leader sequence. This chimeric gene
may then be inserted in the adenovirus genome by in vitro or
in vivo recombination. Insertion in a non-essential region
of the viral genome (e.g., region E1 or E3) will result in a

i5 recombinant virus that is viable and capable of expressing
CTGF in infected hosts. See e.g., Logan & Shenk, 1984, Proc.
Natl. Acad. Sci. (USA) 81:3655-3659. Alternatively, the
vaccinia 7.5K promoter may be used. See, e.g.,'nackett et
al., 1982, Proc. Natl. Acad. Sci. (USA) 79:7415-7419; Mackett

20 et al., 1984, J. Virol. 49:857-864; Panicali et al., 1982,
Proc. Natl. Acad. Sci. 79:4927-4931. _

In another embodiment, the CTGF sequence is expressed in
human tumor cells, such as HT-lOSO,'which have been stably
transfected with calcium phosphate precipitation and a

25 neomycin resistance gene. In yet another embodiment, the
PMSXND expression vector or the like is used for expression
in a variety of mammalian cells, including COS, BHK 293 and
CHO cells. Lee and Nathans, 1988, J. Biol. Chem. 263:3521.

Specific initiation signals may also be required for

30 efficient translation of inserted CTGF coding sequences.
These signals include the ATG initiation codon and adjacent
sequences. In cases where the entire CTGF gene, including
its own initiation codon and adjacent sequences, is inserted
into the appropriate expression vector, no additional

35 translational control signals may be needed. However, in
cases where only a portion of the CTGF coding seguence is
inserted, exogenous translational control signals, including
the ATG initiation codon, must be provided. Furthermore, the



transcriptional/translational control signals. These nethods I ncl ude
in vitro reconbi nant DNA techni ques, synthetic 15 techni ques and in vivo
reconbi nati on/ genetic reconbination. See e.g., the techniques
described in Maniatis et al., 1989, Mol ecul ar C oning: A Laboratory

- Manual , Col d ri r bor Laboratory, N. Y. and Ausubel 989,
Oviglsggﬂs{'a y p@f%}kmﬂ&

-Current Prot in Mlecular Biology, Geene Publishing SOCI at es
and Wley 20 I nterscience, N.Y. A variety of host-expression

vector systeng utilized t,o express,the CTGE i guence.
These i ncl Udﬁ;;%i;gﬁ?n i:i;ﬁ’ofm?%%et gﬁﬁ%ﬁ& %{gﬁﬁﬁ%ﬁ%ﬁ%ﬁggfgggt eria

t ransf or ned B 17434 sgaeenge gysu -3} an engireéosm d
_DNAI eépres; | ORnE@Et Or STHEN ake'geﬂoﬁmetrﬁl ]iGEaemkimlg controlsﬁgiﬁl@f 'anaegst_, ]
I ncluding Pic | enu : tr. ormed Wt

r econbi nant egbiggg‘?%%{ v%&ggrgstmshe °cfgﬁt glaﬁ?'%‘é?t‘#g%%%b_ ' Ng sequence,;

i nsect ce®l spatunal and synthetied Fheheffiohensinnf expressiqsn @ayi ba
vectors (e.d. enfiincedane thevihtEisidi ol Bppgophiatel Graffdh iig:ivduence;

plant cell emgﬁgxéﬂ&gct% esggf@zﬂﬂmt\sﬁuse@e{% %l glgvectors
(e.g., caulif Power nbsal e Vi rds, ; ptQ acCo nosai C Virus, '?M/) or
transfor med WPLKEPEHiAtrantoBF as¥lhade, insEpgymol. 1533516744 (e. g., Ti
pl asm d) contai ni nEntaBaiEiGh, cadchegr Tell strabwasy be ehoser whdkch systens

i nf ect edy i t hG3GREPLYAHe exPresyiéﬁlﬁfe ée§§é§&éee%e&§%é§,gm adenovir us,

vaccinia virus, . human tunor cell's (1 ncluding - 0 i ncludi ng cell

| i nes eMgAiEies AR REGGLEFES hhe 9;28 PEQRURE dn the fBﬂA ei t her

- 15 - fashion \\{eLixe3 1 68uch modifications (e.g., glycosylation) '

PCT/ US96/ 0821@Qnq processing (e.g., cleavage) of protein products may be
important for the function of the protein. Different host

15 cells have characteristic and specific mechanisms for the
post-translational processing and modification of proteins.
Appropriate cells lines or host systems can be chosen to
ensure the correct modification and processing of the foreign
protein expressed. To this end, eukaryotic host cells which

20 possess the cellular machinery for proper processing of the
primary transcript, glycosylation, and phosphorylation of the
gene product may be used. Such mammalian host cells include

‘but are not limited to CHO, VERO, BHK, HelLa, COS, MDCK, 293,
WI38, HT-1080 etc.

25 For long-term, high-yield production of recombinant
proteins, stable expression is preferred. For example, cell -
lines which stably express CTGF may be engineered. Rather
than using expression vectors which contain viral origins of
replication, host cells can be transformed with CTGF DNA

30 controlled by appropriate expression control elements (e.q.,
promoter, enhancer, sequences, transcription terminators,
polyadenylation sites, etc.), and a selectable marker.
Following the introduction of foreign DNA, engineered cells
may be allowed to grow for 1-2 days in an enriched media, and

35 then are switched to a selective media. The selectable
marker in the recombinant plasmid confers resistance to the
selection and allows cells to stably integrate the plasmid

- 20 -



stably anplified (CHO dhfr) or unstably anplified in double- m nut e

chronosones (e.g., murine cell lines). As used herein, it is
understood that the term "host-expression vect or systens" and nore
generally, the term"host cells"” 5 i ncl udes any progeny of the host cell
" or host - eXpr&asjcRties vector system It is further unders 10

-al t hough al | progeny may not be identical to the parental cell, as
. mutations nmay occur during repI ication, such progeny are i ncluded in

t he scope of .t pLession .el ts_of these
Systons vary inRo FRFFE Cronesonas apd, qes, £6 FHeH (0L VBARE SR (N L he
host/vect or can bgyclened anfi expanded, igrogcalhbinesf. suitabl e transcription

and transl atlon eAeime&s ornséydé&gorc%bhutma@ bdldsed, ihethdiny dut
pronoters, used i,n #Eg ﬁﬁ ressi,on.vector. Ie when

clonrng in b :f‘t%d &% 1ol igplex M i ]t?“é?g'dg‘ﬂgh g‘% s?_ of

bact er i oi)hagdwﬁéglsracet rp, 19?30 5'911 agserp) mmipeomeme and the
llkte may be p&edprlwbmsyltrlaﬁkeerm (rszymt 28ka Cﬂdzy&jﬁihgmi m;]mmnmzal cs such
as the u US, RO e se en cloning in
20 plant c??%i Kg%%& %‘B '?H{ %-é},{d}’égd ‘%%ei enone of pl gnt
cells (e.g., Pheaprhe YH-FG‘#BFGP%“% h@"p’h’onﬁFeﬁlf:orl e Cell 22%837)subunit
of RUBI SCQ, ijeaearamtw cnploiré@ il €x-Qphybtt or aprth BeblsNg protein) or

fromplagt v t he 35S RNA pronot er of CaMW; the coat
pr ot ei nfgron%{e(%?gé#% may be 25 used; when cloning in marrmal | an cel |

systens, pronot erdlse Roiite,nandisEanceCad %ﬁﬁ&f’l af the kasis g
nmet al | ot hi oneifn splectien )foarr dhfnmwmtamlqowﬁers rredsthncg. to t he

ised; when gamia et Wﬁﬁi%‘* AP g7/1085, Tote, N’ﬁl.‘”?mer’?%imﬁf bfhe'
CTGF DNA svgd %P@—%#? igByHa gb%’s’ed Wégt oé%""rfa@’aﬁépug‘éﬁg i
appropriate SEIS83t 3B} 1527) ; gpnarRMCh confers resistanget &pi uycm;mmc a
nurrbe{ hof exmﬂasmau rpr&swayh 1981, lreoagv%grréé.g%gal ys&QLef&s:Q depetndlblng
upon e uoe laBIET G, whilnt BEEL SRRRIASE op, B BAEIRLecpgpl L °"' ©
descri bed i n@&é—énlﬁﬁ?b‘,’e’é{e'ﬁﬁ?ﬂ’i&e% ﬂéenelgﬁvlz’& Med . Biol. (lBQ:Qr

exanpl e, whemndahggreé ) aich esnfér£hidsintante t¢ hygromyein (Santerre,

20 et al., 1984, Gene 30:147) genes. Recently, additional

selectable genes have been described, namely trpB, which

- allows cells to utilize indole in place of tryptophan; hisD,
which allows cells to utilize histinol in place of histidine
(Hartman & Mulligan, 1988, Proc. Natl. Acad. Sci. (USA)

25 85:8047), and ODC (ornithine decarboxylase) which confers
resistance to the ornithine decarboxylase inhibitor, 2~
(difluoromethyl)-DL-ornithine, DFMO (McConlogue, 1987, In:
current Communications in Molecular Biology, Cold Spring
Harbor Laboratory ). :

30 The isolation and purification of host cell expressed
polypeptides of the invention may be by any conventional
means such as, for example, preparative chromatographic
separations and immunological separations such as those
involving the use of monoclonal or polyclonal antibody.

35
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PCT/ US96/ 08210 produced to screen peptide libraries, vectors which
direct t he expression of high I evels of protein products that are
readily purified may be desirable. Such vectors include but are not
“limted to t | expression vector pUR278 5 ( Rut her p@fmd 983,
-EMBO J. 2: 175??, wﬁavvm ch the CTGF codi ng sequence may !E)e I g’g?é% into
. the vector in frame with the lac Z coding region so that a hybrid

AS-lac Z protein i I ced. pl ectors (lnou n 85,
Nucl eic Acids - ﬂ%k.%& ﬁgi?é,%\éﬁ%gﬁﬁé'é%cﬁs%+&€%n 12? . Biol.
Chem 10 264:5503-5509); and the-Trke. pGEX vectors may al so be used
to express foreign pol ymapticdes ceVLd wiEichTcbnvain e icellihg "sequence

S-transfegase T I n.general., such fusi - |.n re b and
can easil ;E/ be a&hgrs?' |i%la i r“:)r% %Eﬁ %’é‘l’hllogl‘i%?ﬁypggé’ﬁ;seofgpegleoﬁr?%“ts %9 LE

gl ut at hi one- adfessiétieddey a3y \ﬁeﬂéﬁ four: jgenpral 1appraachese pfdds SHADNR free
]gl ug at hixone. toIhonncﬁﬁJ Wﬁﬁﬁﬂﬁiz&tﬂprtx; (b)deﬁbgpﬁdsénbe{ 8! HBgendy @1‘?! g.orf
actor Xa pro , € €5.,S . C . eptide o

i nterest can b@iﬁe{‘_ r%?g&“??g%t h c)é#%%%gﬁ@?ﬂ;e QQ@Q]_IOQ}K/&E

general |y, whdFansreiphion jas neppured dve theoaprresaionof CEFF IRMY ch are
capabl e ab DNArapbekiptsinirb&her Rpst acell;08md (d) detidctibar o sthed gaheer

exponential 0raHaloRNds UISREUANEY Van assay! bEABPULY iBoGBAR . OF |
alternatlvely‘%gs er% or : Thia I ng procedures well known
in the art. activity. \nere the host cell is a eucaryote, various nethods
of 25 DNA transf &n the fiersks agproddins chenplresence afsthet CTOF codihig
' sequence inserted in the expression vector can be detected by
15 DNA-DNA or DNA-RNA hybridization using probes comprising
nucleotide sequences that are homologous to the CTGF coding
sequence, respectively, or portions or derivatives thereof.
In the second approach, the recombinant expression
vector/host system can be identified and selected based upon
20 the presence or absence of certain "marker" gene functions
(e.g., resistance to antibiotics, resistance to methotrexate,
transformation phenotype, occlusion body formation in
bacculovirus, etc.). For example, in a preferred embodiment,
the CTGF coding sequence'is inserted within a neomycin-
25 resistance marker gene sequence of the vector, and
recombinants containing the CTGF coding sequence can be
identified by the absence of the marker gene function.
Alternatively, a marker gene can be placed in tandem with the
CTGF seguence under the control of the same or different
30 promoter used to control the expression of the CTGF coding
sequence. Expression of the marker in response to induction
or selection indicates expression of the CTGF coding
sequence.
, In the third approach, transcriptional activity for the
35 CTGF coding region can be assessed by hybridization assays.
For example, RNA can be isolated and analyzed by Northern
blot using a probe homologous to the CTGF coding sequence or
particular portions therecf. Alternatively, total nucleic
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by cal ci um phosphat e-preci pitates, conventional mechani cal

procedures, including mcroinjection, insertion of a plasmd encased
in |liposones, or use of virus vectors. Eucaryotic cells may al so be
‘cotransforned with DNA sequences encoding 30 the pol ypeptide of the

- invention, and a _second foreign DNA nol ecul e encodi ng q,‘ﬁﬁ; ke
-phenot ype, sHEeE81 er pes si npl ex thym di ne ki nase gene. "Anot her
nmethod is to use a eukaryotic viral vector, such as siman virus 40
(Sv40) or povi ne Sapi |l oma virus, to transiently infect Qr transform

35 eucaryot}iqR |95 hagh R PR¥: bpextracted-apg, asgaved fog
Vect ors, 199Zhylsimidizgtmiongtelasuay prabesat ory, d uznan, Ed.). :

Eucaryotic host cCojes foietHigppisath iR0OTPLs Hhe Heriotio®We the  Cells

and plant cel]s. , - 17 -
96/ 38168 bfologically active or immunolog:.callypeﬂaﬁgévﬁ (ﬁff‘o gene

In yeast 5 a rpmdductf Reouuber cafhiagsayagcanise inaed ®e detect CIGRduci bl e

R/{)Fm?t Ier S g‘_iy?é’@i -inEg.ﬁdﬁg %ﬁte‘ﬁo%eilim%lédfw those Eﬂﬁ%@e&chﬂge% i sh
ecul ar Bi o} oqgy, . S et al., Cy eene Publi sh.

Assoc. & WIeV'Ig'%'tse'r?@it(?ﬁ“é‘eg“’cﬁg."@%;'%gs' Grant et al., 1987, Methods in

Enzynmol ogy, WI & G ossman, Eds., Acad. Press, N Y., 153:516-544;

G over, 1986, DNA 7,3, T¢leathméft IMdicakhionsRL Press, Wash., D.C., Ch. 3;

Enoyrol &Y Berger & K iR RAhas MmphBhis ' adipliagiondUrigta " o
and The Mbl ecBFesens: dinygptient ke wagl: directed fnihgnfreatmendgof sirat hern
et al., Eds.,afebracy, diseases i kiimehessrelite to ahd | 1. For exanpl e,
various ShUttbﬁderproduction of connective tissue in bone, cartilage, or

other organs such as skin and muscle alternatively, to
15 disorders, diseases or ailments in which the formation of

bone or cartilage is desired.

These diseases, disorders or ailments include the repair
of cartilage or bone defect after a variety of traumatic
injuries or disorders including arthritis, ostecporosis and

20 other skeletal disorders, hypertrophic scars, burns, and
vascular hypertrophy. Because these problems are due to a
poor growth response of the fibroblasts, stem cells,
chondrocytes, osteoblasts or fibroblasts at the site of
injury, the addition of a biologically'active agent which

25 could stimulate the growth of these cells would be
beneficial.

Another important use of CTGF would be in culture
systems to expand stem cells or chondrocytes that were
removed from an individual prior to reimplantation. 1In a

30 similar process, CTGF could be added to either stem cells or
chondrocytes when they were to be added as a graft to help
stimulate the expansion and differentiation of these cells at
the site of implantation. CTGF could also be added to a
graft composed of cartilage or bone to help stimulate growth.

35 Another treatment indication is directed to
administering CTGF to a patient in need to enhance wound
healing. PDGF and other growth factors, such as CIGF, are
involved in norpal healing of skin wounds. The CTGF

)
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vectors for the expression of foreign genes in yeast have been
reported. Heinemann, et al., 1989, Nature 340: 205; Rose, 15 et al.,

1987, Gene 60: 237. I n cases where plant expression vectors.are
used, the expression of the CIGF codi ng sequence may be driven by any

~of a nunber ers. For exanple, viral pronDters such e 35S
AReBERER - Feygepeld

-‘RNA and 19S ters of CaW (Brisson et al., 198 ure
. 310:511-514), or the coat protein pronDter of TNV (Takamat su et al.

1987, EMBO J 07- calternatively | ant pro ters
such as the srﬁﬂ*“’?@%‘&%ﬁ%f"‘hm %"RFET‘E@) F’g Pi%tasala tﬁﬁgﬂe‘g mCI‘J
3:1671-1680; Rrasgs dn whicktthare i§98ﬂpa&§da|h@e122§ SBSkdn3wvounds Rt . shock
E/[) f)motoglrls é5 tlné.-eg ?gagggfam&mﬁeétdﬁ:ﬁ rbtRal- ﬁe&%{r@lhb&ldaﬁisﬁé, , 1986,
io A e nst ruct can

i nt roduced |nt?)1ﬂ'a%Fr8§rls°¥l|%ﬂ§°¥éa eﬁﬁﬁQﬁ%agﬁl © using §EﬁF °Eﬁ%ﬂn
-vi rus vectdor s,taliacaslepabet yound @PRMM)nlS attrlhutablmjva:tthenmolecule' s
\emle ect L Opﬁr gt I Cﬁlgtﬁtsﬁrcﬁﬁ{:aé@%f—‘}[@ﬁse&iﬁelCfes'i]‘cauesl ecmﬂueﬁ- fﬁﬁ@tié&;ﬂ ,

i ssbhac 0 or ogy,
Acadenc Pt essf%%%% Hhgteot P 8Bre g 078, L6s (eERILENLE & O
1988, Pl ant MiRRhRage degradahignyghan andppSRRY cgrauthdSacters kmgm
In an insect sysiamninvoleedeimalound RéFLHRRI on system 35  could be used to
expr ess G-. In O'ﬁ&QQQbE(StTﬁQ agent ﬁq&ﬁlg 9*’"5“@1%'@ itésgg as a vector to

express foreign genes rows 1n e |nsect cells. The
CTGF coding combinatigncef r%ﬁ'lfeaﬁfioﬁ'-@'iﬁ Mei‘f&ﬁo ekt it |1&Fe¥-l§g‘|'-1!ﬂfs (for
- 18 - other T@EﬁﬁGfﬂﬂﬂﬁBm@mbers will also be useful in

PCT/U396/0821(Eccelerating wound healing by inducing CTGF. The composition

of the invention aids in healing the wound, in part, by

15 promoting the growth of connective tissue. The composition
is prepared by combining, in a pharmaceutically acceptable
carrier substance, e.g., inert gels or liquids, the purified
CTGF and TGF-8. |

The treatment indications, with respect to wound

20 healing, contemplated by this invention include anticipated
wounds (i.e. wounds resulting from surgical procedures), as
well as unanticipated wounds (i.e. wounds caused by trauma).

7.4. Pharmaceutical Formulations And Routes Of
25 Administration
The molecules of the present invention can be

administered to a patient in need, by itself, or in
pharmaceutical compositions where one or more of the

30 molecules are mixed with suitable carriers or excipient(s) at
doses to treat or ameliorate a variety of disorders.
Alternatively, as CTGF is produced by endothelial cells and
fibroblastic cells, both of which are present at the site of
bone or cartilage formation and wounding, agents which

35 stimulate the production of CTGF can be added to a
composition which is used to accelerate bone or cartilage
induction or wound healing. Preferably, the agent of this
invention is transforming growth factor beta. The
composition of the invention aids in healing the wound, in



exanpl e the pol yhedrin gene) of the virus and pl aced under control of a

Baccul ovirus pronoter. These reconbi nant viruses are then used to

i nfect insect cells in which the i nserted gene is expressed. See, e.g.,
‘Smith et al., 1983, 5 J. Virol. 46:584; Snmith, U S. Patent No. 4,215, 051.
“In nannalian“kggk¥ &g/ !'s. a nunber of viral based eXpr e peritiRodiossioc s
.may be utiliz n cases where an adenovirus is used as an expression

vector, the CTGF coding sequence may be ligated to an adenovirus 10

transcription/transl ation contr I ex ronot er and
tripartite | E&F § 3 PEFRQEing, the %§+? e §ﬁgnécégv?mﬁ}ﬁﬁ%?ﬁ b%glnserted in
t he adenovi r ianaibeynenbadinent i ICG'GBrmaY be |&Wﬂ#§t¢§%‘bm eempdnationserti on
i N a non- essead prbCeind or compouhli® WhicH agenBEEiéved to HRomOte Bheor E3)

will result 'f]fﬁ§+iﬁn anﬁghﬁﬁﬁxﬁo ?géu hat is viable and capabl e of

expr essi ng Rilhi ee e.g., Logan & Shenk, 1984,
Pr oc. 5 Natl. Mbghhexsthe commpsitionsiz sewpriged 0% fIGFop)one X
vacci ni a 7. Skoygro @nlcadditiditall agentSess the) acthekiigreiient, sach, 1982,

Proc.” Natl ( 1 ket 4, J.
Virol . 4o: as?fcﬁ%fﬁésﬁncﬁf@r%ﬂﬁ By fgubirtagl Cib g%@%ﬁ%%“taé’é@l
79: 4927- 4931 acceptable CaFTIATSOStaRES| fhtr, ipﬁétczftiS% ddAEdAss
expressed in the purtifhed tCTeF axd IPSF-guch as HT-.1080, mhlch have been

stably 1o  {Tansheeheratiibi by WRrRBOSN HohePbartild Hdsitaed fhedd

neomyci n resistance et ~anot I ment
expr essi on v eRP, P t'ﬁ%el?%ly du§33f$5ff'e'§3q§f’e§§?5%t in amqlﬁoggggq ety of
manmal i an cel 68 ,symptbmsi ngréebhigiidld 268 fowiulationGhid ceininisteation

Nat hans, 198?1?50 SleBhpodilEsn ?:‘.2@:%?35.3&1;??1: apgllcatigi?eﬁdﬁ e ieBirhd afd ON

signal s may e re U|red translation_qQf inserted

CTGF codi ng sRpRingte Pharmaceut §P§n§?§?ﬁqﬁﬂ'udga?ﬂqu?ﬁésPﬁpgl%?1bn codon
and adj asent Easton,sequehctgstIeﬂitdsas where the entire CIG- gene,

i ncl udi ng its own initiation codon and adj acent sequences, is

I nserted into th ropri 1,0 ., no additional 35
transl ational control grgh ggd@ﬁ"‘"ﬂﬁ&@%éi °8; cases where

only a portion of the m&mm@tgeqeéne@ni@stratmmm:t o eXviRifous
transl ati onal isenideobral gneéctal Ndtrafisigecosal, orhénéd€kindl i ati on codon,

must txaﬂﬁFOViQﬁﬁknf@é&%@f&ﬂ?rﬁhréﬂ%aral.delivery, including intramuscular,
subcutaneous, intramedullary injections, as well as
intrathecal, direct intraventricular, intravenous,
intraperitoneal, intranasal, or intraocular injections.
Alternately, one may administer the compound in a local
25 rather than systemic manner, for example, via injection of
the compound directly into an area requiring CTGF, often in a
depot or sustained release formulation.
. Furthermore, one may administer the drug in a targeted
drug delivery system, for example, in a liposome coated with
30 a specific antibody, targeting, for example, cartilage. The
liposomes will be targeted to and taken up selectively by the
atflicted tissue.

7.4.2. Composition/Formulation.
35 The pharmaceutical compositions of the present
invention may be manufactured in a manner that is itself
known, e.g., by means of conventional mixing, dissolving,
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PCT/ US96/ 08210 Initiation codon nmust be in phase with the reading
frame of the CTGF codi ng sequence to ensure translation of the entire
insert. These exogenous translational control signals and initiation

‘codons can be ety of origins, both 5 nat ural and ﬁg&%& The
ef ficiency of ‘8&3?%65@4’ on may be enhanced by the incl usi Z%&E) 10
.appropriate transcription enhancer el enents, transcription

termnators, etc. ee. e. g. _Bilter et .al 1987, _Methods in Enzynol .
153: 516- 544. gram’%g”ﬁ' gf&gffoﬂﬂ%"%og‘tevégﬁiﬁq'r mlﬁﬁ% YH9%¢hosen which -
10 nndulatesemﬁﬁpéﬂﬁﬂtinguaﬁnGFaPBeWGn@%ﬂﬂ@ﬂh%bhﬂﬂwb@Eﬁceﬁseso modi fi es
and processes the gshermcetiticalncbifositdonki €or use fla;sbbaarmé adthSuch

i 1oy oty (t%egngre%&%?%Weittigﬂ)th 8 fmdaingﬁ unc I on Os ?%e pr gbt%}‘gge) °

protein products ortan
Di fferent Bost n@gnercwily %%hﬁ?ﬁ%tmﬂﬁﬁlegw]ébmpéah& IRRFTrdeEsSf or
t he post - icomprlising raicipientssand saukiliadiés adiichn Fabipitdta ns.

Appropriate ce C;Jr% | L-Efx? Ye a3t a§¥§$§r§?1%%ﬁ112§ fﬁ‘é’é%}ebgrat%oﬁ%‘irﬁ the

correct modifi Fation any proces el n expressed
To this end, ef@® PStF%e‘?]MFPE WRW-ZOPI"’MSQS&?“Q-H ier| g ar
machi nery for plepeadent agessithe pbutéas adm:.nism'l;&dnr ehesen pt ,

gl ycosyl aggon, and phe fﬁ&&&ﬂi@h?oﬂhgfaé{y%s of t£53 ggﬁ m%?- e used.

Such manmal i an host ceI i ncl ud re not . VERO,
BHK, HelLa, COSTRBak 3in aque°Vﬁ3%qu$ﬁ99§809€ﬁ rahy For long-term
hi gh-yield pr ochmsliomogﬁcarléuon:bmpahible buffers such as Hanks's solution,

Ringer’s solution, or physiological saline buffer. For
transmucosal administration, penetrants appropriate to the

15 barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art.

For oral administration, the compounds can be formulated
readily by combining the active compounds with
pharmaceutically acceptable carriers well known in the art.

20 Such carriers enable the compounds of the invention to be
formulated as tablets, pills, dragees, capsules, liquids,
gels, syrups, slﬁrries, suspensions and the like, for oral
ingestion by a patient to be treated. Pharmaceutical
preparations for oral use can be obtained solid excipient,

25 optionally grinding a resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries, if
desired, to obtain tablets or dragee cores. Suitable
excipients are, in particular, fillers such as sugars,
including lactose, sucrose, mannitol, or sorbitol; cellulose

30 preparations such as, for example, maize starch, wheat
starch, rice starch, potato starch, gelatin, gum tragacanth,
methyl cellulose, hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP).
If desired, disintegrating agents may be added, such as the

35 cross-linked polyvinyl pyrrolidone, agar, or alginic acid or
a salt thereof such as sodium alginate. _ )

Dragee cores are provided with suitable coatings. For
this purpose, concentrated sugar solutions may be used, which



-proteins, stable expression is preferred. For exanple, cell i nes
whi ch stably express CITGF may be engi neered. Rather t han usi ng
_expression vectors which contain viral origins of replication, host
~cells can be transfornmed with CTGF DNA 30 controlled by appropriate
expression Qp&%ﬁr,&h“el enents (e.g., pronoter, enhancer, %9&?‘?

- transcription termnators, pol yadenyl ati on sites, etc. 3 an
sel ect abl e marker. Follomﬁng the introduction of foreign DNA,

engi neered cells owed to w [ 1-2_days jn an enriched
medi a, and 35%¥ ?9&%?%523 ?@ﬁ%ﬁ %tt?é%fﬂn@&ﬁxvx ﬁ*e sel ectabl e
marker in t hm&hﬂﬂmnpapmm @@onp@iﬁt@gwamcpb.tmmr sel ection
and all ows celténivh Hidklide) Nl&Ghire sbllat oS/ Nidha suitable organic

- 20 -
* PCT/-Us96/ 08288 vents oB0eBivin Wixenres, oEEstaEfs, oF  PEImeNES AT Pe hi ch i n
turn 5 capdded o itde $ﬁhlﬁkiaﬁ'¥d@é‘agﬁﬁoc%tingﬁ e, identificatignnember of

sel ection sysbetherastcrdzesaiifferaiti¢onbihations ofmakthivei ¢aboundt he herpes
si npl ex Vi rugokbym di ne kinase 5 (Wgler, et al., 1977, Cell 11:223),

hypoxanthlne guanlne phosphori bos Itransferase gSzybaIska & Szybal ski,
1962, Proc. Wacﬁt’:l&aca!s&re iona esueed prally

phosphoribosﬁhﬁmmmsﬁamﬂmafithupsulﬂsr&hde 698§bldiﬂﬂ 38: Wd¥) as sofggnes can
be enpl pyed bEajikd Edpsu1l@PhhaE'ds J¥1atPh! ral tpﬁl"a's%;ici&@r JuehPgEt i vely.

Al so, antlnetg%ollte resi s nce can be use
ycerol or sorbltol. The push—fit capsules can contain the

active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft

15 capsules, the active compounds may be dissolved or suspended
in suitable liguids, such as fatty oils, liquid paraffin, or
liquid polyethylene glycols. In addition, stabilizers may be
added. All formulations for oral administration should be in
dosages suitable for such administration.

20 For buccal administration,the compositions may take the
. form of tablets or lozenges formulated in conventional
manner.

For administration by inhalation, the compounds for use
according to the present invention are con%eniently delivered

25 in the form of an aerosol spray presentation from pressurized
packs or a nebuliser, with the use of a suitable propellant,
e.g., dichlorodifiuoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable
gas. In the case of a pressurized aerosol the dosage unit

30 may be determined by providing a valve to deliver a metered
amount. Capsules and cartridges of, e.g., gelatin for use in
an inhaler or insufflator may be formulated containing a
powder mix of the compound and a suitable powder base such as
lactose or starch.

35 The molecules may be formulated for parenteral
administration by injection, e.g., by bolus injection or.
continuous infusion. Formulations for injection may be
presented in unit dosage form, e.g., in ampoules or in multi-
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of selection for dhfr, which confers resistance to met hot r exat e
(Wgler, et al., 1980, Proc. Natl . Acad. Sci. (USA) 77:3567; O Hare,
et al., 1981, Proc. Natl. Acad. Sci. 15 (USA) 78:1527); gpt, which
‘confers resistance to nycophenolic acid (Mulligan & Berg, 1981, Proc.
" Natl. Acad. ' ) 78:2072); neo, which confers regj o the
-am nogl ycosi ggdgﬁla(spég 418 (Col berre-Garapin, et al., 1981, ?ﬁ . Brol.
150: 1); and hygro, which confers resistance to hygromycin (Santerre,
20 et al., 1984, Gepe, 30:147 enes. ecent | addi ti gnal
sel ectabl e geé@?ehﬁﬁﬁ?%ﬂerfsdeéﬁb%,a% P'y'e??%‘ﬁ'im\m'ch& allows cells
to utilize i ncompositipng @mayf teke suph£Orng as) suspensipneh sPIUPAONEPrs to

utilize histiafhisioRs ahe cdflyhost adlidtis vehi€lis | raia dadlibdntgam 1988,

. ¥ , Ut
gggg}bEE;:ésé%ggﬂPiﬁtgﬂﬁgééét%SSu '§¥$g$§k838?%gfﬁ%ﬁégzg%%&%gﬁﬁgggrboxylase

i nhi bi tor5 2- dispersimg |agamd:®et hyl )- DL- or ni t hi ne, DFMO ( McConl ogue, 1987,

| n: Current CpRatmAcaAiticas roridiaAttshar £6 Qa@nteeald Spring
Har bor Labor ataafn.ym%stg&iod: inc}l@% ARk 801 AP el kEETL QR host cell
expressed polrypepiTtdes O e Tnvention nay be by any conventi onal

means such as F%P“Egir%ﬂ daterspaiuhle, Soxme ondddrinmaldy, Suspensigpsti ons
and i nmmunol ogiofatheecpetire wrmpdunds amayt bes prepared iaz/ appi oy iate vityof
fmg(id_ ongy or jRGb¥EiONABupPlnsloH¥: Fuitable lipophilic solvents or
vehicles include fatty oils such as sesame 0il, or synthetic
fatty acid esters, such as ethyl oleate or triglycerides, or
liposomes. Agqueous injection suspensions may contain
substances which increase the viscosity of the suspension,

15 such as sodium carboxymethyl cellulose, sorbitol, or dextran.
Optiocnally, the suspension may also contain suitable
stabilizers or agents which increase the solubility of the
compounds to allow for the preparation of highly concentrated
solutions.

20 Alternatively, the active ingredient may be in powder
form for constitution with a suitable vehicle, e.g., sterile
pyrogen—-free water, before use.

The compounds may also be formulated in rectal
compositions such as suppositories or retention enemas, e.g.,

25 containing conventional suppository bases such as cocoa
butter or other glycerides.

In addition to the formulations described previously,
the compounds may also be formulated as a depot preparation.
Such long acting formulations may be administered by

30 implantation - (for example subcutaneously or intramuscularly)
or by intramuscular injection. Thus, for example, the
compouﬁds may be formulated with suitable polymeric or
hydrophobic materials (for example as an emulsion in an
acceptable 0il) or ion exchange resins, or as sparingly

35 soluble derivatives, for example, as a sparingly soluble
salt.

A pharmaceutical carrier for the hydrophobic molecules
of the invention is a cosolvent system comprising benzyl
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7.2. ldentification of Transfectants O Transformants That
Express CTGF The host cells which contain the coding
“sequence 5 and which express the biologically active gene product may be

- identified b“,o%§f‘§st four general approaches: (a) DNA- DNAperpsodhiszieNA- RNA
-hybridi zati on; the presence or absence of "mar ker" gone functions;

(c) assessing the | evel of transcription as neasured by the expression
of CTGF nRNA 10 ranscripts in_the host cell: and,(d) detection of the
gene pr O%P(R"Eh‘ég ﬁe&?ﬂﬁ%ﬁ“of“&%aigéﬁfﬂ Jt WRFert ?i%?%ﬁloeg ioFgAnLe

activity.  polymer,| andhanfaquacuspphaseh, The cosoduent systememaydecodi ng
squﬁl&cg NIA nﬁ%l)ﬁ@dzpm cob8o vt HiistenY ECVED 2 kerdeiss tex :i%%’_wl’fr DNA- DNA
or - ridi-zation usi obes,conpri si.n OGSl eQt nces
that-are ho 0 zgé}s%ttlgoﬂﬁg' é%fp/ré"oggnﬁﬁe%nps" (i%ersl‘c%?ar esp}:e t".lg'gf‘?;ggg%
portionsSor d&}i ARG $8% Wherpekyethylene glyqql (308, sERdM RS yedRNe
reconbi nant ecageXifte0@thanol Y e@he' VpDSEosySIvaintc apsbeni gimppi:isiyed and

sel ect ed base&%gzgf vi,ﬁe?ﬁ&%gpg%g{,jrg?gﬂe%edgm% A w: @%&_ker" gene

functions .g., resrstance I'Cs, _.resistance taQ
net hot r exat e, Selution.. ;Faig oRSQ}VepkAYE R dissolyes Jvdsmrobdrnation in
baccul ovi r us, catpounds-aeltxcamd dtsedfappodices ddwetbrilktimntupon the CTGF

codi n ue | Spn 4l Lt D a i 1 | kgt gene
ncals [‘ﬁés*é“d‘mﬁ%s%ﬂ%cgg‘@eﬁﬂ%'c Ehe pESRLS RIS oFR E- 0

sequenceé of vector, .a : ng t
seguence can FRIVent sygiep; ypay pe,yar amréplyhgi\:?g?‘l&rde&&ﬁgyf%ct igon.

Al t er nat i vel yits seinibddigynand droxieipyacharigteristiaswi tFunthermore, CTG-
sequence undegné NRaHPILyObEOthd RH-8310eRE cbnpcledRE Ay bdaFdea: #6ed (O
control the expre | on, f t?e _g;%_cg_gdlg . Seduence. sEx ression of the
marker in res ) Fﬁ‘&'ﬁc Pon Br %lé?%]arl o) ?ﬁﬁ%’b e x%?eggf n of
t he CTGRScodi#Rptead ofcpgdyserbate 80; the|fradtdonhsige b redyethylene
transcripti onglyesy iméyt Yef 0arid®; dther BibcaiitiblecfbDimer® g assessed by
hybr'dlzatlOnréEfEQELpolyethylene glycol, e.g. polyvinyl pyrrolidone; and
other sugars or polysaccharides may substitute for dextrose.
Alternatively, other delivery systems for hydrophobic
20 molecules may be employed. ﬁiposomes and emulsions are well
known examples of delivery vehicles or carriers for
hydrophobic drugs. Certain organic solvents such as
dimethylsulfoxide also may be employed, although usually at
the cost of greater toxicity. 2additionally, the compounds
25 may be delivered using a sustained-release system, such as’
semipermeable matrices of solid hydrophobic polymers
containing the therapeutic agent. Various of sustained-
release materials have been established and are well known by
those skilled in the art. Sustained-~release capsules nay,
30 depending on their chemical nature, release the compounds for
a few weeks up to over 100 days. Depending on the chemical
nature and the bioclogical stability of the therapeutic
reagent, additional strategies for protein stabilization may
N be employed.
35 The pharmaceutical compositions also may comprise
suitable solid or gel phase carriers or excipients. Examples
of such carriers or excipients include but are not limited to
calcium carbonate, calcium phosphate, various sugars,



-For exanpl e, RNA can be isolated and anal yzed by Northern bl ot using'a

pr obe honol ogous to the CTGF codi ng sequence or particul ar portions

. thereof. Alternatively, total nucleic -
22 - WD 96/ 38168
PCT/ US96/ 08 acids of the host cell may be extract eppideagsayed

- for hyb?%ngg?ﬁ%n to such probes. The fourth approach
i nvol ves the detection of the bi ol ogically active or imunol ogically
reactive CTG=,gene 5 roduct. . An er of ays _can_be used det ect
CTGF ac tsitgﬁ"?eﬁ 'ncqq%&lugrﬁsﬂ u‘?e’Ffo‘fauﬁq‘lgﬁFt e%ef%t%t’%o anggg’%er(?e g ?:“rglll bed
in U S. Pateas pplyethiiengsglycols. 7.3. Treatnment Indications 10
The net hods, conpounds and fornul ati ons of the presént invention are

each directed to the t 82 nment ?,f°°t vadbgg;%frs, di seases or ail nents

related to the under'productTon of connective tissue in bone,

cartil ag®, or ot IRharsagenticak icompositions suitable £0X dseadnvElrs to

15 t_Fli sorde@&eséhseﬁmtabnaihe?ms ddgpwieﬁﬂ&wmémttm avtive bone or
cartilage is LLed Lse S sgeQt s
i ncl ude the ﬁg‘gg?‘?lg“ts a5e egPER ltl:31ee§ealcr)l r aﬁo%fef%ce?ig}c g}gg ﬁé? %; v%#%?% of
traumatic  itsj iptended purgpser dé?%‘-’q sepaifivp i hai therapautdepdl®si s and

effective amount means an amount effective to prevent

10 development of or to alleviate the existing symptoms of the
subject being treated. Determination of the effective
amounts is well within the capability of those skilled in the
art, especially in light of the detailed disclosure provided
herein. '

15 For any compound used in the method of the invention,
the therapeuntically effective dose can be estimated initially
from cell culture assays. For example, a dose can be
formulated in animal models to achieve a circulating
concentration range that includes the IC;, as determined in

20 cell culture (i.e., the concentration of the test compound
which achieves a half-maximal CTGF activity). Such
information can be used to more accurately determine useful
doses in humans. |

A therapeutically effective dose refers to that amount

25 of the molecule hat results in amelioration of symptoms or a
prolongation of survival in a patient. Toxicity and
therapeutic efficacy of such molecules can be determined by
standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the LD, (the dose

30 lethal to 50% of the population) and the ED,, (the dose
therapeutically effective in 50% of the population). The
dose ratio between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio
between LD,, and EDy,. Molecules which exhibit high

35 therapeutic indices are preferred. The data obtained from
these cell culture assays .and animal studies can be used in
formulating a range of dosage for use in human. The dosage
of such molecules lies preferably within a range of
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20 ot her skel etal disorders, hypertrophic scars, burns, and vascul ar

. hypertrophy. Because these problens are due to a poor growth response

of the fibroblasts, stemcells, chondrocyt es, osteobl asts or
fibroblasts at the site of injury, the addition of a biologically _
" active agent could stimulate the growth of these Sogiii2ye d be
-beneficial . Wﬁ‘bﬁh@ Anot her inportant use of CTGF woul d bgﬁ?dr,] culture

. systens to expand stemcells or chondrocyt es t hat were renoved from an

e added 1 o oFAREPLAEEY sebsrationd' et apethlh Slo BT RiEn, FERIE, ]

added as a gr @rtnecteigity. Thet desnge é‘atYhEa@Xp kEhish thig H‘P‘Pg%rent i ation
of these cel I aegknding updit thiel Godige NfUran eabl 6ed Ghid- theUrauté ss¥ be added

to a % I%gf’ét?zjoﬁ’fut%&&gé&ag%%' 298¢ %&uﬂgiaﬂ-_l% !, "HLGLE A owt h 35

Anot her treat rren terl ng

patient % neddmipighraticon ang,dosage °%£’F| Fhcsemdy e dnfiyidpaiu
factors, suchphysidfin ineview of the Patdeéntisnoonditiwmnl i lgepfeaju,n vvounds

The CTGF WO 96/ 38168
ngl et a ., i9 '"{1} rma
PCT/ US96/ 08215j' le 7|5dein I sP hlanveﬁtg?o%l?asl \?a b?e as a

t her apeuti c i fnerapey %%gllrn Ghhi ¢hPthere is inpaired healing of skin wounds
or there i s a Desagé¢ amuurteahdt irtervalnmapeké | adjusteldabndiiduallye. g. ,

burns. Opg | "y ppBYriaé SHIC 16Pe S | & tﬁl(%cﬁi% %&e’iy wh@cRCHRd erat e

wound heal'i ng '355“ LR LU EDLS b0y b G0 ok errecth B3 BREFCLACS Of
minimal effective concentratlon (MEC). The MEC will vary for
each compound but can be estimated from in vitro data; for
example, the concentration necessary to achieve 50-90%

15 activity of CTGF to induce bone growth using the assays
described herein. Dosages necessary to achieve the MEC will
depend on individual characteristics and route of
administration. However, HPLC assays or bioassays can be
used to determine plasma concentrations. :

20 Dosage intervals can also be determined using MEC value.
Compounds should be administered using a regimen which
maintains plasma levels above the MEC for 10-90% of the time,
preferably between 30-90% and most preferably between 50-50%.

In cases of local administration or selective uptake,

25 the effective local concentration of the drug may not be
related to plasma concentration.

The amount of composition administered will, of course,
be dependent on the subject being treated, ‘on the subject’s
weight, the severity of the affliction, the manner of

30 administration and the judgment of the prescribing physician.

20

7.4.4. Packaging
The compositions may, if desired, be presented in a
pack or dispenser device which may contain one or more unit
35 dosage forms containing the active ingredient. The pack may,
for example, comprise metal or plastic foil, such as a
blister pack. The pack or dispenser device may be
accompanied by instructions for administration. Compositions
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e

fragnents thereof, is nore stable and | ess susceptible to pr ot ease
degradation than PDGF and other growth factors known to be involved in
wound healing. 10 Preferably, the agent of this invention is the
conbi nation of TG--[err] and cTGF, however, it is likely that ot her

"TG--[err] fam rs will also be useful in accel er gidp %ﬁgﬁd
heal i ng by |n3ﬂ¥*%§q%TGF. The conposition of the |nvent|on al
. healing the mound in part, by 15 pronoting the growm h of connective

it o AR bt R NI B

phar maceut i cal ¥ 9 hert “gel's or
|iquids, the peemmatdple phapmegeuticatcrarsiey may also b6 PREPArPRat nent
i ndi cati ons, V\plit:éceameeh hppmmwconhc:aiemg andopapalled gdrby this

i nvent i on i ncl S EEakﬁdindircfat‘&‘&uﬂgﬁd#io% gﬁ‘.ﬁébié%ﬂ(nhi@@oﬁé om

surgical proceg ure anan
caused by & rauddicated on the Jabel mayr ipelude c,taleamm%ﬁ i TARES I'-@Ut es
O 25 disedi¥s [inswhith Ofartilage or bone indlietioh amd esund t he

pr esent |nventhg&ﬁﬁ1 RE the 18N gteg%ﬁgdto a patient in need, by itself,

or in phar naceut’i cal conposr t ons ere one or nore of the 30

mol ecul es are nmixed with suitable carriers or excipient(s) at doses to
treat or aneliorat .5 vaasstifiéationoocConpounds whieh rnducsel Yheas CIG- i s
produced ¥y endot hel i al Profnctign of CTEF| In (antdileagecands, both of which

ZégnggeaﬁpghaESthesf:;5F§Fei?ﬁ%t€€ne 3 cartlla e fognab%Pn ang Eqﬂgglng
conposi ti on WhETEF igenss asdt spectBiaaldye bbmél'Gﬁ-ﬁca'estme/regulm i on or
wound heal i ng. ei’éﬁé@sa@ )t lpsr S@rdvicafbecbte-a 1 ; nuchB¥elddP 159 andnsf or m ng
growth tagor bekp, Tiides aCE0RES 2" Lo s SREASE A0S T heal ing
1dent1fy1ng compounds or compositions which affect the
expression of CTGF. Specifically, the method by which
compositions which enhance the activity of CTGF, and thereby
may be used to enhance bone, tissue and cartilage induction
20 may be identified, comprises: (1) incubating components such
as, but not limited to, oligonucleotides comprising the
composition and a TGF-§8 responsive element of the CTGF
promoter, wherein said incubation is carried out under
conditions sufficient to allow the components to interact;
25 and (2) measuring the effect of the composition on CIGF
expression. Preferably, the promoter region used in the
screening assays described herein includes nucleotides -823
to +74, although smaller regions that include the TGF-f
responsive element may also be useful in the disclosed method
30 {e.g. —162 to =128, or -154 to ~145). In other assays,
nucleotides in this region including TARE are coupled to a
receptor gene such as luciferase and are transfected into
mammalian cells to derive a cell line, bearing a construct
and showing activity when incubated with TGF~S. These drugs,
35 oligonucleotides, and chemicals in libraries that modify the
activation can be readily detected in cell assays.
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part, by pronoting the growth of connective tissue. In anot her

enbodi nent, CTGF may be admi nistered in conbination with proteins or

conmpounds which are believed to pronote the formati on of connective
"tissue. 5 WO t her the conposition is conprised of CF

CTG- and additional agents as the active ingredient, such conposition
. is prepared by conbining, in a pharmaceutically acceptabl e carrier

subst ance, e g iﬁﬁﬁé?@ﬁls or |iquids, the purified CTGF and

TG--[err]. 10%° erapeutically effective dose further refers to

t hat amount of t h&heonponectivg fiissuat grewthe finictorngene| ismmeti on

of syrmfd oms. oy r&:q:tﬁ%tstar i?s)ﬂ%&émimsaaﬂt ?ﬂﬁéélgckibhw" il.?nducddf pyhe
conpounds o _nsan a | 1Lon.na unda I n em n n s
Phar maceut i ca#egcé e‘m‘:"é’s ,:I.n ﬁéﬁ%ﬁéﬂmﬁm ﬁ&gae‘? %mecé'&gfoﬁi,.sw q%;?gst
edition. & (1.e., fibroblasts, smoqid,muscle, /ghandrocykeseonosteoblasts,
Sui tabl e rout agtBbgHHY el st &6E. yYRY Theo dh of the gé&feé ude oral,

rectal, trans o Oh <l SL] i 4 st i on;

delivery, inc ugllqél%l'jivn Et%ﬁugégu{’%ir:ﬂ é’%t fsu c%ear#é‘%agggﬁng?éfn%ébg ?‘éry

i nj ections, a¥ewkebrates indicate thate CICF Blavsta ineleaienthe ciprapation

i ntravenous, of cartillage)cbbohénténdor RnBafasele f thal eptebrdtd nj ecti ons.

Alternatggy, QREnLRY WL Qieé{xfﬁsté? t%%”EBHEQ%Jfﬁh %Jﬁ%?hszéemn%%%% than

system ¢ manner, Tor_exanp via 1.njection e Cco irectly
into an area B8k TG canrcregpiets anductiony jfferentiationanfe| ease
formul ation. growth of cellst Waichriorm bethogariiliagyestnd bomedinig in a

targeted vedtubirdldl iank18y Siiuditl AR C. spbcelLRPRPRpROAt ed Wi th
30 a speci {8, a0LI BRo1ab LREL! ") 'HerKRIRLS1rte beb 2 BSesent dn the
15 growth plate of long bones in adult rats and newborn mice;
(2) The CTGF gene is expressed at sites of cartilage
induction and growth in embryonic mice; (3) CTGF receptors
are present on rat chondrocytes; (4) The CTGF gene is
expressed at site of bone regeneration after injury in adult
20 rabbits; (5) The CIGF protein can induce pluripotent mouse
embryonic stem cell lines to differentiate in to chondrocytes
and osteoblasts; 6) Human osteoblasts produce CTEF in
culture.

25 8.1 Biological Assays : :
Methods: Mitogenic And Anchorage ihdqpendenc
Growth Assaya. Mitogenic assays were performed in monolayer
cultures using 48 well plates and NRK fibroblasts as target
cells as described previously in Grotendorst, et al. 1991, J.
30 Cell Physiol. 149:235-243. Anchorage independent growth
assays were performed essentially as described in Guadagno
and Assoian, 1991, J. Cell Biol. 115:1572-1575.
Methods: Extracellular Matrix Protein mRNA
Induction Assays. NRK rat fibroblasts were grown to
35 confluence in Dulbecco’s modified eagle media with 5% gfetal
bovine serum and then serum starved in DMEM with 1% bovine
serum albumin for 24 hours. Growth factors were added to the
cell cultures and total cellular RNA was extracted after 24
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[i posomes will be targeted to and taken up selectively by the

afflicted tissue. : 7.4.2. Conposi tion/ Formul ation. 35
The pharnmaceutical conpositions of the present i nvention may be

manufactured in a manner that is itself known, e.g., by neans of ,
" conventi onal oA & di ssol vi ng, PCT/US96/08210 ~ 29
.- “m%ggg/ 38168

PCT/ US96/ 08210 granul ating, dragee-neking, |evigating, emulsifying,

Phar maceutlca P USe* M Gecor
i nvention thubn rﬁgﬂl?éhﬁ-@rﬁﬁl%&-ed 1983 ¢ MRentBigdal CeLl 41R3TTEASusi ng one or
nore physi ol ogl caluid/eaeaeatamte el vabént amounteNPri tot)l RNAI weest s and

O opar ati ons Sge, £8°eakhZidne on 20681 0l el gh?ﬁtf’g%%dge Dbt at i on i s
dependents upotﬂﬁiﬂé" ead eqsivmmtgnaf%rwqﬁq@@enre (bY comparfmg | nj ecti on,
the agents ofriﬁ&dﬁmenbsoanmd)mn band@rarmleabadlaﬁe afptepustadhisg ons,

preferably i sy oliushll GaLEAY §0TDAI Y GalULLRES SUSIcRS HBRS S

sol uti on, nger “g ogi ca For
transmuicosal FRREIRe% P"’&FFOW" 2! ~opPPHP§etﬁFme§5°DN%ar rier to
be perneated frsymens nBeﬂh:Bo:f' @robest were labeldled with PémelOTPnusingea

general lpg knoythddh '38md" laveling kit (Boehringer Mannheim, Indianapolis,
IN). The CTGF probe was derived from a 1.1 kb human cDNA
fragment which encompassed the open reading frame of the CTGF
transcript. The TGF-f1 probe was a 1.0 kb Nar I fragment
derived from a 2.0 kb human TGF-81 c¢cDNA (G.I. Bell, H.H.

15 Medical Institute, University of Chicago). The aI-type 1
human collagen probe was derived from a 1.5 kb ORF fragment
at the 3’end (ATCC No. 61323). The a5 integrin probe was

- produced from a cDNA insert containing a portion of the human
cDNA containing the open reading frame, as obtained by R.

20 Associan at the University of Miami. The human fibronectin
probe was a 0.9 kb EcoR1/HindIII fragment derived from a 2.2
kb cDNA clone containing the 3’ region of the open reading
frameiprovided by F. Woessner (also of University of Miami).
The human actin probe, used as the control RNA prcobe, was

25 purchased from Oncor, Co. (Gaithersberg, MD).

encapsul atin u%gé q:)ns %3@.%@ Li Zi n@iéor% §§§§o%ed as d?ﬁcrpresent

8.2 Loocus Of CIGF Transoripts In Newborn Mice
Experiments were conducted to determine whether

CTGF transcripts are present in the growth plate of long

30 bones of newborn mice according to Fava, et al., 1990, Blood
76:1946-1955. :

Method: In situ Hybridization. The tissue samples
were immediately placed in 4.0% paraformaldehyde for 1.5
hours and then flash frozen and embedded. Sections were cut

35 at 5 um and placed on TESPA coated slides (Oncor,
Gathersburg, MD). In-situ hybridization for CTGF mRNA was
performed using standard methods. Briefly, slides with
specimens were hydrated through graded alcchols, treated with

- 34 -



For oral adm nistration, the conpounds can be fornmul ated readily by
conbi ning the active conpounds with phar maceutical |y acceptabl e
garriers well known in the art. 20 Such carriers enable the conpounds of
_the invention to be fornmul ated as tablets, pills, dragees, capsules,
“1i qui ds, wWoVshs1e8 Y UPs, slurries, suspensions and the |i kgyrnisofos2iod!
ingestion by a patient to be treated. Pharnaceuti cal preparations for
. oral use can be obtained solid excipient, 25 optlonally grinding a

resulting mxture d . progessi h i xt gran te

addi ng suitab g ﬁﬁ&'ﬁ] i °t3§‘ngg?nlg inesc?eyir &lst%é]ol??‘a"n fa ljg‘%“’dragee
cores. Suitabrefixed iaxd ﬁﬁeﬁ?@%@@ﬂ%&ﬁt and | Gippes; IiF!ePslslélch as sugars,
including | actesethansIOfite gRAN. tifl ,aati&oahnyd&ids;ebbubeseo 30

prepar ati ons rs € c t 5l ce
Gt arcn.  pot at gubyaPEpsci aoBAGHaR SRy Srabilh il | popn Gl and

hydroxypr%pyl Aptisense | FIAF,RNA B%Qﬁ%ﬁnwere coRsbRGHRE: H?FLEQI 2 (FHRprobRd/ or
pol yvi nyl pyr r rlitd ¢Peonddd)) Madison) fWwrie siithdT7dasd rspsgpabmageﬁgpnt s may be

added, such aseLhgcBfvelf! Oapﬁ' T T e ey

alglnlc acid such_as sotium a :
Dragee cores &PB GPBIAGINA, ¢ Blides Maxe hykridized R?Pmlghtth‘i‘é%rpose
concentrat ed sedenized tormamidey tmklﬂnxtranhsuhfate, 50 mM DTT, 0.3M

- 26 - 319  Naci, oVl 9Pm33468n 7.5, 5 mM EDTA, 10 mM Na2HPO4, 0.02 %
PCT/ US96/ 0821

pyrrol i done, %&FB%OI ogé %%ﬁgglt‘lhzﬁ’g tal v gum S{QP&r Yea'-"ttC Ol "
di oxi de, | acqtbe sdboprobes ( &ng Sﬁ4t@ﬂnﬁ#10rgaden a coverslip at 54° C.
Slides were washed in 250 ml 5X SSC, 10 nM beta
mercaptoethanol at 50° C for 30 minutes, 2x SSC, 100mM beta
15 mercaptoethanol, 50% formamide at 65° C for 20 minutes and 3
times in TEN buffer (1 M Tris, 0.5 M EDTA, 5M NaCl) for 10
minutes. The second TEN wash included 10 ug RNase A. The
final two washes were in 2X SSC at 65° C. for 15 minutes
each. After dehydrating again through graded alcohols with
20 0.3 M ammonium acetate, the slides were dipped in
photographic emulsion (Ilford K-5, Polyscience) and incubated
for 8 days at 4° C. Slides were then developed and sections
counter stained in Mayer’s hematoxylin and eosin. |
Results. The results of these studies indicate
25 that the CTGF gene is expressed in the proliferation zone of
the growth plate. This zone contains the chrondrocytes that
are actively replicating to increase the length of the bone.
The expression of CTGF at this site is consistent with it
functioning as a growth factor for the chondrocytes.
30 8.3 chr .Gene Expression At Site Of Cartilage Induction
And Growth In Embryonic Mice.
In order to confirm CTGFs role in cartilage
35 induction and growth, the expression of the CTGF gene in
mouse embryo’s at sites where cartilage and bone will form
but have not formed yet was studied. For purposes of this
lstudy, a transgenic mouse line which contains a transgene
composed of the human CTGF promoter elements which are



sol vents or solvent mixtures. Dyestuffs or pignents may be 5 added to the

tabl ets or dragee coatings for identification or to characterize

di fferent conbinations of active conpound doses.

Phar maceut i cal preparations which can be used orally i ncl ude push-fit

“capsul es rradevp{”gﬁh@ti n, as well as soft, 10 seal ed Caps“'l‘iﬁ'_‘ﬁ@ﬁ@z f

gelatin and a plasticizer, such as gl ycerol or saorbitol e push-fit
. capsul es can contain the active ingredients in adm' xture with filler

such as | actosg [,ch uch as
talc or nﬁ%%ue atlﬁg F‘gar a’f@jegs%&%%ogﬁﬁ%!ha?ﬁ%btgg% er s?%ggﬁasseft 15
capsul es, the @eR¢wveCed %%(ﬂeﬂ?dcé?‘ s‘iﬂ.ﬁﬁéﬂ .
suitable |iqui ,stmanSuémg w—qdlswhllcmmd:msaaabiu@ collored I I QUI d

pol yet hyl ene t :

formul ations ?%i‘&ﬁlp%]ta'tgm@g?ﬁ@ | 5% gg %@q{?e%l?ﬁxcgfﬂt&fdsagesﬁgﬁ}@aébl e for
such adni i st rBethadology we stamd SUPEYP’ & FFom §ransIeniq maceokPositi ons
may take the loca¥identhé égpredsiow ofothe RTEF gefitl atxsl set ¢opwenit onal

manner . Gm@)‘} isirq.}d Q:erﬂl #‘ac]ratbb %% ounds for use

according to tﬁe presé |nven I on are conveni en Iivered 25 i n the
formof an aer dRgte %P&ytb?eg"é‘?ﬁéﬁ GrPressRd rPé'g-QEr 9cthe formabien of 4
nebul i ser, wi tthe ekeletonf and scnbu]ablfanptbqsxeldsaltha inducer @f, cartilage

di chl or odj | Uoéméﬁnembéé%ﬁﬁ@ YRLEREE ienstrate that the

di chl orot etrafl uoroet.h anef arbon di oxi de or oth | taﬁ_&?e

the case of a PFRERARNCRe8ta %Sﬁﬁaqsg@naog%@égm@s?, Sﬁpﬁﬁ%ﬂ’ﬁ ned by
provi di ng a vafeteckedddlyi inrsiturdiwdrddizatiommmsing. theQRaRN probed

cartridges of, e.g. m:&%' Qi:h&iéé’fallé%Gdbﬂonstrat%”thH’Eah% ﬁnd pguffl ator may
be fornul ated cont ai ni.n of .t he ggngou.nd and a suitable

er
powder base su8ﬁp5%ssed ae/ %?‘5%% pg'la §Fa?‘ﬁhth gong H& nol ecul es may be
f or mul at e¥p f orpwmiépanmus zonad @ndt iatNeskedy s ﬁ?é’é-‘tlm- &hg. £ixsf bol us
i njection or cartikagie BOOB6rk NduSingN mamek Iidr, de®8topment N enés@ramp be

prgie”t ed in ugpl AA%3984af £6Ms Srbchohbrsd@id See8hchihd drld ar
distinguished by condensations of the cells. The CTGF gene
is expressed in these sites but not in adjacent tissue.

20 Furthermore, the CTGF gene is expressed at these sites 1 day
prior to the condensation which occurs 1 day prior to the
actual formation of the cartilage. These findings
demonstrate that CTGF is present prior to the formation of
cartilage or cells with a true chondrocytic phenotype, and is

25 consistent with CIGF acting to induce the cartilage phenotype
in undifferentiated stem cells.

Importantly, these studies demonstrate that CTGF is
expressed at sites in the embryo that form bone by either the
intramembranous, or endochondral pathways, demonstrating that

30 it can function as a signal for cartilage development from
either non-differentiated mesenchymal stem cells which form
the bones of the limbs, or neural crest cells which form the
cartilage in Meckel’s cartilage and the bones of the skull.

35 8.4 Loci Of CTGF Receptors On Rat Chondrocytes _
In order for cells to respond to peptide factors
such as CTGF, they must express on their surface the cognate
receptor for the specific peptide factor.
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containers, with an added preservative. The conpositions may take such
forms as suspensions, solutions or emul sions in oily or aqueous
vehi cl es, and may .cont ain formul atory agents such as suspendi ng,
stabilizing akgydsizsiss di spersing .agents. Phar mac e chrfiidbeos210
f-ormul ati ons for parenteral adm ni stration include agueous sol utions
.of the active conmpounds in mater-soluble form Additionally,

suspensi ons of the oun d rlate
oily 10 I nj ection sus n}sili\c%rfs‘,ﬁm w?abl é@é‘ﬁgbg ﬁRiﬂ%o ﬁ%n?BQ%fQ ’}&

vehi cl es i ncl RexEpEmed 'am%orgﬁ}mnasmgmr@l Pf W'S‘iﬁﬁ rah £ibroblashs v
acid esters, sngh paimefhytawla&ﬁieumarwncgimuades t® rdetemihepm@ nmes.

Aqueous i nj ectﬂn&ge u n c [ uhst h increase
t he viscosi ty 0 %eégﬁs%fénm tﬁméf Eﬁﬁ &ﬁegtog%dlgﬁm car box g}

cel | ul osed sorBindipg was RexLormed m Q‘MSVB#HH/ al so
contajn sui tatdcmcentra'siadm Ioﬂemmatagmdmmbﬁnahtlmmmmhermcn Jity
of the  Caugipdaiffe B &%a&hﬁemaat bg s ka0 6HY % sg@sma at ed
sol uti ons. terna trve_l

e I n powder
form for const"ﬂlﬂfl ﬁcﬁF?I‘Pfd"éﬁaP&BF@ Agand.. R se aﬂﬁ"lee $catcnard

pyrogen-free \piots, abef set fomth at FIGURE SBhQWdthpmzaphnun;p etrsbliderium
f(r)]r nul at g@ in ﬁﬁfatiﬁb a?sa nﬁcﬁgi&@#hhoﬂéi l‘ﬁkt(a%eiﬂﬂf%d FIRREOEB L@o}ﬁﬂi ion
e . giapesk OPb S oS ULCBEL Y (RO e I SRy e 00
descri bed prewhondirpblasts) { he conpounds may al so be fornul ated as a depot
preparation. Such eonseridiondabeiyl| deveralnBy1Deyits Webb ctditday
for the expression of CTGF receptors including, normal rat
15 kidney fibroblasts, mouse fibroblasts, mink lung epithelial
cells and rat articular chondrocytes. CTGF was labeled by
iodination with :?*I and the radiolabled CTGF used in
competition binding assays to measure CTGF receptors on the
various cell types. As set forth in Table 1, below, only the
20 NRK fibroblasts and rat articular chondrocytes expressed high
atfinity receptors for CTGF. Mouse fibroblasts had few if
any high affinity receptors and no hlnding was detected in
the mink lung epithelial cells.

25 TapLE 1

BINDING CHARACTERISTIC FOR TYhCTGF oN Various CELLS
b AR Tow Alfan

30 GeliType  EDGM)  Shesfodl KD (M) Sites/oel
NRK 1323 2200-3500 1122 126,000-195,000
Chondrocyres 21 3500-4800 1.0 150,000

2 NIH3T3 5-10 480 1.8 102,000
MLEC none detected _ none detected

40

These data indicate that chondrocytes express both CTGF
and its receptor and would are therefore capable of
responding to CICF as a growth stimulatory factor.



30 I npl antation (for exanple subcutaneously or intranuscul arly) or
by intramuscul ar injection. Thus, for exanple, the conpounds nay be
fornul ated with suitable polymeric or hydrophobic materials (for

exanpl e as an enulsion in an acceptable oil) or ion exchange.resins,

" or as spari nng}‘P?ém‘ssol ubl e derivatives, for exanple, as a Wﬁ
-sol ubl e salt. A pharmaceutical carrier for the hydrophobic
nol ecul es of the invention is a cosolvent system conprising benzyl
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PCT/ US96/ 08210 é%%ggéni@ dil E!ﬁ serdft fltd 'matbb! e
organi c pol yner, aruhoaagaqyeau outeoBigs SOl vent system nay be
the VPD co-solvent system VPD is a solution of 3% wv benzyl al cohol,

8% w/' v of5t he nonpol ar maaum 9 |CTEET bat induce 8be chondrvbiec and
%IDygg hgglecgntahﬁest 4 S%ﬁ& i dggﬁ‘ﬁﬁréﬂtlate%%glém?ﬁﬂ@tﬁa%h Thg(y
0
dextrose in V\&P’i¥ ure "'“S(ﬂv@'i}‘ Fed i SPeg, £ 8?‘!7@% sPg dfg'ﬁ)l gglo&g 8
hydrophobi c was geeddameyalvate this idedbgigabhntdvityw tEhess eplipon 10
Syst emc ad[)n arataaéwmaraglaharﬁéiﬂ eét'&%lﬂgﬁ&?rimén%oﬁftﬁeé‘&t els 8§|0| ;/ent
system e,vari nsi der y estro s solubility
and toxictlity &ﬂg?ﬁgl’%%oiﬁqsés %r?%ﬁ?é can be ﬁ?@ﬂ‘ﬁaiﬂﬁ t'é" 8 the
co-sol vent. conpéhtfierentinted statedn fwiture, andthen, indurad [tow t oxicity
nonpol ar sur f aggEeeentiited antiscskdletal nakedd ed11aQ! YRORBAS R, t he
fraction size.gf QBH&A%n%”Saipocy@é’ CObel Y H%at35' Gith YIEF formea

bi oconpati bl e poF ners ){1
colonies of chondocytes and cartilaginous nodules. Cells

i5 treated overnight with 5-azacytodine overnight followed by
treatment with CTGF differentiated into osteoblasts and
osteoid bodies. The differentiation of these cultures into
muscle and adipocytes was blocked by the presence of CTGF.

More specifically, the cells were treated overnight with

20 5 azacytodine followed by a 10-14 dhy incubation to allow for
the differentiation to occur. The effects of 5 azacytodine
and CTGF alone and in combination on these cell were then
compared. Control cultures which were not treated with
either agent remained as undifferentiated cells in monolayer.

25 As set forth as FIGURE 4, cultures treated with 5azacytodine
alone differentiated into primarily skeletal muscle cells
{(myotubes) and adipocytes. No chondrocytes could be found in
the cultures. CTGF treatment of the cultures (50 ng/ml) for
10 days resulted in the induction of cartilaginous nodules.

30 These nodules were not found under any other conditions.
Treatment of the cultures with FGF, PDGF, EGF or TGF-§ did
not induce these nodules indicating that CTGF is uniquely
capable of inducing cartilage in the undifferentiated
mesenchymal stem cells.

as Treatment of the cells with both 5 azacytodine
(overnight) followed by a 10 day exposure to CTGF (50 ng/ml)
had a significant effect on the cultures. First, no skeletal
myotubes where present demonstrating that CTGF prevented the
cells from differentiating into skeletal muscle cells.



repl ace pol yethyl ene glycol, e.g. polyvinyl pyrrolidone; and ot her’
sugars or polysaccharides may substitute for dextrose.
Al ternatively, other delivery systens for hydrophobic 20 nol ecul es may be

enpl oyed. Li posomes and emul sions are wel | known exanples of delivery
“vehicl es or qg ,b@% for hydr ophobi ¢ drugs. Certain org s¥font s
such as I met y?sulfoxide al so may be enpl oyed, althoug usu y at

- the cost of greater toxicity Addi tionally, the conmpounds 25 may be

del i vered usi ed el

matri ces of s§g°§n§ Q’oblmg ggg%%fggyg%gg §§§@E§§FFre ﬁ§£€%£€ peu |c
agent. Varioubhefn % meared t‘-q e gstepidcfbene) ha%“%eeﬁr%t% i shed
and are well KfGuBeWhe formakt®sr &KiddtddchBn@bhscytds ahdsbstessiastiscase

Compounds, 1 or 298 me“*@%“eé e R Cealh &sé%f%%‘g& e

chemical 5  dpmenstrate) thet shis fpcter sendd P?y“stﬁd fRestimd

reagent, addi differestixtiog of é&rtiﬂayaeandsbahelwhsﬁe desimed. be

enpl oyed. 35 The pharnmaceutical conpositions also may conprise
suitable solid or ggé Wﬁ&rtﬁﬁﬁiﬁxﬁtpsmfot Ebﬂapkﬁeneraticﬁf such
carriers or excipients afwirudajiry In asult Rabbiesl t cal ci um
carbonat® cal ci um phosphate, various sugars,

- 29 - ) zg's/ewgggmental model was developed to examine the

PCT/ US96/ 0821 @xpression £ Rariots! tedulat o9’ adinadSix pebbein geritd pol yners
such as p&h¥ik8y&éﬁkaf¥éﬁﬁﬁk?- In this model, mesh nylon cylinders are

implanted in the ilium of the pelvis of male New Zealand

15 white rabbits (10 kg) which had been anesthetized by ether.
A 1.1 cm diameter hole was bored in the ilium of the pelvis
using a bone trephine and the chamber press fit into the
hole. The chamber was anchored in place using f£laps of the
adjacent musculature and ligaments. Two chambers were

20 implanted in each of twenty animals.

Animals were sacrificed on Days 9, 14, 21, 24, 28, 31,

35, 42 and 56 after implantafion of the chambers. The '
.chambers were removed and the tissue on the outside of the
chambers were carefully and@ completely removed. The chambers

25 were then cut open and tissue contained within the chambers
was collected.

Total RNA was extracted from the tissue obtained from 6-

18 chambers (pooled from 1-3 animals) by Guanidine~
isothiocynate extraction (Chomcaynski and Sacchi, 1987, Anal.

30 Biochem. 162:156-159) and CsCl centrifugation (Chirgwin, et
al., 1979, Biochemistry 18:5294-5299). The amount of RNA
recovered ranged from 100-300ug during the different days of
collection. Total RNA was electrophoresed on an
agarose/formaldehyde gel and transferred to nitrocellulose.

35 Equivalent amounts of RNA were transferred as judged from
staining of the ribosomal RNA present in each sample on the
nitrocellulose filter. The CTGF probe was a 900 base pair
fragment which represented the open reading frame of the CTGF
cDNA. Hybridizations were performed using 1x10° cpm/ml of
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7.4. 3. Ef fecti ve Dosage. 5 : Phar maceuti cal conpositions

suitable for use in the ‘present invention include conpositions wherein
the active ingredients are contained in an effective amount to achieve
its intended purpose. Mre specifically, a therapeutically effective
anmount nmeans awodigBRees effective to prevent 10  devel opnent péygsosios210
alleviate the existing synptons of the subj ect being treated.

-Determ nation of the effective anounts is well within the capabi lity

of those skill gg 1§ﬁﬁ~.e 's]Xf."rb” Jol=li

di scl osure provi 3 g {’Pgbe% 1ah§5.£d C[w] IDJFuy cor?gogngﬁd I n the
met hod of the PHBchHRPeIing kit t(ﬁ%etllﬁié}g&ﬁemmﬂ'"}/ %'ose can be
estimated initXallignapolid,r M)cellumﬁaﬂiperaphnms performerlad; -@0d0se can

b f or mul gpgd
€ or mul g 2hitﬂ?]z?”ﬂd@s -?:[ﬁer r]?( J qnkahs{8ring

concentr at | on ran I ncl udes ter m ned ‘i n 20 cel |
culture (i® SeRESRBncent rati on of the t est corrpound whi ch achi eves a
hal f - maxi rral CTGF athe viigsue Probeeded thrbughed imegular bascesisl dforepakr

her apeut | cal | {AFRRHEGE Uneguiacitl To 'c‘?g’tllﬁ'\“a?@&as"%rﬁ“ m“% chand then
hat results in ﬁEPng g ihesge é?nﬁ *or 1§ the F%%Fggﬁ? %i val
in a patient. Thei denqemnectivehﬁsqammchfmrmwas s;niﬂ-amllicubts can

be determged hnaistinghAdkinid Phen Bt wvhich £HAEEAN Bart Nefdide CUl tures
or experi bfglFam mals, e.g., for determning the LDjerr] (the dose

30 | ethal to %t he popul ation) and the EDerr] (the dose
t herapeutical |y ef f 3stsete forthoinoTIGURE SopCTGF igene eXpression dgse ratio

bet wel;en toxi c INddeher oPsniDaysehiecdis imhikhes 4 da@%&i@ﬁ%d&ﬂd“i&li&sﬁn? it
Chche ot BlaEoabead esroned tthe 1161 U cbthsil] gl o0
obt ai ned #?om ©° nclﬁﬂ%s’éi%ﬂ%ecﬁﬁ‘brcé’“&%aﬁgraw Zormation of Eonean be
used in withnihathe chamberge dHowbyeageas cilats aetnforttarat HIGURESSge
of such nol eculaeduhisedap’ £7-As2Pb¥t WMdglantatidN F%heétle were some changes in
- 30 the morphology of areas of the connective tissue. These

areas then began to form bone by day 20-21 post~implantation,

20 demonstrating that this is a functional model for the study

of bone regeneration. '

The expression of CTGF mRNA in the chambers preceded
slightly and then coincided with the formation and growth of
the osteogenic areas within the chamber, demonstrating that

25 CTGF is expressed at sites of bone regeneration in mammals.

8.7 Human Osteoblast Formation By Administration Of
crar

Cell culture. Human osteoblasts were grown from
30 explants of human bone. Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10 § fetal calf
serum (FCS) at 37 C in an atmosphere of 10 % CO2 and 90 %
air. '
Western blot amalysis. CTGF content in conditioned
35 media was analyzed by SDS-PAGE on 12 % acrylamide gels
followed by transfer to nitrocellulose filters using
electroblotting. The blots were incubated for 1 hour in
Tris-buffered saline (100mM NaCl, S0mM Tris-HCl pH7.4) with 2
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circulating concentrations that include the ED50 with little or no
toxicity. The dosage may vary within this range dependi ng upon the
dosage form enpl oyed and the route of adm nistration utilized. The

"exact fornul agpQpesE®ute of 5 administration and dosage capch@sssugsen by
t he i ndivi dual physician in view of the patient's condition. See,

.e.g., Fingl et al., 1975, in "The Pharnmacol ogi cal Basis of

Ther apeuti cs' f P%Iﬁg may be
adj ust ed i ndi w%hff"?t %der% plrlc])‘w(gagsﬁggkng%qraggfb % Ive noiety
whi ch are exB‘Eﬁ‘ﬁ'Q:lt@n? génleehiicken aptirhaman (FFFofetdlinkedctnr of
m ni mal eff ecrnsaumncemaérsme(ﬁfﬁ)ash“éhefi\m tninlels xiar'yas-euilk, 5 each

compound but a0, SSlIPGRE [AQRAA 85%“% Qhosph the

concentrati on necessa% t'o a(}hl

act,l v to induce
bone grow h uSPRIpIIRed, affiaity P‘uﬁ%ﬁl pag! r@ﬁ”&éﬁﬁ%§%c@s§ap9
achi eve the N&flutidn, orgadepe!!’duﬁrka—@dppeﬂiueﬂ!esﬁlannster; ska s iand‘BBeute of

admi rii St at | O kMG Yo wiBhEadS SR F11869898NS Vedelictiree LisRE 10

determ ne pl as concentratl I ntervals can al,so be
det er m ned usT’i(ﬂl’,51 \P& fo 81°we‘t‘(ﬂ¥p&‘fﬁd¥a§h FB5aAnd) the ARk igepsy a
regi men whi chwere deteatted nsimesmﬂmehalabmmmmasﬁ) 90% of the

time, 10 PrahiBselite KGR 8gRd); %:% Qmigosﬁopr ef er ably between 50-90%
| fol | ad st rrat I ffect
n cases of |ocal adm rgaﬁgr | o se % i').)fastg Wéﬂrgt 8%%’0"%‘?:“ effective

| ocal concentration of
concent r at i ondonors after ‘P‘I%gamﬂd memwadonpolgqm snringi nrm%#wmtpl of

cour se, Pam6ea apuifn ituddrs hér Sjinc repthbgndrittat O8teoPbLdstEs subjeect 'S
cultured from the bone and identified using standard. Cells
15 were grown to confluence in complete media containing 10 %
fetal calf serum and made quiescent by changing the media to
serum free media overnight. Some cultures were treated with
TGF-8 and compared to non-treated cultures. The ostecbhlast
that were treated with TGF~g were stimulated to produce CTGF,
20 as detected with a specific anti~-CTGF antibody. As set forth
at FIGURE 5, the media was collected and analyzed for CIGF
production and secretion by immunopurification of the CTGF
with a CTGF specific antibody and detection and quantitation
by western blots using the same antibody. As observed with
25 fibroblasts, smooth muscle cells, and chondrocytes, TGF-8
induces CTGF production by the human osteoblasts. Control
non-treated cells did not synthesis detectable amounts of
CTGF.
As evidenced by this experiment, osteoblasts respond to
30 TGF-f similarly to other connective tissue cells with regard
to CTGF production.

8.8 Transgenic Rabbit Models
All mice studies were conducted in accordance with
35 the principles and procedures outlined in "Guidelines for
Care and Use of Experimental Animals". Generation of
transgenic models was carried out at the University of Miami
Transgenic Mouse Core Facility using standard techniques.
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Weight, the severity of the affliction, the manner of 30 adm nistration
and the judgnent of the prescribing physician. 7.4.4.
Packagi ng The conpositions may, if desired, be presented in
a pack or dispenser device which may contain one or nore unit 35

: dosage forns &8%19& ng the active ingredient. The pack nay, pcrmsesoéds
.exanpl e, conprirse netal or plastic foil, such as a blister pack. The

pack or dispenser device may be acconpanled by instructions for
adm nistratio

WO 96/ 38168 Be iQEEP°§ﬂ§'BQ§e to be injected (transgeg%ﬁ_ riged"
oiﬁgﬁg

1
conprising a B¥npestricdonndigentian ands the A fragpent is g?'b
phar maceut i cameltridsosthged| eediraphepests and puplifited usingn appropriate

cont ai ner, an Fﬁﬁ&ﬁb@ﬁq f or treat nent of an indicated condition
Sui tabl e condrtions i ndi cated on the | abel |ncI treat ﬁé
di sorder $ or Transgepdc picH were. generatpd & gﬁﬂ%“? ge wound

heal i ng, or tbNal ikio ichedegi tital. pronuclei of ~Ihd}3bdenecént%n|ﬂswttlized
Compounds Wi Ghol0lee. Higad et a1.., 1986PNRMHIGMAE:A) EmoudeCarti | age

f1cat fhe [ f th
CTGF gene andE@PE¥Pf |‘E,°<}Idl ?Priﬁlﬁ%ll%g#gpg#"?% L%Frtgt@g e%?ﬁmt? By '€

Harbor, NY. Those eggs that survive injection were

10 transferred to the oviducts of pseudopregnant mice (mated to
vasectomized males). One to three weeks after birth a tail
biopsy will be taken from the pups and genomic DNA analyzed
by southern blot to determine the presence of the transgene.
Mice that were positive for the presence of the transgene

15 were mated to control mice to establish transgenic mouse
lines. As a result of these experiments, two independent
lines of transgenic mice that express the S-galactosidase
under CTGF promoter control were produced. BPoth of these
lines exhibit similar patterns of expression.

20 '

8.9 Chondrogenic Assay
' CTGF, as well as TGF~j3 were tested in a

chondrogenic assay as described in Seydin, et al., 1983, J.
Cell Biology 97:1950~53. Briefly, primary cultures of

25 embryonic muscle were obtained from cellular outgrowth of
minced muscle tissue dissected from limbs of 19-~20 day old
Sprague-Dawley fetuses. For the chondrogenic assay, the
cells were trypsinized and embedded in agarose, and overlayed
with media containing no factors (FIGURE 7A), TGF-§ alone

30 (FIGURE 7B), TGF-f and cholera toxin (FIGURE 7C) or TGF-8,
cholera toxin and CTGF (Figure 7D). For each assay, media
were changed every 2 - 3 days and after 21 days of culture
stained with Toluidine blue as described in Horwitz and
Dorfman, 1970, J. Cell Biol. 45:434-438.

35 As set forth in FIGURES 7A-7D, marked chondrocyte growth
was observed where CTGF was added to media, indicating that
CTGF stimulates chondrocyte growth, and the production of
connective tissue matrix.
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element (T[err]RE) (5'-GIGICAACCCTC-3'; nucl eotides -157 and - 15 145),

provi des a source for a screening nethod for I denti fyi ng conpounds or
conposi tions which affect the expression of CTG-. Specifically, the
et hod by which conpositions which enhance the activity of CIG-, and

"t her eby used to enhance bone, tissue and cartila;Ei' ' | on 20
‘may be identrﬂ?éﬁgam /ﬁﬂﬂ@é@&

conprises: (1) incubating conponents such but
. hot limted to, oligonucleotides conprising the conposition and a
TG--[err] responsive el enent

of the CIGF pronpf er, wherein said
i ncubation is car W@dpﬁﬁ%&é‘?’“t&ncjcﬁdﬁti &RsPe uhmiked, dn; 5°8P?§Wt he
conponent s t dhenexeuplifidsi empodipedtswdsich ayet imtaxidest@sof the
conPﬁsi tion gniukerations Qsﬁorsgaahen%s%’ééﬁser@bw.a mgeﬂﬁi%mlt ah?rzg&m%ség ed
in the sG¢r.eening ass cribed herein_ing s nucl egtides .
Lo 474, al tnORE. RRF) ERRCUERGTIY eqtbyalian, Brp ARG (e pO0baSF g .
el enent %ay dinyentdonsefIndseed,t Naripus | npdificathons 3f the dnyentier in
_-12?,. dpr - %Fﬁm%aﬁ%o tﬁdhlé)'aﬁ?brﬁﬁé&y}ferein wtztmycnhasaﬂéi%@ﬁhﬂéﬁileiﬁq regi on
i ncl udi ng LT k& u Q receptor gene such _as luciferase
and are trans eeai?'g}%‘? in %ﬁaﬁﬁgl e c%ﬁ %P)FS?%%H ?@sgré‘gfa'_l'g?i%,
beari ng a cofcompanying dnevingsw nSuck modificahions mnehdnsanded Hto

TG-[err]. THRaa @itgin Gfe scdpelopUthe ppé@edaslafminm cals in libraries
thgtz mogpfy the 211, F8ELI il £2E WEH G Ul p8&) ¥ Whe' InEEhht 2552YS:

PCT/ US961/ 08 BRecification are hereby incorporated by reference in their .
entirety.

Biological De =]
The sequence of the CTGF of the invention was
15 deposited with Genebank, Los Alamos National Laboratory, Los
Alamos, New Mexico, 87545, USA, on July 26, 1990, and given
an accession no. M36965. The deposit of this CTFG sequence
is for exemplary purposes only, and should not be taken as an
admission by the Applicant that such deposit is necessary for
20 enablement of the claimed subject matter.

In respect of all designated States in which such
action is possible and to the extent that it is legally
permissible under the law of the désignated State, it is
requested that a sample of the deposited micro-organism be

25 made available only by the issue thereof to an independent
expert, in accordance with the relevant patent legislation,
e.g., EPC rule 28(4), United Kingdom Patent Rules 1982 rule
17(3), Australian Regulation 3.25(3) and generally similar
provisions mutatis mutandis for any other designated State.

30
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‘serum al bumin for 24 h t She \geg\nl{eaaegrs were added to the cel |

cul tures and total ceI | u m]mﬂl‘ facted after 24

. 33 -

"PCT/ US96/ 08210 hou n blgts g )SI s was perforned as
" descri bed ' rashi, et al . L 1993, . Cell 4: b

-To ensure thg{d%gh%al ent anounts—of—tet amg\m wey e : ad% to gzzi%:% | ane

on a gel, RNA was quantitated by Alerr] 5 rati os and equi val ent transfer
was assured %ﬁpl}ga&gﬁﬂ& ri bosomal 28S and | 8S RNA bands in each | ane
after stainin hi di um bromi de. As additional control, blots
were reprobed with an actin cDNA probe. Double stranded cDNA
fragments used fomn.pr ohephaaisentieht deotigdsiltabn] o iify m-ca. 10  random
prime |abeling kit (Boebringer Mannhei m I ndi anapolis, IN). The CTGF
probe was derived froma 1.1 kb human cDNA fragment which encorrpassed
t he open5readi ng RrancRorethpd Eprrinducing heper ifﬁ%maﬁ#fé‘ romprdsing fhshe was
?Gl 0 kbI :\lar adiinigtration to depatdientrinneed @ &bnﬂthhoFGth)pﬂéﬂ:?]g:DNA

. Be s u %l_% r I cago The
[err]l-type 1%%]? gﬁlﬁurnatl\ﬁgécizlgnﬁc’agent‘:rf%)"?'o%gce gr ?é;é% roma 1.5 kb ORF
f ragnment at the 3'end (ATCC No. 61323). The a5 integrin probe was
produced from a cBNA | Thertethod ofnchgim ehiereinosaidadupmsition CcDNA
cont ai niyiag thﬁﬁo&gg. g@ﬁ* I Qfg‘&lﬂw R 20 Associ an at the
Uni ver si Py of & f%grraﬁgfgggnectl n Hobir probe was a 0.9 kb
EcoRI/H ndl Il fragnent derived froma 2.2 kb cDNA cl one containing the
3" region of the dpen Thadiekhod of tlaim Hwherdéd btiye Fsectidsgrevti al so of
University ofeddw¥ ks TeF-8.

———d

15 5. The method of claim 2 wherein said composition is
further comprised of at least one collagen.

6. The method of claim 2 wherein the patient is
suffering from an affliction which affects bone formation.
20
7. The method of claim 6 wherein the affliction is
selected from the group consisting of osteoporosis,
osteoarthritis and oéteochondrytis.

25 8. A method for inducing tissue formation comprising
the administration to a patient in need a composition

conprising CTGF and a pharmaceutical acceptable carrier.

9. The method of claim 8 wherein said composition
30 further comprises a second growth factor.

10. The method of claim 8 wherein the second growth
factor is TGF-S.

35 11. The method of claim 8 wherein said composition is
further comprised of at least one collagen.
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The human actin probe, used as the control RNA probe, was 25 pur chased
from Oncor, Co. (Gaithersberg, 8.2 Locus O CIGF

TFranscri pts I n Newborn Mce BERN [rents were conducted to
det er mi ne whet her CTGF trangcri ptRERAAEEpresenf in the growth plate of
'l ong 30 bon wborn m ce acco ' S ; et al., 1

76: 1946- 1955. Wo Sizsild Method: In situ Hybrl di zati on. hemtsl ssue

. sanpl es were inmedi ately placed in 4.0% par af or nal dehyde for 1.5
CorrTmand placed 3t TERORR cGP-FRuEnn Riby tlbad Yekmbitods )" 10y,
In-situ hybri compriging ckhecpdmingaprafion to appatismntedn 8P at andar d

met hods. Bri efdgihposlition odnprising ePEEianana pnam&m'dbam abeepngafbl@r aded

al cohol s, tre th
WO 96/ 38168 aéﬂi% PCT/ U896/ 08210 20 -

[err]g/m Bproteinase Kin 50 nM Tris-HO ph 7.4, 5 nM EDTA, refixed in
4. 0% par af or nal dehnde arle diethed of €ldinM12 whetéietsaddocompositivh 1

acetic anhydr| entially graded
al cohol s. Bot h Sense a&a&%'sesant gggﬁlgée% péwo'bes wer e constructed

using a riboprobe kit (Promega, Madison, W) with T7 and Sp6
pronoters, r edgect Thelmethédcof pelain A3awhevelry thie sbeopd apmwrbhas 1 X
108 cpnl hgrr] GeaRMAy %i.g@?_ﬁ/yere hybri di zed overnight in 50% dei oni zed .
formam de, 10% dextran sul fate, 50 mM DTT, 0.3M

15. The method of claim 12 wherein said composition is
further comprised of at least one collagen.

15 16. A method for inducing wound healing comprising the
administration to a patient in need a composition comprising
CTGF and a pharmaceutical acceptable carrier.

17. The method of claim 16 wherein said composition
20 further comprises a second growth factor.

18. The method of claim 16 wherein the second growth
factor is TGF-8.

25 19. The method of claim 16 wherein said composition is
further comprised of at least one collagen.
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VD 96/ 38168 PCT/ US96/ 08210

regul ating the expression of the bacterial [err]-gal actosi dase gene.
Cells that express this gene can be readily identified by staining
using X-gal which forns a blue col ored precipitate at the sites of
‘enzymatic activity. Using this 5 nmet hodol ogy we stained enbryo's from
transgeni c mM @& dsB8168 | ocal i ze the expression of the CITG- pepmsssis2isct
.forth at FI GURE 4, Panel A, no cartilage or bone was forned,
indicating the CTGF is expressed prior to the formation of t he

-skel eton and could function as the induggp of cartilage 10 and bone.
These results further denonstrate that the expression of the transgene
corresponds with the expression detected by in situ hybridization
usi ng the CTGF probe. These studies al so denponstrate that the

gene ts . expressed a%(%gig%@.ﬂﬂ'é‘é%ﬂd} blethONGrdiO@nel N 15 _
precartil agi nous zones a cartil age

to formduring mammal i an devel opnent. These areas are referred to as
prechondr oG TOPAGAGHTTECECEAGCECTAATA CEACTCAQTATAGAEGET CGACTEEARCECTRITYE
the cells. The CTGF gene Is expressed in these sites but not in

adj acent t -8R CTEGAARCHTTRATFEFEACTRETCIGEERETFCCIATNTASAAGTRFTAFATATAT

B

CTGE is pres i&%&&%&&&egﬁ ' CAARACCERRA( aeRhhScitéihr
. true chondrogc;lﬁic phenotype, and is Te‘f:conm stent wmth CIG acting to
i nduce the Cg4 i dRBAAMATACGAAITCAGEETTTPACNEETRGES ! GSTTAAAA
I mportantly, these studies denonstrate that CTGF is expressed at sites

i n the enbry523 REANCIOACNOET ITECTACESCTTERAGACTTTEARGAGROBATAGSGT CTARAACGCA

endochondr al at hways, denopnstrating that 30 it can functio i |
for cartil agégﬂeﬂpé?%‘%@%mcss WF‘F@W%@E&E@W

i o form THES THEdETaeAa T e iR m i A e et

skul I =347 ACTTATTCGAAAAAGAAATAAGAAATAATTGCCAGTGTGTTTATAAATGATATGAATCAG
' AP~1

287 GAGTGCTGCGAAGAGGATAGGAAAAAAAAATTCTATTTGCTGCTGGAAATACTGCGCTTT

CTGTGAGCTCEAGTGTGCCAGCTTTTTCAGACGGAGGAA

-223 TITITIC
: NF-1 like .

=163 TGCTGAGTGTCAAGGGGTCAGGA wmrcmsgmsmik AGGCAGGAAGGTG
-103 AGGRATGCCGAGGAATGCTCCCTGCTITGTGTAGGACTCCATTCAGCTCATIGEGCEGAGCCGCG
' ’ CATbhox
~-43 GCCGCCCGGAGCGTATAAAAGCCT GCCCCGCCCCAAACTCACACAACAACTCTTC
8Pp-1 TATAboOX SP-1 +1
17 CCCGCTGAGAGGAGACAGCCAGTGCGACTCCACCCTCCAGCTCGACGGCAGCCGCCCCGG

77 CCGACAGCCCCGAGACGACAGCCCGGCGCETCCCGETCCCCACCTCCGACCACCGCCAGT
137 GCTCCAGGCCCCGCGCTGCCCGCTCGCCGCCACCGCGCCCTCCGCTCCGCCCGCAGTGET

197 AACCATGACCECCGCCAGTATGGECCCCETCCGCETCGCCTTCCTGETCCTCCTCGCCCT
' M T A A S M G P V R V A F V V L L A
257 CTECAGCEGEGETAAGCGCCGEEACCCCCCGCTECGECCGECGGCTGCCAGGGAGGGACTC
Ilc s R o.o-.o...colnmn 100.0000.-.0009.00..0.00000-000.
317 GGGGCCGGCCGGGEAGEGECGTECGCGCCGACCGAGCECCGCTGACCGCCCTGTCCTCCCT
377 GCAGCCGGCCGTCEGCCAGAACTGCAGCEEGCCETGCCGETECCCGEACGAGCCEETGECC
....P A VvV 6 Q N CcC s G P CROCUPDE?PA
437 GCGCTGCCCGGCEEECETGAGCCTCETECTGEACGECTGCGECTGCTEGCCECETCTGCGC
PR C P A G V S L VLDGTCGT COCURTYC
497 CAAGCAGCTGGGCEAGCTGTGCACCGAGCGCGACCCCTEGCGACCCGCACAAGGGCCTCTT
AX Qq L ¢ EL CTERDUZPCDU®PEIZ XKTGTL
557 CTGTGACTTCGGCTCCCCGECCAACCGCAAGATCGGCGTGTGCACCGGTARGACCCGCAG
FCc D F G S P A NURIEKTIGUVC T ...Intron 2..

FIGURE 1C.I



35 8.4 Loci O CTGF Receptors On Rat Chondrocytes

In order for cells to respond to peptide factors such as CIGF, they .
must expr.ess on their surface the cognate receptor for the specific
peptide factor. - 36 - WO
96/ 38168 .PCT/ EP96/ 08210

Equi |i bri um Aggpvéssfegli | 1 brium binding assays were per f ptmesosns210
.confluent nonolayers of NRK-49F rat fibroblasts and primary rat
articular chondroblasts to determ ne ighgp nunmber and affinity of CTGF

receptors on these cells. 5 Bi nding was perforned in the cold for 4 hours
Wi th varyingyy ccc&&'i&%_&tﬁ:ﬂ&b?&fi'c@&stédt@ﬁ@ﬁd&&ﬂ&@&é&&cdﬁéﬁ@&ﬂ%
(rhCTGF). 77 Nancepegchsachtadragoneecietxaictedcticedrdattiorreaadtn d
mol ar excesg3q9f TercaheredchArgentcaBSpTeTeEAPETCAGASTetClNATGCCTCATCUC G
set forth azof CORECAGCCATCECTTSESTT COTCTTCT CeAGCCARAGATCATHOMICNTCEaTaYECe
perfonmed usi ng NRK-.gel-l-3) -and-FIl-SJRE-8B-(wt th-» & K edpe@®@ tdo RuiCi bEi ufn
bi ndi ng ass8p3 SFEEH FTRRE AL CEGAGAE R SCASFAGCTGCAAGTACCAGTGCACET

Conpet i tion Assy, ral. cel |’ «;G ci & i e Pnsség'g]
of CTGF rec 3ﬂ't o%ﬁ%@%&?ﬁ&éﬁ&% ?gtt\@gg iﬁg?’fﬁ é%; s? s

! ! 31%%%
f'i brobl ast 597%&&%%@363@6& ¢tddcercreeeTarT
chondr ocyt es. ple | abeled py . r 1@digatgonp Wet hg[ eer] & apd ghey +
r adi ol abl ed o87GerREaGTCCAAGEATTRARICCEREEPT eekatrcasaryscdacToETwEACTE T C
receptors on thee D EvaPi GRS eld Typ¥s.V A& Petafarth in .Jahbl.e.l..below,
only the 1097 CICTAAGTCAGGGTCGTGATTCTCTCCCAGGEAGGGAGTCCTAACTGTGCCGACCGAACE
1157 GGGAAATACCTITATCAGGCGTTTTACATGGTGTTTGTGTGCTCTGCTCTCGCAGCTTACC
..........m&on 3 S0 ® 08 OO OSSO TESPEESO OSSO ADESS e SenaN S A Y
1217 GACTGGAAGACACGTTTGGCCCAGACCCAACTATGATTAGAGCCAACTGCCTGGTCCAGA
R L E D T F 6 P D P T ¥ I R A N CUL Vv @
1277 CCACAGAGTGGAGCGCCTGTTCCANGACCTCTGEEATGGGCATCTCCACCCGGGTTACCA
T T E W S A C S KT CGMGI S TU® RUYVYT
1337 ATGACAACGCCTCCTGCAGECTAGAGAAGCAGAGCCGCCTGTGCATGGTCAGGCCTTECG
N .D N A S CRULEIXA QSR RULGCMTYZ®RUZPC
1397 AAGCTGACCTGGAAGAGAACATTAAGGTACATGTTCTGCTCCTATTAACTATTITTCACA
E A D L E E H I K eioseosoossoIntran 4 cccecececcaens
1457 GGAAAAACAGTGGATAGGACCCAACTTAGGGCTCTTGCACGCTTGTTAGTATAAGCCCGT
1517 TATCTCCAAAACTATCTAACCATTGAGCTGTTTTGCTGGAATGAGAGCTTGTGTAATAGC
1577 AACCACCAGTTTTCCACTACGAAATCTTCCACAGGGTTAGTTAATTCAAGACATTCCAAG
1637 AGAGGCTCTGGCTATTTTTGGACATAGCAAATGAGACTCAAACTTCCTCCCCTCAAAATA
1697 TAAACAGAAGTCAGACAACAGAAGACTAAAACACAGAGGGTTGAAGAAAGCCACTCCTCT
1757 TGTAGAGTCGCIGATTTTI T T T TTTCCTCTCTCTTTTCCCTTGTCTTCCTTAGAAGGGCA
- S S ® ® G G OO A DA S E NS SO SE TSSO EOPe R EE T el e . ® S e v oS K G
1817 AAAAGTGCATCCGTACTCCCAAAATCTCCAAGCCTATCAAGTTTGAGCTTTCTGECTGCA
K K ¢ I R T P K I S K P I X F E L S G C
1877 CCAGCATGAAGACATACCGAGCTAAATTCTGTGGAGTATGTACCGACGGCCGATECTGCA
T S M KT ¥ R A K F CGGVCcTDGTRTCC
1937 CCCCCCACAGAACCACCACCCTGCCGETGGAGTTCAAGTGCCCTGACGGCGAGGTCATGA
T P H R T TTULUP V ETF XK C?P?P DG E Vv u
1997 AGAAGAACATGATGTTCATCAAGACCTGTGCCTGCCATTACAACTGTCCCGCAGACAATG
K K N MM F I K T CACHUYNTGCZPG DN
2057 ACATCTTTICAATCGCTGTACTACAGGAAGATCTACGGAGACATGGCATGAAGCCAGAGAG
D I F E S L ¥ ¥ RIEKMUYGD MDA *
2117 TGAGAGACATTAACTCATTAGACTGGAACTTGAACTGATTCACATCTCATTTTTCCGTAA
2177 AAATGATTTCAGTAGCACAAGTTATTTAAATCTGTTTTTCTAACTGGGGGAARAGATTCC
2237 CACCCAATTCAAAACATTGTGCCATGTCARACAAATAGTCTATCTTCCCCAGACACTGGT
2297 TTGAAGAATGTTAAGACTTGACAGTGGAACTACATTAGTACACAGCACCAGAATGTATAT
2357 TAAGGTCTGGCTTTAGGAGCAGTGGGAGGGTACCGGCCCGGTTAGTATCATCAGATCGAC
2417 TCTTATACGAGTAATATGCCTGCTATTTGAAGTGTAATTGAGAAGGAAAATTITAGCGTG
2477 CTCACTGACCTGCCTGTAGCCCCAGTGACAGCTAGGATGTGCATTCTCCAGCCATCAAGA
2537 GACTGAGTCAAGTTGTTCCTTAAGTCAGAACAGCAGACTCAGCTCTGACATTCTGATICG
2597 AATGACACTGTTCAGGAATCGGAATCCTGTCGATTAGACTGGACAGCTTGTGGCAAGTIGA
2657 ATTTGCCTGTAACAAGCCAGATTTTITTAAAATTTATATTGTAAATATTGTGTGTGTGTGT
2717 GTGTGTGTATATATATATATATATGTACAGTTATCTAAGTTAATTTAAAGTTGTTITGTIGC
2777 CTTTTTATTTTTGT T TTTAATGCTTTGATATTTCAATGTTAGCCTCAATTTCTGAACACT
2837 ATAGGTAGAATGTAAAGCTTGTCTGATCGTTCAAAGCATGAAATGGATACTTATATGGAA

lant] f'\ac '(\ 2



20 NRK fibroblasts and rat articular chondrocytes expressed high

affinity receptors for CIGF. Muse fibroblasts had fewif: any high

affinity receptors and no binding was detected in . the m nk | ung

epithelial-cells. 25 TABLE 1

‘Bl NDI NG CHARACTERI STI C FOR r hCTGF ON VARI QUS CELLS

Hi gh Affinity ens1ehOW Affinity 30 Cell Type KD peiMuses/08210

.Sites/cell EB(’ m Sites/cell NRK 13- 23

2200- 3500 1.1- 126, 000- 195, 000 Chondr ocyt es 21

3500-4800 1.0 - 150, 000 35 4l\ﬁ-|3T 5-10 480

1.8 102, 000 M_EC none detected none

detected 40 These data i ndi cate that chondrocytes express both

CTGF 2%'6 i CRCAGATAGH Mﬁwmmmmm

respondl ng:2 ey T AGCTCACGTTTAATGAACAAAT
017 GGU ATADRDAMCTEAGT AGCTGATCAGTTITTCACCTGAAGCATTTG

PCT/ US96/ (3877 TTTCTACT TTGATATGACTGT T T T T CCACAGT T TATTIGTTGAGAGTGTGACCARAAGTT

/

CTAGTTGAAAATAAAGTGTATATTTTIT
3157 TATTCATTTATCCTICTAAACAT T TCIGAGT I T Y CTTGAGCATAAATAGGAAGTTCTTAT
3257 TAATCATAAGATAATTCACCARTAATT T TCTAAATATCTTTAATTATTCTATACATTAAT
3317 AAATTGATTAT TCCATAGAATT T I TATGTAAACATACTTCACACTGAATCAAGTATCACA
3377 GACTTIGCAGGCATA

o ,rwor 1IN 2



8. 5 CTGF Activity In Inducing Pluripotent Muse Enbryoni c
StemCell Lines To Differentiate Into Chondr ocytes And

Cst eobl asts. 5 The ability of CTG- to induce the chondrocytic
and osteocytic phenotype in undifferentiated stemcells in cel

‘culture was evaluated. Specifically, the cell line C3H OTl/?2 was used
t-o eval uate Iogical activity. These cells are k@ﬂﬁ@& and
el | establlgﬂigmﬁlne for these types of 10 i nvesti gati ons. fo
C3H10TIl /2 can be nalntalned in an Fz jfferentiated state in culture,
and then inducedyt differentiate skel etal nuscle cells,

Formed ! ﬁ%'ar%}/ e?ibﬁ‘*aﬁxbii&ﬁ@ 8RR of Pt REBHISN B, 1%

treated overni ght whumersefnewhormmouseht ol | oned by t r eat ment
with €TG- differentiated i.nto osteoblasts and osteoi d bodies. The
differentiation of these cultures into nmuscl e and adi pocytes was

bl ocked by the presence of CTG-. More specifically, the cells

were treated overni ght g 29 suauararesad | -.aJ‘-Qned~h¥ a.10- 14 day
i ncubation to a||Ole0rg!éL§r% ot ey, g .The effects of 5
azacyt odi ne and o T ¥ T t %%ircell were then

conpared. Control cultur f .ﬂlther agent
remai ned as undif f erent] ﬁ& ' YN 07 o forth as

FI GURE 4, cultures treals® ‘ by e :'mﬁhﬂlrentlated into
prlnarlly skel etal nuscryss S A J SRR eV s, No
chondrocytes coul d be fll N X¥ent of the
cultures (50 ng/nl) forpW 5‘£ﬁ Juslglidn of
cartil agi nous nodul es. S jpsgcier any ot her
condi tions. Treata, rec- or TG--[err]
did not induce theg® unrquel y

capabl e of i nducing car*‘ psenchymal stem
cells. 35 Tr eat it 1 ne

(overnight) followed by ag had a
significant effect on thggc !nyotubes wher e

present denonstrating that

'-pm
differentiating into skelet



- 38 - WO 96/ 38168

PCT/ US96/ 08210 Second, while sone cartil agi nous nodul es were present
nost of t he nodul es appeared to be osteoid (bone). Thus, CTGF can
‘Fnduce the formati on of both chondrocytes and osteobl asts from

undi fferenti ated nmesenchymal cells. These results 5 denonstrate that this
fract or coul dywiioesgd t0 stinmulate the differentiati on etrwssdostwge and
.bone where desired. 8.6 CTGF ne Expression At Site O Bone
Regener ati on ' After Injur n Adult Rabbits. 10

An experi nent al del was devel oped to exam ne the expressi on of

various redligureds afgalactosidpseespressionsin transgenicmicepossesing ithe n

this nodel, mesh nyl @TGH dpﬁdm@te@n&-galactdmr et fusiohigen@fl the
pelvis of male New Zealand 15 white rabbits (10 kg) which had been

anest heti zed by_et her, Al 1l di ter hole was bored in the ilium
of the pelvis Panﬁéﬂykdsmonﬁ%aﬁimqwmr press fit into the
hol e. ., The chanber was anchored in place using flaps of the adj acent
nuscul ature and |igamengs -chamhgrs ware 20 i mpl anted i nm each of
twenty ani mal s. . ' gf € . rifiged.on Days 9, 14, 21, 24,

28, 31, 35, 42 .and . SRR ¢ haber s. The

e | chanbers

Panel B. Hind foot of newborn.




25 were then cut open and tissue contained within the chanbers was

col | ect ed. Total RNA was extracted fromthe tissue obtained from
6- 18 chanbers (pooled from 1-3 ani mals) by Guani di ne-

i‘sot hi ocynate extraction (Chontaynski and Sacchi, 1987, Anal. 30 Bi ochem
162: 156-159) and Csd centrifugation (Chirgw n, et al ., 1979,

Bi ochem stry g °0299) . The amount of RNA recover egcraRogeszio om
.100-300[err] g during the different days ?{?e coll ection. Total RNA was
el ectrophoresed on an agar ose/forrrg hyde gel and transferred to

nitrocel | ul gse. 35 Faui val e unts of, were tr | udged
from skagurad-of tiof; | omighe, @%ﬂﬂ“@&@? égﬁi@3ﬁ Fjﬁbs'
nitrocellulose filter. The CTG- probe was a 900 base pair f ragnent
whi ch represented *%}E‘Wf W AR EAF RS TR T B A
Hybri di zati ons wer ixgefdol? 3

- 39 -

PCT/ US96/ 08210 a
Random Pri nmer i )
| ndi anapolis, IN) . & r
24-72 hours by usi ’

| ood



10 i ndi stingui shable fromthat which forns in soft tissue i npl ant s.

As set forth in FIGQURE 5, CITGF gene expression is evi dent from Days
14-42. This is 4 days prior to the first hi st ol ogi cal appearance of
bone within the chanbers and 15 coincides with the time course for the
formation of bone wi thin the chanbers. However, as also set forth at:
FI GURE 5, %@#ﬁd day 17-18 post-inplantation there wer @cTauspssEmnges
Lin t-he m)rp ogy of areas of the nective ti ssue These ar eas
t hen began to form bone by day 20-21 po |rrpl antation, denonstrating
that this |

The expressiBiE %@%@ ﬁ?@%&ggﬁﬁnwﬁéfgﬁﬁﬁwﬁen
coi ncided with the f oofd mrimg bone xepaiXs: cogenic areas within
t he chanber, denonstrating that 25 CTGF is expressed at sites of bone
regeneration in manmmal s. * 8.7 Human Osteobl ast Formation By
Adm ni stration of CTGF Cell culture. Human
osteobl asts were grown from 30 expl ants of human bone. Cells were
cultured in Dul becco's AY KEPTER SURGERY) containing 10 %
fetal calf serum ( FCS) at 7 Cin an at rmsphere of 10 % C02 and 90 %
air. Western bl ot analysis nt5 in conditioned 35
nmedi a was anal yzed by SDS- PAGE j 1523%%9ﬁ%1rﬁhe§§ g fol |l oned by
transfer to nitrocellul ose filt@rs usi ng el ectroblotting. The blots
were incubated for 1 hour in Tris-buffered saline (100mM NaCl, 50nM

Tris-HO pH7.4) with 2 - 40 -

L] L]

CTGFMRNA— oo w @ o™

Figure 6. Induction of CTGF by TGF-B in human osteoblasts.

TGF-R Treatment
(Hrs)




V0 96/ 38161 PCT/ US96/ 08210 %

nonfat powdered mlk (TBS-mlk), prior to overnight exposure to 2 g/ n
chi cken anti-human CTG- IgY diluted in TBS-m |l k. Filters were washed
five times in TBS-mlk, 5 m nutes each, and incubated with

‘al kal i ne- phosphat ase- 5 conjugated affinity purified rabbit anti-chicken
l.gY (1:1, 000woegssfbg! Uti on, organon Tekni ka- Cappel , West Chegrasss/dszto) i n
. TBS- mlk for 90 m nutes. The filters were washed three tines

with TBS-mlk followed by two washes in TBS, and the antigens wer e
detected using a comrercial al kaline pﬁéﬁbhatase 10 substrate kit (Sigmg,
St. Louis, M. Results. Human osteobl asts were obtai ned
from donors after surgical renoval of bone during procedures to

renmove bone tunors or joint replacenment. Osteoblasts were cul tured
fromthe bone and identified using standard. Cells 15 were grown to
confluence in conplete nedia containing 10 % fetal calf serum and made
qui escent by changing the nedia to serum free media overni ght. Sone
cultures were treated with TG--[err] and conpared to non-treated

cul tures. The osteobl ast that were treated with TG-[err] were
stinulated to produce CTGF, 20 as detected with a specific anti-CTG-

anti body. As set forth at FIGURE 5, the nedia was coll ected and

anal yzed for CTGF production and secretion by inmunopurification of
the CTGF with a CTGF specific antibody and detection and quantitation
by western blots using the sane anti body. As observed wth 25

fibroblasts, snmoth nmuscle cells, and chondrocytes, TG--[err]

CTGF production | S '

di d not synthesi
by this experinme
ot her connective
8.8 Trasgeni c Ra

i nduces
pon-treated cells
As evi denced
glarly to

on.




Al mice studies were conducted in accordance with 35 the principles and
procedures outlined in "Quidelines for Care and Use of Experinental
Ani mal s". Generation of transgeni c nodels was carried out at the
University of Mam Transgeni ¢ Mouse Core Facility using standard
techni ques. - 41 - WO

96/ 38168 WO 96/38168 PCT/ US96/ 08 p¢t@us96/08210
.Briefly, the gene to be injected (transgene) was linearized by
restriction digestion and the DNA fragngyyzi sol ated by |ow mel t
agarose gel electrophoresis and purified using GENECLEAN. 5
Transgenic mce were generated by injecting |inearized DNA into one of
the pronuclei of [err]100-300 recently fertilized nouse ova. Hogan, et
al .., 1986, Manipulating the Muse Enbryo, Cold Spring Harbor
Laboratory Press, Cold Spring Har bor, NY. Those eggs that survive

I njection were 10 transferred to the oviducts of pseudopregnant m ce
(mated to vasectom zed males). One to three weeks after birth a tai
blopsy will be taken fromthe pups and genom c DNA anal yzed by
southern blot to determne the presence of the transgene. Ni ce that
were positive for the presence of the transgene 15 were mated.to control
mce to establish transgeni c nouse lines. As a result of these
experinents, two independent |l i nes of transgenic mce that express
the [err]-gal act osi dase under CTGF pronoter control were produced.
Bot h of these lines exhibit simlar patterns of expression. 20




8.9 Chondrogeni c Assay CTGF, as well as TG-[err] were
tested in a chondr ogeni ¢ assay as described in Seydin, et al., 1983,
J: Cell Biology 97:1950-53. Briefly, primary cultures of 25

enbryoni ¢ nuscl e were obtained fromcellular outgrowh of m nced
muscl e tissue dissected fromlinbs of 19-20 day old Spr ague- Daw ey
fetuses. For ywh9gsghedr ogeni c assay, the cell s were tryasgsokgede and
-enbedded i n agarose, and overl ayed wi th nmedia containing no factors
(FIGURE 7A), TG-[err] alone 30 (FIGU@% /B), TGF-[err] and cholera toxin
(FIGURE 7C) or TG-J[err], chol era 6lan and CTGF (Figure 7D). For
each assay, nedia ~were changed every 2 - 3 days and after 21 days of
culture ibed in Horwitz and
Dor f man, 197(ks As set forth in FI GURES
7A- 7D, mar kedm gd where CTGF was added to
medi a, 1 ndi cys gcyte growt h, and the
produgti on ofjgs

- 42 -
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acconpanyi ng drawi ngs. Such nodifications are intended to fall within
the scope of the appended clains. 10 Al references cited within the
body of the instant speci fication are hereby incorporated by reference
i'n their entirety. Bi ol ogi cal Deposits The
'sequence of the CTG- of the invention was 15 deposited with Genebank, Los
Al anps Nat i oggjoghgfegr atory, Los Al anpbs, New Mexi co, 87pé&musédesaioon
LJuly 26, 1990, and given an accessi on no. M36965. The deposit of this
CTFG sequence is for exenplary pygmeses only, and shoul d not be taken
as an adm ssion by the Applicant that such deposit is necessary for 20
enabl ement of the clai med subjecy= t In respect of al
designated States in which such i retugﬁoﬁlAs possi bl e and to the extent
that it is legally perm ssi bl e under the | aw of the designated State,
it ise request ed t hatSestchoetPlbeol(E TG Bladlop tosNRE el cr 0- or gani sm be 25
made avail able only by the issue thereof to an i ndependent expert, in
accordance with #RgTerevant parent regrsrarton, €.0., EPCTule
28(4), United Kingdom Patent Rules 1982 rule 17(3), Australijan
Regul ation 3.25(3) jlnd generally sim|lar provi sions nutatis jnutandi s
for any other Fesi ghated State. 30
- 43 - 0.2
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44 \WHAT I.S CLAI IVED . L. A pharnaceutical conposition conprisidgeglG-.
2. Use of a conposition conprising CTGF and a pharmaceutical acceptabl e
fcarrier n the preparation of a medicament for inducing bone fornatqub(gl -1

3. The use of claim2 wherein said conposition further conpeags

4

»second growt h factor. 4. The use of claim3 wherein the f
factor is TG PC '?[‘ 5. wokep mrsa sorbaciRaiERTYDROOEARDN Sai d
of at

. furthert Conprised | east one col Buseaug The use of I| m 2
wherein 1 r@mmquu&gmwgwu&mm|mnmmwmmm

for mat i| @) niternafional PatedtfCasiifestiod : Cl ai m b wh iﬁh&mﬁtﬁ&ﬂﬁ;ﬁ&d&k&ﬁ@r I's 5%9@38168

fromtHhe g ﬁ%mn%{_@ id%ﬁlﬁci 496t eopof ggils, osteoarthritis and
ost eocho 4y¢;5914n3 4 ?’ a corpos mmﬂpmbmmgnﬁf_arsmw%(os 12.96)
phar mdeutTTtat—acceptrante TarTTer T t1 reparatt o of —a nedfrcanment for

I NAUCY r]@@1X Intergational AppHication dimmber: PCT/US96/6210 | (81) Designated States: AL, AM, AU, AZ, BB, BG, BR, BY, CA,
CN, CZ, EE, FI, GE, HU, IS, JP, KG, KP, KR, KZ, LK, LR,

grovvth
si tion i s

d(ﬂ)hﬁemﬁonalﬁingnm 31 May 1996 (31.05.96) LS, 2R LV, MD, MG, MK, MN, MX; NO, NZ, PL, RO,
& v RU SL SK, TI, T™, TR, TT, UA, UZ, VN, ARIPO
paten LS, MW, SD, S§Z, UG), Eurasian patent (AM,
(30) Priority Data: AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,

DK, ES, :

459,717 2 Yune 1995 (02.06.95) v/ Us BE, CH, DE,

(71)(72) Applicant and Inventor: GROTENDORST, Gary, R.
[US/US]; 8735 Southwest 122nd Street, mmy FL 33176
(Us). :

(74) Agents: HALLUIN, Albert, P. et al.; Pennie & Edmonds, 1155
Avenue of the Americas, New York, NY 10036 (US).

With international search report.

(54) Titlee METHODS AND USES OF CONNECTIVE TISSUE GROWTH FACTOR AS AN INDUCTION AGENT
(57) Abstract
The present invention relates to novel methods and compositions related to the administration of connective tissue growth factor,

alone or in combination with other growth factors, compositions or compounds, to indnce the formation of connective tissue, including
bone, cartilage, and the skin.
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., The use of cl'aim8 wherein said conposition further c prlses a
second gromﬂh factor. 10. The use of claim8 wherein th 5 QoG g’ 9B
factor is TG--[err]. 11. The use of claim8 wherein sai ‘onp05|t|on S
further conprised of at least one coI agen. 45 12 Hse—of—=
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% har maceut| ¢al _accepfable carrier
and PDGF. Anti-PDGF antibody has high affinity to the non-

reduced forms of the PDGF isomers and the CTIGF molecule and
ten-fold less affinity to the reduced forms of these
peptides, which lack biological activity.

. A second protein, identified as "connective tissue
growth factor-2" or "CTIGr-2," has been reported also. See,
PCT Applicetion No. PCT/US94/07736 (International Publication
No. WO 96/01896). According to thée PCT Application, CTGF-2
may also be used to enhance the repair of connective and
support tissue. Although identified as a connective tissue
growth factor, CTGF-2 is not closely related to the CIGF of
the present invention. Specifically, the CTGF family is

- comprised of three distinct groups of proteins: CTGF/Fispl2,
cyr6l and nov. The protein of the claimed invention falls
within the first group of proteins, as compareéed to CTGF-Z{
which falls with the cyr61 group. PCT Application No.
PCT/US94/07736 at 3. '

Notwithstanding the identification of various PDGF

related growth factors, including CTGF, prior to the present
invention, such factors have not been proven to be an .
effective induction agent for the production of matrices,
including the induction of bone and/or cartilage tissue.

4. SUMMARY OF THE INVENTION

The subject invention provides novel .
compositions for the treatment of diseases, disorders or
ailments wherein matrix and/or connective tissue production,
including the production of bone and/or cartilage, is

desired. The sub_]ect invention is 11kew1se “directed to novel compositions for the
treatment of diseases, disorders or ailments wherein the
promotion of wound healing is desired.

More specifically, the compositions of the present
invention comprise CTGF and/or fragments and/or derivatives



17:° The use of claim 16.wherein said conposition furthtRERAGEMENT SHEET|
second growth factor. 18. The use of claim 16 wherei p fhe second grogf:ﬂh

factor is TG--[err]. 19. The use of claim 16 whereinjsgi & ¢eRO®WIBI o :
is further conprised of at |east one coll agen. WO 967/ 38168 § &
PCT/ US96/ 08210 12. A method % or inducing car{i kege~formation
conprising the admnistration to a patient in need a conposition
conpri sing CTGF and a pharnaceutical acceptable carrter. 5

13. The netipebfqherimifter dallentiosl§i "CTGI"), demeesin tétibination Withlolledr &OWIH | Ses
a second growth factor. 14. The method of claim 13 wherein the

second gr ofickers0 Ther Gd{G8T used mcthe [subjeption compositions may, be witherreblabgddy cl ai m
12 wher ei nis%?dt%ncﬂwo&'tﬁxjap Qodrt?es, synthé’tﬂ:r }nlaﬁﬁfag ) ro'rsp?t(ijdli%ftioﬁ‘tbyJ ree%glrnbﬁlgﬁt

col | agen.
genetic engineering techniques.

In one aspect of the invention, there is provided a pharmaceutical composition
cdmprising CTGF.

In a second aspect of the invention, there is provided use of a composition
comprising CTGF and a pharmaceutical acceptable carrier in the preparation of a
medicament for inducing bone formation.

In a third aspect of the invention, there is provided use of a composition
comprising CTGF and a pharmaceutical acceptable carrier in the preparation of a
medicament for inducing tissue formation.

In a fourth aspect of the invention, there is provided use of a composition
comprisihg CTGF and a pharmaceutical acceptable carrier in the preparation of a
medicament for inducing cartilage formation. '

As described below, the composition comprising CTGF is administered directly
onto or into the site in which bone or cartilage induction is desired so as to induce the
formation of such bone or cartilage. In another embodiment, the composition is
formulated for targeted delivery or alternatively, are designed for the release of the novel
compositions in the relevant site (e.g., the woﬁnd in which cartilage formation is
desired). In each case, the CTGF containing composition is appropriately formulated

for administration to a patient in need.

5. DEFINITIONS

As used in this Specification, the term "CTGF" shall mean: (1) a protein encoded
by the amino acid sequence set forth at Figure 1C, (2) a protein having CTGF activity
wherein Such protein is encoded by the amino acid sequence of Figure 1C wherein one
or more amino acids have been added, deleted, mutated, substituted or otherwise altered
("derivative") and the nucleotide sequence encoding said protein can hybridize to the

nucleic acid sequence of Figure
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16. A net’hod for inducing wound healing conprising.the.

administration to a patient in need a conposition corrpriREP l
a pharmaceuti cal acceptable carrier. 17. The m L6
wherein said conposition 20 further conprises a secon gééy ;
18. The method of claim 16 wherein the 4%¢cond growh i e t'BIEG '
TGF-[err]. 25 19. The nethod of claim 16 wherei nii_s_ai_d_goﬂn_os_i_um
S further conprised of at |east one coll agen. : - 45

WHAT IS CLAIMED:
1. A pharmaceutical composition comprising CTGF.

2. Use of a composition comprising CTGF and a pharmacéutical acceptable carrier

in the preparation of a medicament for inducing bone formation.

3. The use of claim 2 wherein said composition further comprises a second growth

factor.

4, The use of claim 3 wherein the second growth factor is TGF-§.

5. The use of claim 2 wherein said composition is further comprised of at least one
collagen.
6. The use of claim 2 wherein the patient is suffering from an affliction which

affects bone formation.

7. The use of claim 6 wherein the affliction is selected from the group consisting

of osteoporosis, osteoarthritis and osteochondrytis.

8. Use of a composition comprising CTGF and a pharmaceutical acceptable carrier

in the preparation of a medicament for inducing tissue formation.

9. - The use of claim 8 wherein said composition further comprises a second growth

factor.
10.  The use of claim 8 wherein the second growth factor is TGF-B.

11.  The use of claim 8 wherein said composition is further comprised of at least one

collagen.
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12.  Use of a composition comprising CTGF and a pharmaceutical acceptable carrier

in the preparation of a medicament for inducing cartilage formation.

13.  The use of claim 12 wherein said composition further comprises a second growth

factor.
14,  The use of claim 13 wherein the second growth factor is TGF-p.

15.  The use of claim 12 wherein said composition is further comprised of at least

one collagen.

16. A use for inducing wound healing comprising the administration to a patient in

need a composition comprising CTGF and a pharmaceutical acceptable carrier.

17.  The use of claim 16 wherein said composition further comprises a second growth

factor.
18.  The use of claim 16 wherein the second growth factor is TGF-.

19.  The use of claim 16 wherein said composition is further comprised of at least

one collagen.
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