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RDG- is a cationic, heat-stable protein found i-n the al pha-granul es of
ci‘rcul ating platelets and is known to be a mtogen and a

chenot acti c agent for connective tissue 20 cells such as fibroblasts
and snoot h nuscle cells. Because of the activities of this _

nmol ecul e, PDGF is believed to be a major factor involved in the normal

heal i ng of Wwo96i38172 wounds and pat hol ogi cal |y contri buti ng rorusssés140

di seases as at heroscl erosi s and fi-brotic diseases. PDGF is a
dineric nol ecul e consisting of an A chain and a B chain. The
chai ns. form heterodi ners or honodi ners and all conbinations isolated 25
to date are biologically active. WO 96/ 38172 .

PCT/ US96/ 08140 2.
Studies on the role of variou eneration and
repair have a - led tc?%@gg gﬁéggégwgitsgr oteins. These
protelns share bot h'i mmunol ogi cal- = - and bi-ol ogi cal activities

o o ot s o i, 94 T e
devel opnent Wapﬂ'faﬁﬁ%ﬁ% By ﬁgﬁ@/ 1%8 ?é‘ﬂ’ﬁﬂﬁ'ﬂe'f u?"%@'é% &'f

agents deri ved frmnﬂqese L : nol ecul es may be useful in augnmenting
normal or inpaired growth processes .involving connective
tissues in certain clinical states, e.g., wound healing. Wen

these growth factors are involved pathologically in diseases, therapeutic
10 fevel op PAGKSROUNDIORTHE INVENTION may be used to control or

anel i orate uncontrolled . tissue growth. . The

for rratlon of new ssue requires the coor di nat e regul ati on
of : ﬂﬂ&%?ﬁ@&“ﬂﬁ'@&oduce bot h'regul atory and structural
nol ecul es whi ch participate in the process of cell growth and .

tissue organi zati Qe i, e"i‘\ﬂ&fx 9%2@ ﬂé&ﬁ%%ﬂéﬁtﬁe& of %ljo%ﬁ{ %c&ot?gtaﬁd Gh&EmcaRf {d )

appears to be a centra reg 0
TGE-[err] is rel e&?B%P"B‘F 'BP%\{eéF ) Fapigr K%W@g%@‘ﬂmflwgﬂq erneding thisfarterand o

present n . . -methodsofuse_forCTGF
10 .. . RELATED ART

- Growth factors are a class of secreted polypeptides that stimulate target cells to
proliferate, differentiate and organize in developing tissues. The action of growth
. factors is dependent on their binding to specific receptors which stimulates a
- signalling event within the cell.. Examples of some weli-studied growth factors
15 include platelet-derived grthh factor (PDGF), -insulin-like growth factor (IGF-I),
transforming growth factor beta (TGF-B), transforming growth factor alpha (TGF-c),

epidermal g'ro_wth factor (EGF),-and fibroblast growth factor (FGF).

PDGF:is a cationic, heat-stable protein found in the alpha-granules of circulating

- - platelets and is known to be a mitogen and a chemotactic agent for connective tissue

20 ' cells such asfibroblasts and smooth muscle cells. Because of the activities of this

' - . molecule, PDGF is believed to be a major factor involved in the-normal healing of

. wounds and pathologically contributing to such diseases as atherosclerosis and

fibrotic diseases. PDGF is a dimeric molecule consisting of an A chain and a B

v - ‘chain. The chains form heterodimers or homodimers and all comblnatlons isolated
.25 to date ‘are biclogically active. o



the initial phases of the repair process. TG--[err] can act as a growh
stinulatory factor for mesenchymal cells and as a growh -
i nhi bitory factor for endothelial and epithelial cells. The
grow h stinulatory action of TG-[err] appears to be nediated via an B,
I ndirect 20 -~ mechani sminvol ving autocrine growmh factors such as T
PDG- BB or RPpgEh. r connective tissue growh EQﬁhﬂ&mﬁgﬁcF)'
Several nenbers of the TGF-[err] superfam |y possess activifiés suggesting
possi bl e applications for the treatnment of cell proliferative

di sorders, such as cancer. In partlcular TG--[err] has been
shown to be potent growth inhibitor for a variety of cell 25 types
(Massague, Cell 49:437, 1987), M S has been shown to inhibit the growth of
human endonetri al carcinoma tunors in.nude mce (Donahoe, et al., Ann.

Surg. Studianpnthe role ofverious,grewthiactorsiin tissugJeganeration ansh repair BaNspr es s

t he "devel oprment I&ftothedlscovelaofPDGFIhkép@m msbfﬁotemséhhreaskhixﬂmm fegstis -
(Mat zuk, et al.
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repair. TGF-[errADGfas been shown to have nmarked effects on the formation of

col I agens These néW %r&ﬁtlﬁé‘&ongmﬁf piba Qﬁniﬂ&mt ?&6 rp, ﬁerﬁﬁﬁﬁrﬁé@dbﬁhédﬁe
newbor n nmouse (

Rob
e e SRR, 1L ot oh DU tPUR o THErpRiS, ot deved T et o
new bone growt h redleculgsemay fhec usefid lhcaugmhatmgr!mmabnt lmﬁalrbdmmaxomaahs

3. g&ﬁ;e t 959,
1981; Ferguson, m{b’i\)gfi"coﬁh Qiss&?sfiﬁ%ﬁalﬁgi Srg% Res. |ﬁ162§’v7ﬁle£65

I'a
1988; Johnson, d&bes§| 9"”‘6‘ F?"@'? hBi5e dnvolser a'?‘"‘t “"V 'n ‘diseases, Ywrspe
1988). 10 develophhants frorh dhese prajéingmeyibeusied ¢ Mmmrdmdhefagmnmtrehdodi ng
themis i rrportaq{ssdé’brg‘pﬁ, 5 devel opnent of diagnostics and
t herapeutics for various connective tissue-rel ated ~ disorders.
The present invention provides such an invention." -
B The formation of new and regeneratmg tissue requires the coordinate regulation of

~ various genes that produce both regulatory and structural molecules which

parficipate in the process of cell growth and tissue organization. Transforming growth

. 15 factor beta (TGF-B) appears to be a central regutatory. component of this process.

. TGF-B is released by platelets, macrophages and neutrophils which are present n

the initial phases of the repair process. TGF-8 can act as a growth stimulatory factor

for mesenchymal cells and as a growth inhibitory factor for endothelial and epithelial

- cells. The growth stimulatory action of TGF-B appears to be mediated via an indirect

200 mechanism involving autocrine growth factors such as PDGF BB or PDGF AA or
) connective tissue grth.factor'(CTGlf).

Several members of the TGF-B superfamlly possess acﬁvmes suggesting possible
' applications for the treatment of cell prolnferatlve dusorders such as cancer. in
particular, TGF-B has been shown to be potent growth inhibitor for a variety of cell
25 types (Massague, Cell 49:437, .1387),'MIS has been shown to inhibit the growth of
human endometrial carcinoma’ tumors in nude mice (Donahoe, et al., Ann. Surg.
194:472, 1981), and inhibin a has been shown to suppress the development of

tumors both in the ovary and in the testis (Matzuk, et al, Nature. 360:313, 1992). ',

“Many of the members of the TGF-B family are also important mediators of tissue V'
30 repair. TGF-B has been shown to have marked effects.on the formation of collagen )
and causes of striking angiogenic response in the newborn mouse (Roberts, et al,,
Proc. Nall. Acad. Sci., USA 83:4167, 1986). The bone morphogenic proteins (BMPs)
can induce new bone growth and are effective for the treatment of fractures and



SUMVARY OF THE | NVENTI ON Various cell types produce and

sécrete PDGF and PDGF-rel ated nol ecules. In an attenpt to

identify the type of PDGF di mers present

éndot hel i al

unknown

is related i mY@863837Zal | y
is the product of a distinct genel

cells,

a new grow h factor : 1ed. This previously
factor, terned ﬂqysns\QEETvHAﬁlBeEEN .Growt h Factor (CTGF),

' a first aspect, the

present invention provides use of a conposigion containing CTGF 1 5
pol ypeptide for the manufacture of a medi canment for the treatnent of

wounds.

pharmaceutical co

ef fective amount Q{hgggﬁfetali-&f&@@&ﬂﬁfgf biC A ah¥eto£665) 14881 ; Ferguson, et al,, Clin.
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In a second aspect, the present invention provides a

nposi tion conprising a therapeutically

Orthoped. Relat. Res., 227:265, 1988; Johnson, et al., Clin Orthoped. Relat. Res.,
230:257, 1988). :

- The isolation of growth. factors and the genes encoding them i_s_-imbortant in the
.development of diagnostics and therapeutics for various connective tissue-related

disorders. The present invention provides such an invention.

Various cell types produce and secrete PDGF and PDGF-related molecules. In an
attempt to 'identify the type of PDGF dimers present in the growl;_h' media of cultured
endothelial cells, a new growth factor was discovered. This previously unknown
factor, termed Connective Tissue Growth Factor (CTGF), is related immunoiogically
and biologically to PDGF, however it is the product of a distinct gene.

= in-z.ai- first aspect, the present invention provides a polypeptide 'growth factor for
~ connective tissue cells. The polypeptide is a mitogenic agent and a chemotactic

agent for celis.

In a second aspect, the present. invention provides a polynuclectide encoding a
connective tissue growth factor characterized as encoding a protein (1) existing as
a monomer of approximately. 36-38 kD molecular weight, and (2) capable of binding

to a PDGF receptor

“Ina further-aspect the invention provides a method for accelerating wound healing

in a subject by applymg to the wound an effective amount of a composition which

" contains CTGF.

:"In yet another aspect, the.invention provides a method of diagnosing pathological

~ states in a subject suspécted of having pathology characterized by a cell proliferative

- disorder which comprises, (1) obtaining a sample suspected of containing CTGF

“from the subject, (2) determining. the'level of CTGF in the sample, and (3) comparing
“the level of CTGF in.the sample to the level of CTGF in normal tissues.

| This Sheet Has Been Replaced -

in the growth nedia of cultured 10
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4 BRI EF DESCRI PTI ON OF THE DRAW NGS , —FIGURE 1 panel A

shows the structural organization of the 1k SheePS Em%qgcsed are
i ndi cated by boxed regions, with solid are Mml ﬁiﬂ corresponding to
' I

t he open reading frane B shows a -

conpari son of nucl eot | ﬁ@?ﬁ%@hﬁm BEENVeen pronot er and
fisp-12 pronwoasssirehtl ca Embg@tides are marked w t h ast ecirRISSs/081402
TATA box and ot her copsensus—seeuernces are.i ndi cated and shaded. The site
of transcriptional initiation is,indicated at position nunmber +1.
10 FIGURE 1C. 1 - 1C. 3 shows the conpl'ete nucl eoti de and deduced am no
acid sequence for the CIGF structural gene and 5 and 3'

untransl at ed sequences. FI GURE 2 shows a Northern blot analysis.

Panel (A) shows prol.onged inducti.on.of . . CTCGE MR y short term
e e S cont 1 TatreA S emelBcatt sRthmas coamrterizes A U placgtive Wsdider!
i ncubat ed wi't h DieBlibg the siteofitbe diseage Hith an effeptivé arodunt 0EaICT@F réactive agentid  of
Transferrin and gep provided,® N9/ M of Seleniumfor 24 hours prior to the
addi tion of TGF-Terr . After the treatnent 15 with 10 ng/m of
TG-[err] for 1 hour, cells were washed with' PBS and incubated w'th
DVEM | TS f or™ i ndihegiressnt inventipreidentifies a TSR rdspdnsilecorsegulatory Bleawnt infthe 5'
cycl ohexgm de ntrans (87798 TP EHACE - __rr@}ﬁo_. egised'sh are
non-treat ed c0ntf‘rn(t)'ﬁnsc|ae“leﬁs atoﬁgs (_’Fl_m ézéﬁﬁﬁggﬁ% hou?@' ?%S ectedly.
Lane B, 4 hrs. d§entifeation of this glereprt, dheyinyention now provides a methodfor, fdentifying|ac 1 |
present for 1 haompdsitiomwhich affedts @TGF ekpresstdrobomprisingdncubatingu components20

comprising the composition and TGF-B regulatory element (TBRE), in the presence

of a TGF-B factor which regulates TBRE, and measuring the effect of the composition

10 ~ on CTGF expression. Thus, the invention provides a means for drug discovery for
o treatment of fibrotic diseases. - B

FIGURE 1 panel A shows the structural organization of the CTGF gene. Exons are
' indicated by boxed regions, with solid areas in the gene corresponding to the open
15 reading frame. - . o . - S

FIGURE 1 panel B shows a.comparison of nucleotide sequences between CTGF

- promoter and fisp-12 promoter. ldentical nucleotides are marked with asterisks. The
TATA box and other consensus sequences are indicated and shaded. The site of
transcriptional initiation is indicated at position number +1.

20 FIGURE 1C.1 - 1C.3 shows the complete nucleotide and deduced amino acid
o sequence for the CTGF structural gene and 5' and 3' untransiated sequences.

FIGURE 2 shows a Northern blot analysis. Panel (A) sh'ows prolonged induction of
CTGF mRNA by short term TGF-B. Confluent cultures of human skin fibroblasts were
incubated with DMEM-ITS containing 5 pg/mi of Insulin, 5 pg/mi of Transferrin and '
25 ‘5 ng/ml of Selenium for 24 hours prior to the addition of TGF-B. After the treatment
o with 10 ng/mi of TGF:B-for 1 hour, celis were washed with PBS and incubated with
DMEM-ITS for indicated time periods. Panel (B) shows the effect of cycloheximide
(CHX) on induction of CTGF mRNA. Lane A and H are non-treated control cells at
4 hours and 24 hours, respectedly. Lane B, 4 hrs. Cycloheximide (10 ug/mi); Lane
30 C.4 hrs TGF-B present for 1 hour during hour 1 of 2 of cycloheximide exposure;

3



.25 30
PCT/ US96/ 08140

Lane E, sanme as B with RNA prepared 24 hours after addition of

tycl ohexi m de;

WO 96/ 38172

Lane f, 24 hours TG-[err] (10ug/m); Lane G

same as D with RNA prepared 24 hours " after addition of
cycl ohexi m deWa¥3#2 hours after renoval of TGF-[err]. Panel PCHUS96/08140

shows t he effect

of 'protein synthesis inhibitors on induction of CTGF nRNA

Cells 5 were treated with puronycingor anisonycin for 4 hours.
TGF-[err] was added 1 hour after the addition of protein

synthesis inhibitor and cells were incubated for 3 hours
to isolation of total

as

shows deletlon a
Known consensus
transfected
added for activat
pr epar ed 24 hour

RNA. CTGF transcripts were anal yzed by Nar-t hem bl ot

E'éj %Qm? %&%@nﬁw H%?a{ed 24.hours after adaltich %Qﬂidéé‘

ySI S rase cons I'UCtS

éﬁ&@eur&rTgF-ﬁ&anla{l@H ng. Gvsme s B With RNA prepared 24 hours
aﬂer additiov bhcydisheRibildd bkt 23 hatrd afer ierhoval of TEEER. [RaRel (Cyas

(3l fo drd driroi¥ifiepe ppiters on a8 EEE Rk Tte

above non5i hducedvere treated with pusomyein Aoanisamysindor4 hayrs: RGF-B was added 1 hour
[ err] - gal act osi dagier 6 allditidr/of protein synthesis frihitbicahidt delis wietedinbisiied 1023 hos €

cotr ansf ect ed WI t

J?m} Qefsoﬂ%ﬁ o? ?Ji&tﬁp% tCQT Gl;r na sgnpts were analyzed by Northem biot as

. described in the EXAMPLES:

10

FIGURE '3:panel A shows deletion anélysis of CTGF promoter-luciferase constructs. -
Known consensus sequences are indicated. NIH/3T3 fibroblasts were transfected
with the constructs and 10:ng/ml of TGF-B was added for activation of the cells and

cell:extracts were prepared 24 hours later. Relative induction is indicated as fold
. above non-induced control cells and normalized using the B-galactosidase activity

15

from control plasmids that were cotransfected with the CTGF constructs. These
studies were repeated 6 times with similar resuits. Data represent the average of
duplicate transfections with the indicated construct performed in a single set of

: expenments

: FIGURE 3 panel B shows TGF-B response of an SV40 enhancerless promoter

20

25

30

. element-luciferase reporter construct containing the TGF-B region of the CTGF

promoter. The indicated regions of the CTGF promoter were cloned in both
orientations upstream from an SV40 enhancerless promoter. Cells were treated with
10 ng/ml of TGF- for 24 hrs prior to assay for luciferase activity. These experiments
were 'repeéted 4 times with similar results.. Data represents the averagé of duplicate
transfections of the indicated construct from a single experimental set.

- FIGURE 4 shows competitivée gel shift assays to delineate TGF-B response element

in the -205 to -109 region of the CTGF promoter. A nucleotide fragment consisting

. of the region from -205 to -109 of the CTGF promoter was end labeled with 3 P and

used.in competitive gel shifts with the indicated oligonucleotides. The specific gel

-shifted band is indicated by the arrow. A diagram of the sequences used indicates

the position of these corresponding to the NF-1 and TIE like elements. The

" numbered fragments in the diagram indicate the lane number in the competitive gel

shift assay with the specific nucleotide sequence indicated above the lane (i.e. 3, -
205/-150). Unlabeled competitors were used at a 250 fold molar excess over the

prior



15 studies were repeated 6 tines with simlar-results. Data represent
t he average of duplicate transfections with the indicated
construct perfornmed in a single set of experinents.

FI GURE 3 panel B shows TGF-[err] response of an SV40 enhancerless pronoter
el ement - | uci f erase. reporter construct containing the TG-[err] region of
the CTGF 20 wo9éssipx onoter. The indicated regions of the CTEETasssusia
were cloned in both orientations upstreamfrom an SV40
enhancer|l ess pronoter. Cells were treated with 10 ng/ M of
TGF-[err] for 24 hrs prior to assay for lucCiferase activity. These °
experinments were repeated 4 tines with simlar results. Data
represents the average of duplicate " transfections of the

Chovs. compet &1 viltsitd Bt O SIGHREIGNG, dnaifig e IBoion o fee el

in the -205 to - FoRdasgpesiicepmpa@orsTisither thedife or TEHike regionakompetarhin this

consi sting _ assay. Of the.region from-205 to.-109 of the CTGF pronoter
was end | abeled W th [err]P and used in corrpetltlve gel shifts
with the indicated oligonucleotides. The specific gel shifted

band i s i ndi cat eFIGBYRESshows wmeﬂﬂlalnagﬁafamfceta&ays@ﬂme-ﬁﬁﬁm -t:lﬁadegmrdofdha es

30 he posi r &?‘{gp ﬁ"’l\%’a‘"ﬁ]&

el enent s. éTh df@pﬂko{ep ggﬁﬁg o%g(r%g‘lﬁ‘gsg m | n&gk at e he
| ane nunber in t HEORBHR ﬁFﬁ‘!Pé’%éT"m‘ 0~ 13'”“°§’H1 Hmaga & f>sfayence
speci fic nucl eot ithieintaet labsled:priobelj lcamtecl istthe sequiehes of thecshiftedband, and Lane F is

.tzgg/ 150). Ul ab%@%g@gg\%%ﬁm Yol frn the Sakid' sdmPid. Fhe SHfy FEgiod v €7

PCT/ US96/ 08140 ° containing mission G residues is from pasitions -157 to <145. 6.

| abel ed fragrrent -Only ol i"gonucl eot'i des. contai ning the region from-<169 to
- 150 lE
ke reglBns comPAGURE F5arBP8 hbled oS3R8 Rk s Btk Riiort el -dazisin -

smaller fragment of the. promoter {-189 to 193) Lanes are the same as in A

. Competed G residues in this sequence are indicated by arrows. Solid circles indicate
G residues detected in analysis of complementary strand (data not shown) Symbols
* and # are for orientation with sequence inA

15 " FIGURE 6 shows competitive gel shift titration assay of oligonucleotides in the TBRE.
Overlapping and non-overlapping oligonucleotides containing portions of the -159 to
- =143 region of the CTGF: promoter were tasted in the competitive ge! shift assay
using a ¥P-end labeléd human CTGF promoter fragment (-205 to -109). The intact
. - fragment (159 to -143) exhibits the highest affinity with complete competition at 10
20 - ng. All other fragments which contain only a portfon of this sequence are less
effective with the -150 to -134 region being the least effective. Lanes 14 and 15 are
the NF-1 and TIE like elements respectlvely and show no oompetttion at 5000 fold
-molar excess of labeled probe. ' : :

" FIGURE 7 shows point mutations in the: TBRE decreases induction of the CTGF
. 28 promoter by TGF-B.

FIGURE 8 panel A shows the effect of herbimycin, phorbol és_ter, cAMP and cholera
toxin on TGF-B induced CTGF expression as measured.in a luciferase assay.

FIGURE 8 panel B shows photomicrographs of NIH/3T3 cells either untreated,
treated with TGF-B, cCAMP (8Br cAMP) or cAMP and TGF-8.



Fl GURE 5 shows a nethylation interference assay of the -205 to -109 region

of the 5 CTGF pronoter. FIGURE 5 panel A shows a sequence anal ysi s
of the region from -205 to -109. Sequence from-200 to -113 is
shown. Lane Gis the G sequence of the intact |abel ed probe,
Lane S is the sequence of the shifted band and Lane F is t he
sequence -of - tr?!OQE!?ﬂl%i fted free probe fromthe sane sanple. TREI'BHI608140
regi on containing mssion Gresidues is frompositions -157 to,
- 145. 10 FI GURE 5 panel B shows a gequence anal ysis of the region
-159 to -142 using a smal |l er fragnent of the prompter (-169 to
193). Lanes are the sane as in A _ Conpeted G resi dues in thi S

sequence are indicated by arrows. Solid circles indicate

resi dues detected I{Dq%é

Synbal s Fll@u,iﬁ%lﬁ é'ar e °%‘& “orien édgﬁ%?\ﬁr{&ﬁgc é?]iggéﬁenﬁg

FI GURE 6 shows -cof¥&EF F‘Mﬁg @@I‘*‘%‘ﬁﬁ‘*ﬁ”"ﬂ gndteversabef CAMP PP@)%@I'%?¢'%Qf in

the T[err]RE TGF-B inducdd/ancherape irsepandent growtieby @PEFNg ol i gonucl eot i des
contai ning portions of the -1 59 to _ -143 region of the CTGF
promoter were tested in_the conpetitive gel shift assay using a
[err] P-end | abel e RERAIEREESCRIPHON OF THEINVENTION>05 to - 109). The intact

fragment (-159 to -143) exhibits the hlghest afflnlty with conplete

o ooy 10 T8 present iny8fhion Wb B4eh nbld HERBh 3l T Bl L
-134 regi on bei ng Tisste Geewth FactordSTIGR). Thigmeatein may play Bosignifisant role in the normghe
NF-1 and TIE like débaanﬁém AR QAT refRANGf Rlrflarblisdue. "The dNEB@SY bf thB CTEFRER

];)8: gt mut ati ons | "ﬁ? ?‘?ﬁé&ﬁl @?%ﬁggﬁ’ﬁ %gal? i siggificant ip W%§%v10‘%i}oms

promoter by TGF-| emmwn growth factor havirg milpgenic pad chemotagtio astivitins for cannecipre
her bi myci o phor baisses téifs.. mémlegaaal @RRNiIg ot CTGF is similar to thaKb'POGF, ibwéwer, |

k?&%ﬁdﬂgﬁefxprm b RERBREL b perielwPetbfse Fa Fu5 R tenen of PRAF, Since,
treated wth TG [GFGFis mqmndomlaudﬁbmhsmns@ﬂwmch are present at

the site-of a wound, it is probable that CTGF functions as a growth factor in wound
healing: - : :

15 . Pathologically, CTGF may be involved in.diseases in which there is an overgrowth
' . of =¢;pnnecfive tissue cells, such as cancer, tumor formation and growth, fibrotic
diseases (e.g., pulmonary fibrosis, kidney fibrosis, glaucoma) and atherosclerosis.
The CTGF polypeptide is useful as a therapeutic in cases in which there is impaired
_ healing -of skin wounds or there.is a need to. augment the normal healing
20 .. mechanisms..Additionally, antibodies to CTGF polypeptide or fragments could be-
- : valuable as diagnostic tools to aid in the detection of diseases in which CTGF is a
pathological factor. Therapeuticalli(, antibodies or fragments of the antibody
mol.chIe could also be used to neutralize the biological activity of CTGF in diseases .
.where CTGF is inducing the overgrowth:of tissue. -
25 + The primary-biological activity of CTGF, polypeptide is its-mitogenicity, or ability to
. -~ v stimulate target cells to proliferate. The ultimate result of this mitogenic activity in
- vivo; is the growth of targeted tissue.. CTGF also possesses chemotactic activity,
. - - . which is the chemically induced movement of cells as a result of interaction with
- particular molecules. Preferably,-the CTGF of this invention is mitogenic and
30 . chemotactic for connective tissue cells, however, other cell types may be responsive
to CTGF polypeptide aswell. .
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-more effective CTGF molecules produced for example, through site directed

mutaganests of the CTGF cDNA are inclided.

“The invention provid'es an isolated polynticieotide encoding the CTGF protein. The

" term “isolated” as used herein refersto a polynucleoﬁda which is substantially free
~ of other polynucieotides, proteins, lipids, carbohydrates or other materials with whlch

25

30

it is naturally associatéd. These polynucleotides include DNA, cDNA and RNA
sequences which ‘encode connective tissue growth factor. it is understood that all
polynucleotides encoding all or a portion of CTGF are also included herein, so long

as they encode a polypeptide with the mitogenic and chemotactic activity of CTGF.

“Such polynucleotides include naturally occurring forms, such as allelic variants, and
intentionally manipulated forms, for example, mutégenized' polynucleotides, as well
as artificially synthesized polynucleotides. For example,, CTGF polynucieotide may
be subjectéd to site-directed 'mutaig'enesis.' The polynucleotides of the invention

" include sequences that are degenerate as a result of the genetic code. There are

-only 20 natural amino acids; most 6f which are specified by more than one codon.

Therefore as long as the amino acid sequence of CTGF is functionally unchanged,
all degenerate nucleotide sequences are inciuded in the invention.

bialing th biclogioa sct e Sarb B Ulehub CASibrdly, ° ™o

L4



particul ar nolecules. Preferably, the CTGF of this invention is mtogenic

and 30 chenotactic for connective tissue cells, however, other cell
types nmay be responsive : to CTGF polypeptide as well.
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The CTGF pol yp3®PU#BIZE the invention is char acterized by exi s®CRSQ6/0&140
nononer of approxi mately 36-38 kD nol ecul ar weight CTGF is
secreted by cells and is active - . gpon interaction with a
receptor on . a responsive cell. CTG-is antigenically related

to PDG- al though there is little if any peptide sequence honol ogy.
Anti-PDGF 5 anti body has high affinity to the non-reduced forns

f the PDGF i h "
2ffinity to the redlaaimh ofsimucieotie’ aisp defibipf DAK A Hha' Riy fbfbr Gitpoe
bi ol ogi cal acti vit yntransiated geqyences M‘éﬁh Hankrthe struciueagigens eproding, ((GGF.  For

telrt | alr y . " examplel Gl PoignURRIONBS oft e ﬁ?ﬁﬁohﬁﬁéli&fe% snﬁbg’ulﬁbrg" hicleotide
nol ecul e, resultin antl ge
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‘substantialdy ~ The polynudeotide of theinmentiop mibichiimmlydes thei 5 end Suritahglatestregionr

other materials wi ﬁéthG&étéU inf FIGURE 1C, The 5' regiifdldiy fdgion, ﬁ‘%ﬁﬂmg&h%roﬁhﬁr, .s
substantially pure, tg& l]_. Egiﬁé yledasmgle maj or

on a non-reducing ﬂ@'ﬁ#% a[ *The purity of the CTGF pol ypeptlde
can al so be determ ned- by am no-term.nal am no acid sequence

anial ysi s OICT G- 1|5 The sequ&ﬁUeYd?Qﬁé CBRA| 135 CTERS cdritding bﬁBﬁén Féa%ﬂfﬂaﬁét e & 1047
pol ypeptide, so |on C Ctlc
Dot ] Vi [ es.of - CTGr PFESYdss oy ngatipn & 5t ponlin, 190 and a TEA Srytation aite gt
the biol ogi®al act ipesitign 4177Car@-enqodes acpeptidel of 849 hminbracidst i There is only a 40%
Additionally, . sequence hmasgfsé&%h% ETEF RIS kﬁescﬂﬁﬂﬁd}%ﬁv thbN and B
exanpl e, through si Le ﬂgﬁég mut agenesi s of t CTG- cDNA are
I ncl uded. 20 - W 8 ntion prOV|des an |solated polynucleotide
encodi ng the CTGF protein. The
: The present invention prowdes CTGF promoter nucleotides -823 to +74 as well as
: ‘a TGF-B regulatory element (TBRE) located between positions -162 and -128 of the
15 CTGF promoter sequence: Methylation interference and competition gel shift assays
: ' map a unique 13-nuclectide sequence between positions -157 and -145 delineating
a novel TGF-B cis-regulatory element. - - C

.The CTGF open reading frame encodes a polypeptide which contains 39 cysteine
- residues, indicating a protein with multiple intramolecular disulfide bonds. The amino
20 . terminus of the peptide contains:a hydrophobic signal sequence indicative of a

~ secreted protein and there are two. N-linked glycosylation sites at asparagine .
residues 28 and 225 in the amino acid sequence. CTGF is a memeber of a protein
family that includes serum induced immediate early gene products such as Cyr61
(O’Brien, et al., Mol. Cell. Biol., 10:3569, 1990) and Fisp12 (Ryseck, et al., Cell
‘25 Growth & Differentiation, 2:225, 1891)/BigM2(Brunner, ef al., DNA and Cell Biol.,
o - 10:293, 1991); a v-srcinduced peptide (CEF-10)(Simmons, et al., Proc. Natl. Acad.
. - Sci., USA, ﬁ:ﬁ 78, 1989) and a putative oncoprotein (nov)(Joliot, et al., Mol. Cell.
-~ Biol, 12:10, 1982). Twisted gastrulation (isg), a gene that functions to control the
_ induction of medial mesodermal. elements in the dorsal/ventral patterning of

30 Drosophila embryogenesis is more distantly related to CTGF (Mason, et al., Genes .

and Devel., 8:1489, 1994). There is a 45% overall sequence homology beiween the
. CTGF polypeptide and the polypeptide encoded by the CEF-10 mRNA transcript



term"isolated" as used herein refers to a polynucl eotide which is
substantially free of ot her pol ynucl eoti des, proteins, lipids,
car bohydrates or other materials with which it is naturally
associ ated. These pol ynucl eoti des include DNA, cDNA and RNA

sequences whi ch encode connective.tissue growh factor. It is understood

“that all 25wosessr72P0! ynucl eotides encoding all or a porti opcfioséeheiaoar €
al so included herein, so |ong as they encode a pol ypeptide with

the mtogenic and chermt actic activity of CTGF. Such
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variants, and I ntentionally mani pul at ed forms, for exanple,
mut ageni zed pol ynucl eoti des, as wel | : as artificially
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. owever, the degeneracy of the code must be taken into account it is possible to
15 . . perform a mixed addition reaction when the sequence is degenerate. This includes
' a heterogeneous mixture of denatured double-stranded DNA. For such screening,
hybridization is preferably performed on either single-stranded DNA or denatured
double-stranded DNA. Hybridization is particularly useful in the detection of cDNA
- clones derived from sources where an extremely'low amount of mMRNA sequences
20 relating to the polypeptide of interest are present. In other words, by using stringent
- hybridization conditions directed to avoid rion-speeiﬁc" binding, it is possible, for
example, to allow the autoradiographic visualization of a specific cDNA clone by the
hybridization of the target DNA to that single probe in the mixture which is its

complete complement (Wallace, et al., Nucleic Acid Research, 9:879, 1981).

25 A cDNA expression library, such as lambda gt11; can be screened indirectly for
' CTGF peptides having at least one apitope, using antibodies sp'e'ciﬁe for CTGF or
antibodies to PDGF which cross react with CTGF. Such antibodies can be either
polyclonally or monocionally derived and used to detect expresslon product indicative

of the presence of CTGF cDNA. '

30 - DNA sequences encoding CTGF can be expressed in vitro by DNA transfer into a
suitable host cell. "Host cells” are cells in which a vector can be propagated and its
DNA expressed. The term also includes any progeny of the subject host cell. Itis




€hai ns of PDG-. The present invention provides CITGF pronoter
nucl eotides -823 to +74 as well as a TG--[err] regulatory
.element (T[err] RE) | ocated between positions -162 and -128 of the 15
CTGF pronoter sequence. Methylation interference and conpetition gel shift

assays map a uni que 13-nucl eoti de sequence between positions
-157 and - 145W8IPBEAt i ng a novel TGF-[err] ci s-r ®GHUSOEPEL40

el enent. - The CTGF open reading frame encodes a pol ypeptide
whi ch contains 39 cysteine . resiygues, indicating a protein with
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pepti de contains a hydrophobi c signal sequence indicative of a
secreted protein and there are two N-linked glycosylation sites at

asparagine . . - | %ﬁﬂé 4 ) ' G-
I s a, meneber of a“"lS' rerostt%f{dﬁﬁét% ﬁyﬁ%gﬁ p égn% '9%'&%@0 ﬁ?@%ﬁﬁ h%'eéﬁ%ﬁ%f?ﬁ'gg?
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Mol . Cell. Bol., wkErdbeterml'Hos)celnid useckpl2 (Ryseck, et al., Cell 25

Gowh & Differentiation, 2:225, 1991)/Bi gM2(Brunner, et al., DNA and Cell
BioL., - 10: 293. 1991); a v-src induced peptide (CEF-10)(Simons,
et al, Proc. Nat|DNAggguences encoding CTGIt can bejgxpressedin yigo inteither pralseryetes or

putative gncopr otéukanyotss/) Mtddalof expredbing\DNA seqliénces having eukarycfié 8bding
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t he . |
dorsal / ventral paandemammalias ogenisms. Dr osophi | a enmbryogenesis is nore
distantly related to CTGF (Mason,, et al.,. Cenes . - and Devel .,

8:1489, 1994). There is.a.45% oyeral |l .sequen omol 0 tween the
CTeE pol ypept i de. BRI b0 B4 and HaRiaH YA prBerS antic B Eforetion, ene
WO 96/ 38172 - replication in a host are known in the art. Such vectors are used to incorporate DNA
(Pg_T/ US96/4¢8 %40| sequences ofttlhe inventciion. SIn_ geJeral,8%xpris7si§n vlegtgrgs conttaining Jd?erlnotor
i nmons, et al.,_ Proc. e A \ i : e nol o

reaches sequg%% fﬁég%? g\ele\%@e{ﬂ?@@%ﬁo&gf s I'FE'?‘%“R@@P@?\Q?“?%‘Y’
~del eted.: sequence are used -in connection with:the host. The expression vector typically

: contains an origin of replication, a promoter, and a terminator, as well as specific
genes which are capable of providing phenotypic selection of the transformed cells.

15 _ In addition to expression vectors known in the art such as bacterial, yeast and

mammalian expression. systems, baculovirus vectors may also be used. One

- advantage to expression of foreign. genss in this invertebrate virus expression vector

is that it is capable of expression of high levels of recombinant proteins, which are

---anﬁgeni'cally and functionally similar to their natural counterparts. Baculovirus

20  vectors and the appropriate insect host cells used in conjunction with the vectors will
be known to those skilled in the art. R S

The term "recombinant expression vector" refers to a plasmid, virus or other vehicle

known in the art that has been manipulated by insertion or incorporation of the CTGF

genetic sequences. Such expression vectors contain a promoter sequence which

25 . facilitates the efficient transcription of the inserted genetic sequence of the host.. The

. ' - expression vector typically contains an.origin of repiication, a promoter, as well as
' - gpecific 'genes which aliow phenotypic selection of the transformed cells. Vectors

. .- suitable for use in the present invention include; but are not limited to the T7-based
. expression vector for expression in pacteria-(Rosenberg. -etal., Gene, 56:125, 1987),

3. the pMSXND -exbression vector for expression in mammalian cells (Lee and
Nathans-,- J. Biol. Chem., 263:3521, 1988) and baculovirus-derived vectors for

expression in insect cells. The DNA segment can be present in the vector operably



DNA sequences of the invention can be obtained by several nethods. For .
exanpl e, the DNA can be isol ated using hybridization procedures °
which are well known in the 5 _ art. These include, but are not
limted to: 1) hybrdization of probes to genom c or cDNA
libraries to detect shared nucl eotide sequences and 2) antibody screening
of " - wogsggtassion libraries to detect shared struct upcrusoaosive es.
Screeni ng procedures which rely on nucleic acid hybridization nake it
possible to i solate any gene ggquence from any organi sm

provi ded the appropriate probe is 10 avai |l abl e. For exanpl e,

ol i gonucl eoti de probes, which correspond to a part of the

sequence encoding the protein in question, can be synthesized chem cally.
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hybri di z#a.i on of ﬂtjhﬁdmeikgase (M), am xantttinesguaning phospioribosylitremsierset(MGPRM)I ch

is its. g conpl ete conpl ement . (Wl lace, et al., Nucleic Acid
Research, 9:879, %581) 25 A cDNA expr ESSI on i brary, such as
| ambda gt 11, can be screened indirectly for - - - = CTGF peptides

havi ng. at | east ®heisofationped pusﬁaagorauﬁhobbﬁllupmpsﬁd polypeptides©T e uwentuon
anti bodi es to PDEg Wg?cgycg@sscoh@aﬁlanm &‘P (%‘fxch Sgghfd?.na eéﬁf’
yc on onal us t det ect

ei t her 0 or nonoc der'i ved an

expr essi on pr oduE‘Pm\E' Eaphicpgpérations and immunglogicd| separaliopn sueh @ thesednv .30
DNA sequésices enﬂmd:sag:fﬁibﬁﬁclmaﬁobmlmquamﬂmum n vitro by DNA transfer into-
a : Sui tabl e host cell. "Host cells" are cells in which a vector

can be pr opagat e ressed. The term al so i pncl udes
~any progeny of t § @laqn tpfdg? he§|opll with tt}esregombmant DNA may %e-cameg out Qy
o .. conventional techniques well known to:those skilled in the art. Where the host is

prokaryotic, such as E. coli, competent cells which are capable of DNA uptake can
be prepared from cells harvested after exponential growth and subsequently treated

20. by the CaCl, method using procedures well known in the art.. Altematlvely, MgCl ,
or RbCl could be used.

Where the host usedis a eukaryote, various methods of DNA transfer can be used.
. These include transfection of DNA by calcium phosphate-precipitates, conventional
mechanical procedures such as microinjection, insertion of a plasmid encased in
25 liposomes, or the use of virus vectors. : Eukaryotic cells can also be cotransformed
with DNA sequences encoding. the polypeptides: of the invention, and a second
foreign DNA molecule encodinga selectable phenotype, such as the herpes simplex
thymidine kinase gene. Another method is-to use a eukaryotic viral vector, such as
_ simian virus 40 (SV40):or bovine papilloma virus, to transiently infect or transform
30 - ‘eukaryotic cells and express the protein. (Eukar?otic ‘Viral- Vectors, Cold Spring
Harbor Laboratory, Gluzman ed., 1982). Examples of mammalian host cells include

COS, BHK, 283, and CHO celis. ' :
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understood that all progeny may not be identical to the parental cell since
t here may “be nutations that occur during replication. However,
such progeny are included when the term "host cell" is used.
DNA sequences ¥R CTGF can be expressed in vivo in either POTSRMIOFE0ES
or 5 eukaryotes. Methods of expressing DNA sequences having
eukaryotic coding sequences in pgokaryotes are well known in
the art. Hosts include i crobi al, yeast ﬁ and mammal i an

or gani sns. - Bi ol ogi cal |y functional- viral and plasm d DNA

vect ors capabl e of expressi on and replication in a host are
known in the art. %ﬁﬁg}, r
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expressi on vector antibodies to PDGF, ﬁditaén dxﬁxbwesqam’@mfalamé Rsaztive'witf PDEEN
| evel s of reconbi nz_{}ltt?g ot ei.ns, Wwhic

functionally siml t‘m!?l'f %ﬁﬁ “B{Sﬁ'xt"é?ﬁ%"t‘gm [ﬁrg@fr;{jcal | ‘ﬁﬁlgdm

vectors and0t he apapippi¢ specificitiesc @mswelt as:elisllmtummaonabalqubndzmremramamatme
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Antibody which consists essentially of pooled monocional antibodies with different

epitopic specificities, ‘as well as distinct monoclonal- antibody preparations are

provided. Monoclonal antibodies are made from antigen containing fragments of the

. protein by methods well known in the art (Kohler, et al., Nature, 256:495, 1975;

20 Current Protocols in Molecular Biology. Ausubel, et al., ed., 1989).

‘The term “antibody" as-used in this invention includes intact molecules as well as
fragments thereof, such as Fab, F(ab'),, and Fv which are capabie of binding the
epitopic determinant. - These antibody fragments retain some ability to selectively

- bind with its antigen or receptor and are defined as follows: _

. 25 -+ (1) Fab, the fragment which contains-a monovalent antigen-binding fragment of an
. -+~ .. . antibody molecule can be produced by digestion of whole antibody with the enzyme
papain to yield an intact light chain and a portion of one heavy chain;

{2) Fab', the fragtﬁent;of- an antibody molecule can be obtained by treating whole
~antibody with pepsin, followed by reduction, to yield an intact light chain and a portion
30 - of the heavy:chain; two Fab' fragments are obtained per antibody molecule;
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expression vector typically contains an origin of replication, a pronoter,

as well, as speci fic genes which all ow phenotypic selection of *
the transforned cells. Vectors suitable for use in the present
invention include but are not Iimted to the T7-based

expression vector for expression in bacteria (Rosenberg, et al., Cene,

56: 125, 198Wo 9638172 t he pMSXND expression vector for exueedsosie N
manmal i an- cells (Lee and ' " Nathans, J. Biol. Chem, 263:3521,
1988) and bacul ovi rus-derived vectors for expression in insect

cells. The DNA segnent can be present i n"he vector oper ably
W96/ 38172
'PCT/ US96/ 08140 12.

linked to regulatory elenents, for exanple, a pronoter (e.g., I7, .
met al | ot hi onei n(31, (Fab’), the fragment, pf {he %ﬂ‘l‘ngﬁﬂyl 'Ha'drgﬁfﬂi %’?@'}".gd by tieating whole The
vect or may i ncl asliboGy WkrEhe eigyne pepsirs @ititotit sillsequent ealuction; | Riab'),iis g dimest

cells. - | i . i Y€ . Exampl es of markers
_typically used ?fgwg?aﬁbmﬁﬁmlgxr@!ﬁ(@%tﬁéﬂ c,’ ieiixéggglgés‘iﬁgél%éct ors include .
antibiotic resistance genes for anpicillin ([err]-= ' | act amases),

tetracycline angr) | adfineErS gartically ehgineerad Gagrsnt containitg the narableregipn
Exanpl eg of suc |

iy : !
ol ude S ichfiin bl ko sl o oD 180 R R A 5,

phosphot r ansf er a&se (neo, ‘(418), dihydrofol ate reductase (DHFR),

hygr onyci n-B-phosphotransferase (HPH)., 10 - - thym dine kinase (TK), and
xant hi ne guani ng.. phosphpt.i bosvl § ransf.er XGPRT, e e

The isol ation aﬁa %’UF‘FFF '3@@%&&‘%? _‘ieg‘l‘ég(&%?%%?'@a“ %’f%'/neeefﬁdlg @épsec%? t he
invention '~ - containing theyvaijablyegion of the\light chaina thevariablesrggion £ ther hgavy

exanpl e, prepar gidiy,Qinked by a suitable %ﬁg&ﬁﬂemhmhk@-meﬂyifam €ifigle chain
i nmunol Qgi cal S%B ralt i ons such. as those involving 15 t he use of
nonocl oftal or p G&‘S‘nal anti body. | |

Methods of making these fragments are known in the art. (See for example, Harlow
" and Lane, Antibodies: A labo‘ratory Manual, Cold Spring Harbor Laboratory, New
York (1988), incorporated herein by reference). ' : :

As used in this invention, the term "epitope” means any antigenic determinant on an
15 - antigen to which the paratope of an antibody binds. Epitopic determinants usually
' . consist of chemically active surface grouping's:of'mole'cules -such as amino acids or
. sugar side chains and usually have specific three dimensional structural characteris-
tics, as well as specific charge characteristics. ' '

: Antibodies which bind to CTGF polypeptide of the invention can be prepared using

20 an intact polypeptide or fragments containing small- peptides of interest as the

'  immunizing ‘antigen. ‘The:polypeptide or a peptide used to immunize an animal can

be derived from transiated cDNA or chemical synthesis which can be conjugated to

a carrier protein, if desired. Such commonly used carriers which are chemically

coupled to the p‘eptide include keyhole limpet hemocyanin. (KLH), thyroglobulin,

- 25 bovine serum albumin (BSA), and tetanus toxoid. The coupled peptide is then used
to immunize the animal {e.g., a mouse, a rat, or arabbit).

If desired, polyclional or monocional antibodies can be further purified, for example,
" by binding to and elution from a matrix to which the polypeptide or a peptide to which-

the antibodies were raised-is bound. Those of skill in the art will know of various

30 techniques common in the immunology arts for purification and/or concentration of




Transformation of the host cell with the reconbinant DNA may be carried out

by- conventional techniques well known to those skilled in the
art. Where the host Is prokaryotic, such as E. coli, conpetent
cells which are capabl e of DNA uptake can be prepared from

cells harvested after exponential growth and subsequently treated 20

by the Cad [ erWP2B8H8d usi ng procedures well known in the art PCIUS96/08140
Al ternatively, MC J[err] or RbCl coul d be used.

Where the host used is a eukaryote, vari ous4get hods of DNA transfer can be
used. These include transfection of DNA by cal ci um

phosphat e- preci pi tates, conventional - mechani cal procedures such
as mcroinjection, insertion of a plasm d encased in 25 | i posones, or

the use of virus VE& 8/9k %II%@HMBHa!aJnﬁﬁo&?é‘s @9& ?&%&E%I@a@oligan,

wi th DNA, sequences o | n ol ent1on, .

second el BN,Q"H}E?P%??H' c%c,‘ﬁd nology é@leé(bfrﬁerﬁﬂemﬁ yi5%94
such as the- herpesmsorprpiatadherembyreferencé)hym d| ne ki nase gene. Anot her
method is to use a eukaryotlc viral vector, such as sim an
virus 40 (SV40) or bow ne papilloma"virus, to transiently infect or

t r ansf or m-30 ~ It ig alsn pessible de|use the @ntiidiclRe t?ﬂ'!"%t‘%lﬂﬁ""‘(%uﬂ'&ﬂ?@?ﬁ‘@
Viral Vectegrs, Col dntﬁmaiesgumch mimic an. epitdpeb OForLéXafiphs, GinyantiGtiotpitnmeriocional

1982). Exampl es” of o G5y 445 taf b0l oy wat hve a bindiaolt e

PCT/ US96/ 08140 hypervariable region which is the "image" of the epitope bound by the figst mono-

Eukaryoti ¢ host C etlbAal @AlibcailyS O i ncl ude yeast. For exanple, DNA can be
expressed : in yeast by |nsert| ng the DNA into appropr| ate
expressi on vectors and introducing-the - - ~ product into the host
cell's. Vari.ous shufheinventionprevidesa mqmdiqrmmﬁnmmﬂmmagm in a subject, e.g.,

%Sggs I g yRast hgvs HYRM, beraa fyRg t6 iRl WeGRD Bn eﬂ‘ectﬁé aount &fed. BbiRipositidh whfeh

nvention prov deiiérm'rsﬁ%'-‘* r?ﬁ@gpepepé%ﬁer § PPoremsted motpine ol o
CTGF, are involved in normal healing of skin wounds _The CTGF polypeptide of this

~ inventionis valuable as a ,ther_a__pe_utx_g in cases in. whlch there is impaired healmg of

_ skin wounds or there.is a néed to augment the normal healing mechanisms, e.g.,

18 bums. One important advantage to using CTGF protein to accelerate wound healing

- is-attributable to the molecule's h_igh,perdentage ‘of cysteine residues. CTGF, or

functional fragments. thereof,is more stable and less. susceptible to protease

degradation than PDGF and other growth factors known to be involved in wound

-healing. .. ' SN co

20 CTGF is produced by endothelial cells and fibroblastic cells, both of which are
present at the site of a skin wound. Therefore, agents which stimulate the production
of CTGF can.be added to a composition which is used to accelerate. wound healing.
Preferably, the agent.of this.invention is transforming growth factor beta (TGF-B),
however, it is likely that other TGF-B.family members. will also be useful in

25 ~ accelerating wound healing by inducir;:_g._CTGF._ The composition of the invention
. .aids in healing the wound, in part, by promoting the growth of connective tissue. The
compoaosition is prepared-by combining, i_l'l_l: a pharmaceutically acceptable carrier -
--substance, e.g., inert gels or liquids, the purified CTGF and TGF-B.

The term “cell proliferative disorder" refers to pathological sté_tes charactérized by the
30 . _ continual muttiplication of cells resulting in an overgrowth of a celt population within
a tissue. The cell populations are not necessarily transformed, tumorigenic or
malignant cells, but can inciude normal cells as well. For example, CTGF may be



pol ypeptide or fragnents thereof. Al though this polypeptide is cross
reactive with anti bodies to PDG-, not all antibodies to CTGF
will also be reactive with PDG. Ant i body whi ch consists
essentially of pool ed nonoclonal antibodies with different 10

epitopic specificities, as well as distinct nonoclonal antibody

preparat i ONSy@beisir2 provi ded. Monocl onal antibodlqﬁnﬂﬁ Serbisee from
antigen contalnlng fragnents of the protei n by nmethods wel
known in the art (Kohler, et al.,. Nature, 256:495, 1975;

Current Protocols in Mlecular Blology, kﬁsubel et al., ed., 1989).

L]

Monocl onal - antibodi es specific for CTGF can be selected, for
exanpl e, by screening for 15 hybri dorma cul ture supernatants which
react with CTGF, - but do not react wth Ant i body whi ch

consi sts essentMalysg RAtholagically %HWMPTOBfﬁH'%Iﬁs@ﬁ i thejntimal fayerpf an

epi t opi ;: speci f arteribl v, resalting in atﬁ&oﬁhléi’bs'\l% cshstsammlathmgftb rédiick Askifictors for f
prepara I ons ar noc na Nk | e rom
Bt gen cont ai rPRGISpAS8, iy kavelind Pl reskel iBiting Saieoleliel BndR I | T
known in the ara sgibjeeti &TGReinhénitors\ar antagonisis OﬂQE lnyermn wauld be usefulCiny r ent
Prot ocolss i n' MohRaerkndywifhl the dgvivo A4H4PEI GTGH astbeiate@With ald&Rklerosis. CTGF

\-/I;/glel tg;m "anti bo.-ﬂX" np?saused wtrﬁ%%ﬁgnvt&rcﬁo%glrg%udﬁ%“"ﬁct nol ﬁcu es as

which are capamnmv@hssdesnguclms various fibrotic dlwwstiogmwbmdmmthes e

anti body fragnegégholicival Brheds, kelid, Iahahm@ce&%rvel y o bind w th

its antigen or receptor and are defined as follows: = 25 .. (1) Fab, the

fragnment whi ch contai ns a nonoval ent- anti gen-bi ndi ng fragnent of an

anti body ol ecuThe presenbinventiosprevidés,a niethed ta detech thevpredeacaot elévatid levietsh t he

enzyne 49 - -of | | n on of
0 CTBRRB! Bk uBed’ dﬁigﬂ nwfoaaét?ﬁﬂmw B@fséhé ok W ds |

one heavy ch arn an an

mol ecul e can be '@ﬁ‘%ﬂ"ﬁ%‘b%? cel éﬁﬁé ‘5 lgor%xampl ,asoﬁwa%me
pepsin, foll ome@nwﬁnmltﬁflscnbtalmeﬂfmmaduw ithe bueldfcg'ﬁFdetmmmediuwmlsport i on

30I |' of  thgvdl Rreampahed ﬂ%hfs?a\ggel@g& CTEPATRAKA tBER. Th:RVFS OTEF @il | body
gDCT/e ngg 108 1 4 0 "be determined by immunoassays using anti-CTGF antibodies; for example. Other
15 - variations of such assays which are well known to those skilled in the art, such as

" radicimmunoassay (RIA), ELISA and mmunqﬂuoresoence can also be used to
‘determine CTGF levels in a sample.- Alternatively, hucleic acid probes can be used
7 todetect and quantitate' CTGF mRNA for the same purpose.”

The invention also discloses a method for ameliorating diseases characterized by a
20 cell proliferative disorder by treating the site of the disease with an effective amount
' “of a CTGF reactive agent. The term "ameliorate” denotes a lessening of the
'~ detrimental effect of the disease-inducing response in the patient receiving therapy.
- Where the disease is due to an overgrowth of cells, an antagonist of CTGF
" ‘polypeptide is effective in decreasing the amount of growth factor that can bind to a
" 25 -CTGF specific receptor on a cell. ' Such an antagonist may be a CTGF specific
" antibody or functional fragments thereof (e.g.,; Fab, F(ab'),). Alteratively, a
polynucleotide ¢ontaining the TBRE region of the promoter may be used as a CTGF
" reactive agent by acting as a competitor for TGF-B. The’ treatment requires
contacting the site of the disease with the antagonist. Where the cell proliferative
30 disorder is due to a diminished amount of grthh of cells, a CTGF reactive agent
which is stimulatory is contacted with thé site of the disedse. For example, TGF-B

i ofe such reactive agent. Other agents will be known to those skilled in the art.



-14. | (3) (Fab'.)[err], the fragnent of the antibody that can

be obtained by treating whole anti body with the enzyne pepsin
Wi t hout subsequent reduction; F(ab)2 is a diner of two Fab'.
“fragments held together by two disulfide bonds; (4) Fv,
defined as a genetically engineered fragnent containing the variable region
5 - of tMOEM2 chain and the variable region of the heBUUSMHASHO
expressed as two chai ns; and (5) Single chain

anti body ("SCA), defi ned as a geneti.cal |y gngineered nol ecul e
containing the variable region of the light chain, the variable region of

t he heavy chain; linked by a suitable polypeptide |Iinker as a
genetically fused single-: chain. 10 nol ecul e. Met hods of
maki ng these fra r f

and Lane, Anti bog\@gﬁ% Ii’br& éai% oIi d &Rél ngéo@g@ Rthgégﬁ%%ﬁmlgﬁor at br
New Vierapeutisagyroaghwhich slirestiite erpéwﬁh vﬂ@%&ﬂéﬁé@TGF messages’

As used in this nmoqdiétems pdsHBIeI %ﬁbxahﬂ:blé @ﬁsetﬁ&ﬁmﬂel@ﬁtﬁd antbggiies could be
bi nds. Epit opi ¢ (AERRPRYi S BTCETRIR oS Sdue'tt ARfiHE Ry o fin Ml
active subface gr@ﬂ@)FP@?f@fy with atangeted gens's BUAamsmeamtwmg the expressmn
Stﬁgar tSl de chai nsofandt géﬁéwrbnéﬂwmoapaﬁefahﬁsem Elﬁjs% mnﬁesbeﬁéerwtwsdrm
characteris- e al‘ﬁlC .CS :
Anti bodi es whi ch Bidgybie Strpded 8‘?3 Lol b v é“e PEIPS o
ugl Ingczz)e-S ¢ a@l:gonuqeqﬁdgmp@rgml\g;%nucﬂmgm ntespre@n?dlsmegthsm efatsﬂyr ©
pg}ot l gets ofe Iopt grﬁﬁﬁhe%&eahﬁg ha\{eo an m%norve egewgﬁt 0@ éﬁ&ér&‘érRNKhﬁolecules in

pol ypepti us | Z

derived fiPom t rang&@[ %\"ﬁ %ﬁ?ﬁ&%ﬁ?@weﬁ'ﬁﬂaﬁg‘eﬁﬁaﬁﬂ& ed
to . a acid (E&TA—EE)cambe attadheddxsam antisefseodligomiivotitiy, caasing cleavager s

uh ch e Ger calse pra st or A by Siabrh St iod AShHaB IR

| i npet henocyani n ( ne serum a
(BSA), and t et anut® iblibitthgin muwmoewfp@mmm%kmnnwmarws-smm to
i muni ze the ani mahal( BiathemaiTQR8S;, 1988y, at, or a rabbit). - . |f desired,

pol ycl onal or nonocl onal antibodi es can be.further purified, for exanple,

15 - Antisense nucleic acids are DNA or RNA molecules that are complementary to at

- . least a portion of a specific MRNA molecule (Weintraub, Scientific American, 262:40,

- 1990). in the cell, the antisense nucleic acids hybridize to the corresponding mRNA,

' forming a double-stranded molecule. The antisense nucleic acids interfere with the

- .- translation of the mRNA, since the cell will not translate a mRNA that is double-

20 . stranded. Antisense oligomers of about 15 nucleotides are preferred, since they are

' easily synthesized and are less likely to cause problems than larger molecules when

introduced into the target CTGF producing cell. The use of antisense methods to

inhibit the in vitro-translation of genes is well known in the art (Marcus-Sakura,
“Anal.Biochem., _112289 1988) 5

25 Use of an oligonuciecfide to stall transcription is kriown as the triplex strategy since
the oligomer winds ‘around ‘double-helical DNA, forming a three-strand helix.
Therefore, these triplex compounds can be designed to.recognize a unique site on
a chosen gene (Maher, ét al., Antisense Res. and Dev., 1{3):227, 1991; Helene, C.,
Anticancer Drug Desogn 5@1 569, 1991) for example the TBRE region of the CTGF
30 ©  ‘promoter.

- Ribozymes are RNA molecules: possessing the ability to specifically cleave other
single-stranded RNA in a manner analogous to DNA restriction endonucleases.
Through the modification of nucleotide sequences which encode these RNAs, it is



B

by binding to and elution froma matrix to which the polypeptide or a

peptide to which : the anti bodies were raised is bound. Those of
skill in the art will know of various 30 t echni ques common |n t he

i mmunol ogy arts for purlflcatlon and/or concentration of

W96/ 38172

PCT/ US96/ 08 14fb 96/38172 - PCT/USY608140

pol ycl onal antibodies, as well as nonocl onal antibodies (See for exanple,
Col i gan, et al., Unit 9, Curregpt Protocols in Inmnol ogy, WIey
I'nterscience,: 1994, I ncorporated herein by reference).

It is also possible to use the anti-idiotype technology to produce-

‘monocl onal 5 anti bodi es which mimc an epitope. For exanple, an
anti-idiotypi c nmonocl onal anti body nmade to a first nonogl ona

anti body wi || heRpesiglefo eaginserdnclacuesithat rerognize specific "“W%rs?a‘l‘?nﬁﬁ?@?%gl on
which is the "i mmmmdemawnmummymhreﬁmr 260:3030041988). A major

cl onal anti body r‘,’ga"‘ag‘? ofth|s a?ﬂpmfch ﬁMMﬁWﬁgéq@ngsﬁ% oﬂlk m%NAs

accel erati ng wou
applying to the W%’?’éﬁﬂ%ﬁﬁ/i’em%f a conposition which .
contains CTGF, preferably purified. 'PDG and PDGF-rel ated nol ecul es, such

33 ypept | dS:of a{ﬁ'ew\épé Wbﬂc %#engl&gh'le ﬂ%‘ysz‘*#é'v@@%?%waspg& re in
cases in which tValue, 334158219684 an@diamgerbead“ -type. Tetrahymena-typesibneynes

there is a need rbgoght@ Bauchdd® WINEHINe OGTbASRS IRMGM) WHIS "hafhrlerhedd®-type

eal g P b8 YRR el HBhBAesel T1-1BL G n ihofl T b ””"
cyst ei ne resi dudecognitign, seguence, the greater meriﬂsehmnhatrmgrmu@oetm&rw i s
nore stapl e and éxemswe?srneme Rargett ﬁnﬁmpfeﬁééi@s Consequently, Hagmafiabdypd han
Eggri ﬁgd : ot her mes grcetp?efgralﬁeqw?etttagyrg &\68 Iné:/c»ezymes for macﬁjvatmg a specific
-mRNA species and 18-based reco’mtion sequences are prefereble to shorter
~ recognition sequences.

The identification of the promoter element of the CTGF gene and specifically, the
15 . . TGF-B responsive/regulatory element.(TBRE) (ST-GTGTCAAGGGGTC-S' (SEQID
' NO:8); nucleotides -157 and -145), provides a source for a screening method for
_identifying compounds or compositions which affect the expression of CTGF. Thus,
- in another embodiment, the invention provides a method for identifying a composition
whlch affects CTGF expression comprising incubating components compnsmg the
20 : composmon and a TGF-B responsive element of the CTGF promoter, wherein the
incubating is. carried out under. conditions sufficient to aliow the components to
interact; and measuring the effect of the composition on CTGF expression. The
method further comprises adding TGF-B, or a TGF-B family member reactive with the
TBRE, to the reaction mixture. Therefore, the method allows identification of TGF-B
25 . inhibitors, or anti-fibrotic compounds. Preferably, the promoter region used in the
screening assays described herein includes nucleotides -823 to +74, however,
. smaller regions that include the TGF-B responsive element would also be useful in
the method of the invention (e.g., -162 to -128 or -154 to -145).

The observed effect on CTGF expression may be either inhibitory or.stimulatory. For

30 example, the increase or decrease of CTGF activity can be measured by a biological
' .assay for CTGF, as described in the examples herein (e.g., EXAMPLES 1 and 2).
Alternatively, a polynucleotide encoding both the regulatory (promoter) and structural

region of CTGF may be inserted into- an expression vector and the effect of a



R

- 20 CTGF is produced by endothelial cells and fibroblastic cells,
both of which are present at the site of a skin wound.
Therefore, agents which stinulate the production of CTGF can
".be added to a composition which is used tQ accel erate wound heal i ng. :
Preferably, the agent of this invention is transformng growh factor beta

(TGF-[err]), WO%8172 however, it is likely that other TGRCTA®SHGU8R40 | y
menbers will also be useful in 25 _ accel erati ng wound heal ing by

i nducing . CTG-. The conposition of the iny ﬁnt i on aids in

heal ing the wound, in part, by pronoting the growth of connective tissue:
The conposition is prepared by conbining, in a pharnmaceutically
acceptabl e carrier substance, e.g., inert gels or liquids, the

purified CTGF an ] cell Li Lve
di sorder" refer sg?"gggat ﬁof‘ct)rga ng%rfpt 'g?at egGgﬁgl;rrg%ﬁe falsze %r efﬁﬁaﬁogﬁl%em
continual rfulti pbl P'(?é’?‘yﬁ'ﬁ Hradipagtive cerapound jsadded smﬂws\r@xtymfnennwmta;euw
popul ation wi t hi as2P-ATP, and radioattiVe iASoPoratidiFintoet TGP MRNA Id Médsupéd Not

necessarily transforned, tunorigenic or mal i gnant cells, but
can include normal cells as well. For exanpl €, CTGF may be
WO 96/ 38172 Altematively, a composntlon which affects: the expression of CTGF can be. identified

PCT/ US96/608140 by operably Ilnkmgareporter gene wnth the TGF-B responsive region of the proroter
ol vedpat ol o ALk i kahf d s b e b ] ™

| nst ead’ of "t ryi nigperter gene censtrughant TOFp andfassaymg foreXPress:ontohmede[aJBQEgmee g.,
| owering bl ood d_Psaditpdtel eﬁémnbeqnm%%gocﬁal IRthar anki efias H)h not

a subj ect, l!JP'g B cafor ant agoni sts o | nvent i on vvoul

Tate Ot ST lieae hiiclprahe B, hlommpipniel srepi pneirase-vepe (e ot b
at her osciter osi s. gdlHdi¥sidase gene. - .. .antagoni sts.are useful in treating.other
di sorders associated with overgrovvt h of . . . .connective tissues,
such as various fjbrotic diseases, including scleroderma, arthritis,

al coholic liver a‘? indilesr<of the | TBRE cambe pgded; prios 3p o Jellewing the addition of the
composition to be tested. Preferably, it is added after the composition is added. An

... inducer of this region in the:CTGF promoter is preferably TGF-B, however, it is likely
that other members of the TGF-B family will-also be useful for induction from this
15 -element. Other such family members or factors will be known to those of skill in the

The method of the invention is preferably performed in an indicator cell. An"indicator

cell" is .one in which activation :of CTGF -or the reporter gené can be detected.

- Examples of mammalian host indicator cells include the pre-B cell line, 702/3, Jurkat
20 - - T,COS, BHK, 293, CHO, HepG2, and Hela cells. Other cell lines can be utilized as
o indicator cells,-as long as the level of reporter gene can be detected. The celis can

be 'recombinantly-'modiﬁed to contain an expression vector which encodes one or

more additional copies of the TBRE binding motif, preferably operatively linked to a

. reporter gene. The cells can also be modified to express CTGF, as described above.

25 .~ " The reporter gene is' a'phenotypically identifiable marker for detection of stimulation
' or inhibition of CTGF activation. Markérs preferably used in the present invention
include the LUC" gene whose expre‘ssiori is detectable by a luciferase assay.

Examples of markers typically used:in prokaryotic expression vectors inciude

‘antibiotic resistance -.genes - for -ampicillin. (B-lactamases), tetracyclihe and

30 chloramphenicol (chloramphenicol acetyliransferase). Examples of such markers
 ‘typically used in mammalian expression vectors, which are preferable for the present
~invention, include the gene for adenosine deaminase (ADA), aminoglycoside



The present invention provides a nethod to detect the presence of elevated

| evel s 10 of CTGF to be used diagnostically to determ ne the
presence of pathol ogi es ‘characterized by a cell proliferative
di sorder. For exanple a sanple suspected of containing CTGF is

obt ai ned froma subject the | evel of CTG- determined and this

| evel is compyiogdsgiih the level of CTGF in normal tissue. Thectr8sslosab
CTGF can be determ ned by | mmunoassays using anti-CTGF

anti bodi es, for exanple. O her 15 . %I ations of such assays which
are wel | known to those skilled in the art$such as

radi oi nmunoassay (Rl A), ELISA and i munof| uorescence can al so be used to
determ ne- CTGF levels in a sanple. Alternatively, nucleic acid probes can
be used . " to detect and quantitate CTG-F nRNA for _the

purpose. .~ phosphotiapsferase (Rqa,5418) Sihyrrofqlale rductass. (DR Bygromycm-B-
S_mel i gr at ibng di s gshpephotiansierase(HPH) thirviidine Ridase (TK), xamlﬂhéf ?uh"nﬂjelpi'wesmmbasyk

i sorder by treat e n effective amount

of a CTGF reactl\}g}g&egﬁ(xapﬁeai)%%ﬁngﬁgm r%g emagenot es a |l esseni'ng of
t he detrinental effect of the disease-induing response in the
patient receivi nQntyéﬁéﬂdWer embodlment the inBAlich ﬁrbﬂdéilasﬁaﬁﬁdwudaﬁzgt@sm

overgrow p of cells
Ceff egt | vegl n decraying n@ °€'ﬂ ‘@?‘%%Pﬂ“?‘s%m qTﬁaFPSSé{g@'%%ﬁ?ﬁ th 52 25
CTGF specific recupiesh wmsmg@dmln'smtoaﬁﬁl@lmﬂe diggrdsea thegapeutically
ls: E)eg I ; |[ C - ])- Alt ech\:hnémi&ﬁ@bf @h ég&sﬁvhrenahoau{aﬁams ghhereaﬁheénen.gtherefyb

a err ernatiyve c

Tlerr] RE regi on otf %t' %@%ﬁ)’f’% ter%' U‘s"é'HB% @&%@”“’q&" gpéﬁbmsrgggc ive
agent by acting #&TGF Gmlohw\en {GF i¥ oyerpxpregsed, and inductionefiexpiession whsn
contacting the si¢repis dnbaeﬁbré@%ae el tBrmi ﬂﬁeraﬁem&npleﬁéetwwﬁémstthat arfidunt

Cel 5, o CTGE oo TRE gutiphtis e g byt R £ T Seadlfile o

with the site of Qﬂlloﬂzlifaﬂthlsdlsom exanple TG--[err] is one
- such reactive agent.. Gther- agents wll. be known to. t hose. ski IIed in the
art.

The’ agen?w‘\fgg 2dula\tes CTGF gene expressicn may be a polynuclegt}de for

example. The polynucleotide may be an antisense, a triplex agent, ora nbozyme as

15 described above. For example, an antisense may be directed to the structural gene
' region or to the promoter region of CTGF. : :

PCT/ US96/ 08140

‘The agent also includes a polynucieotide which includes the TBRE of the invention.
Preferably this: region corresponds to nucleotides -162 to -128 of the _CTGF
g regulatory polypeptide illustrated in FIGURE. 1B. More specifically, the TBRE region
20 .- - corresponds to about -154 to -145 in FIGURE 1B; Theée'polynucleofides are useful
- as competitive inhibitors or pseudosubstrates for TGF-B or other growth factors
which bind to the TBRE and induce CTGF transcription. - -

Delivery of antisense, triplex égents. ribozymes, competitive inhibitors and the like

can be achieved using a recombinant expression vector such as a chimeric virus or

25 a colloidal dispersion system. Various viral.vectors which can be utilized for gene
~ therapy as taught herein include adenovirus, herpes Virus_,.-.vadcinia, or, preferably,

an RNA virus such as a retrovirus. Preferably, the retroviral vector is a derivative of

a murine or avian retrovirus. | Examples. of retroviral vectors in which a single foreign

* gene can be inserted include; but are not limited to: Moloney murine leukemia virus

30 - (MoMuLV), Harvey murine sarcoma virus (HaMuSV), murine mammary tumor virus
(MUMTV), and Rous Sarcoma Virus (RSV). A number of additional retroviral vectors

can incorporate multiple genes. All of these vectors can transfer or incorporate a



- Wien a cell proliferative disorder is associated with the expression of

CTGF, a t herapeutic approach which directly interferes with the
transl ati on of CTG- nessages into protein is possible. For
-_exanpl e, antisense nucleic acid or ribozynmes could be used to

bind to the CTG-F nRNA or to cleave it. Antisense RNA or DNA nol ecules 5
bi nd specifi ¥PP6383fx h a targeted gene's RNA nessage, i nterr REI/USYsHERI0

expressi on of- that gene's protein product. The anti sense binds
to the nmessenger RNA formng &4doubl e stranded nol ecul e whi.ch -
cannot be translated by the cell. Ant i senée ol i gonucl eot i des of

about 15-25 nucleotides are preferred since they are easily
synt hesi zed and have an inhibitory effect just |Ike antisense RNA nol ecul es.

In 10 addj, L C [0 sych as it
et hyl enedi ani net gﬁegg%re% ilcfale’ el dd, m%a%aé%&ei 3 &ANLRe é‘fﬁ"&é?\fg&"go an
anti sense ol i gon&%ﬂ%ﬂd@}' inseiting apalynuigletide sequence of interesffintoithe wirgAvedtor, he
tSI te ﬁf bh%/b{ Ih di zgibh@with Afslise? g éﬁflwﬁfch%]flodlﬁgﬁué]fgaﬁd‘ﬂé%‘é&o?ﬁﬁ E%ﬂécuféc target
0 i nhi bi e inW | at on_of genes ar own, i n
(Mar cus- Sakura, oo for Ear, ygpetor '%PB‘U%%‘R? §° %MVT% rs gan 5o Made
Ant i sensé& ‘nucl e| target| specifie bymmﬂg F(NAexmhnie.ua eelyndd&obdeemodlpg @nsugaE g to
at §i9&dlipid, St drotein. (F'freﬁné@?e?éétl m th&ﬂﬂ; Fflﬁyﬁh Bhfisdd to

Scientific Aneri e anti ense

I
nucl ei ¢ aci ds hyf?fgﬁltﬁirﬁb&"mé’ea?ﬁ e@ﬁﬁ?\@i ﬁ)ma’t ill know of, or can g
- doubl e- st r anded asdedainiwithoatiundue exparinentation) specifiapolyincieotide Sequences ivht:hle

| f
trans atlon 0 t%ﬁg%eﬁd ﬁﬁ@ﬂfé‘ﬁtﬁﬁHI g\%&ljne'?&EI E%t@b%g n%%s ar e

doubl e- q Ant | sense |goners
preferré& si nce’qtrl‘?&'/'a ¥P§°’°°“ta'"'“9 the a'ﬁ'ﬁ%‘?ﬁ%}’ Heleptidez e and are | ess
likely to cause problens than-larger nolecules when -~ - I ntroduced

into the target ATl T, se t hods t

i nhibit the |gn wgir1 %ﬂf%&%ﬁo ses Jr%g fe?"%eﬂﬁg % T#E?Wee{?tor&r to

( Mar cus- Sakur a, produce lnfechousma!or BFG'@I@EmThlSEFES'@w ca!!%ﬂ)m\"d% for example s e
oI a? ol i gonucl eby using helpericel linds thabeontan plasmids ek aof thiesthickurhidjenes
strategy since

or o ngy  hr oe- of the refrovirys u uhdir o LR b l)%{pgéryage I;fgeh &g@ft{"gi 'REX oo/
conpound® can bePlBEBIdgHER Missing. @ogucisatide sequenee which. gnables the packaging
chosen gene ( Mahetecharisnto.recoffize af IRNA thascript it eh¥psidatibn3 Helpér celliR8d which

T, e 1y Tt S Ll e il U S

R bozymes are for example) o Thess; pelllines oreduce |emptyt\amy1§e§1n¢¢ Salgepomedsy e

ot her " ' g packaiged) | 16a RstroRrel 98ctoN iritiddces N 8 LictdeNs Q?ﬁldi&h e m]gagmg
restrictjqaon endo 1 T1 no
nucl eot Iig e's eque Eféﬁeﬁ{?\ﬂﬁ btét r%'&';% %huc{nf]ral sgeen%{é{%%&?gaeby@lg e%g fihtefest, the

vector can be’ packaged and vector virior produoed

‘Alternatively, NIH 3T3 or other tissue ‘culture cells can be directly transfected with
plasmids encoding the retroviral structural genes gag, pof and env, by conventional
calcium phosphate transfection. These cells are then transfected with the vector

25 plasmld containing the genes of mterest The resultlng cells release the retroviral
 vector mto the culture medium. - ST

K . ' Another targeted delivery system for antisense polynucleotides a colloidal dispersion
' system. ~ Colloidal - dispersion systems ' include ‘macromolecule complexes,
- 'nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water -
30 © - - emulsions, micelles, mixed micelles, and liposomes. The preferred colloidal system
of this invention is a liposome. Liposomes are artificial membrane vesicles which are
- useful as delivery vehicles in vitro and in vivo. It has been shown that large
unilameliar vesicles (LUV), which range in size from 0.2-4.0 um can encapsulate a
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possi bl e to engi neer nol ecul es that recogni ze specific nucl eoti de seqguences .
in an ~ RNA nol ecul e and cleave it (Cech, J.Amer.Med. Assn.

260: 3030, 1988). A mmjor advant age of this approach is that
because they syeosmgapence-specific, only nmRNAs W tHCTUS9E/08840| ar
sequences are inactivated. 5 There are two basic types of

ri bozynmes nanely, tetrahynena-type (Fbsse&?off, Nat ure, 334: 585,
1988) and "hamrer head"-type. Tetrahynmena-Type ribozynes

-recogni ze sequences which are four bases in length, while "hamrerhead"-type
ri bozymes recogni ze base sequences 11 18 bases in length. The | onger the

recognition sequen at e el.i hood. th t the sequence Wi/l
occur 10 g%%’?"@&%“f? I‘?t ‘fw "ngk]ﬁﬁ@ﬁlw
hanmer head- type DNA and mtaetmﬂms;aaasb&eemamht&dwﬁhn'th&)aqmaﬁmmand)bpe
ri bozymes for i nagjera torun@.nsmsrgf;ksuy actiye form (FralB§ Vb PRShES BB Boas e

recognition sequen €S refera ni,t.j on

sequences. = %ﬁ}h@ adqtiae o W‘E‘BF‘PW °S'is' fnesomes haveeen I"éﬁg defvery e
CTGF genesand s paﬁ pblynmﬂéapides inepldh®, yeast and Béadterjat cells.: rlaspbnﬁnr\aélbosngu ta1ber y

el ement (T[err]Rg), # E]egthe(fo‘imn ractenstu r)or

nucl eoti des -157 a pr ovI sour ce scr een net,hoﬂ‘
i dent i fying corrpcﬁJ“m”'GTm’t‘Efrﬁﬁ)%?ﬂeF gtem{!h@aﬁfﬁse{‘cxm ging fhefrrr
Thus, _ bl(ibgumdwvityermp@refaebﬂaltd\e substantial dﬂndillg)\to cee farget naellhind f or
ideritifying a corgasiy ool norterget colis, (4 il w&g@ﬂ%m&ﬁﬁéﬂmm
conpri si.ng i ncubati ng conponen S|ng

conposition and a

TGF- [ er r |10 espondhe/iarast eaficytoplgsmiah big 4)accypate and effettive expression

i ncubating is cardfigesetio irifornizion (Marind, am.wme‘cfmquemgssz tgsspw t he
conponents-to |nteract and maasurl ng the effect of the
~conposi tion on CIGF expressi-on. “The = - ~ method further COILPI‘I ses
" addi ng TGF- [ er r] ,Ther comprsjtioncsf; ther: %ﬂﬁstedﬁﬁﬁﬂﬁ“yr%aﬁﬁﬂwﬂm t9f phegpholipids,

TE. err] FE tot hefgmiwﬂmmmnsﬁmmmre ﬁHmpmuﬁbﬂamsa?lyagmmbmaﬂoﬂ
identification o wi I liv cholesterdl” OtHak ﬁholﬁf %F'&he lipkis Raly Giso be
corrpounds 15 Pr ef er = l y'i'hf ihys?::?l::qéracterisﬂc% of ||posc%r'nw§e depand on PH, fonic strength, and -

- the presence of div.alent cations.

Examples of iipids useful in Ilposome productlon mclude phosphatldyl compounds,

- such . phosphatqdylglycerol phosphatidylchohne phosphatidyiserine,
_ phosphatidylethanolamine_.; ) sphingollpids, cerebrosides, and gangliosides.
20 Particularly useful are di_aCyIphos_phatidylegoerols, where the lipid moiety contains

from 14-18 carbon atoms, particularly from 16-18 carbon atoms, and is saturated.
lllustrative - phospholipids - include = egg - phosphatidyicholine,
dlpalmltoylphosphatldylcholine and distearoylphosphatldylchohne

.The targeting of Iiposomes has been class,iﬁa,d based_on_ anatomioal and mechanistic
25 factors. Anatomical classification is based on the leve! of selectivity, for example,
organ-specific, cell-specific, and organelie-specific. Mechanistic targeting can be
distinguished based.upon whether it is pa_ssivé or active. Passive targeting utilizes
the natural tendency. of liposomes to distribute to cells of the reticulo-endothelial
_ _system (RES) in organs which contain sinusoidal capillaries. Active targeting, on the
30 + other hand, involves alteration of the liposome by coupling t_hé liposome to a specific
| ligand such as a monoclonal antibody, sugar, glycolipid, or protein, or by changing
the composition or_' size of the liposome in order to achieve targeting to organs and

. cell types other than the naturally occurring sites of localization.




- screeni ng assays descri bed herein includes nucl eotides -823 to +74,
"however, smal l er regions that include the TG--[err] responsive
el ement woul d al so be useful in t he met hod of the invention
~(e.g., -162 to -128 or -154 to -145). The observed effect on
CTGFexpression may be either inhibitory or stimulatory. For 30

exanpl e, theWPr?é’Pé‘é@e or- decrease of CTGF activity can be neRGHPINGOBIA0,

bi ol ogi cal assay for CIG-, as described in the exanpl-es herein
(e.g., EXAMPLES 1 and 2). L Al ty natively, a polynucleotide
encodi ng both the regulatory (promoter) and structural , regi on
of CTGF may be inserted into an expression vector and the effect. of a
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conposi tion on tTPanscrl {I on rFeta_&lwegs ystem ead Ul be raodn?ed mavanety OfWé
Nort hem = case gt a inespmaltargetad F%lerpwm '%awmm@- the
m xt ure of -conpante meshpndshllaber of the iposome in oftier forhaihfdinARetargeting ligantd drastablee

t

Componi 1 L on wini Arsesaigh yR S Indsdffl it Verioys foking groups Car 5 it ifitghing®

by operaBly |inthedpid qhé'ﬂﬁrt? the *@@ﬁb"‘@\l’ﬁfﬁdt He geoera), dhe Fompoupds Spyrd tateon of
t he pronoter surface of the tafjetdddelivery Systehfivillne lighsdsEmanedprswhicie witdilew t he

~conposition be| nd "hi 5 Str
TGFrrp[err] and assayﬁé&?orwis é%""sfooﬁrrl'do %Jéﬁ <8 %ﬁh@%g‘%ﬁ%&g Allﬁ%dm(}
Such reporter gé??eanmmpwd,(?fdﬂhqub “ﬂ‘!ﬂ?s‘@l“d?lﬂ%m IaFthﬂ’ campoynd, sughdas Acl ude

but are not “receptor. - - limted to a:luciferase gene, chl orarrphenl col

acetyl transferase gene (CAT assay) or [err] 10. . ~gal act osi dase gene.
The inducer of t he T[errLRE can be added prior to or following the addition
of the 10 - The agephyhich modulates QIEF ganecexpredsion én tisimethdd of ithe invertignaf t er

t he conposition |hélu&égjﬁ nté\Which ‘cause an elevatiofUf Sdych nlidlétities Gt cbl kdie
CTGF pronot er

that 6t her. nenbdPeng erﬁﬁ%ﬁ%ﬂfﬁé&ﬁ%&?ﬁ% 1 gﬁmﬁM S FSPrBETY Adinpigred to

i nduction f r om téhsubject having a cell proliferative disorder associated with CTGF gene expression.
Preferably, the cyclic nucleotide that is ‘elevated after treatment in the method of the
15 invention is cAMP or a CAMP analog, either functional or structural, or both. Those
"+ of skill in the art will know of other agents which induce cAMP or similar analogs in
a cell and which are useful in-the method of the invention.

The therapeutic agents useful in the method of the invention can be administered

parenterally by injection or by.gradual perfusion over time. Administration may be

20 mtravenously, mtrapentoneaily mtramuscu!arly, subcutaneously, intracavity, or
-7 .. transdermally. ' : '

Preparations for parenteral administration include sterile aqueous or non-aqueous

solutions, suspensions, and emulsions. Examples of non-aqueous solvents are

propylene glycol, polyethylene glycol, vegetable oils such as olive oif, and injectable

25. - organic esters- such -as ethyl oleate. Aqueous camiers include water,
" alcoholic/agueous solutions, emulsions or suspensions, inciuding saline and buffered '

“-media. Parenteral.vehicles inciude sodium chioride solution, Ringer's dextrose,

dextrose and sodium chioride, lactated Ringer's intravenous vehicles include fiuid

- and nutrient replenishers, electrolyte replenishers (such as those based on Ringer's

30 . dextrose), and the like.- Preservatives.and other additives may also be present such

as, for example -antimicrobials, anti-oxidants, chelatlng agents and inert gases and

the Ilke T Co
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15 el ement Ot her such famly nmenbers or factors will 'be known to

those of skill in the art. The net hod-of the

i nvention is preferably performed in an indicator cell. An "indicator

cell" is one in which activation of CTG- or the reporter gene can be

det ect ed. Exanpl es of manmmal i an host indicator cells include

t he pre-B cel Iwosam17270Z/ 3, Jurkat 20 - T, COCS, - BHK, 29¥craistsnodtep G,
and HeLa cells. Oher cell lines can be utilized as i ndi cat or

cells, as long as.the |level of reporter gegg can be detected. The cells can
be reconbinantly nodified to contain an expression vector which encodes one
or nore additional copies of the T[err]RE binding notif,
preferably operatively linked to a reporter gene. The cells
can al so be nodi f4{ r a, Lihed a o 25 .. ]h
reporter gene is Eﬁ%hfgﬁ%’ﬁz;& g@?l@ﬁ%t?f ﬁ%ﬁg&%&%e%%%qéfe%%q@ﬁm@%
stinulation - - -therapeuticaliyeffegiivetamount obCTEH (o2 hharmacautically angerteble carrier.

preferably used igudiRmtreémaiide thoseididdtbove with refererc8 € palenfeldl atiilinistaiion. -
whose expression is detectable by a luciferase assay. Exanpl es

of markers typically used in prokaryotic éxpression vectors include

anti bi oti c resi st T presgatremples (seenBXAMPLE| 19), demmonstrate that 3iGisB induction of
tetracycl gne and c38F is cell typé spetific 14, fibfoblasty. IConssquBREY, thé CTGF promater
acetyltransferase?:,Exg@les ?‘ﬁhf 1 Jar k 0S5 g,t p%@gw%’l used-in
manmal i an’ expr essiegiPhy ddyging t ' "Fe"ﬁ?ﬁ'&f o e expressiopof %r gene

i nvention,- i ncl udspecificallycin cxohmectivel tssuei calls dit dsremdsioned /) anya geme progducsefde

\F/)\gl_? ?J/S gg /1&23 140 interest can be specifically produced in a connective tissue cell, once operably linked

phosphot r ansf er ast? haJBREcandin the prasspes of TER-B, Eorpxpmele. it mpyye deSi'agle to
~ hygronycito-B- -~ operably link PDGE phanothergrewthdact¢r#6)polyhiientidercentainings TBRE;K) |
- xant hi ne guani ne fPtQ%E@P&TMW%@dUanPDGF or anbih@PEEfF ffa batiiedtive 2Le &nd
- [err]-gal act osi dase _er_-gglse. e .
- . - -Alternatively, in Cases where: the. level of CTGF or other factor produced is elevated,

it may be desirable to introduce an antisense for CTGF, for example, under control

of TBRE, thereby decreasing the production of CTGF in the cell.

15 The following examples are intended to illustrate but not limit the invention. While

they are typical of those.that might be used, other procedures known o those skilled
in the art may alternatively be used.
20 IDENTIFICATION AND PARTIAL PURIFICATION OF M

HUVE CELLS PDGF-IMMUNORELATED

“-Human umbilical vein endothelial (HUVE) cells were isolated from fresh human

_- umbilical cords by collagenase perfusion (Jaffe, et al., Human Pathol., 18:234, 1987)

25 “ _and maintained in medium 199 with 20%-FCS, 0.68mM L-glutamine, 20ug/ml’
Gentamicin, 90ug/ml porcine heparin (Sigma, St. Louis, MO), and 50ug/mi

Endothelial Cell Growth Supplement (Sigma). Cells used for media collection were

-third passage cells.: Cells. were identified as endothelial cells by their non-

.- overlapping cobblestone morphology and by positive staining for Factor-Vill related

30 . antigen. NRK cells were obtained from American Type Culture, NIH/3T3 cells were
a gift from S. Aaronson (NCI, Bethesda, MD), and both cell lines were maintained in



- In yet another enbodi nent, the invention provides a nethod of treati ng a

subject 5 having a cell proliferative disorder associated with CTGF
gene expression in a subj ect, conprising admnistering to a.
“.subj ect having the disorder a therapeutically ef fective anount

of an agent which nodul ates CTGF gene expression, thereby ,
treating theW@9%8812r. The term "nodul ate" refers to inhibitiPeI/US96/08140
suppr essi on of CTGF expression when CTGF is overexpressed, and
i nduction of expression when 10 Cl4# is underexpressed. The term
"therapeutically effective" neans that anount : of CTGF agent
which is effective in reducing the synptons of the CIGF associ ated

cell proliferative disorder. The agent which nodul ates CTG-

gene expressio M@,gl R I'ﬁm‘ ' or ; . example. The

pol ynucl eot i de Pay éhgor'?a';?\?’l?sw se@%ﬁgr gﬁe‘%gbé’ﬁl",e %9!"%“?‘?“@%5%‘3? cggs 15

descri bed above Wergebtaingd i@ tissuye explants ap previauslyideseribed (Grotendarst; fal., Proc.

structural .gene Natl. Acad. Sci. usw.ﬁm:‘s’mspil9819aiadl'iihziil’i’téli‘réHiﬁrol\!ifv.@lﬂi‘Rj‘%Pt"‘;s,c%ftg;glm]lc o
err 0 e

. | 619 shd et 1
Tvention, - ¢ ClnfiBhfnd eIt gt of i o7 UL RIS Lo nucl cot i des

-162 to -128 of the CTGF - . - regulatory polypeptidé illustrated in
FI GURE 1B. Mor e Gioadh Facfrs nd A Akl | RE region 20 . corresponds to
about -154 to -145 in FIGURE 1B. These pol ynucl eoti des are useful

as conpetitive inhibitors or pseudosubstrates for TG--[err] or other growh

factors -~ Human\RDER waspurified thkorfggeneityRifommiateleti ascdesdiibied previously
transcription. (Grotendorst, CeltDS8:27%: 1688 _ﬁﬁﬁﬁﬁm& "B $h9 AP BRI dim%tic
I.ke can be achl eved

b | . ol = . " mbins .
Usi g &t econty TRRF HeLles Wofe SPlaine e Greatus Bogplarules.Hopkiian, MA) ECF
a col | oi dal di swasobtaineshfemeSignida Purifies PDGR .br syathetic pepildes tontiningthe aimind zed

for genap and cartoRf<aBY &&%@Hﬁhﬁm&@%ﬂﬁ%&%@ﬁ%&%ﬁyﬁm&ﬁws-
virus, vaccinia, or. pref raply. o S ohan ViTus such as. a
etrovirus, Proffefiin §nbpdes ingdats,  Goats wer igiminizes wit30ugof purifid PDGF or

a rrulri n;a or avi #0ug afrsynthetis peptidecinFreunds fcongiiéte \ddjuvant/ifc inuitile| intradennbl a.
single.foreign iniect

imted to: Mol Qheyom 'i"h"e“‘fegubﬁa Wefe ot Shueifudyd Shiiifo solh rdhBIEE On,
sarcoma virus (F& incomp f?eam 9nd §hBsequept; gechallenges. “The anfi; . and
Rous Sarl@ora Vi rantibgdy3y¥i nofshowriaey croés-reddtivity to JIGF-B;tEGH, or FiGF\ia hmunoblot

can incor por at e giykikP e Aieptiod btbBlied WerSeyfércd'sBedift inb uRHal Gbedfeact
P ' with other synthetic peptide sequences or with recombinant PDGF peptides which

did not contain the specific antigenic sequence. This was determined by Western
- blot and dot blot analysis. '

" : .. _ . L

Goat anti-human PDGF 1gG (150. mg) was covalently bound to 25 mis of Affi-Gel 10

support (BioRad) -according to the manufacturers instructions with a final

concentration of 6 mg igG/ml gel. The column was incubated with agitation at 4°C

- for 18 hours with 1 liter of HUVE cell media which had been conditioned for 48 hours.

25" . .. . The gel was then poured into.a-column (5 X 1.5 cm), washed with four volumes of

. 0:1 N acetic acid made pH 7.5 with ammonium acetate, and the antibody-bound

- PDGF immunoreactive proteins eluted with 1'N acetic acid. Peak fractions were
determined by biological assays and immunoblotting-and the fractions pooled. -

~ Initial studies of the PDGF-related growth factors secreted by HUVE cells were done
< .-by removing the serum containing growth media from confluent cultures of cells and
- - replacing it with serum-free media. Aliquots of this media were removed periodically

R T T TR TR ST RS
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gene for a selectable marker so that transduced cells -can be identified and
generated. By inserting a polynucleotide sequence of interest into the
viral vector, al ong wi th anot her gene which encodes the |igand
for a recept orny@gsdggPeci fic target cell, for examgires9sloBBIO
vector is now target specific. Retroviral vectors can be made 5

- -target specific by inserting, for exanple, %€ pol ynucl eoti de encodi ng a

n.

sugar, a - glycolipid, or a prot Preferred targeting is
acconpl i shed by using an anti body to target the retroviral
vector. Those of skill in the art will know of, or can readily

ascertain w thout undue t at f I

Mo O g e peovprabtied g i apitegy shee ¥ nuen bRt PEIGF
target specific dphiseftidodptodsrit drbss-react with aryrother kndwrvgrowthifactens tandiié a@et he
antisense pol ynuc@q %t#tgef%ssssﬂl'nasq §00 picograms @’cﬂﬁw@n& ﬁﬁéﬁmr%%h‘fﬁrﬁé)&f fe’dﬁ&% are

defective, they r

i nfectious vect or monempes Asor Bighain peptide aﬂé@m@ﬁﬂ-”'?ﬁ A/ 8@@ W?’Sr"ﬂ’ﬂﬁd?)l e,
g%/r 3@ It Egalfselg gﬁ g Sceédﬂuénmssmmblaﬁ@m growihanedisiwasreemied) gells Washed witrePBS

0 . L t
regul atory sequen@'é%1\M'|t%sﬁmm%e{'$§j'£%§%\éh§§& éﬂéﬂ‘?ﬁell Hﬁ?mgdpés'ﬁ“ g5| ng
a nucl eoti de sequsfersonditianingderdhe patiod ptlime frrmG-4fhours, dnagzed againgg iﬁ‘i?ﬁeé'% to
L eooggl Ize an RNAf baa%ﬁenyaghmia ThE @al bsaier@menkmdﬂzesemsl elpetsobldttedito
v e o100 el 4 i b A el I
enpty virions, si atpuriiied glateletPDGE was run as referengeickaged. 1f a retroviral
vector is introduced I-nt o.such cells..in which.the packagi ng 20

signal is intact, _put t enes. ar
 interest, the res“&%"é) ?‘g E‘g‘ﬁ"’ Sﬁ%@ﬁ%&@&%ﬁsﬁﬁ&%m

produced. - mmunolagmaﬂmmﬂar@n platels FDQFSbubﬂfe@F higher relgtivednolegularweight| | s
B féel?r gsl ?:alr eg: 'rﬁCE :%956 m;]tgﬂambbkpec:ed 30-32 kD. Mvspéfmndﬁ-mada afam breB chain

. cal ci um'phosphat e?‘f’ Fﬂgﬂb&%@g@é&ﬂ%@%&ﬁ?@%%ﬁr ans rum- t he
| vector 2515 - : comnmadmedbmmmmblgmWWH@&%!’FSW‘H@?@%F?lng
- cells release thepnpaq ropylhbﬁtpoeFafteram hour ¥gHRtiBhin rpéﬁbd; Inscubationof thenmeldiam

pe

Anot her target ed d(?t“ %eré E%Sﬁ‘mufor Pﬁ&%ﬁ Eﬂﬁlﬁg}"s L&%d?)g%-éo +Hu edaI

di sper si on ISl
macr onol ecul e conmlmg@c activity and similar amount ofthe chemotactlc activ

The presence in HUVE culture media of several species of PDGF immunoreactive

20 molecules was unexpected, particularly molecules of higher molecular weight than
those of the A and B chain dimeric molecules anticipated to be produced and

secreted by endothelial cells (Coliins, et al., Nature, 328:621-624, 1987, Sitaras, et

- al., J. Cell. Physiol., 132:376-380, 1987). In order to obtain greater amounts of the
PDGF-like proteins for further analysis, the HUVE celis had to be kept in media

25 " containing 20% fetal calf serum, since the cells beginto.die after 24 hours in serum-
' free or low serum media: The PDGF immunoreactive proteins were partially purified
from the serum containing media by use of an antibody affinity coluinn made with the

anti-human PDGF IgG and an Affi-Gel 10 support (BioRad). Mitogenic assays were

: performed using NRK celis as target cells (PDGF.BB = 5 ng/mi, PDGF AA = 10

30 " ng/ml). HUVE media was 250l of HUVE cell serum-free conditioned media (48
hours) which was dialyzed against 1 N acetic acid, lyophilized, and resuspended in

- DMEM. before addition to test wells. Affinity purified fraction was 5 pl/mi of

combined, concentrated major pool from A_fﬁ-Gel 10 affinity column. Anti-PDGF IgG

- or non-immuné 1gG (30 pg/ml) was'added to the samples and incubated 18 hours



. nanocapsul es, microspheres, beads, and |i pid-based systens including
oil-in-water 30 emul sions, mcelles, mxed mcelles, and
| i posonmes. The preferred coll oidal system of this invention is
-.a liposone. 'Liposones are artificial menbrane vesicles which are
useful as der/fsrnxnéem cles invitro and in vivo. It has been shown that

large nilanellar vesicles (LUWY), which range PEIUS8140,
0.2-4.0 um can encapsul ate a- WO 96/38172 _

PCT/ US96/ 08140 27. 22.
substanti al percentage of an aqueous buffer containing | arge

macr onol ecul es. RNA, DNA and intact virions can be encapsul ated
wi thin the aqgueous interior and be “delivered.to cells ina

bi ol ogi cal |y actdtvec prioitoltdstiag Wthe%nto@bmc asQHye"mé nﬁhﬁ |cat%§£fh ples wa

6: 77, 1981). In 1tion t S een used for
delivery 5 o%gc'im'n %&Wﬁrﬂ?&@ﬁo%\yﬁfpsg% et Werg) | <.
In order for a |r§ma@qﬂ-,gtlga;tmeeehmeswlth_sxmllamsm{sf|C| ent gene transfer
vehicle, the follow ng characteristics should be present. (1)

enCapSUl 3t 00 Olhbe i o bl Al 3R el SRS f e g
subst ant$ al bi ndnitegenicactivity, all gletogxcal dctivity could be neutralizeddbympiar insubation of the
non-target cel! gk uﬂﬁiﬁe\éﬁﬁ Y nf’PﬁPgélihgﬁ&HS TR EREA ik ety ity © 10

t he target cel | C accur at

ef fective expr esa#'}ﬁ?] moecues prese o | érﬂﬂq"ﬂ |M¢4rqu@npmnwmse RPGE .

Bi ot echni ques, 6GmfRAerelA&Binolecules. ... . The corrp05| tion of the |Ii posome
is usually a conbination of phOSphO|IpIdS particularly

hi gh- phase-transjtion-tenperature phospholipids, usually in combination

with steroids, cdiguetssfihe reriaiyputified proteingavers,immunebloites] using therame amti-pi ds
may al se0be 15 PDGF antilseely.and tice. ¢ty sndicdtedthe (ppesiente ofthe” Righér MWDADithies

CoF e P | kil 64 ponicos s, THEREr RS nhll il
i ncl ude phosphat‘?'HPP'Yé%B'@dS els.-at. 36kD and comprises at least 50% of the total
immunoreactive protein _pu_nﬁed Arom conditioned media. The immunoreactive
R species migrating at 37 and 39 kD constitute most of the remaining immunoreactive
15 protein. A similar pattern was seen with proteins labeled with *S-cysteine and
‘affinity purified with the anti-PDGF IgG immunoaffinity column.. Less than 15% of the
total affinity purified proteins co-migrated with purified platelet PDGF or recombinant
.PDGF isoforms. -

Prior incubation of the antibody with purified PDGF (300.ng PDGF/2 ug IgG) blocked

' 20 antibody binding to all of the molecules, indicating shared antigenic determinants with
dimeric- platelet PDGF. - Interestingly, when the antibody was blocked with
-recombinant AA, BB, or AB dimers, antibody binding to the HUVE secreted proteins

was inhibited equally by all three dimeric forms, suggesting that the antibody

recognizes common epitopes present on all three PDGF dimers and the HUVE

25 secreted molecules. In order fo insure that none of the antibody bindihg molecules
detected on Western blots was derived from fetal calf serum or other additives in the

culture media, a new, unused antibody affinity column was ma_d_é and media which

was never conditioned by cells was processed exactly as the conditioned media. No

. PDGF immunoreactive molecules were detected in the fractions from this column by

30 ~ immunoblot and no biological activity_ was detected. When platelet PDGF or the
. recombinant dimers are reduced with 200. mM dithiothreitol (DTT), monomeric A

chain(17 kD) and B chain (14 kD) peptides are observed on immunobiots. Treating

the HUVE molecules in a 100 mM DTT sample buffer resulted in slower migration of



such as phosphati dyl gl ycerol, phosphati dyl chol i ne,
phosphati dyl seri ne, phosphati dyl et hanol am ne, sphi ngol i pi ds,
cerebrosides, and gangliosides. 20 Particularly useful are

di acyl phosphati dyl gl ycerols, where the |ipid noiety contains

from 14-18 carbon atons, particularly from16-18 carbon atoms, and is

saturated. = Wo096/38172 I | lustrative phospholipids i ncl udq:crmsgmggo
phosphat i dyl chol i ne, di pal m t oyl phosphati dyl chol i ne and

di st ear oyl phosphati dyl chol i ne. The targeting of |ipoesones has
been classified based on anatonical and né@fhanistic 25 factors.
Anatom cal classification is based on the |level of selectivity, for

exanpl e, organ- specific ceII-specific and organel | e-specific.
Mechani stic targeting.can. I stinguished based upon whet her
it is passive orﬁ‘fct'\%gr 'WEE?’%“E’&W‘F’% Ll ,qoﬁlgggamrde gels. Mostnef the ur al

t endency of i pomnaoreactdesrtwleﬁ.lla&mignateelat 3889 kmﬁnuaéss:iutenselbdmdﬂaderal
RES) i { |
system (RES) N Ghga0es W28 lind I, %gﬁgﬁ%&&% asf o timh e Smuch

targeting, on th es al era
| i posome by coupfedvged Rectein ﬂﬁi‘&ﬂ'@dk‘@dd“ ofsler f9 detect the reduced m°leF@]§'~’ndTB'§d§1 as

a nonocl odal ant ctrsisient siith the, afghtymbtheranﬂbodyrfopmoﬁmmc formsxf te PIDGF Agand

the co 05|t|on I 0
or gans rTgnd 9ch§in2€egﬁ§efst h?'egg 90 her t {ﬁ% m%& s%ggkqu%écg‘ar&r%t#% tes
of | ocalizati on. affinity purified prote! ioned media of HUVE célls was monomeric

PCT/ US96/ 08140  peptide which mrgratesonacrylamrde gels at an apparent molecdarwe:ght of36kD
The ‘sur f ace of tng?r%a?%gtaeg ﬁebwﬁyrega/c%&em may. be nodified in a variety. of

ways. case of rposomal targeted delivery system

l'i pid groups can be incorporated into the lipid bilayer of the
| posone -t order to mai-ntain the targetgxgggﬂggpd in- stable

.association- with the |iposomal bil agek. l.i,;aki-ng groups can be used
for joining 5 the lipid, chaln__ e tar ng ligand. In general,
“t he conpounds bound to the - i surface of the targeted delrvery

ssystemw || be | Cgandmcﬂtruttw‘wmt@teﬁnhéd ithe\Bbydenlchamber chemotaxis assaly
|t ?ggﬁéega Se' | ver K ¥vs %Elaéﬁnef die @rﬂé’o th igEe A@As@ggér@%s%ﬁw (%8#&1%?5&6‘
anot her corrpound“%’u@fpcaga‘é""ad Scr USA 78:3669-3672, 1981; Grotendorst, ef al., Methods
18 . inEnzymol., 141:144-152, 1987) Mitogenic assays were performed using 96 well
: ' plates and normal rat kidney (NRK) fibrobiasts or NIH-3T3 cells as target cells. The
- cells were plated in DMEM, 10% FCS; NRK cell cultures were uséd 10-14 days after
confluence and 3T3 celis made quiescent by incubation for 2 daiys' in serum-free
DM'EM, 0.2 mg/ml BSA before use. Sample proteins and dilutions of known
20 . standards were added to the wells and the plates incubated at 37°C in 10% CO,,
s 80% air for 18 hours, after which *H-thymidine at a final concentration of 5 uCi/ml
~ was added and incubated for an additional 2 hours. The media was removed, the
cells washed and DNA synthesis detérmined from the *H-thymidine incorporation into
- trichloroacetic acid precipitable material by scintiliation countlng.

Electrophoresis was perfonned" on 12% polyacrylamide 'gels containing SDS

(Laemmii, U.K., ' Nature, 227:680-685, 1970) unless othenvise stated.
immunoblotting was performed by electroblotting the proteins to a nitroceliulose

. membrane and incubating the membrane in 50 mM Tris-HCI, pH 7.4, 100 mM NaCl
30 (TBS) with 5% non-fat dry milk at' 25°C for 1 hour to block non-specific antibody

: binding. The blocking solution was removed and the antibody (15 pg/ml) added in
TBS containing 0.5% non-fat dry milk and 1 pg/ml sodium azide ‘and incubated




- receptor. 10 The agent which nodul ates CTG- gene expression in the
‘met hod of the invention I ncl udes agents whi ch cause an

el evation in cyclic nuclotides in the cell. For exanpl e, agents-
.such as cholera toxin or 8Br-cAWP are preferably adm nistered to

a subj ect haV|Q%Ba cell proliferative disorder associated with CTGF gene

expr essi-on. Preferably, the cycli.c. nucl eoti de t hRCITUS96/681d40 at ed
after treatnent in the nethod of the 15 invention is cAMP or a cAWP
anal og, either functional or structural, g both. Those - ’ of

skill in the art will know of other agents which induce cAMP or simlar

anal ogs in a cell and which are useful in the nethod of the

i nventi on. R The therapeutic agents useful in the nethod of the

i nvention can beyghg hﬁiﬁhe%membranes wer@%@ﬂécgéﬁébgm%é 'H%%%P'ioby

gradual perfusion. over ti ravenously,

i nt r aperi t oneal |T)inutes eachwash andthep: '"%PB@Gt“ﬂﬁ@B@Eﬂ%/Ph°FPhaF4§§§9PP9mGQFﬁHW
transdermal | y. purified rabbit antifoeiiaGaKPL) Gaithérsbarg KDY &4 121000 [ilatidriin TBS

inctude sterile E%HW@HQ 0%% RAR 29563 1 Shour,, The fuersss%rgﬁua%ﬂéd uﬁtﬂs'féé;ﬁlg

and enul si ons. of non-aqueous
gl ycol, Pol yeth "&ﬁ?e%%ﬁ?seqmgleeeandéh% d@@!ﬂﬁeays'mane!hehne pmhatase

injectable 25 substmteeolgﬁuw(o1wm§:ﬁcsyam 0.25 &ighiil nitfd s tetrazofide0.5mg/ml
carriers includeg chioro- mdolylaPhgs@{ hol i c/ -aqueous sol utions, enul sions

or suspensions, |nc udi ng sa I'ne éred ' nedla
Parent eral vehicl es i ncl ude sodi um chI ori de soI ution, Rl nger S dext rose,
dextrose and sodWaisy Cheniotatic dndMidé s 3

i nclude fluid Not PDGF P !;and nutrlent re eni s ers_ _ ST _y "
repl eni shers (s sed on Ringer's 30 dextrose), and the
like. Preservatives and other additives. may al so be present such

32 sefsogngx anpl e, |nadiério i esif thd"Uhlerrfotd e dha ’mlﬁ{%%}:%%%gﬁ%ﬂeﬁqﬂ thé'er t
PCT/ US96/ 08 1 40 partially pung]ed media protelns were from molecules containing the PDGF Acand B
- chain peptides or were the products of molecules which do not contain these
sequences, biological assays were performed with serial dilutions of the affinity
purified media proteins and serial dilutions of recombinant PDGF AA and BB
15 homodimers and the AB heterodimer. Sufficient quantities of the samples were -
prepared to perform the mitogenic and chemotactic assays and the immunoblots with
aliquots of each dilution sample. The mitogenic activity of the HUVE affinity purified
factors observed was comparable to the activity elicited by all three recombinant
PDGF dimers. The chemotactic activity was comparable to the AB heterodimer,
20 - producing less response than the BB homodimer and greater response than the AA
"+ homodimer. When the biological activity of the samples was compared with
_ immunobilots ‘of equivalent amounts of the same samples, no A chain nor B chain
- molecules were detected in the test samples. These data demonstrate the major
biological activity present in the anti-PDGF affinity purified fraction cannot be
25  accounted for by PDGF A or B chain containing molecules and imply that the major
' ‘' PDGF-immunoreactive protein species present in these samples (the 36 kD peptide)
is biologically active and does not contain amino acid sequences found in the amino
.. " and carboxy terminals of the PDGF A or B chain peptides.
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The invention al so includes a pharnmaceutical conposition conprising a
therapeutically effective amount of CTGF in a pharmaceutically acceptable

carrier. Such carriers include those |listed above with
reference to parenteral adm nistration. ' The present Exanpl es
(see EXAMPLE 10), denonstrate that TG-[err] induction of 5 CTGF is

cell type spesvbbenasir 9., fibroblast). Consequently, the CTGrEI/USIS0EM0
region, including the. T[err]RE, is useful. for the expression of a
structural gene specrfrcally|ébconnect|ve tissue cells. It is
envi si oned that any gene product of . I nterest can be
specifically produced in a connective tissue cell, once operably |inked

to the T[err]RE, and in the presence of TGF-[err]. For exanple, it may be
desirable to 10 “operably link PD%Euﬁhﬂiﬂfther grow h factor to a
pol ynucl eotide containing T[err]RE, thereby specrfrcally
produci ng PDGF or anot her fact oRECEPAORGKN ON ASSAY
Al ternatively, in cases where the IeveI of.. CTGF or other factor produced S

el evat ed, it ma esrrableto ntr n_anti.sen r
CTGF, for ex arrpl AssgyR wpre s usrng confluent W%Feﬁc}ghée%% Fl rzé %eplabos
-decreasing the pr(@ﬂalat)gmwrnh , 0% tfetal calfiserum, 16 ug/ml Gentamicin.f Dhe grawtiy
exanpl es ?;Sr i nt %g&g}q&? Hobé@&ﬁd”ﬁr%cﬁ w%dhh&rﬁntﬁiﬁum%rﬁmm OWMdhﬁl

they are cal pﬁhat m

e  us ot her ed
those skilled  BSAandthe pistes pla P"t?atf"'a-’r%r@'f‘t‘fa?l %@93@@%“
EXAMPLE 1 20 BSA. Test samplesNRdrdob#dls @heére’\Bdd uyiRinl serurfrfiias DMEW) mnwml

M TOGEN FROM. sl ED
el s oM BSAcontaining 510 ng/ml o\f/gyr\{searrﬁdm?% gﬁ%li}? bﬁfﬂh@ﬁﬁ#@r
i sol ated from fr ee of thegecombinant PDGF isaforgis|in & gpncepjrajion égs %’\ﬁﬁ&m
per fusi ono(Jaffe, ngﬁnl abne rrﬁllllim'r‘ahﬁabtb@f the shinpE84verd pladed ibto wells of thaazzfdwell

intained i 2%e
"":nGglnt]a?r; Qﬁn | 'go[tr rl?*g% rrt por cr ne hepgﬁﬁlag ng@tﬁggeAﬁl\}%%ﬁédM
50 err] g/ m - - period, the 'E?%RHQ '@U‘ﬂﬁ?ﬁ?@rﬂ“ W@tﬁ%’ el 1s

wused for nmedia coﬂarbtelrtlbomndmeﬂmsurfaoeoftheoellswererehtgdiwmgellQfelNscetlmidfsf wer e

identified as endghelied! Tﬁfééeﬁcgt\ﬁd%ﬂﬁbﬁ sé?f?ﬂeswe llrzed reﬂtéré reJ a
|

cobbl est one nDrpho ogy d 30

anti gen. ﬁIRK cel 1HC 'voé\"e“b!ﬁ"'ﬁ 8‘;5’;;%5‘;/14%&?&? 'W’gté iy el | s
wer e . antgPDGF antibod{s.  Aar onson ( NCI, - Bet hesda, I\/D) , and bot h cell
lines were maintained in.
. In order to: substanhate the blndmg of the endothelral cell molecules to the PDGF cell
surface receptors, competitive receptor binding assays were performed. Because
_ immunoblots of the affinity. purified HUVE cell. secreted: proteins indicated the
20 presence of multiple PDGF immunoreactive molecules, '*i-labeled PDGF
competition assays could not be used since this would not indicate which molecules
~ in this mixture were competing for binding of the labeled PDGF for the receptors on
the target cells. Since the isoforms of PDGF and the major PDGF immunorelated
_ protein secreted by HUVE cells are of different molecular weights, receptor binding
25 - competition was demonstrated on immunoblots. Direct binding of the anti-PDGF
. immunoreactive - peptides to NIH 3T3 cells was- demonstrated . 'by_ incubating

w : . monolayers of the 3T3 fibroblasts with.the anti-PDGF affinity purified proteins (10

ng/ml) for 2 hours at 4°C. Bound peptides were released by washing of the cell layer
with 1 N acetic acid and quantitated by immunoblot analysis using anti-PDGF IgG.
30 This data show that the 36 kD immunoreactive peptide binds to cell surface of NIiH
' 3T3 cells. This binding can be competed by increasing concentrations of
recombinant PDGF BB added to the binding media. These data suggest that the
CTGF peptide binds to specific cell surface receptors on NIH 3T3 cells and that

PDGF BB can compete with this binding.



- WD 96/ 38172 : o
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DVEM 10% FCS, 20[err]g/m Gentamcin. Fetal bovine aortic snooth nuscle:
cells wer e obtained fromtissue-explants as previously
described (G otendorst, et al., Proc. Nat|. Acad. Sci. USA,
78: 3669 198WMOWMITAai ntai ned in DVEM 10% FCS, 2Q err] g/ n PCT/USI6/08140
Gentam cin, and used in assays at second or third passage. 5

G owm h Factors and Anti bodies = 31, Human PDGF was purified to

honogeneity fromplatelets as described previously

(Gotendorst, Cell, 36:279, 1984). Reconbi nant AA, BB, and AB chain dineric
PDG- nol ecul es were obtalned from Creative Bionol ecul es, (Hopkinton, M.
FGF - Ho1=} o, L ram Segng. . Purified PDGE or synthetic
peptldes contalnlng € 10 '.‘d carboxyl sequences of the mature
PDGF A and B chain nol ecul es were used "~ ~to raise‘antibodies in

goats. Goat s weiTetsl RMAWasdsblated frord Qiis/in h@netbyéﬂwltuire%énsPlWEprmrzed RNA was

ot adepra " Tesbindalh bl el et KAk G 8D et s henthl b ic Brs
after the fourt we mindeskefere iqading (20 pg per lane tota RNAY®ato mwpml@e!udpm»&nt )
and subsgquent: ragﬁ#b%blgasgém ‘ruhlit 50/Voits. Pi¥tbg n|915f RNA wasadéftérhmi&ﬂ Ky Ethitfim s how
ol yei o The alfamise Bialif e vswaediion” of (TS, o Y JRNA benrty qiAfieror
crgoss-react - electnophoream tha RiArwas tansfemedite nqtmpellul;bee beblotting ovemightivith
reconbi nant - PDGIORSSG Befer Wrhé htrocenulose was air &€t B bked bP8G*C BE2 hBARIIAT C

Thi
grél ggz;lcy;eguerécv%ﬁuumlo‘s’er\{\eﬁw : rm 1. H’M%Ster@mt%%withtheatl mono?d

10 5 X 10° CPM per ml of ”P-labeled probe. Normally for Northern blots, the entire
plasmid was labeled and used as a picbe. Labeling was done with a random primer
labeling kit from Boehringer Mannheim. After hybridization, membranes were
washed twice in 2X SSC, 0.1% SDS for 15 minutes each at room temperature, once

-~ for 15 minutes in 0.1X SSC, 0.1% SDS, room temperature and a final 15 minutes

15 wash in.0.1X SSC, 0.1% SDS at 46°C. Blots were autoradlographed at-70°C on

- Kodak X-omat film. -

Standard molecular biology techniques were used to subcione and purify the various
20 - DNA clones (Sambrook, et al., Molectilar ‘Cloning a Laboratory Manual, Second
'  edition, Cold Spring Harber Laboratory Press, Col. Spring Harbor, NY). Clone DBG60
-was picked from a lambda gt11 HUVE cell cDNA library by induction of the fusion
proteins and screening with anti-PDGF antibody: Plaques picked were rescreened

‘and positive clones replated at low tlter and isolated.

25 ° - The EcoR | insert from cIo'ne'i DB60 was cloned into the M13 phage vector and
single-stranded ‘DNA obtained for clones with the insert in opposite orientations.
“"These M13 ciones: were ‘then sequenced by the dideoxy method using the
. . Sequenase kit (U:S. Biochemical) and *S-dATP (duPont). Both strands of DNA for
" this clone were completely sequenced using primer extension and both GTP and ITP
30 - chenmistry. Aliquots of the sequencing reactions were run on both 6% acrylamide (16
' - hours) and 8% acrylamide (6 hours) gels vacuum dried and autoradlographed for
" at least 18 hours. : oo
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Goat anti-human PDGF 1 gG (150 ng) was covalently bound to 25 m s of

Affi-Gel 10 support (BioRad) according to the manufacturers
instructions with a final concentration of 6 ng 1g@mM gel. The
colum was incubated with agitation at 4C for 18 hours with 1

liter of HUVE cell nedia which had been conditioned for 48 hours. 25
The gel was-tiwoogssived into a colum (5 X 1.5 cm, washed w pbTAISYE08140

vol unes of 0.1 N acetic acid made pH 7.5 wi th anmoni um acet at e,
and the anti body-bound PDG- iggunoreactive proteins eluted with
1 N acetic acid. Peak fractions were ) determ ned by bi ol ogi cal
assays and i mmunobl otting and the fractions pool ed. Initial

studies of the PDG--related gromh factors secreted by HUVE cells were done

30, ures of Lol PR ENATAGSAYAR SR L Dot T R

Ali quots of this HBE celleDNA larabdagtd fibnaryo Beveial glones were picked and thedargest38172

PC;’/ UﬁQ 6/ 08140  the 2100 bp clone designed DB60R32, was subcloned info Blusscript phaGemid.

ol at el ot POGE, | Subbnes wera made SFHet 8 L0 EoR SUKBH (iSSPt Faamart B i ner

known gr dum h f acBiuescriptd Theseagdbelones were sequencediby double:steandeth plasiiid DNA

pi cograns -of di ; RRGTedRhighes (86 : B Wri o

Aor B _ch'a! n preréfwd;é:el an ?%q%%bl ot_s.%ﬂﬁlj?g’:cgf lﬁ%ﬁ%ﬁ;&rg\ﬂﬂhgﬁctga

confl uence in 6 hrone.contaiping the gRRN reaging fanye was su | intoM13mpi8.and

with PBS - - M13 mpt@l aad bbthostrands wiDNAecwereectmplelely sequinted wsingcsingle | .

The ‘medi a-was T egpuRfbd DNA sequencing tadHnfjues Rilt brimé akiafisibrPand arl fp ti e
al ntg acrd an -

from 6-48 hours, zed agal nst 1N acetic

i _ . . a
| yophi | i Z&d. The‘gﬂ'ﬂﬁ »s were then run -on-12% PAGE; electroblotted to
nitrocel l ul ose and vi sual i.:zeq_:

W th.the anti-human PDGF-antibody. Five .

nanograns 1-Q; 8iéit' alld 2 équiehcing s tf{f ONA_ft gnnecfivé Tissue

~ -In order to further characterize these PDGF.related molecules, sufficient quantities

of the CTGF protein.for amino acid sequencing was needed. However, the low

15 concentrations of CTGF in the conditioned media of HUVE cell cultures and the
costly and time consuming techniques invoived in obtaining and culturing these cells

made protein purification to homogeneity and amino acid sequencing irripracticel.

~ Therefore, the anti-PDGF antibody was tised to screen an HUVE cell cDNA library

made in the expression vector lambda gt141. Over 500,000 recombinant clones were

20. . screened. Several clones whichgave strong signals with the anti-PDGF antibody in
the screening process were purified and subcloned into the M13 phage vector and

partial sequence data obtained by single-stranded DNA sequencing. A search of the
G_enBank_DNA sequence data base indicated that two of the i_:lones picked contained

- fragments of the PDGF B chain cDNA open reading frame sequence. One of these

25 clones was similar t_t._)._-._a.1_.8-kb insert previously isolated by Collins, et al. (Nature,
- 316:748-750, 1985) using a c-sis cDNA probe. A third clone of 500 bp was
. completely sequenced and no match was found in.a homology search of all
,nuclectide and amino acid _seqUenceé in GenBank (.CEI_-" 10 sequence was not

. available at that time). This clone was designated DB60.: -Ahti-PD_GF antibody

30 binding to the fusion protein produced by the cione DBB0 was completely blocked by
the affinity purified proteins. -A %p.jabeled probe was made of DB60 and used on

a Northern blot, of 20 ug of total RNA isolated from HUVE cells. The blot indicated

~ probe hybridization with an mRNA of 2.4 kilobases, which is a inessage of sufficient

size to produce the proteins in the 38 kD molecular weight range seen on the



The results indicated constitutive secretion of several species of
"nol ecul es which are - I mmunol ogically simlar to platelet PDGF
but are of higher relative nol ecul ar wei ght (36-39 kD) than the

- _expected 30-32 kD MV of platelet PDGF or A chain or B chain

honodi mers. Chenptactic and m togenic assays perforned with this serumfree

15 - coWBP¥Red nedi a- i ndicated the total biol ogical -aR¢TU8P esent
was equivalent to 15 - ng/m of platelet PDGF after a 48 hour
conditioning period. Incubation of the nggdja with 30 [err]g/m

of anti-human PDGF | gG neutralized approxi mately 20-30% of the
mtogenic activity and simlar anount of the'chenotactic activity.
The presence in HUVE culture media of several species of PDG-.

of i gher ol ac g unoblote oftR BRtyRMEFrbtBLP THE BeORe s el th EBLBEHI oo

| | . .

di mer igc nol ecul E@WE@MWWW‘M%@H}WQ ctlone |soI§e€m:[\%¢%a by
endot hel i al cel R#0Qt@sk pain insed designated\ABAIRS2. Fogrobe iade wvith thecZI D bsEcaRls, et
al ., J. Cell. Phshefolone BaEE2 UM hybRERu witih HGIED 41 Mbishi® i Rartifim

anounts of the PDG-- | J ke proteins for tfurther analysis, the
HUVE celfs had PB‘%%%?!&BMW?%H&E"E&‘P containing 20% fetal calf
serum since the cells begin.to die after 24 hpur's in serum

free or low serumnedia. The PDGF i mgaii@ sve proteins were part ially
purified from TRe" o cont gl ng aedi 2 by, s of an anti body
affinity colum made wit h &€ 0 TRANSCRIFTION ANRLERANBBAHON. 5 and an

Affi-Gel 10 support (BioRad). Mtogenic assays were . per f or ned

using NRK cells "' ﬁoﬁ = Qs - Tor

g/ i) HVE. nedl s SR e ehstor erq e irfind 2100 S0 ctna Bidtinas

media (48 - inthe Bluesgiph KS)veqir. cthepasmid wag sulwithXhobwhigh sts therplasmid g,

I yﬂohl I Z?fed, _ ?ndnéﬁﬁmﬂl?ﬁd ciofling site of the \feaorslnluw EBNAIReA T TOPromBterest |
wel | s. inity nifi I | O err 0 - . C i ned,
concentr at ed matjsg(%j 'éf)_éc%?e & ré?nq% ﬁﬁ"@ﬁ‘%’a vé_\ﬁ %’ﬁ?‘ﬂ’%%ﬁﬂ‘?ﬁ?m‘xﬁt ithB[ﬁF%P%G

" or non-immune | fangcgptignswere dong with\@ kit supplied with thedBiueserptuectorn (Stratagepel-ed 18

hours - .. WD 96/ 38172 . . L AR >

PCT/ US96/ 081_4'-0 . In vitro translation reactions were done using nuclease treated rabbit reticalchte

' - lysate and ¥S-cysteine in a cysteine-free amino acid mix for jabeling of the peptide
15 ] (Promega). The reactions were done in a final volume of 50 ul containing ¥S-
. cysteine 1 mCi/mi (1200 Ci/mMole, DuPont), and serial dilutions of mRNA from the
in vitro transcription reactions in concentrations rénging,from 50 to 500 nanograms
‘per reaction tube. The reactions were incubated at 30°C for 60 minutes. Aliquots
. of the reactions were run on reduced or nonreduced 12% polyacrylamide
20 electrophoresis gels, dried, and autoradiographed. '

- Bacterial expression: of immunoreactive CTGF ' peptide was accomplished. by
ssubcloning clone DBBOR32 into the Eco Rl site of the pET 5 expression vector

(Studier, et al., Ed. Academic Press, N.Y. Vol. 185, 60-89, 1980) in both sense and

inverse orientations (as determined by restriction enzyme digest analysis). Cultures

25 of E. coli HMS174. cells were grown in' M9 media to-an OD 600 of 0.7 and the media
made 0.4 mM IPTG and incubation continued for 2 hours. The cells were pelieted,

lysed. inclusion bodies removed by centrifugation'an.d aliquots of the pellet extracts

run on 12% polyacrylamide gels and immunoblotted using the anti-PDGF antibody.

The protein produced by clone DB60R32 in the sense orientation produced anti-

30 PDGF immunocreactive peptides in the 36-39 kD MW range while the anti-sense
control produced no immunoreactive peptides. The recombinant peptides produced
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at 4[err]C prior to testing in the mtogenic assay. The nean of triplicate
sanpl es was determ ned and the standard deviation was | ess than
5% The experinments were . repeated at least three tinmes with
simlar results. MWhen aliquots of the partially purified.
proteins were assayed for chenotactic and 5 mtogenic acti-vity, all
bi ol ogi cal actwebpéssiroul d be neutralized by prior incubation BETCEN08140
proteins with the anti-human PDG- anti body. This-indicated that the only

bi ol ogi cal |y active nolecules gresent in the partially purified
medi a proteins were PDGF i mrunor el at ed nol ecul es.

Al iquots of the partially purified proteins were inmunobl otted using the
sane anti- 10 PDGF anti body and the data indicated the presence of

gel s at 36kD and paptiges presentin conditiongbmedias t he t ot al '
i mmunor eactive protein purified fromconditioned nedia. The i munoreactive

species mgrating_at- 37 ang _ 39. '[‘) onstitute nost of the remaining
| munor eactive 1 S : - lar pattern was seen wi th proteins

| abel ed with [err] S-cysteine and : - affinity purified with the

anti-PDGF 1gG i i 1 a%0i ined front Ot al
affinity purifi g&:‘iﬁ% .s&bﬁ%ﬁmogﬁ a8 X1 /209 ferhdlés were obtain

. I NS, .CO- M t th.purified platelet P or
r econbi naft SCO (_°ﬁlﬂ$'“?%1g&5r%".d m _'_“_pa_"%é at room BULAPIS Y the
anti body with puradestreiizd®y hypothegni@ b/ the| aarian) tissyS) wb$ cuRgichllp removed.
antibody bi ndi ng 693riﬂn|ﬁs&je.WHﬁHHeﬁ%%@@esﬂePMi%%ﬁnaq%ﬁéféj(s?i*é9‘?&' Min
determ nants with L . dLmeric atel et Pl o e | N when
the antibody was BRescyilhgut galcum Mallace;é%aﬁ--éeém{?!ﬁ#@ﬁ%. @ga Fgﬁé‘ mers,
anti body bi ndi ng Unblémishéd tagesWooeyted (Pumort] 4 Morphol., 136:153-180.4972)11.8immed
equal |y Ry all 't&iﬁﬁ@teﬂ'vm?é{hﬁnfcgfé?ﬁiys%léﬁl@%hﬂ;ﬂ@cr&i gltei e anti body

recogni zes common epitopes present on all three PDG diners and the HUVE 25

secreted nol ecules. In order to i:nsure that none of the antibody binding-
mol ecul es Stage Vtiaxicptes (1@ at atime)overe piacadonadwliowed plexiglassmiatioomand cal f

705 ST, Al U o, A it g
condi tioned by cé?MHgs M‘éﬁ‘e %ﬁ??’e&g]fme%ﬁammrﬁ%%?}%
PDGF i nmunor eact i systespmispainjentorn&oliowirg injecinn. oosytes wererratumed;ia OR-2 buffes with
colum bys30 1% BSALHIM@baldd for23 hbhnelaowgakﬁaaﬁwéywmsha?oaww
Rt stodt L

medi 8. The maj or Gtk EaCoLayer smpeipL logkat hd PR WaLAduf BB R0eC

ot

When pl atel et PDGE or, the e e oy, di ey A
200 1M di t hi 6t hr e?f‘%ﬂ“ef’gﬁff“%?fﬁ?Pé’Pi"&ﬁﬁ&mmmn’% mn c’ﬁ}'ﬁ;?f‘?‘ :
chain (14 kD) -pepofiaiReunge borobganizee (20dopgyia)n Dy hompgenate wap then mixed withan
the HUVE nol ecul egqisivéumdst et i rbnivdd BighheRtnd@ibid b sdritrifdged at 36,008 Fpm for

mgration of .30 seconds to separate the phases. ‘The top aqueous phase was removed and
20 tested for chemotactic activity using NIH 3T3 cells as described above. '

Injection of Xenopus oocytes with 10 ng of RNA preparations derived by in in vitro
transctiption of the DB60 R32 clone resulted in the production: of a fibroblast
chemotactic activity.. Control injected cells did not produce this activity. These
. results indicate that the open reading frame of the DB60 R32 clone encodes a
- 25 . . protein with chemotactic activity for fibroblastic cells as does CTGF.
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the maj or i mmunoreactive peptides on pol yacryl am de gels. Mst of the

i mmunor eactive nol ecules mgrated at 38-39 kD and | ess intense bands were
observed at ﬁ &93 14 kD. It was necessary to run at least 10 tinmes as much

reduced pr ot X onreduced in order to detect the reduced PEHUSHIBEN

This is 5 consistent with the affinity of the antibody for
mononeric forns of the PDGF A and . 35. B chain peptides. These data
I ndicate that the major species in the PDG--rel ated affinity

purified proteins from conditioned nedia of HUVE cells was nononeric.-
pepti de which m grates on acrylam de gels at an apparent nol ecul ar wei ght

of 36 kD nonr educed and 38 k&%gﬂgﬁeduced 10

'EXAMPLE 2 — 7 BI'OLOS CAL ASSAYS
Chenptactic activity was det er mi¥et=prder (SIS OFCTGEer chenpt axi s assay
W th NI H 3T3 or .bovine aortlc sm)oth nmuscl e (BASM cells as
descri bed (G ot efydogbb |n 1t of ¢l

78 3669-3672, 1981 g or°st°°"3 ﬁéqoithzwgﬁéﬁué}%& '"'ﬁaﬁ’a&f 63&“'"#0%“
147: 144 152, 198Ap ments jpie B'usmﬁﬂ%asmdwl@sw dideoxy

pl ates add nor rmhethads kﬂ@nﬂ:céwﬁh operreadihg\rare of 1047'badd gaifdridoriéfied theget

cells. The t cel.l cuI tures
were used 10-14 "s%‘ttel’rlﬂ%we?"m %’%&‘l@%&' "'5‘?5“8’«5’1%%???&%
qui.escent ‘by ‘i nc’GB%'l‘S TRme wasinsested 'ﬂtﬂwémnﬁﬁnééﬂﬁ mp19 and botingiraads of theny/ ni

BSA beL grg use. [BAWete seqieticad md;myd-sﬁahaéwaﬂ"go glhoaé)by pr(u)mer dxtehBionr ds
were added to t %JW 7C i.n 10%
90% air for 18 % t a%lﬁ\gﬁl&‘fﬁ ?iiilli‘-é ﬁﬁb% ?@aﬁf‘ ° qdﬁgf gf%gﬁ&at [ on
“of 5 uGi®mi - open readingsframecenceded: ma&m eMW protein, eonfirmingrthe c@lifreer s.
The nmedi a was r ey@héfifion rédtilts and matching el sizé a&%ﬂlﬁ:&a&% S
.determ ned fromthe ?5'[ rlé%%ng\é ?ne | ncor orat| on tnt & Aﬁew
trichl oroacetic %@ % P datahage reyealgd thatithis FPN&t"PﬂGrﬁ 50% Auclentide
sequence homology with CEF-1O mMRNA, one of the immediate early genes induced
. inv-grc transformed chicken embryo fibroblasts (Simmons, et al., Proc. Natl. Acad.
15 .. Sci. USA, 86:1178-1182, 1989). The translated cDNA for human CTGF and avian
-~ CEF-10 have a 45% overall homology and a 52% homology if the putative alternative
splicing region is deleted. - This region is between amino acids 171 (aspartic acid)
and 199 (cysteine) in the CTGF sequence. .

20 - .. AN OF CTGF PRO Glo

- Gell gulguggs IR ;
Human skin. fibroblasts were_grown from explants of skin. blopsy specimens.
NIH/3T3 cells and Cos. 7 celis were obtained from the ‘American Type Culture
Collection (ATCC, Rockville, MD) All celis were cultured in Dulbecco’s modified
25 eagle's medium (DMEM) contained 10% fetal calf serum- (FCS) at 37°C in an
' - -atmosphere of 10% CO; and 90% air. Human skin fibroblasts were used.prior to the
“sixth passage. . :

Growth factors .- e | o

TGF-B1 was a gift from Richard Assoian (U. Of Miami). Recombinant PDGF BB was
30 obtained from Chiron (Emeryville, Cahf) Purified murine EGF was purchased from

Sigma (St Louis, MO). '
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25 Gel El ectrophoresis and | nmmunoblotting

El ectrophoresis was performed on 12% pol yacryl am de gel s cont ai ni ng SDS
(Laemm i, U K, Nature, 227:680-685, 1970) unless otherw se stated.

| munobl otti ng was performed by el ectroblotting the proteins to a

ni trocel lul ose - menbr ane and incubating the nenbrane in 50 nv
Tris-HCl; pH:%wdessk?R "M NaCl 30 (TBS) with 5% non-fat pépussddiant
25[err]C for 1 hour to bl ock non-specific antibody bi ndi ng. The

bl ocki ng solution was renoved and the antjbody (15 [err]g/m ) added in

TBS containing 0.5%non-fat dry mlk and [ err]g/m sodi um azi de and

i ncubated . WD 96/ 38172 _

PCT/ US96/ 08140 29.

overni ght at 25C The rrerrbranes ner e _vvashed 5 tinmes in TBS. 0.5% m |k for

10 SO - QS04 ncubated with al kaline

| ?Egﬁ phg; ?tsﬁe(r:ggju ?‘e@i RﬂAQvfaEhéBlélt&:iL gom cultured celbyiatidgmanialvbi thicepaniatephenol gG
t

 0Xs%miTk at 26] Eitproknn giradion g opnddd Bebiiy &@?%ﬂ%gr t%"-'%%@ e'g

tinmes, 10 minut esswm: 198 M=TotaliRNA wes elediroptsessd 6p @D m%ngaraﬁma

phosphatage goi and tndfeieal & HRlodbiuREe(Ghd OTGF i probias AHIB. frigndint my/ i

051U et 00 Lo B oo e BY EARTApR g Hican!

Pr oduced by 36 kbnﬁequQjé' GG@MWCGCAGTGGWQQB@W.(@@@IDNWMMHO& n
order to determ @eshh fi“m‘réf@rctﬁcﬁ@fbmsqssnlng mm VHjbrifizatibreorered i n

cont ai i ng the p%reifér%t{‘\ s x10° Sk of B pesen el gt p BRI R Wit

of nol ectid es whi ®anden PrirherNA babeling istBoehringer Mannhelm Biochemicals, Indlanapolis
Inc.): Autoradiography was perfonned at -70°C for6 to 72 hours by using X-ray films
and mtensnfymg screens. '

" Genomic DNA was isolated from himan skin ﬁbroblasts as described previously
15 . (Sambrook, et af.,'Cold Spring Harbor Laboratory Press, 9: 14-19, 1989.). Using 419
' of genomic DNA as a template, a fragment of the CTGF gene was ampilified by PCR
using primers HO2 and HO3 5'-CGGAATTCCTGGAAGACACGTTTGGC-3' (SEQID
NO:5). PCR products were digested with EcoR1 and subcloned into M13. Sequence
analysis by the dideoxy chain termination method (Sanger, et al, Proc.
20 , Natl.Acad.Sci.USA, 74: 5463-5467, 1977.) Using the Sequenase kit *U.S.
Biochemical Corp., Cleveland, Ohio) demonstrated 900bp fragment which had a
" 387bp intron in the middle portion. Using a Human Genomic Library int he Lambda
FIX™ |i vector (Stratagene, La Jolla, CA) we screened approximately 1x10°
recombinant phages with ¥*P-labeled 900bp genomic DNA fragment as probe and
25 . isolated 3 phage ¢lones that contained the CTGF gene. -

A fragment of the CTGF ;laromoter containing nucleotides-823 to +74 from one of the

human genomic clones was first cloned in the Sac1-Xho1 cloning site of pGL2-Basic

vector (Promega). This construct (PO) was used as a template for PCR and deletion

30 mutants were made with specific primers as follows: P1 contained nucleotides from
838 to +74, P2 from -363 to+74, P3 frorm -276 to +74, and P4 from -128 to +74. All

deletion fragients were sequenced to insure no mutations-had been introduced in

the promater fragments. NIH/3T3 cells were transfected in a 6-well plate with
'LIPOFECTIN® reagent (GIBCO BRL) for 6 hours. Each transfection included 2 pyg



- sequences, biological assays were perfornmed with serial dilutions of the

affinity purified nmedia proteins and serial dilutions of
reconbi nant PDGF AA and BB 15 honodi mers and the AB heterodi ner-.
- Sufficient quantities of the sanples were prepared to perform

the mtogenic and chenotactic assays and the i munoblots with

al i quots of MRM3IRution sanple. The nmitogenic activity of  PREURASIN
affinity purified factors observed was conparable to the
activity elicited by all three reconbi nany, ' PDG- di mers. The
chenptactic activity was conparable to the AB heterodimer, 20 ,
produci ng | ess response than the BB honodi ner and greater response than the

AA hom)di mer. \Wen the biological activity of the sarrpl es was
conpared with Egygg)
sanpl es, no A chal n nor cfo %&B‘S (lgnfonﬁlé’)' ‘C%h?'&{er@%%t%g% N the

t est sarrpl es. W&‘ﬁff‘& effnliaborative Bigedjeal Broducts) for 24 hours gt QSI"@Q?‘EQ!
activity presentfoliowetitby ﬂwhtulﬁll@ﬁ vﬂii-ufgrmvmwatnwslfén £hours of 24 hbusahociferdse 25

accounted for b ' t he
m8j or ol ik Mesuiedt by, ‘”@g efile Rishy SiRTerf \Proribs f b
sanmpl es §t he 36 Eptiliation Fﬁé!)ter (Beckman LS 0q0§°b#§ﬂ‘ﬂ)§!"k§d‘l‘9'? pheton monitatmades not
contai n am no - acfcthdireiiRTercdifféreHEss ih trahbRctivi éifitiency B-galactosidase @ oras

y
foecrr/rnuggla/s ng 4Bhein£algﬁ’:edoﬁs% m%*&ﬁh&.&%@éﬂt‘%@éay using Galacto-Light™ (T %8@8’% 172

EXAMPLE 3 - _ RECEPTOR COMPETI TI ON ASSAYS
Assays wer e per prep@d P tite cuI tures of NIH 3T3 cells in 24 well

Fleﬁ ]e 3/ m Gent arh'%qe%@%‘%wg{ﬂ??mﬁggm as sﬁ‘]éb&goé’f \eépgnarvgﬁhfgg@orkw”}‘t(ﬁgﬂs@ s

washed 0i.ce w tmotpeommMoiumlwmtbgyOvdl 2npp12i1.1-12.1.9, Ausubel, %4, GraeneiRubly| at es
pl aced on ice f BSA.
8!’ ndWiI&Y {Mgrféedc@ fBrn‘eaffy %W?rg tl%a%\@: ypotomc/; rt#.!ffer

Test sanpl es and controls were In s ny
mM HEPES pH 7.9, 1. 5mM MgClz, 10mM KCI, 0.2 SF, 0.5mMDTT),

homogend with 10 strokes of a glass dounce homogenizer and nuclei were
isolated by centrifugation at 3300 x g for 15 minutes. Nuclear proteins were extracted
15 by suspending the nuclei in an equal volume of extraction buffer (20mM HEPES
pH7.9, 25% glycerol, 1.5mM MgCl,, 0.8M KCI, 0.2mM EDTA, 0.2mM PMSF and
0.5mM DTT). The extract was dialyzed against 20mM HEPES pH 7.9, 20% glycerol,
100mM KCl, 0.2mM EDTA, 0.2mM PMSF and 0.5mM DTT before use. Protein
-concentration was determined using the BCA protein assay regent (Pierce).

20 - . Gelmobility shift assays - . | R
- . Fragments of the CTGF promoter were prepared by PCR or restriction endonuclease
~ digestion of the promoter fragment. Double stranded oligonucleotides were prepared
by annealing complementary single stranded oligonucleotides. All oligonuclectides
- and fragments were checked by electrophoresis in agarose gels or polyacrylamide |
25 . gels. Radiolabeled fragments of the CTGF promoter were prepared by end-labeling
: *. with Klenow enzyme (Boehringer Manheim) and polynucleotide kinase (Boehringer
" Manheim). Labeled fragments were purified by electrophoresis in 2% agarose gels
or 20% polyacrylamide gel before. use in gel mobility shift assay. The binding reaction
_- mixture contained 1ug of nuclear extract protein in 20ul of 10mM HEPES pH 7.9,
30 5mM Tris, 50mM KCl, 0.1mM EDTA, 1 ug pon(dI»dC)'poiy(dde) (Phamacia), 10%
-~ -glycerol, 300ug/mi BSA, and 10,000 cpm *P labeled .DNA probe. Unlabeled
competitor DNA was added and incubated at 4°C for 2 hours prior to adding the
labeled probe. The labeled probe was incubated for one hour at 4°C in the reaction



BSA cont ai ni ng 5- 10 ng/mM of HUVE affinity purified proteins and a serial
di lution of one of the reconbinant PDG- isoforns in a
concentration range of 300 ng/m to 16 10 ng/m. One milliliter
aliquots of the sanples were placed into wells of the 24 well

pl ates and incubated on ice on a platformrocker for two ‘hours. After the
I ncubati-on’ © wo9638172 period, the cells were washed three ti pepukogosid

m nutes each on ice with PBS. The .proteins bound to the surface
of the cells were eluted with 5 ul -of 1 N ggetic acid for _ 10
m nutes. The acetic acid elution sanples e lyophilized, resuspended in-.
5mM 15 HCL, run on 12% pol yacryl am de gel s and i nmunobl ott ed to
nitrocel |l ul ose using the ' anti - PDG- anti body.

order to substantiate the binding of the endothelial cel 10l ecul the
Pocr cer 1 oo M mikhie. BierBpRbroeld uie pedo % PovAaaIOR S5 WI Sy Ty
assays were per f Ofrisp0.38Mglysineand 2mM EDTA. i mmunobl ots of the affinity
purified HUVE cell .secreted: proteins.indicated the 20 presence of
mul ti pl e PDGF i mrunoreactr ve nol ecul es, [err] | -1 abel ed PDGF.

conpetition assaydiS¥iakign ueriereng 83 nce this would not ‘i ndi cate which

nol ecul es - End-labeled. frhgrseﬂsxﬁﬂmmble ssamwmgom@le‘oﬁdedawwb peepaied be
| abel ed PpGF for &gﬁ%ﬂéﬁ?&%&%& rrB%&t_yshnﬂ assay. The Ji\goﬂtﬂegﬁées%rﬁ meﬂwdﬁgt@dwe

i sof orms of PDGF
secreted by HUVE diethy syfate tﬁ‘s'\ﬂ' Brientifie) for raiputesiat WFMEEEF%%W'hdl ng
25 conpet ibinding andgelnobilitg shift bsshy Were parfonhed 88 Geschbédatiovliusingargef

t he "anti - PDGF

denonstrated by i ncd"gtst | nwm?m%ﬁg%ﬁpébﬁﬁm% "ﬁ}'ﬁ@@’@b asts
with the anti-PD@ ammsmﬂwbmqswswlqﬂpéaaﬂ ﬁeayes_!(vnth piperidine (Fisherg@eientificlor 2
hours at 1¢[ er r | C.andahé Samisled weitSeldetiophoiebeoms | ide DMNA sédieneinggel ayer

1ga g0 o Crriie sl e, i ot AR e%@%&?%%mﬁé%@gﬁﬂ has

to cell surface dntasynrpbe sequenced usingthe same methods.s bi ndi ng can be -conpet ed

-~ by increasing concentrations of. - reconbi.nant PDGF. BB added to
t he bi nding nmedia. These dat.a suggest t%ﬁ# CTGF pepti de
binds to specific cell surface recetor _3T3Fcel I S and t hat

PDG- BB can conpete with t
PCT/ US96498140

Most immediate early genes, such as c-fos and c-myc, that are induced by growth
factors exhibit a short: burst of expressibn even though the growth factor remains .
present in the media. In contrast, CTGF transcripts remain at high levels for over 24
hours after activation of the cells with TGF-B (Igarashi, ef al., Mol. Biol. Cell., 4: 637-

20 :. .- 845, 1983). This example examines whether the.long term elevation of CTGF
transcripts was dependent on the continuous presence of TGF-.

- Confluent human skin fibroblasts were cultured in serum free DMEM supplemented
by insulin, transferrin, and selenium (DMEM-ITS) for 24 hours prior to adding of TGF-
C B. After 1 hour exposure to TGF-8, cells were washed in PBS and replaced with
25 ' DMEM-ITS followed by different periods of incubation. Specifically, confluent cultures
of human skin fibroblasts were incubated with DMEM-ITS .containing 5 pg/mi of
insulin, 5. ug/ml of transferrin and 5 ng/mi of selenium for 24 hours prior to the
addition of TGF-B. After the treatment with 10 ng/ml of TGF-B for 1 hour, cells were
- washed with PBS and incubated with DMEM-ITS for indicated time periods.
30 - . Northern blot analysis revealed CTGF mRNA was strongly induced from 4 hours to
' 30 hours after TGF-B removal (FIGURE 2A).




- RNA Isolation and Northern Blotting Total RNA was isol ated
fromcells in nonolayer culture cells. Lyophilized RNA was
resuspended in gel |oading buffer containing 50% formam de and heated at

" 95[err]C for two m nutes before |oading (20 [err]g per |ane
total RNA) onto 2.2 M formal dehyde, 1% 5 agar ose gel s and run at 50
volts. |ntegWONPB2RNA was det ermined by et hidium - PCHUS9A/3240

staining and visualization of 18S and 28S rRNA bands. After

el ectrophoresis the RNA was transferred tgg nitrocellul ose by blotting
overnight with 10X SSC buffer. The nitrocellul ose was air dried
and baked at 80[err]C for 2 hours in a vacuum oven.

Hybri di zati on was perforned overni ght at 46[err]C WI th the addi tion of 10

o1 o L] SVTRE iy of TGF-8 b E) YO RREot Wi Blebdnde i BB

blats, the entire S a

Label i ng was doﬁ&"‘ﬁﬁ'ﬁ '@'%mwmmd FIGURE 2B shows:{he effegt ‘RfrWdPFW'de
Boehri nger Mannioa IMucﬂkfrtdCTGFbﬁRNAZBéne(mandm Iihf ioRGfeatdd control cells at 4 hoids hed

twicce in 2X SSCg, € e
for 15 i nates @ i 4 52 Hostedpbitreti, LS S0 R AR TSR i arl
m nutes 515 - 4hrs TRE presept fox! howr duringdiwartot ompleheaqumdesrxpwre.elme
aut or adi ogr aphe g, 8ame @8® with RNA prepared 24. Koxts fieh- Rfibn bf oheximide; Lane

EXAMPLE 4 B Y SCREEN D SE ENCI NG
St andard nol eculzgrhol!')'lrsoT%F %W\’H%W%E@"Hh\%%’m aﬁ? the
various 20 addmot:qy b@tlmdam&ahouaaftqrremml ofJ@FaB. C oni ng a
Laboratory Manual , Second - editiron, Cold Spring Harbor

oo i TR BT 1 O B o eveetE W o

prot ei n¥ and -scmdnhexymdetvlasaufﬁc@Dfé:mduee' Btﬁef mRNA guekirg iatdreas well as 24

rescreened ..
i sol at ed. 25 hours later. Wb% F | nsert rom c‘?%%i' %%%@A%ﬁéﬁeg&e
the M3 phage v 8UggRsting fhe - possibility . of mRNAy stabliizationces HRR beam rerarted, fo "

cl ones wi t h t he cycisheximideindyxtios of dherrtraﬂstrtﬁté such as c-fos and c-myc (Gibeﬁlﬁrbf.ﬂé?

clones were thenys
Sequenage kit (a &mm ﬁﬂ, an an err"] ﬁ%’u?@g %}9 1r§r16ds of
DNA f or 1° 84) V?t gifeP ‘(?@rfgﬂﬂa[@r F? pFP‘i‘rbrc
ext ensi on and bddahag@evam EMBO R, 3&1_.2415-2424 C'mm) kﬂb;tedM\atqnetpsoteih dyhthesis

sequenci ng react"tmg}fo cﬁ:h 4 e % %'&8"" urs)
and 8% acr yI am %a £6 a R"q%rh va{cjst?u rlf’%tdﬂ g%'gra ’doacrtg’p 'mcf“#\
ption of e c-fos and c-jun genes, therefore message stabllrzatlon is not the
- only possible mechanism of action for these compounds.

20 ~ The .ability of anisomycin and puromycin to inhibit TGF-B. induction of CTGF
transcripts was compared with that of cycloheximide as to the ability to elevate CTGF
+ transcripts. FIGURE 2C shows the effect of protein synthesis inhibitors on induction
of CTGF mRNA. Cells were treated with puromycin or anisomycin for 4 hours. TGF-8
was added 1 hour after the addition of protein synthesis inhibitor and cells were
25 - incubated for 3 hours prior to isolation of total RNA. CTGF transcripts were analyzed
- ' by northern blot. : : : -

Puromycin: did not.induce the CTGF mRNA at any of the concentrations tested up
- to 100ug/mi, which is 10 fold higher than:that needed to completely block protein
: - synthesis in these cells. Even at this high concentration it had no effect on the ability
30 . of TGF-B to:induce the CTGF mRNA. In contrast, anisomycin did elevate CTGF
transcripts (FIGURE 2C) as was seen with cycloheximide although TGF-B treatment

still raised the level of CTGF mRNA in the presence of anisomycin. '
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The cDNA fragnment from clone DB60 was [ert] P-CTP | abel ed and used to .
rescreen the HUVE cell cDNA | anbda gt11 library. Several clones
were picked and the | argest, t he 2100 bp cl one designed
DB60R32, was g¢yegpad i nto Bl uescript phagem d. : - poRRIBbEGYISe ET €
made of Pst |, Kpn I, and Eco RI/Kpn | restriction fragnents alsoin 5 -

Bl uescript. These subcl ones were sequenceg by doubl-e-stranded plasm d DNA
sequenci ng techni ques usi ng Sequenase as @scribed above. The 1458 bp Eco
Rl /Kpn | clone containing the open reading franme was subcloned into ML3

- npl 8 and ML3 npl9 and both strands of DNA were conpl etely
- sequenced using single stranded DNA s uen i ng, techni qargs with
oriner extensi o 1heee fdings emsiniantothse reported by Edwas adevan (Eaw -

d oni ng  Expr essi ngadd quwmaumn PEMBIDRJ. pﬂsm'fsamapmmm bthssfos and

G owt h" Fact or -

rel ated nol ecul es ’u" ?é"."é'%‘%h {1 §°'{“?E"I o E@ﬁ&h&ﬂﬂﬁ@ﬁ%ﬁ%ﬁ&v&%ﬁ@ﬁ OP(EE

for amino acid séqmnrﬁlf’"ﬁay‘ﬁééﬂééfmﬂmﬂﬁt TOR B Jiggllyrsgulates CTGF F gene
concent r ag i ons’ obxrekion Watd WesHanigtthat e ihdepshident ¢fiprdtbinGynthesis and inay ®e and

t he i chni ques.'i nvol ved in obtalnlng
and cul turi ng th&giab&%&t@h%%ﬂwﬁ%{bgr otein pur| fi cat ion to

honmogenei ty "and ‘ami'no acid- sequenci ng i npractical . ' - Therefore,
the anti-PDG- anti body was used to. screep.an. HUE ceII CDNA library

mad€ in. the expression vector |anbda gt 500 000 reconbi nant cl ones
were 20 ' screened Seve.r - , ag: Signals with the
ant i - PDGF antlbody in- re purified and

g
subcl oned i.nto thg é\&%af?tﬁ@@trdbﬁﬁé QFthe?O'tbF gene, afragment of the CTGF gene was first
10 . * obtained using PCR.-Four micrograms of genomic DNA prepared from human skin
: : - fibroblasts was used as a template and oligonucleotides, HO2 and HO3, were used
as primers. After 30 cydé‘s of reaction, a Qodbp fragment was recovered that was
380bp longer than :'preiflcte"'d from the cDNA sequence. Nucleotide sequence
" analysis of this fragment (HOB00) revealed the presence of a 387bp intron in the
15 "“middle portion of the fragment. Using-HO900 as a probe, 3 phage clones were from
the human genomic library that contained a 4.3kb Xba1 fragment which represented
- the entire coding sequence of the CTGF geh'e and a large portion of the putative
promoter region. As shown in FIGURE 1A, the CTGF gene has 5 exons and 4
introns. A TATA sequence is present 24 nucleotides upstream of the mRNA cap site,
20 determined by oligonucleotide primer extension. The consensus sequerice of a CAIG
' - _.box, which is the inner core of the se‘rum:respohse element (SRE) ¢haracterized by
CC(A/T)GG, is present between nucleotide position -380 to -390.' ‘Other potential
- _regulatory elements are also present including a CAT box, two Sp1 sites and two AP-
: 1 sites. Furthermore, the:CTGF promoter-has a NF-1 Iiké- site, (TGGN,GCCAA)
‘25 (SEQ ID NO:8), between positions -194 and -182, and TGF-8 inhibitory element like
sequence (GNNTTGGTGA) (SEQ ID NO:7) between positions -119 and -128. Both
of these elements have single base differences from the reported consensus
. - sequences (Edwards, D:R., and J.K. Heath, The:hormonal control regulation of gene
transcription, 16: pp 333-347) DNA sequence comparison showed that the human '
30 - CTGF promoter has an 80% sequence identity to the murine fisp-12 promoter in the
' region 300 nucleotides 5' of the transcription start site (FIGURE 1B). Further . -
upstream regions exhibit much less similarity in DNA sequence.




-partial sequence data obtained by single-stranded DNA sequenci ng. A search

~of the - : GenBank DNA sequence data base ‘indicated that two of
t he cl ones picked contai ned fragments of the PDGF B chain cDNA
“open readi ng frame sequence. One of these 25 clones was simlar to a

1.8 kb insert previously isolated by Collins, et al. (Nature,

316: 748- 750, WO28981%i ng a c-sis cDNA probe. A third cl one ofPCZAS9681HnS
conpl etely sequenced and no match was found in a honol ogy search of all

nucl eotide and am no acid sequences in Gegpank (CEF 10 sequence was not
available at that tinme). This clone was designated DB6O. Anti-PDG- anti body

30 binding to. the fusion protein produced by the cl one DB60. was
conpl etely bl ocked by . the affinity purified proteins. A
[err] P-1abel ed probe was made of DB60 %&gﬂ a Northern

E cells. The blot indicated

bl ot. of 20 [err]g of total RNA isolate
probe hybridization with an 4

S I i CHSTEPRONMDTER | S @ nessage of
sufficient size to produce € proterns 1n e 38 kD nol ecul ar

ge&%ggg?ggi 4899%‘,({23 \thn]&her the 5' nontransiate reg?c?r{ gfg &'F éF gene functions as C?STGF'B
i mrunobl ots of t iinsdugibiel prompten a fusion gene wastonstructad comeiping|te€TGE prameater t o
rescreen s (nucidofiBed 1898 t6 874) St dodiHgdagioh dilthb fiRng luciferask g th edest

clone isolated contain . . 100 base, pair,insernt designat ed
DBe0ra. A b obe VREREPGF 2Ratis Jusiergse ardi ey wstel T & rahsiSfipafiiSigR detay.
DB6OR32 al so hybrusiig AH/3%3 ¢elis. Hiishginstract soifierred astie®) foid indition helupifegase
bl ot of total RNAckvityarEkdFndis srfulation by\'}'IG;IEE?Ocqrm ared with control cultures. As seen

EXAMPLE 5 N NSCRI PTI RA | ON
In vitro transcridhifedevel otthe PESF?E'R}M"HEHS% - °fshsé'°§f§) ' ng"ohe
DB60R32 10 stimulateédheniyBh 2e3 fotd inductidh. vlatifarase ldetivityl unsier identisal conditions h
Xho | which cuts ﬁgﬁeqi.asm d .
b .
15 RELATIVE FOLD INDUCTION OF LUCIFERASE ACTIVITY
- AFTER GROWTH FACTOR TREATMENT
CELL TYPE TGF-B PDGF . FGF EGF
NIH/3T3 25.7 29 3.3 14
HSF 9.2 24 3.1 2.2
20 VSMC 9.8 ND ND ND
HBL 100 1.1 ND . |13 114
HEP G2 1.3 ND 14 . 118
ND Not Determined
HSF-Human foreskin fibroblasts (primary)
25 VSMC-Fetal bovine aortic smooth muscle cells (primary)

HBL100 Human breast epithelial cell line (non-tumorigenic)
HEP G2 Human Hepatic epithelial cell fine {(non-tumorigenic)

(A CTGF gene fragment extending from nucleotides position -823 to +74 was inserted in the

pGlL2-basic vector. Plasmids were transfected with lipofectin for 6 hours and celis were
30 . incubated in DMEM-ITS for 16 hours prior to the addition of growth factors. After a 24 hour

incubation cell extracts were prepared and luciferase activity measured. Luciferase activities

were normalized by measuring B-galactosidase activity expressed from a cotransfected lacZ

expression vector, pSV-B-galactosidase vector and compared between growth factor treated

cells and non-treated cells. These experiments were repeated 4 times with similar
35 observations. A representative experiment is shown).

When this promoter fragment was cloned in the reverse orientation (+74 to -823),
only basal levels of luciferase activity were detected and this level was uneffected by



- 10 once in the multiple cloning site of the vector 3' to the cDNA

insert. The T7 pronoter site located 5 to the cDNA insert was

used for transcription. The in vitro transcri ptions were done
“wth a kit supplied with the Bluescript vector (Stratagene). In

vitro translation reactions were done using nucl ease treated rabbit

reticul ocyt e WO 96/38172 | ysate and [err] S-cysteine in a cysteCnwsseasidan no

acid mix for labeling of the peptide 15 (Promega). The reactions were

done in a final volunme of 50 ul containing[err]S cysteine 1

mCi/m (1200 G /mwle, DuPont), and serial dilutions of nRNA fromthe
in vitro transcription reactions in concentrations ranging from50 to 500
nanogr ans per reaction tube. The reactions were i ncubated at 30C

for 60 mnutes. ﬁygc her 6actor f?éatﬁlgﬁt Eﬁﬁs%h&“%hé“’%rﬁe Hﬂerg%f Wed or

nonr educed 12% ctrophor esi and

aut or adi ogr aphedactor incliction was obsgrved when *\smﬁ"éﬁi fibroklasts mmséa&tsaﬂbofm GF

Eept IR fle vv?s afcctqmpi/ah TShRls (Table 1). TGF-B did not diéd I0EeRibe GLtR nrﬁé%ﬁemapwhu@ the
co site o r SSIO _Vec :

Ed. Academ c Pr e"?i' 'ﬂ QS bf?o %.a{ I@S&mpwa't?&% r?e#gééﬁgﬁﬂ S‘en

i nverse Brient attvpmspepag 'H@tlmﬁfHE!HQ??ONSW&QEP@WHGMMN@d}@sipaalﬂdt ofsi s)

Cul tures 25 aTGPfBrEGp&Qéth%%%Eémsﬁlgﬁlﬁmﬂﬂy'T tﬂfﬁi'-bﬁnl) orrgn D
600 of 0.7 and t,

' d
continued for 2 %'fﬁt'g" “@H@%PFE‘%P@TB@H@PHB' e/ CTaF fom y @(d'equlred
i n¢l usion bodiesa bmfsmuwofmwismw-ﬁm aahuow:ltneqtlmsof(ﬂ\e cﬂbmﬂiT@F-B

teﬁte r Zﬁi .S- i angwes neaHy'thetarhé IPREYEBH 4l £ BhdiS4 W@%@&ﬁs

ot ei.n
i the 9Bnse or BTCIH Bipbis ) Thessresits contig the daa oo
pept i des. i n t he pévieghkianddamansirpte thiat transctiptionaltregulation pleysapnmary role m:thet r ol

pr oduced no '”“Wr@?&@ﬂ#&é‘fﬁtéxﬂfe%slomﬁﬁT@QQWb‘ nant pepti des produced
W06/ 38172 .

PCT/ US96/ 08140 - 34.
‘in the E Col | system corrpl et el y bl ocked ‘the .anti :PDG- reaction vmth t he
CTGF _ o - . . - TABLE2 _ -

: HORT TERM TGF- U TIMULAT

15 .. LONG TERM CTGE PROM 1\

: Time of Assay of Luciferase Activity

Duration of TGF-B exposure | 4 Hours ‘| 24 Hours -
Continuous o 138 o2 |
1hour o7 35 o 1_9 |
20 Fold induction of Luciferase actnvnty determined as descnbed in Table 1 legend and

EXAMPLE 7. NIHI3T3 cells were used for these experiments.

" IDENTIFICATION OF THE PROMOTER ELEMENT

REQUIRED FOR TGF-B INDUCTION

25 To determine which reglon of the promoter sequsnse is responsible for the induction
' o by TGF- -B, deletion mutants of the CTGF premefer were constructed using PCR
" primers designed to delete the known transcnphon factor consensus elements.

' Regions of the promoter begmmng at the most 5' region and moving toward the
transcription start site were systematically deleted (FIGURE 3A). Removal of the



fme o 2

pepti des present in conditioned nedia. Expression of CTGF In
Xenopus For expression in Xenopus oocytes, mature X. |aevis
femal es were obtained from5 : Nasco (Fort Atkinson, W) and

mai ntai ned at roomtenperature. Frogs were - anestheti zed, by

hypot herm a .and the ovari-an ti ssue was-surgically renpved.
Ovarian tissuswowgasginced and di gested the 0.2% col | agenase (ﬁcmmosﬁm 1)

i'n OR-2 without calcium (Wallace, et al., Exp. Zool ,

"184: 321- 334, 1973) for 2-3 hours. 3 Unbl em shed stage VI oocytes
(Durmont, J. Morphol., 136:153-180, 1972), 1.‘3 mm 10 ~ dianeter, were
then carefully selected and m croinjected. Stage VI oocytes

(5-10 at a time) were placed on a holl owed pl exi gl ass pl atform and

~107ng S ragion afihS pbincfaticomlc Beae 2o wheneec S RN PlsGanadfe oy 12

oocyt e equat or usbmghadlnol smmﬁcant effect on tt;estréﬁ-}ﬂnndndlollg ef:tlmmferﬁelacﬁvimg

i nj ection, oocyt eﬁppi‘ﬁ':&rﬁ %ﬁlﬁ Witén thé S€boRd AP-1 was dQeﬂach(w and
i ncupated for 24 ho C. . Vi anl tes d
extracted by hond§é ?628 %W%G%@%W#ﬁ%g @é&%s‘g@m?‘@ P@ﬁe
strokes . & : NF-1 (like ﬁeﬁwm towstrget(i2761o (126) ¢limindtéd theCFGRB indlibibility of

honmpbgenate was t Q Itg £ rﬂ‘?tthlsée%?n%thgm r&dpohs& 8imeht.

renmove pi gment an

30
seconds to separal Wﬁ'Pfﬁ%% Mﬁ@sm@aeawe&sb?dﬁhew'meraﬁw&?%ﬂ‘%
tested for- chenotiaating theaemaining portiors ofl the picinater! |htacta§hi§eomstnm¢xh|bmdaa

I t f X f

i vitro e“°%'?3§%%§§f. ’S‘F“Q’ HBByg tﬁ@%‘%@%@‘tﬂt@?es t%% g
producti d of a fPasftiens |82 and -128 is essential frthp THE-Biindugtion of ycffe

i njected cells di régmtooﬁtainﬁltheeTGmBSinIﬂbtbry\/oléMentfhe)a-ﬁke site and is borderezﬁh;dths

protei n i th chendt A eRd P e v laphiy R » 907 o TGP EgRR oot

~\ND 96/ 38172 collagen gene expresslon {Oikarinen, J., A. Hatamochi, and B. De Crombrugghe.,
. PCT/ US96/ 08140 . Biol. Chem., 262:11064-11070, 1987.) And type 1 plaminogen activator inhibitor

15 (PAIl-1) gene expression.(Riccio, et al., Mol. Cell Biol., 12:1846-1855, 1992.).

A fusion gene was constructed placing the nucieotides from positions -275 to -106
of the CTGF promoter upstream from an SV40 enhancerless promoter controlling a
luciferase gene to determine whether this region of the promoter was sufficient to
confer TGF-B mduolbmty (FIGURE 3B) The SV40 enhancerless promoter was not

20 regulated by TGF-B. However, the promoter oontammg the CTGF sequences -275

- to -106 confeired a nearly 9 fold l_nductlon after TGF-B treatment. Inversion of the
fragment resulted in a little stimulation of luciferase activity after TGF-B treatment.
These data confirm that sites in the CTGF. promoter between nucleotrdes -275and
-106 can act as TGF-B regulator elements.

25 A series of competitive gei shift and methlylation interference assays were performed
" to delineate the region of this potion of the CTGF promoter that was binding to
" nuclear proteins. Initially competmve gel shifts were used to delineate whroh region
of the sequence between positions -205 to 108 was a target for protein blndmg A
diagram of the probe and the various competitor fragments is illustrated in (FIGURE
30 4). The reéults of these studies demonstrate that any fragment that contained the .
. NH3 region (-169 to -149) acted as a speotﬁc compet|tor for the labeled promoter
_ fragment contalmng bases -204 to -109 (FIGURE 4). Thls reglon is located between
the NF-1 Ilke and TIE lrke sltes Ohgonucleotlde fragments that contalned only the

P85 Hixa



- 35. EXAMPLE 6

SEQUENCE ANALYSI S OF CTGF _ The 2100 bp insert of clone DB60R32
was sequenced initially by subcloning of Pst | and Kpn | .
.restriction fragnents into Bluescript and using doubl e-stranded di deoxy 5
nmet hods. This indicated an open reading franme of 1047 base pairs and

ori ented theWoO96/38172 DB60 insert to the |arger cDNA. An Beor/Bdsipruol
fragnment containing the entire open readi ng frane was inserted
into M3 npl8 and ML3 npl9 and both strangs of the DNA wer e
sequenced with single-stranded di deoxy nethods by primer extension .

using both GIP and the GIP anal og I.TP.. The cDNA nucl eoti de sequence of the
10 open readi ng frane encoded. a 38,000 MV protein, confirmng the

cell-free TIE like, lte?ﬁ:ﬂ?‘ ﬁ%{”‘?ﬁ BB b wibklls R NG Y ’Eéi?,ig'@gw(ﬁ%@ﬂﬁﬁ ase

i mrunopurified peptld sear ch of
reveal ed that tHeshibRARSaYad a 50% nucl.eoti de . ~ sequence honol ogy
with CEF-10 nRNA, one of the i mmedi ate. early genes.induced in

src transfor bl as S t al., Proc Natl.
st t Lanst or mofl Gk e ElnllPint FedybRPMER Y SRR ptefbreRbs o BhRVErG.
human CTGF and dRerigrned. Afragmntofmﬁprqmohamaosdmwmcwosmwpmam a
52% honmobogy i f We%%fh&@sﬂde%ﬁﬂw&dté/ﬁatnenherthe NF-1 kY dite ioPthe’ il leftthent S

del eted. This re%ogﬁtbgﬁﬁ%g ML RO a(I\'ear pro lns pg'eseﬁairrlteithcer%%nm))l or TGF-8

and 199 (cystein
EXAVPLE 7 20 treated celis confirming the gel shuftmmemica dafa. oeevePROMgIGTbeteeON

Cel | cultures these sites froHlmiﬂoﬁéwmtJ J1h5%bﬁtaﬁ£&ﬁvaia§ ﬁ%@ﬂg&&ﬂﬁr@% ants

S were

of skin- biopsy s
obtai ned fromt %&Eﬁrﬂ‘gﬁ e sbifted WFEPEQ%“"Q that this regie)) wasthe sicleangrotein
Rockvi | &, VD) . Mllldimgasltas(m ©8). Ausaaller fragiménmtat the' regiom (Hutieotidéts-169 to -

eagl e' s medi um (ﬁUEMasCmeﬁ a1 Stb%JtteP?égéw&{ Uﬂh@%ﬂ&%ﬁ(&%@iﬁb&@ in

an (V

fi brobl asts were(%%@ 7 ﬂ% 'saJ’a'ys's°°"ﬁm9d>t'i‘%° tHhe lasgrr fragment and

G owt h factors . mapG residuesTigitiié mthl]l thensexuenay determinethbiricompetitiohgebshifts. (U. O
M am ). Reconbi nant PDGF BB was 30 obt ai ned from Chiron

(SFgEn;y\(llslt l eL OS?"H Rﬂgrpéh c!te?ige : Iagt%aFgéFvi? ctlfvrecgltaes ?r?e ];Irzlﬁtryn of the intact
15 sequence and several del_etlons to.compete for protein binding was compared in the

gel shift assay (FIGURE 6). These data confirm the results of the methlyation

interference assays and suggest that the region of the promoter from positions -159

" to -143 contains at least a portion of the cis reguiator element involved in TGF-B
regulation of CTGF gene expression.

20 Point mutations were made in the region of the sequence believed to be involved in
. the TGF-B induction and tested these promoters in our luciferase réporter construct
- (FIGURE 7). Two point mutations were tested and both reduced the inducibility of the
- gene by TGF-B. One mutation reduced the induction by 25% from control and the
_ other by 80%. Neither had any effect on basal leve! of expression compared to
25 .. control native sequence.. '

Point mutation_s';-were constructed by synthesis of oligonucle_otides containing the

: desjred' base change and taking advantage of the two.Bsmli sites in the CTGF

-~ promoter. All -.constructs were confirmed by nuclectide sequence analysis to

) - demonstrate that only the desired base change-occurred and that all of the other

30 . nucleotide sequence was identical to the normal promoter. Assays were performed
as described above for other CTGF promoter-luciferase constructs using NIH/3T3

.cells as targets. The data presented in the Table in FIGURE 7 is from a single
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RNA i sol ati on and Northern bl otting Total RNA was isolated from
cultured cells by acid guanidi umthi ocyanat e- phenol - chl orof orm
extraction as reported previously (Chonczynski, et al., Birchem 162:

156- 159, 198 oeektid RNA was el ectrophoresed on an 1.5% . - pPCTNUS9688140

agar ose/ f or mal dehyde 5 gel and transferred to nitrocellul ose. The
CTGF probe as 1.1kb fragnent presenting the CTGF open reading
frame obtained by PCR reaction using specf‘g primers HOL :

5' - CGGAATTCGCAGTGOCAACCATGACC- 3" (SEQ I D NO 3) and HO2
5' - CCGAATTCTTAATGICTCTCACTCTC- 3" (SEQ I D NO 4). Hybridi zati ons were

performed using

1x10[err] cpnim of these probes |abeled wth [err ,dgTP by

using a 10 “exprAmeRWithduplicate assays foreach experimeptaleanditioge
Bi ocheni cal's, | nghgwRevéraltimes to confirm the réstilts. Théss deta denmhalpity tvat a single

perforned at -70]e E@S’ébcwft% i of the Q%qﬁep%g?édd&g gf& 'f'éifoﬂ lhhtﬁﬁlr) by § 85%, %, t9

and i ntensifying

sequence anal ysi
fibroblagts as d
Spring Harbor La
of genonmic DNA a
PCR

t1ron

less than 15% of theaormal genoAThess datpuflernenstrete, heh H1ePPOURAGe

ReAiiflel R-bsBERIE fOr e/ TGE-B induction ¢fNOTGFIgene! al ., Col d
boratory Press, 9:. 14-19, 1989.). Using 4[err]g

s a tenpl ate, a frangCTGF gene was anplified by

‘usi ng prinmers- HCIerr]

B e ™

5 - COGAATTCCTGRAAGACACET THSE: eSS TINR\ T ANCHORA MEPENDERER pr oduct s

wer é di gested wi
anal ysis by the

th EcoRl and
di deoxy ch®@R

Nat | Acad. Sei . USA, 74: " 5483- 5467 1977 " USI ng the SequenaSe kit *US.

Bi ochemi cal Corpg_ {

387bp intron in
“Lanbda

. -~screened apprOX|
o [err]P-1abeled 9

‘ ] USI ng.a Hurran nom C L| brary |nt he
. X[err] I vector (Stratagene “La Jolla, CA) we '
mately 1x10[err] ‘r econbi nant “phages with

QQWH\?%%H@%JMW wefe IiS&L 17 6termine if either tyrosine
kinases or protein kinase C had any role inthe regulation of CTGF gene expression
induced by TGF-B. These studies were pefformed using the CTGF promoter (-823

- to +74) luciferase reporter construct transfected into NIH/3T3 celis.

156

NIH/3T3 cells were grown to 50% confluence in ‘DMEM/10% FCS. They were all
transfected with PO CTGF promoter (nucleotides position -823 to +74) driving the
expression of the pGL2 basic vector firefly luciferase ‘using LIPOFECTIN® as
described above in EXAMPLE 7. After 24 hours in DMEM/ITS media the inhibitors

- were added. All of the agents were added to theé cultures 2 hours prior to the

20 .'..

25

30

‘addition of 10 ng/ml TGF-B. The cells were incubated 24 hours and the luciferase

activity determined using the Tropix luciferase assay kit and a Beckman scintilation
counter equipped with'a single photon monitor. In a related experiment PMA was
added to the cells for 24 hours prior to TGF-B to deplete protein kinase C. This aiso
had no effect on the ability of TGF-B to induce luciferase activity under the control of
the CTGF promoter. Also, as a control experiment for the herbimycin studies, the
activity of this agent to inhibit PDGF induced cell division was examined. Conﬁuent

density arrested monolayeérs of NIH/3T3 cells were' treated with the indicated
concentrations of herbimycin for 2 hours prior to addition of recombinant PDGF BB.
The number of cells was determined by trypsinization and counting 24 hours afterthe

- addition of PDGF The mltotlc index represents the. percent of cells that undernwent

mitosis. -




. 25 | sol ated 3 phage clones that contained the CTGF gene.

Luci ferase .reporter gene -assays A fragment of the CTGF pronoter
cont ai ni ng nucl eoti des-823 to +74 fromone of the - hunman genomi c
.clones was first cloned in the Sacl-Xhol cloning site of pG.2-Basic

vector (Promega). This construct (PO was used as a tenplate for PCR and
del etion 30 WO96/381Tut ants were nmade with specific primers aPCrEISPERId0 p1
cont ai ned nucl eotides from -638 to +74, P2 from-363 to+74, P3
from-276 to +74, and P4 from-128 to +744gAl | del'etion
fragnents were sequenced to insure no nutatlons had been introduced in

the pronoter fragnents. NIH 3T3 cells were transfected in a 6-well plate

W th LI POFECTI N[ err] reagent (@ BCO BRL) for 6 hours. Each

transfection i nqluped ofnb&l nfbounds had any effect ontf 26fitj & TéF-B to indyce CTGF

PCT/ US96/ 0810

of pSV-[err] Gal mmmonm did theymenciulpty thedasal devabaf CTGR gepgexpression in

;er grnIr)eef 24 e rget AN/ Mévidvet, I&ehblhra(mnlalaer-amf lei&pagdt;m?laorsof
roduct s or. S ol | owed by e

i ncubation with %E'Bf'ytgfg? %éﬁsﬁagﬁ%wlﬁuﬁﬁ %‘gur Luci f er ase

activity was neasured by using Luciferase Assay System(Promega) and a 5

sointiligion cwmsedst@mhbﬁeﬂa 148/ of Groi iase T atper afue { o
T e e

chem | unm nescent Atsssagchu audgotiﬂelrem.ﬂabed_p@tmnq darapti appeanfo. b)e a part of the TGF-B

Preparation of ng\% eneexprwﬁé@%weﬁrraﬁawrmemed
as described by nayr an

Pr ot oc
Mol ecul ar’ Bi of oglf thedrell sbof § ma.EG& '&d@""}&&gﬁﬁﬁ: g8l express '&’eer?erﬁ!?tﬁ?
and W eyo | nt er sexparineent ¢, find\thatihe cAMR or cholera tmnsan bead@dw€h°!#?pﬂﬁebnl c

buffer . addifiorPSFYGHE’ 1 Ps'st efective Ml é*ﬂressioﬂ Shne CTaRgstie

PIVBF TT k
hONEDgeg, f?er anzj Thisisugggsts that the a&on of t?\d c‘M? is sta!t tom the reoep?organgss 39 Bé'”ce
) effectlng transcription factor bmding to the CTGF promoter

15 - “The four panels shown in FIGURE 8B are photomicrographs of the NiH/3T3 cells

- used in the above experiments which were Control) No Additons; TGF-B) TGF-B

(10ng/mi); cAMP) 8Br ¢ AMP (1000 uM); cAMP + TGF-B) 8Br cAMP.{1000 uM) and

TGF-B (10ng/mi) prior to determination of luciferase activity. These data indicate that

" while cCAMP causes dramatic changes in the morphological appearance of the

20 “NIH/3T3 cells, TGF-B addition to these cells induces a morphological appearance in

T " these cells which was.similar, if not idenitical, to ‘control cells treated with TGF-B.
Thus, although cAMP can block TGF-B induction of CTGF gene expression it has no )

effect on the biochemical events which regulate the observed changes in morphology

seen in these monolayer cultures. These results demonstrate that there are multiple

25 components in the 'adtion of TGF-B. on fibroblastic cells which can be differentially

blocked by cAMP. No significant difference was detected in the culture with respect

to. total. cellular protein-content or expression of an SV40/p-galactosidase control

reporter gene indicating that the changes were not due to toxic effécts of the CAMP.

Cholera toxin treatment induced a morphology similar to that seen in the 8Br cAMP

30 - treated cells which was reversed by addtion of TGF-B. |
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i sol ated by centrifugation at 3300x g for 15 minutes. Nuclear proteins were

extracted 15 by suspending the nuclei in an equal volune of
extraction buffer (20nmM HEPES pH7.9, 25% gl ycerol, 1.5mM
MyCl[err], O 8MKC, 0.2nM EDTA, 0.2nrM PMSF and 0.5nM DTT). The

extract was dial yzed agai nst 20mM HEPES pH 7.9, 20% gl ycerol .

100mM KCI', O. wodeier”, 0. 2nM PMSF and 0. 5niM DTT before use. Ppol/osss/o8i4o
concentration was determ ned using the BCA protein assay regent (Pierce).
20 Cel nobility shift assays. Fragnments of the CTGF
pronoter were prepared by PCR or restri cti¥h endonucl ease

di gestion of the promoter fragment Double stranded oligonucleotides were
pr epar ed : . by anneal i ng corrpl enentary single stranded

ol i gonucl eot i des. |, _ :

checked by el ect FopH
gel s. Radi ol abel’ advérsakby

YEGFOf - the CTGF prom)ter wer e prepared by

end- | abel i ng : o th KI enow enzyne ( Boehringer Manhein) and
pol ynucl eot i de ki_ nase (Boﬁg“ n . Manheim. Labeled fra mant S
were purified by Bacawse oh qfﬁh%%'%l’éf&!scﬁ'éd'ﬁ?eleé‘l‘e"mems were pe

pol yacryl am de galetérmire whether ¢AMB alould [bldokt TGEBi ihtluced amghorabge |Mapén@'u

oSOt ertdt o 1yEDlaN e GRS HWRS, b8 pBlar e °§‘3§1'ae'ﬁ%&f'%3“€%ﬁ'§om
1 [err]g pol y(dl ‘ﬁ@G%‘BI fy(mwecgnc(‘mwgyen dentygrowth .of NRK cellg.
300[ err} g/ m - BSA,independeit fio@thcassayisaverd ipe H&hﬁd%isﬁ?mmscﬂé%cnﬁéﬂ Wnbaﬁégna

conpetitor DNA a (édpa ]

addi ng the i Rgsequaé'bgf : é‘i pr o’bgﬁ' Tfi‘h q‘qfig’r e1§9 {p}r (@Béﬁ)}v]veﬂgﬁs ﬁg' [sb%"ﬁc?(ﬂ Yor
one hour at 4[ er Jnaiptgined @s; M@'PYQI ipultures were plated on anggamse tayer in DMEM/10%
PCT/ US964®8140  FCS containing 5 ng/ml EGF. TGF-B or CTGF was added and the cells incubdted for

:mxture. El ectropho S 4 u 500 Dol y g, C W & 1
o TR R At S e f o 41
. P : thymlndme (2 qumi) e cells harvested and processed by TCA precipitation etc.
Inhibitors were added at the same time as the growth factors and remained present
for the duration of the expenment (FIGURE 8C). (Abbreviations: Cholera toxin

15 . - (CTX).

As seen in FIGURE 8C both 8Br cAMP and cholera toxin were effective inhibitors of
growth in this assay while 8Br cGMP had no effect at concentrations up to 10 mM.
~ Because expression of the CTGF gene was blocked by elevation of cAMP levels in
: the cells, an experiment was performed to detemmine whether rCTGF could
20 ~ overcome the inhibition. As seen in the feft panel in FIGURE 8B addition of rCTGF
" to NRK cells does not stimulate anchorage independent growth and therefore does
not substitute for TGF-B. However, addition of the same amounts of [CTGF to cells
treated with TGF-B and inhibited with either 8Br cAMP or cholera toxin overcomes
the inhibition and allows the celis to grow at arate comparable to those treated with
25 TGF-B in the absence of CAMP or cholera toxin (far right panel). These studies
' - suggest a direct link between the production of CTGF and the ability of NRK cells to
grow'in suspension. They also demonstrate that while TGF- can induce certain
effects in fibroblasts in the presen'ce. of elevated levels of cAMP they are not
safﬁ'cient to allow for anchorage independent growth. Also, since CTGF alone is not
30 - : sufficient to stimutate this biological response it is not a substitute for all of TGF-B's
actions on fibroblasts. These resuits demonstrate there are both CTGF dependent
and CTGF independent effects induced by TGF-B in target cells (NRK) that act
synergistically to allow for a specific cellular response (anchorage independent

growth).



- Methyl ation Interference assay End- | abel ed fragnents of double
'stranded ol i gonucl eotides were prepared as 5 descri bed for the gel
nmobility shift assay. The oligonucl eotides were nethyl ated by :

. dinmethyl sulfate (Fisher Scientific) for 5 mnutes at roomtenperature.

DNA- prot ei n bi nding and gel nobility shift assay_were perforned
as descri bed WB¥R81%i ng [ arge anounts of | abel eBCHP#6@81900K
cpm) and nucl ear protein (20 [err]g). DNA fromshifted and
non-shifted bands was purified and cl eaveggw th piperidine (Fisher
Scientific), 10 and the sanples were el ectrophoresed on a

pol yacryl am de DNA sequenci ng gel . The sequences of the shifted
and non-shifted fragments were conpared with the ' i ntact probe .

3

sequenced using the sane nethods -
EXAMPLE 8
SHORT TERM TGF-[ e Y :
as c-fos and c-nyc, that are AGEN El ( L factors exhlblt
a short burst of expression even though the gromth fact or renalns

pr esent |n Ihe I n. contrast CTGF transcri remain at hi | evel s

for over 8':'5 has hgen shown lg induce; fprgsis)fn V%@"@?ﬁ' modg; § PP’ err]
(1 garas hl5, et al exanigid, onBigndup irjizdtdd 40040 800G of TGF-B into the Subidemiad Ssiice infthe s

exanpl e exam nes n I I ﬁ;ﬁ

transcripts was %&4& BFJ L{;ka‘%eWchtc‘?ﬁttflmn'gc')ués{""@é;d g’%e%ce 0 %St"?’s Pf o a
Conf | uent human bm%aﬁab?foﬁh%%s%rf%dﬁpﬁ? ¢t @l BragmMetl. R USA,
suppl enent ed 83:4167, 1986y'rhnstdsemethplashm cmnpétaﬁiressnidwasmm'l(muhﬂs)

for 24 hours pri f

exposure to TG F*G‘:%na% H;?ul& Shgﬁd thathTc? i md'ﬁgg tﬂee@'t"}'aé'ﬁﬁ &El,‘édl?%h%ge
DVEM | TS19 ol | oneWhish isivery siraiiar, ‘b@?‘i idendicalto mm#m]resemlwl f§ yOther
confluent cul tur gdwth factors such asmeom ESf 8o fnob indlte issueVeihitar itt TEFg ©d

with DVEMITS co i@'al;?'l m of
transferrin and @E 1% r#ma[}%{s%éir? ’?sg‘t’"sé‘ﬂef?émes%"r‘udc?ﬁ%rg‘&ﬁs‘g "Lﬂcg‘]lgg
addi ti on of TGF-T@F-Pinjedlianer the treatment 'with 10 ng/m of TGF-[err] for 1
hour, cells were vvashed W th PBS and incubated with DVEM I TS

for indicated ti EE %&cegs??‘g% in %xamrpg\?%tsﬁ&med Q'\a?tcAﬁlBa%};%s %P%lg\afl:ﬁ%k%ﬁe ey

MRNA was strongly In
TGF-[err15 renpval® pq:tpgﬂ:_cmtf in the cultured cells, it was of interest to determine whether

elevation of cAMP levels in cells in an animal could block the action of TGF-p in vivo.
Using the injection model described above and in Roberts, ef al., the following
experiment was performed: Neonatal mice were injected once a day for thres days -
in a row with either:

FATRAT R
av

MPL
\|
I\

20 TGF-B (400 ng); cholera toxin (100 ng); TGF-B (400 ng) and cholera toxin (100 ng);
or saline. Three mice were used in each group. After injected tissue was prepared
using standard histological methods, the area of injéotion was examined by light
microscopy after staining with hematoxylin and eosin. '

As expected, saline injections had no effect on the type of tissue present in the

25 murine skin and TGF-B injections induced a large amount of new connective tissue

' which resembled granulatlon tissue This tissue contained increased numbers of

fibroblasts and increased amounts of collagen and other matrix components
Injection of cholera toxin alone caused no stimulation of granulation tissue formation.
Co-injection of TGF-B and cholera toxin also showed no formation of granulation -

30 - fissue demonstrating that the cholera toxin blocked the TGF-B induced formation of
granulation tissue. These results indicate the therapeutic utility of agents that block
the production or action of CTGF for use as anti-fibrotic drugs.
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The ability of  TGF-[err] to induce the CITG- transcript in the presence of
several protein synthesis inhibitors was exam ned. FI GURE 2B
shows the effect of cycl ohexi m de on induction of CTGF nRNA.
Lane A and Hwigésagerr treated control cells at 4 hours PCT/USIGRR 024
hours, respectedly. Lane B, 4 hrs. Cycloheximde (CHX) (10 ug/m); Lane C
4 hrs TGF-[err] present for 1 hour during hour 1 of 2 of cyclohexi m de
exposure; Lane E, same as B v#®h RNA prepared 24 hours after
addi tion of cycl ohexi m de; Lane f, 24 hours TGF-[err]
(10ug/ M ); Lane G sane as D with RNA prepared 24 hours after

addi ti on of cycl ohexi m de and 22 hours after removal of TG-[err].

As shown in FIGURE 2B, a 1 hour sti mSFQRENSE ISEIING--[err] in the presence of -
10 ~ cyct ohexi mde was sufficient to |nduce CTGF nRNA 4 hours | ater as

wel |l as 24 Cycl ohexi mi de al one was able to

i ncrease CTGF R ﬁmﬁgg%@%ﬁ suggesting the possibility of
mRNA st abi | i zation ag; )N AsprReRer r%qg;_.&(iyfgf South monda cycl ohexi m de

i nduction of - other transcrl pts such as C-fos and c-nyc (G.eenberg, et

al., Nature (Londonkn;%iu%ﬁﬂ@ﬁrr:%éouﬁﬁmrwmssm alowrn Madrore, 312:

711-716, 15 1984). However, a report by Edwards and Mahadevan
(Edwards$ D. R, andiii)CNUMBER OF sm%hadevan EMBO J., 11:2415-2424,

1992) |nd| cated that the.protein synthesi:s - ' |nh| bitors
cycl'ohexi ni de and ah#8oRPRERPONDEIC %Q’P o) _could act to stinulate
2 SLP e t%’ﬁﬁzve sé’f’gée gﬁss&qﬁ stabilization
' i B %Hc

transciption of the c- fd
is not the ani sm on Tor these

conpoundfy. - 20 T Y o% anl sonycin and puronycin to inhibit
-TG~[err] induction of ng‘l:comy us transcripts was conpared wth that
~-of cycloheximde as to tiwg abg! |9hgmto el evate CTGF transcripts.
FI GURE -2C shows the effect of protein: synthesis inhibi tors on induction
.of CTGF.nRNA. Cells Mréwmm% myci n orani somycin for4 hours.

]

"“TGF-[err,Li ' wa$?la HERAIM TYRE: #iehe addition of protein
synt hesi ¥ i nhi bi tor and GE °°‘“Pa hajed for 3 hours prlor to
i sol ation of total RNA. e :
northern blot. : ) urorryC| n r?g? I n%?ed‘{ SIO&T& rrRNA at any
of the concent ratl onpeit eaﬁ;@-;-u;@pu@non DATA:
_ (A) APPLICATION NUMBER: PCT/USSG/
20 L (B) FILING DATE: 30-MAY-1996
: (C) CLASSIFICATION:
(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Haile,Ph.D., Lisa A.
_ (B) REGISTRATION NUMBER: 38,347
25 (c) Rzmmcn/nocxm NUMBER : 07414/ooaw01

(:.x) mwcomumcmron INFORMATION
{A) TELEPHONE: 619-678-5070
(B) TELEFAX: 619-678-5099

(2) INFORMATION 'FOR SEQ ID NO:l: .

30 (i) SEQUENCE CHARACTERISTICS:
(A)  LENGTH: 2075 base pairs
(B) TYPE: nucleic acid
"{C) STRANDEDNESS: single
{D). TOPOLOGY: linear

3 (ii) MOLECULE TYPE: cDNA

“(vii) IMMEDIATE SOURCE:
{B) .CLONE: CTGF
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- to 100[err]g/m, which is 10 fold higher than that needed to conpletely
bl ock protein synthesis in these cells. Even at this high
concentration it had no effect on the ability 30 of TG--[err] to-:
“.dnduce the CTGF nRNA. In contrast, anisomycin did elevate CTGF
transcripts (vlv:| GURE 2C) as was seen with cycl ohexi m de although TGF-[err]

Felfa e =

tr eat nent 096838172 stj|| raised the | evel of CTGF nRNA |_nl’m‘@spmmce

of ani sonycin. WO 96/ 38172

PCT/ US96/ 08140 50. 40.

These findings are simlar to those reported by Edwar ds and Mahadevan .
( Edwar ds, .D.R and LC. Mahadevan., EMBO J., 11:2415-2424, 1992)
where both c-fos and C-jun were i nduced by anisonycin or

cycl ohexi m de -by the(gﬁd*:ﬁ ut not by puronycin al one. These
data strongly. suggest E ,,@,,r egld vV regul ates CTGF gene 5

expression via a mechani s tdeehridy.i fsiepepgent of prote| n synthesis and may
be prlnarlly actlng at the level of transcription.

EXAMPLE 9 . | SGLATI ON. OF THE HUVAN CTGF GENE
To el ucidate the strmmﬁﬂmmmogerﬂp mimagrrent of the CIGF gene
was first_10 obt ai ned using PCR Four m crograns of genom c DNA
prepared ¥rom hurFé:ﬁG%‘FGGﬁc ROCEROFRED| FCACGRAS YRPEAICHSS FTCEAFCET cCRRRGCACCE
.ollgonucleotldes HQerr] and HJerr], were used .as primers.

ALter B0 cel o5 NoabSRaid ol bRel IRy GRMRLEH KBS o

anal ysis of ‘this drcogietiard HEERRY: dRVAA Rfh LEE cBF BXERBEE b @c38rdP 1 Ntrgpg

in the 15 . middl e mertiromh1a R Ht06B bro Vel DEgHROA1aPne probe, 3
phage cl 8®es .were from 1 t he haman genom c |ihwary that contained
a 4.3kb Xbal fragnment which represented
GTG GTC CTC CTC GCC CTC.TGC AGC CGG CCG GCC GTC GGC CAG AAC TGC 216
Val Val ‘Leu Leu Ala Leu Cys Ser Arg Pro Ala Val Gly Gln Asn Cys
15 o 20 25 .
AGC GGG CCG TEC CGE TGC CCG GAC GAG CCE GCG CCG OGC TGC CCG GCG 264
15 Ser Gly Pro Cys Arg Cys Pro Asp Glu Pro Ala Pro Arg Cys Pro Ala -
30 35 40 45
- @EC GTG AGC CTC GTG CTIG GAC GGC TEC GGC TGC TGC OGC GTC TGC GCC 312
Gly Val Ser Leu Val Leu Asp Gly Cys Gly Cys Cys Arg Val Cys Ala '
50 ) 55 . 60
20 . ARG CAG CTG GGC GAG.CTG TGC ACC GAG CGC GAC CCC TGC GAC-CCG CAC 360
Lys Gln Leu Gly Glu Leu Cys Thr Glu Arg Asp Pro Cys Asp Pro His
. 65 70 . : .75
. AAGGGCCTC'I'I'éTGTGACTTCGGCTCCCCGGCCAACCGCAAGATCGGC 408
Lys Gly Leu Phe Cys Asp Phe Gly Ser Pro Ala Asn Arg Lys Ile Gly
25 80 85 . 920
GTG TGC ACC GCC-AAA GAT GGT GCT CCC TGC ATC TTC -GGT GGT ACG GTG 436
.Val Cys Thr Ala Lys Asp-Gly Ala Pro Cys Ile Phe Gly Gly Thr Val :
. 95 o 100 . 105
TAC CGC.AGC GGA GAG TCC. TTC CAG AGC AGC TGC ARG TAC CAG, TGC ACG 504
30 © . Tyr Arg Ser Gly Glu Ser Phe Gln Ser Ser Cys Lys Tyr Gln Cys Thr
110 115 120 - 125
TGC.CTG GAC GGG GCG GTG GGC TGC ATG CCC CTG TGC AGC ATG GAC GTT 552
. Cys Leu Asp Gly Ala Val Gly Cys Met Pro Leu Cys Ser Met Asp Val
: 130 135 140
35 ' 'CGT CTG CCC AGC CCT GAC TGC CCC TTC CCG AGG AGG GTC AAG CTG CCC 600

Arg Leu Pro Ser Pro Asp Cys Pro Phe Pro Arg Arg Val Lys Leu Pro
: 145 ; . 150 : - 155



the entire codi ng sequence of the CTGF gene and a | arge portion of the

putative pronoter region. As shown in FIGURE 1A, the CTGF gene
has 5 exons and 4 : i ntrons. ATATA sequence is present 24
nucl eoti des upstream of the nRNA cap site, 20 determ ned by

ol i gonucl eoti de prinmer extension. The consensus sequence of a CArG
box, which iswblegagiper core of the serumresponse el enent ( SREFMUS96/08140

characterized by CC(A/T)[err] GG is present between nucl eotide
position -380 to -390. O her potenti al regul atory elenents are
al.so present including a CAT box, two Spl §1 tes and.two AP- 1
sites. Furthernore, the CTG- pronoter has a NF-1 |like site,

(TGAN err] GCCAA) 25 (SEQ I D NG 6), between positions -194 and -182,

and TG--[err] inhibi tory el errent I|ke seggence éG\II\I'I’TGGTGA) 648

SEQ I D NO 7) betege h
fal eS’Ents havZa s?ﬁd‘V?’[;ggga (ﬁyffq}}‘ecﬂé‘egqfr tn?yﬁeh?pse??tpéﬂ Lgﬁn nsusThL =oe

sequences (Edwards, D. R°%and J. K Heath The hornonal cont rol regul ati on

of gene ore GARREERPEEORye ks R BRScdd &lo BW cREAUERae GRITDar | Ses
showed that the W&Mﬁaly Pro Ala KelCR1 MAEDHES AR lea 180y RAGUREGRY
_identity to the nuripg fisp-12 pronoies in the - 185 regi on 300
nucl eotides 5' of the transcription start- site (FIGQURE 1B). Further
upst r eam r egi ons GERNGAS CCATACH ATG BTT HGH QAT PAC) TEG CTIRTS SR BAE AACA GAG 744
WO 96/ 38172 Pro Asp Pro Thr Met Ile Arg Ala Asn Cys Leu Val Gln Thr Thr Glu
PCT/ US96/ 08140 190 TR ¥ - 1S . 200 ¢ S &PS
- EXAMPLE RrERed i eROMOTER,,
To test et her t@ ?: Iyl Cér? c Sl ﬁg; v 380 6s¢ ugcﬂgt PT-EYR: S aEB
TG-[err] uci eQ,Jarormt er, ‘a UShQQ’I gene was congkpuct ed
containing the CTGF prom)ter : (nucl eotides -823 to +74) and the

coding regi on of Adeends &md h;{cleuclri:ermea@em EAG Al CAG AGC CGC CTG TGSCt Or 840
pCGL2- basi c. Luci fmiransn aepiasnt Alangexr Cestaed bewn @ld mys Hluriert Axg e @¥Son
assay 15 usi ng NI H2BT3 cel I s. This?¥onstruct confef¥®ed a 15-30

fold i nduction of |uciferase
~  AT@ GTC Aeewivcmccrmcmmeaemanmmeec 888

Mét Val Axg Pro Cys Glu Ala Asp Leu Glu Glu Asn Ile Lys Lys Gly
. 240 245 250

AAA AAG TGC ATC CGT ACT CCC AAA ATC TCC AAG CCT ATC AAG TIT GAG - 936
20 - Lys Lys Cys Ile Arg Thr Pro Lys Ile Séer Lys Pro Ile Lys Phe Glu
' 255 _ 260 265

CTTTCEG(.}CT!-E.CACCAGCATGAAGACATACCGA'GCTAAATTCTGTGGA 984
Leu Ser Gly Cys Thr Ser Met Lys Thr Tyr Arg Ala Lys Phe Cys Gly
270 : . 275 280 285

25 GTA TGT ACC GAC GGC CGA TGC TGBC ACC CCC CAC AGA ACC ACC ACC CIG 1032
ValchThrAspGlyArgchCysThrProH:.sArgThr’rhrThrLeu '
290 295 300 '

CCE GTC GAG'I.'I‘C AAG TGC CCT GAC GGC GAG GTC ATG AAG AAG AAC ATG 1080
Pro Val Glu Phe Lys Cys Pro Asp Gly. Glu Val Met Lys Lys Asn Met
30 . 1308 - 310 315 :
ATG TTC ATC AAG ACC TGT GCCTGC CAT TAC-AAC TGT CCC GGA GAC AAT 1128
Met Phe Ile Lys Thr :Cys Ala Cys His Tyr Asn Cys Pro Gly Asp Asn
320 . 325 330
e GAC ATC TTIT GAA TCS CTG TAC TAC AGG AAG ATG TAC GGA GAC ATG GCA T 1177
36 Asp Ile Phe Glu Ser Leu Tyr Tyr Arg Lys Met Tyr Gly Asp Met Ala
' 335 340 345 _
' GAAGCCAGAG AGTGAGAGAC ATTAACTCAT TAGACTGGAA CTTGAACTGA TTCACATCTC. 1237
ATTTTTCCGT AA.AAATGATT TCAGTAGCAC AAGTTATTTA AATCIGTTTT TCTAACTGGG 1297

GGAAAAGATT CCCACCCAAT TCAAAACATT GTGCCATGTC AARACAARTAG TCTATCTTCC 1357




- activity after 24-hour stimulation by TG--[err] conpared with control

‘culturés. As seen at the level of the CTGF nRNA, ot her growth
factors such as PDG-, EGF and FGF 10 stinulated only a 2-3 fold
“.induction of luciferase activity under identical conditions
(Table 1). - ' : TABLE 1
CELL TYPE. ANBOGSS#FR FACTOR REGULATI ON - PCT/US96/08140
OF THE CTG-F PROVOTER 15 RELATI VE FOLD | NDUCTI ON OF
LUCI FERASE ACTIVITY . - 52, AFTER GROMH FACTOR
TREATMENT CELL TYPE TG [err] PDGF
- FGF EGF ~ NIH 3T3 25 7 ' 2 9 .
3.3 HSF :
3.1 D
N %B%A%chc GMAG%%CT TGACAGTGGA A@T&Ams mcmcaé\' 1417
1.3 ' bnéue-m'r arrancereTHEddriTheen GoacTGEGAG &e&cccscc csc'rrm'rA-ND 1477
1.4 . ND Not Determ ned . HSF- Human
foreskin fibr oblcammams Amy)wmme cmmﬂ::mmmm sSmsaT h
nmuscle cells (primary) HBL 100 Human breast epithelial cell

line (non-tumor AEETRTAFCS TECTCACTGA W@GW%W%l%V&FCceH”’

- line (nop-tunorigeni enefra nent exte ing fro
e U moR LU e by, sioasray TS e R AL
vector. Plasmd .pﬁg@a W&%&i %Gﬂ?] eI | S

were 30 ?ﬁcu ated 1 n oLngrprlor totheagftlon of

growt h factors. réfddinaér ddn1t9b¢cT GTAACAAGCE AGATIGUROhADIrTREIT T XANTASE S VRNHE

prepared and luciferase activity neasured. Luciferase activities

were normelized msrc@rpmémmmrwmmmw f ri®ava
cotransfected |l acZ. . - expression:vector, pSV-[err]-gal actosi dase

vector and COW&PWW@WWW AATGRRTEGH TATTTCAATG TTAGRGILPA oidS7

non-tregged cell e . rlrrezg re%%% 4t WE! |l ar. 35
objservaﬁlbons. Ar%g%ﬁsgg %‘ ’%ﬁ? ﬁ?umuuﬁa F‘ air?sg
this pronoter fhagiBAbcyatn Hc@@@d@rﬁd&ﬁr%ﬁ&ﬂéﬁ@e@&ﬂh hORereiictAak O -2943) .
only basal levels of luciferase activity were detected and this level was °

uneffected by GGEGAGGCAT CAGTGTCTTG GCAGGCTGAT TTCTAGGTAG GARATGTGGT AGCTCACG 2075

(2) INFORMATION FOR SEQ ID NO:2:
| (i) SEQUENCE CHARACTERISTICS:
18 ~ {A) LENGTH: 349 amino acids
. " (B} TYPE: amino acid
.. (D) TOPOLOGY: linear.
{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: .

20 ~_Met Thr Ala Ala Ser Met Gly Pro Val Arg Val Ala Phe Val Val Leu
B ! N 5 : 10 : 15
Leu Ala Leu Cys Ser Arg Pro Ala Val Gly Gln Rsm Cys Sex Gly Pro
Tee 2s T 0

. Cys Arg .C:ys__:_Pro Asp Glu Pro Ala Pro Arg Cys F—=o Ala Gly Val Ser
25 35 P - 40 : as

Leu Val Leu Asp Gly Cys Gly Cys Cys Arg Val Cys Ala Lys Gln Leu
S0 ' -1 ; . €D

Gly Glu Leu Cys Thr Glu Arg Asp Pro Cys Asp Pzo His Lys Gly Leu
65 70 75 80

30 Phe Cys Asp Phe Gly Ser Pro Ala Asn Arg Lys I e Gly Val Cys Thr
' 8s 90 95
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TG [err] or other growh factor treatnment of the cells. The sane pattern
~of growh factor induction was observed when human skin
- fibroblasts were used instead of - Nl H 3T3 cells (Table 1).
TGF-[err] di dyugogsgduce luciferase activity in several epitperiosdsnsio
cell lines (Table 1), denonstrating that TGF-[err] regulation of the CITG-
gene is cell 5 type specific. The_| ack of any response by the
epithelial cells is not due to a | ack of 53. a TG--[err] response as

the gromh of these cells is inhibited by TG--[err] (10ng/m). The

i nduction of luciferase activity under the control of the CIG- pronoter

only required a brief exposure of the cells to TG-[err] as a 1
hour treatment ohls mes deb|@yhish PTG cfle] Phe Gly Gly Thr Jfa)eTyhBEF SPTt he sane
fold induction at 4 and 24%ours as.cells ¥¥ntinuously expted 10 to

TGF-[érr] (Table 2 These resul ts conf fr t rn blots
descri bed - Gl’; Gl‘brs§§ iBGFY 8RY s&ﬁrﬁrﬁn}fyrsaﬁg ﬁ] er %fal pri on I
regul ati on pl ays a pri ry role in the control of CTGF gene

expressi gn by TGy @4 lve /8 Met Pro Leu Cys Ser Met Asp Val Arg Leu Pro IABLE 2
SHORT TERM TG-- B §$URE S I LATES,3§5 .. 140 LONG TERM
CTGF PROMOTER ACTIVI TY[err] : “Tirme of Assay of

Luci ferase Acti vséy Pro asp Cys Pro pmrp.;pumg mig VOFLyeLeh Rrep@u Ees CYA Hour s
24 Hours © 145 Cont i nuous 150 ' 155 3.8 21

1h Fol d
nduct op of Lucﬁ%ﬁé&&lacmggcaétbé;’rﬁ%aroa?sd@gglﬂiﬁgét Yeirgat kﬁ‘ﬁ egend

and EXAMPLE 7 T3 cells were Tsed for these experinments.
EXAMPLE 11 Pro Ala Leu Ala Ala Tyr Axg Leu Glu Asp Thx Phe Gly Pro Asp Pro
180 o 185 190

" '7hy Met Ile Arg Ala Asn Cys Leu Val Gln Thr Thr Glu Trp Ser Ala
195 200 S 205

15 Cys Ser Lys Thr Cys Gly Met Gly Ile Ser Thr Arg Val Thr Asn Asp
210 N 215 220 '

Asn Ala Ser Cys Arg Leu Glu Lys Gln Ser Arg Leu Cys Met Val Arg
225 : 230 235 240

Pro Cys Glu Ala Asp Leu Glu Glu Asn Ile Lys Lys Gly Lys Lys Cys
20 245 o ' 250 255

Ile Arg Thr Pro Lys Ile Ser Lys Pro Ile Lys Phe Glu Leu Ser Gly
260 _ 265 . 270

Cys Thr Ser Met Lys Thr Tyr Arg Ala Lys Phe Cys Gly Val Cys Thr
275 T 280 - 285
25  asp Gly Arg Cys Cys Thr Pro His Arg Thr Thr Thr Leu Pro Val Glu
290 : 295 300

Phe Lys Cys Pro Asp Gly Glu Val Met Lys Lys Asn Met Met Phe Ile
305 310 - 315 320

Lys Thr Cys Ala Cys His Tyr Asn Cys Pro 'Gly_'As_p asn Asp Ile Phe
30 325 330 335

Glu Ser Leu Tyr Tyr Arg Lys Met Tyr Gly Asp Met Ala
340 345

N RIS RN W BT e et S bk



* | DENTI FI CATI ON OF THE PROMOTER ELEMENT

REQUI RED FOR TGF-[err] I NDUCTION 25 To determ ne which region of

t he pronoter sequence is responsible for the induction by
"-TGF-[err], deletion nutants of the CTGF pronoter were construct ed usi ng PCR
primers de5|gped to del ete the known transcription factor consensus

el enent s. Regiions of:- the pronot er begi nni ng at .t PEI/HISOSHO
regi on and noving toward the .. transcription start site were
systematically deleted (FIGURE 3A). Renowy, of the WO
96/ 38172

PCT/ US96/ 08140 43.
region of the pronoter down to base -363 which included an APl site and
the CArG box had no significant effect on the TG--[err]

"I nducti on of Iuc er act rOX|nateI a 30% reduction
was seen when t h§ &bﬁl? lg\\f_enﬁoqvégs ggﬁ%pgﬁpnpe@géhpgeference to the presently goreferred

al though the f oIQInbadllmrttJ ibsholld Bectinderstodd thatvarious mobiifigdtions @ah Dedhade wirus!

of the 5 dstp Ehﬁeﬁ) AOnC %é&r&:h'éi} tl*(e ﬁe@uﬁ%ﬁ is RN only by the

elimnated the T err
pr onot er - suggesﬂ? QQfa m?hls reglon contalned the. TGF- B response el enent.
Taki ng advantage of two Bsml sites we deleted the nucleotides from-162 to

-110 - | eaving the remaining portions of the promoter intact.
This construct exhibited a - T conpl ete loss of TG-[err]

i nduci bility denonstrating that the sequence between 10 positions .
-182 and -128 is essential for the TG--[err] induction of |uciferase
-activity. This regi on contains the TGF- [err] inhibtory el enent
(TIC) -like site and is bordered by the -~ -~ NF-1 like site that

ot hers have reported plays a role in TG-[err] regulation of [err]2(l)
col I agen gene expression (O karinen, J., A Hatanochi, and B. De

Cr onbr ugghe. J. Biol. Chem, 262: 11064-11070, 1987.) And type
1 pl-am nogen -activator inhibitor .15 = L PAl -1) gene expression
(Piccio,et-al., M. Cell:Bio.,.12:1846- 1855 -1992.).



A fusion gene was constructed placing the nucl eotides from positions -275

to -106 of the CTG- prompter upstream froman SV40 enhancerl ess
pronoter controlling a - | uci ferase g(—;me to determ ne whet her
this region of the pronoter was suff|C|ent to -fg'- .-l confer TG[err]

I nduci bility (FIGURE 3B). The SVAF{&ae mter was not 20

regul at ed by wébsidstta ] . However, tlhe prQLr _ i ni ng the rCTEUsIsaRIdENCES
- 27 to -106 conferre' ! nduction after

TGF [err] treatnment. Inversion of the - fragment resulted in. a
little stimulation of |uciferase act|V|ty55after TG--[err] treatrrent
These data confirmthat sites-in the CTGF pronoter béﬁh tHa;@Ie@dt

and -106 can act as TG--[err] reqgul ator el

series of conpetitive gel shift and nethlylation int er vvere

per f or ned CLAIMS to dellneatethereglon of this potlono

pronbter that was binding'to - - - - nucl earptot ei ns. In|t|al I y

conpetitive gel ghif

t he sequence betﬁmz-er‘fR Bﬁﬁ{ffgﬁé?%r@?du%&&&@h%&%ﬁ B::h oe’red Ofsum treatmeﬁf
* bi ndi ng. "A compriging gentastivg therﬁ@epfﬂagmndwmetmmg%'%sﬁﬁ%v‘? eount

fragments is ill ust retaesbmposkibh cbiainiA§ CTGF polypéptidelh€ resul ts of these

studi es denonstrate that any fragnent that contained the NH3

region (-169 to -149) acted as a specific conpetitor for the |abeled

pr onot er 2.  The mathodraf ciaimtiawhenslp thesomposition fusthen cantqing @JRE“’DF)M

This region is | OcatﬁﬂuﬁébmfbroducﬂonNCTGF the NF-1 like and TIE I|ike

sites. digonucleotide fragnents that contained only the WO

96/ 38172

PCT/ US96/ 08140 3. The method of claim 2, wherein the agent is transforming growth factor bieta (TGF-
. TIE I'i ke region or tﬂe NF-1 li ke region wthout the NH3 region did not

.. compete in the -gel shift assay. ' To further

" delineate the regulatory elenent, nethylation interference assays were

4. A method of diagnosmg a pathological state in a subject suspected of having

pathology characterized by a cell prolife_rative disorder assoicated with CTGF,
comprising: '
obtaining a sample suspected of contalnmg CTGF from the subject;
5 determining the level of CTGF in the sample; and
comparing the level of CTGF in the sample to the level of CTGF in a nommal
standard sample. :

5.  The method of claim 4, wherein the pathology is selected from the group consisting
of fibrotic disease and atherosclerosis.

8. A method for ameliorating a cell proliferative disorder associated with CTGF,
comprising treating a subject having the d_isoxjder, at the site of the disorder, with
a CTGF reactive agent. '

7. The method of claim 6, wherein the cell proliferative disorder is due to overgrowth

of cells.

8. The method of claim 8, wherein the cell proliferative disorder is due to overgrowth
of connective tissue cells. '

9.  The method of claim 6, wherein the CTGF freactive agent is an antagonist of CTGF.

* c L M S *



performed. A fragnent of the prormter frompositions -275 to -106 was used

initially. 5 THa&is epliebe studi es indicate that neither the
_NF-1 like site of the TI ; appear to be interacting with
any nucl ear proteins pre | control or TG--[err]

treated cells confirmng the gel shift co@HgETH . However, a region
between = WOIBBIIZ hose sites fromjposi tREPﬂC 5 - 145 - RSTATUSOHERI40
several G residues that were not - - i in the shifted

bands suggesting that this region was thq—,gwucl ear protein 10 bi ndi ng
site (FFIGURE 5A). A smaller fragnent of the region (nucleotides -169 to -
139) was then analyzed to give better resolution of the inportant G

resi dues (FIGURE 5B). The data fromthis anal ysis confirned

that of the |arggr f‘l‘h%gﬂ@tﬂed %F‘Qlaxm 9 whereln the ﬁﬁ@g&?\l&% il léﬁﬁbotdp%léms}e\éfgk{"gr

t he sequence determ ne[j él‘ ion
characterize the ac ter %ﬂm ctlve site, the ability of the intact
15 sequence and several deletions to conpete for protein binding was

conpared in they i £t F dat a,confirm
‘he results of the The Tnethtodgﬁl cléinl é wﬁéu%ﬁ?’ufﬁ geq*“]g’;oé@&nvgscgm a'ﬁdd%éﬁégt
that the region of méergrqmepé@eﬂsr om posi tions -159° - to -143
contains at |east a portion of the cis regulator elenent involved in

-rrruGt:aE Fc:t]s were nade -ﬁherrﬁ%@@é# QQWC%WW%" g‘? 35%@'}“ Eer%g\%lf &rﬁgﬂ'st“@"ﬁfgnpmcﬂ' %

In . the fagto Bhiction and tested these pronobters in our.
| uci ferase reporter construct ' (FIGURE 7). Two point nutations

were tested and 4ot i Di LIt

TGF-[err]. One r?tgt aP\ @%@%@%&SHWQ% 5‘er"15‘§" 34%%%91@5 ??‘BFﬂ’“FiBT‘%ﬁWH"?"{ﬂe
other by 80% Neithd®). hmuml@mmntﬂmingltbeebmpésMNpndﬂ'ﬁFeBuregulmyed
to25 . control nat eléﬁ'neﬁﬁﬂ‘BREPWherem the incubating is Edtidt oull U iRk bOHHitioNs ahd
constructed by synthesis if o] I%&ﬂ?& lo eus‘ cont ai ni nﬁ)‘ %

desi red base change and £ E?g@ oY tng GaMPORENiR; ‘me’é‘?f”t 849 the CTGF
promoter. Al const K‘Zﬁcts'ﬂﬁ@ﬁ@ﬂﬂdmeﬁmdﬂm compbsitidr areCTGH erpreasiamal ysis to
demonstrate that only the desired base.change occurred and that all of the

th 30 dent | to th | ter.
Ascays ver e por M a1 melhod S SIS iier cPringmha age TOF P e

pronoter-|uciferase constructs using N H 3T3 cells as targets.

The data presented ﬂheﬁﬁ%o%'c&tm A3 F\M@fﬁﬁtﬂe éﬁeci fsqmaﬁh&l FET1SF expression.
16. The method of clalm 13 wherem the effect is stimulation of CTGF expression.
17. The method of claim 13, wherein the is operably linked to a reporter gene.

18. _The method of claim 17 wherem the reporter gene is selected from the group
consisting of B-lactamase, chloramphenicol acetyltransferase (CAT), adenosine
deaminase (ADA), aminoglycoside phosphotransferase (neo, G418), dihydrofolate
reductase (DHFR), hygromycin-B-phosphotra’nsferase (HPH), thymidine kinase

5 - - (TK), B-galactosidase .(B-gal), and xanthine guanine phosphonbosyltransferse
(XGPRT). e

18. Anisolated polynucleotlde encodlng the CTGF- polypeptlde of FIGURE 2 (SEQID

- 20. -~ The polynucleotide of claim 19, wherein the polynucleotide is SEQ ID NO:1.

* c L L] S *



WD 96/ 38172 '
PCT/ US96/ 08140 45.

experiment with dupI [ céﬁh cﬁ%h experinmental condition. The
experinent . | m t| nmes to confirmthe results. These
dat a .denonstrate that a - Liu. n this region of .the

pronot er can wodessa7t he TG--[err] ‘i nducti § T'G\g to - PCTUSIG08B® t-han
15% of t-he normal gene. These data—dﬁﬂ_dﬂ t he sequence 5
identified is essential for the TGF [err] J nduction of the CTGF gene.
EXAMPLE 12 E{’ STI MULATES ANCHORAGE | NDEPENDENT

GROWH VI A A CTG- DEPENDENT PATHWAY a. .Inhibition of TG--B
i nduced CTGF gene expression by el evation of cAWMP 10 : | evel s

B 1V e e i 5544 i b e

regul ation of CTGF geliengeappbmecleotide sequence encodingde@il by TGF-[err]. These
studi es were perforned u5| ng the CTG- pronoter (-823 to +74)

| uci ferase rep er ons t prapsfected intg N H 3T3 cel.l s. 15, .

NI H 3T3 cells \M,éze ﬁ' 8€$’? nEBe?ﬂ“ﬁ\&ﬂ&%%ﬁW&y"%%d%Pf
transfected with PORIEURE;Q onoter (nucleotides position -823 to +74)
driving the . expression of the pA.2 basic vector firefly

7 ki Cer 24" hourZ | ATARER paviNSlde v egemupis 5-CTETME G S GkE,

Al'l of the agents wiDNCrx8jantd sequehaessubstantially Gonplementgryitberetoo t he 20
addition of 10 ng/m TG-[err]. The cells were incubated 24 hours and the

| uci f erase activity determ ned using the Tropix Iumfer se
assay kit and a #ecihmathediofieaingd g.ip]ecthavingace(‘il "E‘!fﬂ'ﬁi'\‘; i?ﬁq
si ngl e photon noni t CTGH gere expretkion irfx Subjdctebinpidifg mlmstenng to asubject havmg

-the disorder with a therapeutically effective amount of an agent which modulates
' CTGF g'e‘ne 'exp‘re‘ssibn, -the'reby treating the disorder.

25.' The method of claim 24, wherem the agent isa polynucleotlde which modulates
CTGF expression.

26. The method of claim 25, wherein the polynuclectide is selected from the group
consisting of an antisense, a ribozyme and a triplex agent.

27. The method of claim 24, wherein the agent induces a cyclic nucleotide.

28. The method of claim 27, wherein the agent is selected from the group consisting
of cholera toxin and SBr-cAMP

29. The method of claim 27, wherein the cyclic nucleotide is cAMP.

30. - The method of claim 24, wherein the agent comprises a TGF- responsive element
(TBRE) polynucleotide. '

31, The method of claim 30, wherein the polynucleotide includes nucleotides from
about -162 to -128 of the CTGF regulatory pol_ynucleotide in FIGURE 1.

32. The method of claim 31, wherein the polynucieotide includes nucleotides from
about -154 to -145 of of the CTGF regulatory polynucieotide in FIGURE 1.

AR
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- added to fhe cells for 24 hours prior to TGF-[err] to deplete protein

ki nase C. Thi's al so had no effect on the ability of TG--[err]
to induce luciferase activity under the control of 25 the CTGF
“pronoter. Also, as a control experi ijnycin studies, the
activity of this agent to inhibit p%—“slé tet gESWJEEN i Vi si on was exam ned.
Confluent —~ WO9638172 density - arre NI' H - 3TRCEAISIN8I48r
treated with the indicated - concentrations of herbinycin for 2
hours prior. to addition of reconbi nant PDgg BB. The nunber of

celI's was deternined by trypsinization and counting 24 hours after the 30
addition of PDG-. The mtotic index represents the percent of cells that
under went m t osi s. WD 96/ 38172

PCT/ US96/ 08140

Nei t her of -t hese congguﬁﬁgacﬁwgaan mp?spggtmmgﬁslpﬁathgrapenlhcalgfeﬁfaye[érﬁ?Tmt

i nduce CTGF g@ﬁ@h@mcee acqeptable @meiey nodul ate the basal
| evel of CTGF gene expression in the target cells. However,

both cholera toxin or 8Br-cAMP were potent inhibitors of the
TGF-[err] induction of the CTGF gene (FlI GURE 8A). 5 These data

i ndicate that neither tyrosine kinases or protein kinase Cis part of the .

signal transduction pathway |eading to CTG- gene induction controlled by
TG--[err]. : Al so, cyclic nucleotide regulated proteins do. not

appear to be a part of the TG=lerr] —

— pat hway for regul ation of

CTGF gene expression. However, elevation of cAWP | evels in the

cell abolishes the TG--[err] i nﬂthleSh °e °ﬁiene expression. In a
related 10 experinment we f| MP or cholera toxin can be
added up 8 hours after TG--[err] and it is still

effective in blocking the expreSS| on of the CTGF gene. Thi s
suggests that the action of the cAMP is distal fromthe receptor and may
be . effecting transcription factor binding to the CITGF

pr onot-er. - o

AR



b. cAWP does not block all of the actions of the TG--[err] on-fibroblastic

cells 15 The four panels shown in FI GURE 8B are photom crographs
of the NIH 3T3 cells used in the above expertnents which were
Control) No Additons; TG-[err]) TG--[err] (10ng/ m); cAMP)

8Br ¢ AMP (1000 uM; cAW +TG-[err]) 8Br cAMP. (1000 uM and

TGF-[err] n prior to determ nation of luciferase agilvi ese
data i ndi Cg&%ﬁjﬁ whil e cAMP causes dramati csgh)g%;g%oglﬁ t he
nor phol ogi cal appearance of the 20 NIH 3T3 cells, TG--[err]
addition to these cells induces a norphol ogi cal appearance in :
these cells which was simlar, if not identical, to control cells treated
with TG--[err]. Thus, although cAMP can bl ock TGF-[err]

i nduction of CTGF gene expression it no effect on the

bi ochem cal events which regul ate the observed changes in norphol ogy

seen in these nonol ayer cultures. These results denonstrate that there are

multiple 25 conponents in the action of TG--[err] on fibroblastic
cells which can be differentially bl ocked by cAMP. No
significant difference was detected in the culture with respect

to total cellular protein content or expression of an .

SV40/ [ err]-gal act osi dase control reporter gene indicating

that the changes were not due to toxic effects of the cAW,.
Chol era toxin treatnent induced a norphology simlar to that seen in the

8Br cAMP 30 treated cells whi reversed by addtion of
TGF-[err]. 1 WD 86/38%872 4 5

PCT/ US96/ 08140 __W X 47,

C. Inhibition of TG-[e in e h i nd owt h by cAMP and
its reversal 2y rdfcr; 8 7 @8cause of the results of
the previous studies, experinmentsANINO ASIDSr ned to det erm ne

whet her cAMP woul d bl ock TG--[err] ‘i nduced anchorage i ndependent

FIG. 1A

. LUCIFERASE EXPRESSION (photons x 10-6)
SEQUENCE USED BASEL EXP.  TGF-8 INDUCED FOLD INDUCTION

NATIVE 0.420.01 . 28,0209 66.7 (100) .
GTGTCAAGGGGTC . o .
GTGTCAAGGIGTC 0.41£0.05 5740.3 13.9 (14)
GTGTIAAGGGGTC 0.36£0.03 13.211.1 36.8 (55)

* # % wnsx * BASEFS MAPPED BY METHYLATION INTERERENCE

FIG.7

SUBSTITUTE SHEET (RULE 26)



-5 growh. Initially the effects of 8Br cAMP, 8Br cGW and chol era

toxin on the ability of TGF-[err] to induce anchorage
i ndependent growth of NRK cells. Anchorage i ndependent growt h
.assays were performed essentially as descri bed by Guadagna and

Assoian (J Cell Biol, 115: 1419-1425. 1991). Briefly NRK cells normally
mai nt ai ned- ayer cultures were plated on an agarose er
VoseRif eCAoa e

DVEM 10% 10 CS containing 5 ng/m EG-. TG--[err] or®
and the cells incubated for 72 hours. DNA synthesis is then
determned by | abeling for 24 hours with2[&r]H t hym ndi ne (2
uC/m) the cel ks barvested and Progesged TCA pregipitation etc.
| nhi bitors vveregadaed tlé’ma,..as 8 e,.grO\a hif act & saand remai ned
present " ..t e dgjr. he, e>5:per gregt ( FGGURE 8C).
(Abbrevi at i ans: @h Ier Et X|n % As seen in
FI GURE 8C both Br " r eféecgl ve |§(ﬂ’| bitors of
growth in this s y |§I§: 8 ect conc@ggations up to
10 ‘vl Be use ex®r X eRe waamgocked by
el evation of c gevegsén s r Ilg {klt exfuradent was
performed to deRer® nel¢h$t hep + QE < -3‘2:"1“”7 t he
i nhibition. As Eee® inat Iggf BE Betddit 1@ §f r CTGF
to NRK cells dofis ot §tiful age pelle .growtihgand therefore
does gingt sEbsltitugé' HoRilgwdl, ad@i*gon of the same
ampunts of rCT ceBl .82 dgwi t B sTRF- [ T8 § Band i nhi bited
with either 8Br A?POE.?@I a S Ba : ,helnhlbltlon
and al'l ows the Bel tfH gfow &t g bl.eEtio" tHos® teated with 25
TGF-[err] in th§ absengé pf 1exingF gr ri I:tépanel) These
studies 8 8 supgest -a?a' iey -en§tih pr o@uc |on of CTGF
and the abilit 2% NRR sl | s t T BronRim3susp 380 They al so
denonstrate tha ilesf -[edg ue CErtagt B3 effects in .
fibroblasts in ‘pr_-e érite * | elel § of t@hs Bre not '
sufficient to a I‘%/ fof.achoga nd Egro g Al u,: |nce CTGF
alone-is not 30" & ds fi%e mul t'g t h@s i ol oBiscRl response it
is not a substi§gt® fpgaBl oB, 'sE*H @i g ackil s on
fibroblasts. Thgs "reﬂségl;t defibrgst r hefie, 8r B 8 CTCE ddgpendent
and CTGF mdepeﬁd%t effreits nQuce@ hg T Tﬁra}i EtargBt Bel | s (NRK)
t hat act g3 side gi SEL ' al | f s gpeci igcg cel | ul ar
response (anchoiqé In ¢ l‘_.n'-d_egur. E B OBow s | a _
B H T B :
EEEUNEIEIEIETIE -
g 8] g, g ) 5'8 . U'.g 2 é'c - .- 8 [ ]
2 g 89 §.§ 2. 8 2 hsF 8 O
g, f B.E Bif Ci.g EIE OBIE W
- 88 v.g R >5-
. BER¥E. I . .:.-E‘-'-g' EIE '
| §§ gg HIE 312 Eif
.+ £:8 E'% g ..g;g EEE 3
. E'? E.§ E: ':.a_: : : 830 2 § §
=. . SE l. gcg L] E : o O
By OB L Bl PO i
8.6 4.8 i 8.3 E& E | 8if Big
.2*8 8" EQ g - g: A, B‘..I : :
B 1 R M E. T O ’ .
8%3 E:3 8B 1% 232 % E  8i% @il
ge® §ig 83 B.E og.8 BT -
BBip bl B BEIE pHif BE:E 3BIC 5 Bl
s% E E%.g B2°% 53:i3 Bgig E8tg B B 8a.8
1 hd [>4 e B e H B s aHh;.B
RE. 4 SE.D 2383 gf:E 88iF af'0U n BELY
TeIB T& 8 ©9°*8 788 9838 v¥B:ib ¢ R : < o1
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WD 96/ 38172 : _
PCT/ US96/ 08140 48.

EXAMPLE 13 = | I NHI BI TION OF TG-- [err] 1 NDUCED GRANULATI ON Tl SSUE
FORMATI ON BY “AGENTS THAT - ELEVATE cAMP LEVELS

TG--[err] has been shown to induce fibrosis in several aninmal nodel

studi es. For WO096/38172 exanpl e, one group injected 400 to 800 pagwshsosi4o
TG [err] into the subdernmal space in the back of ‘neonat al

m ce. Wien the is injected one a day for three days in a row, a

| arge area of fibrotic tissue forns (Roberts, et al., Proc. Natl. Acad. Sci
USA, 83: 4167, 1986) The present exanple shows conparative
studies with TG--[err] and i CTGF and .the results showed that
CTGF induced the formation of connectlve tissue 10 . . which is very
simlar, if not i-denti cal- to that forrredd/ﬁ]response to TGF- [err] .. Oher
growt h factors such as PDQ ~.do_not d'ce-ftlssue simlar to
TGF-[err] i ndFESEENRAS ARS8 S0 00 RRe CIGEA8R8 | ¢ for the
formation of the tissue |nduced by S TGF [err] I nj ection.
Because t he —gagltcTaAGAGETRERt CGE RNV dehercsdidincar b scs net

15 - I nduction of CTG=:in the cultured cells, itiwas of interest to
det er mi ne mmmmmmmmmmmmm

?2; ggllg(r)]ulrga& gé thg Sés : A GF. ! errléﬁg vVivo. . GHT Usi n th%
experinment Wagaey Jergs d%h&h&%é%%@%f% ﬁﬁ

days In a row w er:

chol era tost@l@@ﬂramdmmmm

or saline. Three mice were-tised.in each group. After:i'njected.ti ssue was
prepared =523 Gmcgsaﬁgcmﬂmé@emmsmummcm

nmection ﬁﬁ%xé&%%ﬂ%m%%%ﬁ?%#ﬁﬁ s

ef f ect ont hQOByQQGeET&@M&m e ; At}
“TGF-[err] injections induced a |arge amg b&:

whi ch resensBed mamwwmmmmmwers
of fibrobl asts _and | ner. eased armunts of coI | aen and ot Aeri
mat ri x corrpoﬁéﬁt [GGTGCGA ' ‘ BTRTY
stlrrulatlong ' X
TG--[err] chol'era toxinalso sho Ol §
tissue demn;saamwmmwmmmm e
formati on of . =Ig-1ike
. —103 AGGAATGCGAGGAMGTCCCTGTTTGTG‘IAGGACTCQATTCAGCTCMCGAGCCGCG
=43 m&m&m&ammmwca&mmmc
8Sp-1 © TATAbox R ‘SP=-2 SR > 3 :
17 CCCGCTGAGAGGAGACAGCCAGTGCGACTCCACCC"CCAGCTCGACGGCAGCCGCCCCGG

77 CCGACAGCCCCGAGACGAQAGCCGGGCGCGTCCCGGTCCCCACCTCCGACCACCGCCAGC
137 GC'.ECCAGGCCCCGCGCTCCCCGCTCGCCGCCACCGCGCCCZCCGCTCCGCCCGGAGTGCC

a
%
E

197 ncmmcscceccam!Gssccccsrccscsrcsccncs'rssrccmccrcscccr
M T A A S M 6 P VR VA F V V L L A
257 CTGCAGCCGEETAAGCECCGGGAGCCCCCECTECGGCCGGCGGCTGCCAGCGAGGGACTC
Lc s R.‘.........In&on 1...............................
317 GGGGCCGGCCGEEGAGCGCGTGCGCECCGACCGAGCGCEGCTGACCGCECTGTCCTCCCT
377 GCAGCCGGCCG!GGGC&GM@G@GCGG&CG!G&G@GC&GMWC
" esee P AV 6°Q N € 8 G P C R C P D E P A
437 GCGCTGCCCGRCEEECATEAGCCTCSTECTGGACEECTECGGCTECTGCCGCETCTGLGC
PRCPAG_VSLVLDGCGCCRVC
497 CAAGCAGCTGECCEAGCTGTGCACCEAGCGCEACCCOTGCGACCCGCACAAGGECCTCTT
AX Q L. 6 E L. CTZEUZRDU P'cCcDUPHI KGL
557 CTGTGACTTCGGCTCCCCGGCCAACCGCAAGATCGGCETGTGCACCGGTAAGACCCGCAG
FCDFGSPANRKIGVCT...Intronz..

FIG. 1C.1 .

| su_as]_‘rrUTE SHEET (RULE 26)



. granul ation tissue. These results indicate the therapeutic utility of

agents that bl ock t he production or action of CTG- for use as

anti-fibrotic drugs. WO 96/ 38172 ’
+ PCT/ US96/ 08140 . 49.

SEQUENCE LI STI NG : (1) GENERAL | NFORMATI ON: ' (1)

APPLI CANT: UWQ81Ry of South Florida (i) PEH{Se/8Ed0

| NVENTI ON:  CONNECTI VE Tl SSUE GROMH FACTOR 5 (iii1) NUMBER OF

SEQUENCES: 2 (1v) CORRESPONDENCE ADDRESS: '

(A) ADDRESSEE: FI SH & RI CHARDSON (B) STREET: 4225

Executive Square, Suite 1400 (O ATY. La Jolla 10

(D) STATE: CA ' (E) CO4M3BRY: US ' - (F)

ZIP: 92037 g17 CCCCCACCECTAGETGTCCGGCCGCCTICCTCCCTCACGCCCACCCGCCCGCTGEAAAAAG
. 677 AAACCGCTCGGACTGAGTTTCTITCTCCAGCTGCTGCCAGCCCGCCCCCTGCAGCCCAGA
737 TCCCAACTCGCATCCCTGACGCTCTGGATGTGAGAGTGCCCCAATGCCTCACCTCTGEAT
757 . CCCCCACCCCTCTCTTCCCTTCCTCITCICCAGCCAAAGATGGTGCTCCCTGCATCTTCS
o esesessse ee oo e .':'.'.:...b o..-.ooo.o.o-- oo A":”-K.- D G A P c I P
357 STGETACGETGTACCGOAGCECAGACTCCTTCCAGAGCAGCTGCAAGTACCAGTGCACGT
e e TV ¥Y R S. G ES T F'Q S S CcKVYQZC T
917 GCCTGGACGGGACAETEGECTGCATECCCCTATGCAGCATGAACSTTCETCIGCCCAGCS
M e L DG A V' G.C'M P.L C S M DV RL P S
977 CTERCTECCCCTTCCCEAGGAGEETCAAGOTGCCCEEEAAATGCTGCGAGGAGTGAGTGT
o e D e P F.P R'R VKL P 6 K C.C EE W V
1037 GTGACGAGCCCAAGGACCAAACCETEATTGGICCTGCCCTCGCGGGTGAGTCEAGTCTTC
1097 CTCTAAGTCAGGGTCETGATTCTCTCCCAGGGAGEGAGTCCTAACTCTGCCEACCEAACE
1157 GGGAAATACCTTATCAGGCGTTTTACATGETGTTTGTGTGCTCTGCTCTCGCAGCTTACS
.....-....Int:anz ..-.‘...-............“....‘......-A Y
1217 GACTGEAAGACACGTTTGGCCCAGACCCAACTATGATTAGAGCCAACTGCCIGGTCCAGA
R L EDTTFoePODTPTMTIRANTCETLTYAQ
1277 CCACAGAGTGGAGCGCCTGTTCCAAGACCTGTEGEATGGGCATCTCCACCCOGGTTACCA
c ©® E W S A C S KT OCG ¥ GISTTRTYT
1337 ATGACAACGCCTOCTGCAGGCTAGACAAGCAGAGCCECCTGTGCATGGTCAGGCCTTECE
"N D NA SCRTLEEKGO QST RTLTCMVTVZREPC -
1397 AAGCTGACCTGGAAGAGAACATTAAGSTACATGTTCTGCTCCTATTAACTATITTTCACA
E A D L E E N I K ...-.‘......znuan‘ ® ¢ 09 GO0 CORNOBS
1457 GGAAAAACAGTGGATAGGACCCAACTTAGGGCTCTTGCACGCTTGTTAGTATAAGCCCGT
1517 TATCTCCAAAACTATCTAACCATTGAGCTGTITTGCTGCAATGAGAGCTTGTGTAATAGS
1577 AACCACCAGTTTTCCACTACGAAATCTTCCACAGGGTTAGTTAATTCAAGACATTCCAAG
1637 AGAGGCTCTGGCTATTTTTGGACATAGCAAATGAGACTCAAACTTCCTCCCCICAAAATA
1697 TAAACAGAAGTCAGACAACAGAAGACTAAAACACAGAGGGTTGAAGAAAGCCACTCCTCT
1757 TGTAGAGTCGCTGATTTTTTTTTITCCTCTCTCT T I TCCCTTGTCTTCCTTAGAAGGGCA
. ...........-..................'......................' K G
1817 AARACTCOATCCGTACTCCCAAAATCTCCAAGCCTATCAAGT TTGAGCTTTCTIGGCTGCA
X K ¢ I RT P XK I SXPTIZKTFTETLSSGC
1877 COAGCATGAAGACATACCEAGCTAAATTCTGTGGAGTATGTACCGACGGCCEATGOTGCA
T S M K T Y R A K FCGVCTTDGTRT EC
1937 CCCCCCACAGAACCAC CACCCTGCCGETECAGTTCAAGTGCCCT GACGGCGAGGTCATGA
. r p E R T T T L PV ETFEKTGCPDGEJV M
1997 AGAAGRAACATGATGTTCATCAAGACCTETGCCTGCCATTACAACTGTCCCGGAGACAATG
E E N M M F I KXKTCcACGCTEHTYTNTC®PGDN
2057 ACATCTTTCAATCGOTGTACTACAGGAAGATGTACGGAGACATGGCATGAAGCCAGAGAG
D T F E S L Y Y REKJBTYTGHDMA *
2117 TCAGAGACATTAACTCATTAGACTGGAACTTGAACTGATTCACATCTCATTTITCCGTAA
2177 AAATCATTTCAGTAGCACAAGTTATTTAAATCTGTTTTTCTAACTGGGGGAAAAGATTCC
12237 CACCOAATTCAAAACATTGTGCCATGTCAAACAAATAGTCTATCTTCCCCAGACACTGGT
2297 TTGAAGAATGTTAAGACTTGACAGTGGAACTACATTAGTACACAGCACCAGAATGTATAT
. 2387 TAAGGTCTCGCTTTAGGAGCAGTGGGAGGGTACCGGCCCGGTTAGTATCATCAGATCGAC
3417 TCOTTATACGAGTAATATGCCTGCTATTTGAAGTGTAATTGAGAAGGAAAATTITAGCGTG
2477 CTCACTGACCTGCCTGTAGCCCCAGTGACAGCTAGGATGTGCATTCTCCAGCCATCAAGA
. 2537 GACTGAGTCAAGTTGTTCCTTAAGTCAGAACAGCAGACTCAGCTCTGACATTCTGATTCG
2557 AATGACACTGTTCAGGAATCGGAATCCTGTCGATTAGACTGGACAGCTTGTGGCAAGTGA
2657 ATTTGCCTCTAACAAGCCAGATTTTTTAAAATTTATATTGTAAATATTGTGTGTGTGTGT
2717 GTGTCTCTATATATATATATATATGTACAGTTATCTAAGTTAATTTAAAGTTIGTTTGIGE
2777 CITTTTATTTITTGTTTTTAATGCTTTGATATTTCAATGTTAGCCTCAATTTCTGAACACS
2837 ATAGGTAGAATGTAAAGCTTGTCTGATCGTTCAAAGCATGAAATGGATACTTATATGGAA

~ FIG. 1C.2
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ATV IRGIVIREE NI I T et sy i v A WL et e e L o

(v) COVPUTER READABLE 'FORM
di sk 15 (B)

B I ot N R L L S T x Aok es it o R P Z i f S0 S S SRR TR A oS T R E R SOt

(A) MEDI UM TYPE: Fl oppy
COVWUTER: | BM PC conpati bl e

(© OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D) SOFTWARE:

Patentln Rel ease #1.0, Versi
~APPLI CATI ON DATA:
(B) FI LI NG DAWOE6/380R2VAY- 1996

on #1.25. o (vi) CURRENT

(A) APPLI CATI ON NUMBER PCT/ US96/ 20

(C) CLASShEki

(viii) ATTORNEY/ AGENT | NFORMATI ON: | (A) NAME: Hail e,

Ph.D., Lisa A

(C) REFERENCE/ DOCKET NUMBER: 07414/ 003W1' (i x)

TELECOVMUNI CATI ON' | NFORVATI ON: (A) TELEPHONE:

619- 678- 5070 (B) TELEFAX: 619- 678- 5099 (2)
- I NFORMATI ON FOR SEQ I D NO.1: -

(A) LENGTH . 2075 base pairs - . - .
(C) STRANDEDNESS single: o u i -

(B) REG STRATI ON NUMBER: 38,-347 25

30 . s (i) SEQUENCE CHARACTERI STI CS:
o g - (B) TYPE: nucleic acid
(D

TCPO_OGY linear 35
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- WO 96/38172 | ~ PCT/ US96/ 08140
'50. (i x) FEATURE : (A) NAME/ KEY: CDS
(B) LOCATION: 130. .1177 (xi) SEQUENCE DESCRI PTION: SEQ I D

“.NO 1: 5 CCCGGCCGAC AGCCCCGAGA CGACAGCCCG GCECGTCCCG GTreCCCACCT
CCGACCACCG 60 CCAGCGCTCC AGGCCCCGCG CTCCCCECTC
GCCGCCACCG Gl osddsys3C TCCGCCCGCA 120 GTGCCAAG e dsaahstae CCC
GCC AGI ATG GGC CCC GIC CGC GIC GCC TTC 168 Met
Thr Ala Ala Ser Met Ay Pro Val Arg Val Ala. Phe 10 _

5 ' 10 GTGca'ﬁCTCCTCGCCCTC TGC AGC CGG CCG
. GCC GIC G&C CAG AAC TGC 216 o 3\/aI Val Leu Leu Ala Leu Cys Ser
Arg Pro Ala Val Ay dn Asn Cys : 15 20
25 AGC GGG CCG TGC CGG TGC CCG GAC GAG CCG GCG CCG CEC TGC CCG
&G - 264 15 - - Ser Ay Pro Cys ArgCys ~Pro Asp Gu Pro Ala Pro Arg
Cys Pro Ala 30 - 350 40
45 GEC GIG AGC CTC GIG CTG GAC GGC TGC GGEC TGC TGC CGC GIC TGC
cce 312 ..~ dy Val Ser Leu Val Leu Asp Gy Cys Ay Cys Cys Arg
Val Cys Ala - Hours after 50 -+ 55
TaFpremoval C 0 1 4 8 24 3048
. CTGF a4ty ha
~ FIG.2A
ax ox
Tine(HRS)o 2 # 24
TF B ¢
Time (HRS) & i 24
- c [
CHX. CHX .
TGF
i A
Time (HRS) 51234 2
D G
ABCDEFGH.
CTGF weeeiewtilM
" FIG.2B
TGFB (10ng/ml) -+ -+ -+
Puromycin (100pg/ml) = - - + "-'_ - - |
Anisomycin (10pg/m! ) - === % +

o .CTG'F'-: - e “““

- FIG. 2C
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T TR R TR A N AR TS m el T, LA T s W SR SRR X

=

20 AAG CAG CTG GEC GAG CTG TGC ACC GAG CGC GAC CCC TGC GAC CCG CAC
360 Lys Gn Leu Ay GQu Leu Cys Thr u Arg Asp Pro Cys Asp Pro
Hi s _ 65 70 75 :
AAG GCC CTC TTC TGI GAC TTC GGC TCC CCG GCC AAC CCC AAG ATC G&C . 408
Lys Ay Leu Phe Cys Asp Phe Ay Ser Pro Ala Asn Arg Lys Ile Ay 25

80 WO 96/38172 g5 90 GIG Tocrassbsiside AAA
GAT GGI' GCT CCC TGC ATC TTC GGI GGT ACG GIG 456 . - Val Cys Thr
Ala Lys Asp Gy Ala Pro Cys Ile Phe Ay Ay Thr Val 95

100 . 105 TAC CGC AGC GGA GAG TCC TTC CAG AGC AGC
TGC AAG TAC CAG TGC ACG 504 30 '}FM? Arg Ser Ay G u Ser Phe dn -
Ser Ser Cys Lys Tyr G n Cys Thr 0 115

120 25 TGC CTG GAC GGG GCG GIG GGC  TGC ATG
CCC CTG TGC AGC ATG Eﬁé -BERESPONSE ELEMENTS Cys Leu Asp Gy Ala Val Gy
Cys Met Pro Leu Cys Se Fos Jc] 130
135 14{)N p@? V%%%F%R GC CCT GAC TGC CCC TTC CCG
AGG '‘AGG GTC AAG CTG CCC 600 NF.1 NHA' eq_ljclpgm\sgro ‘Asp Cys Pro

Phe Pro Arg Arg Val Lys Leu Pro 'reF.p
G 55 @“174

150 |
PCT/ US96/ 08140 gn- r/AP \l ,

CArG box CAT box TATA box

R

Pp5 [ 1§
) FOLD
INDUCTION
ENHANCERLESS 0 . g
275 CTGF-PR .108 |
R oo SV40 ¢
2.3

LUCIFERASE

FIG. 3B
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,Gy

160

-.CTC

Pro
180
CTG
Asn
200
GGEC
Ay
215
AAG
Leu
230

. GAG

Leu
250
GAG
Lys
CTT
Leu
270
GTA
Val

290
TGC
Phe

GGG AAA TGC TGC GAG GAG TGG GTIG TGT GAC GAG CCC AAG GAC CAA AcC 648

Lys Cys Cys Qu Gu Trp Val Cys Asp Qu Pro Lys Asp A n Thr

GCG
Al a

GIC
Cys

ATC
Met

CAG

du

AAC
Au

Phe
TCT
Ser

TGT
Cys

CCT

GCT
Leu

CAG

Leu

TCC

ay

AGC
Lys

ATT

Au

936
Au
GGC
Ay

ACC
Thr

GAC

165 170 GIG GIT GGG CCT GCC
TAC CGA CTG GAA GAC ACG TTT G&C * 696 5 Val Val Qdy
Ala Ala Tyr Arg Leu Qu Asp Thr Phe Gy 175
wo 96as172 185 CCA GAC CCA ACT ATG ATTN@&P% C TGC
ACC ACA GAG 744 Pro Asp Pro Thr Al a
Val @n Thr Thr Qu 190 - 195

205 10 - TGG GCC TGT TCC AAG ACC TGT GGG ATG

ACC CGG GTT~ —=%92 -_,_-Se-l’——Al—a_QLS.jﬁL _Lys Thr Cys

lle Ser Thr Arg-Va 210

220 ¢ SRCT SR BRE R GCC TOC TGC AGG CTA GAG
CGC CTG TGC ' el LR R Sp Asn- Ala Ser Cys-Arg -
Adn Ser Arg L&SS .225u.m

235 GCT GAC CTG GAA

AAG AAG GBANE - Au Ala Asp
Asn Ile Lys: lgy © 245
AAA AAG TG g CCT ATC AAG TTT
20 Lys L 54 S e S R Ser- Lys Pro lle
) o —— . — 265
TGC ACC AGC AT. SO Sy Ra=TTFC TGT GGA 984
Cys Thr Ser- : iy Phe Cys Ay
L 275 ik 247 = 71285 25
GAC GGC CGA T s ACC ACC CTG 1032
Asp Gly Arg @ e Thr Thr . Leu '
295 - D: CCG GIG GAG TTC AAG

GGEC GAG GTC' ATG Ao Sl . Proval du

SUBSTITUTE SHEET (RULE 26)



30 305 310 ' 315

ATG TTC ATC AAG ACC TGT GCC TGC CAT TAC AAC TGT CCC GGA GAC AAT 1128

Met PheIIe Lys Thr Cys Al a Q/s H's Tyr Asn Cys Pro Ay Asp Asn '
320 325 330- GAC ATC TTT GAA TCG . *
CTG TAC TAC AGG AAG ATG TAC GGA.GAC ATG GCA T 1177 35 Asp |l e Phe
G u Ser Leu Arg Lys Met Tyr Ay Asp Met Al a 35

340 i desbi: 345 GAAGCCAGAG AGTGAGAGAC RFFRR

TAGACTGGAA CTTGAACTGA TTCACATCTC 1237 . ATTTTTCCGT AAAAATGATT
TCAGTAGCAC AAGITATTTA AATCTGITTT TCTAACTGGEG 1297 - GGAAAAGATT
CCCACCCAAT TCAAAACATT . GT GCCATGT C AAACAQ;&B\G TCTATCTTCC 1357

WD 96/ 38172 PCT/ US96/ 08140

52. CCAGACACT G GTTTGAAGAA TGT TAAGACT TGACAGTGGA ACTACATTAG
TALACAGCAC = 1417 CAGAATGT AT ATTAAGGTGT GGCTTTAGGA GCAGTGGGAG
GGIACGGCC CGGTTAGTAT 1477__;__; ___CATCAGATCG ACTCTTATAC GAGTAATATG
CCTGCTATTT GAAGTGTAAT TGAGAA 1837 AATTTTAGCG TGCTCACTGA
CCTGCCTGTA GCCCCAGTGA CRGCTAGN ) -TTCTC' 1597

]
|
|

™

ole

!

FIG. 5A
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AR e FeteTamery s Avad FESFTA BT oW

-5 CAGCCATCAA GAGACTGAGT CAAGTTGITC CTTAAGTCAG AACAGCAGAC TCAGCTCTGA

- 1657 CATTCTGATT CGAATGACAC TGITCAGGAA TCGGAATCCT GTCGATTAGA
'CTGGACAGCT 1717 TGTGGCAAGT GAATTTGCCT GTAACAAGCC AGATTTTTTA

© AAATTTATAT TGTAAATATT 1§77 ® GIGIGTGIGT GIGTGIGTGI ATATATATAT
ATATATGTAC AGITATCTAA GT TAATTTAA 1837 CAGITGITI GT GCCTTTTTAT
TTTTGITTTT GA TATTTCAATG TTAGCCTCAA 1897 10 rosberbsrss ACA
CCATAGGTAG GC TTGTCTGATC .GTTCAAAGCA TGAAATGGAT 9%"?
ACTTATATGG AAATTCTGCT CAGATAGAAT GACAGTCCGT CAAAACAGAT TGTTTGCAAA 2017
GGGGAGGCAT CAGTGTCTTG GCAGGCTGAT TTCTAGGTAG GAAATGTGGT AGCTCACG 2075
(2) 1 NFORVATI ON FOR SEQ | D NOG 2: (i) SEQUENCE
CHARACTERI STI CS: 15 |0/}® LENGTH: 349 amino acids
(B) TYPE: amino acid : (D TOPOLOGY: |inear .
(i1) MOLECULE TYPE: prot em -1 xi) SEQUENG SCRI PTI ON:  SEQ
IDNO :2: 20 F- i Q31198 a Phe

Val Val Leu. -
15 - Leu Al a g Ser Gly
Pro 20 30

-(,ys Arg Cys Pro Asp Gy _ Pr o Arglcys I5rp Al.é. uLém dy.

Q/s Ay Cys Cys Arg Val Cys Ala Lys Gin jed: 1 - 50

55 -169 ~ -134
GAGGAATGCTGAGTGTCAAGGGGTCAGGATCAATGC

. PROBE I :
- 159 —————— ' :
159143 : : i R N D P I i
L. TS ! '
".'1#147 :s 1 : 1) I t - 1
-189/-162 [N ) I '
- 1 A } i ' | B 1 I '
. [} 1) ) -t ! ' []
c o
e 3 8 o o=
- 5 - Y L
g .a 8 a g o N
“e g . - ol
DD DD
 PPPPPRPPP?2cEEEES
oS8g8¢e ggggg,?.iggwoo
g2TEr"Sr 2 =2
12345678 9101112131415
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o YN Totva e 20T P, SR RS e D BRI RN T A

Gy GQu Leu Cys Thr Qu Arg Asp Pro Cys Asp Pro H's Lys Ay Leu
65 - 70 75 " 80 30

Phe Cys Asp Phe Ay Ser Pro Ala Asn Arg Lys Ile @y Val Cys Thr _

85 90 95 WD 96/ 38172
PCT/ US96/ 08140 - ' 53. :

Ala Lys Asp GWOo8IMro Cys Ile Phe Gy Ay Thr Val Tyr Arg Serruso6msido
100 ' ~ 105 ' 110 - Ay Gu Ser Phe @n
Ser Ser Cys Lys Tyr @ n Cys Thr Cys Leu Asp 115

120 125 5 Gy Ala Val dy Cys Met Pro Leu Cys Ser
Met Asp Val Arg Leu Pro 13011/43 135

140 - Ser Pro Asp Cys Pro Phe Pro Arg Arg Val Lys Leu Pro Gy Lys
Cys 145. - | 50 155

160 Cys Gu Qu Trp Val Cys Asp Qu Pro Lys Asp A n Thr Val Val
Ay 10 S 165 S 2 — 175

£3- ToF- B

10.0_100,0 10000
[PMA] ng/mi

Effect of Phorbol Ester
on CTGF gene induction

[CHOLERA TOXIN] ng/mi

10}
0

20
>F 30|
000 .001 .010 .100 1.00 10.0 100 1000

Cholera Toxin Inhibition of TGF-f induction of
© T CTGF

) N SE— ) rd
M N » O

LUCIFERASE
ACTIVITY
PHOTONS -
x 10-5

LUCIFERASE 4}

ACTIVITY

PHOTONS

x 108
FIG. 8A

. MITOTIC.
50 |NDEX

~1100

-

‘expression ..

o CTGF promoter].

100 300 1000

. mmTeF-p induction |75
~200.0 3000

by TGF-B

30
[CYCLIC NUCLEOTIDE] uM

MERBINYCI] ngiwl

Induced CTGF gene --

10

wm cAMP c—3cGMP maNO TGF-p

Effect of Herbimycin oh TGF-
TGF-B TREATED

CAMP Inhibtion of CTGF induction

T

50
40
3

20
10

°o_ I g M N ™ O

LUCIFERASE
ACTNITY
PHOTONS

x 105
LUCIFERASE
ACTIVITY
PHOTONS

x 106
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Pro Ala Leu Ala Ala Tyr Arg Leu Qu Asp Thr Phe Ay Pro Asp Pro

180 185 190 Thr Met Ile Arg Ala
. Asn Cys Leu Val Gn Thr Thr Gu Trp Ser Al a 195 -
© 200 205. 15 ©  Cys Ser Lys Thr Cys Ay Met Gy lle Ser
Thr Arg Val Thr Asn Asp 210 215
220 wogﬁﬁﬂyzﬁd a Ser Cys Arg Leu Qu Lys An Ser Arg t Val
Arg 230 235 Wt@é&%
240 ProQ/sGIuAIaAspLeuGIuGIuAsnIIeLys Lys Ay Lys Lys
Cys 20 245 250 255
Ile Arg Thr Pro Lys Ile Ser Lys Pro‘z/i% Lys Phe G u Leu Ser Ay
260 265 - 270 Cys Thr Ser Met Lys
Thr Tyr Arg Al a Lys Phe Cys Gly VaI Cys Thr 275
280- - - 285 25 Asp 3y Arg q/s Cys Thr Pro H's Arg Thr
Thr Thr Leu Pro.Val Gu - .~ . .. 290 : 295
300 2k J.L_Ma.l ML_J_ys Lys Asn Met Met Phe
I'l € 3¢ AR
320 - AsnAspIIe
Phe 30 335

G u Ser Leu Tyr ¥
340 ’

FIG. 8B
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b e B DL B

WD 96/ 38172 '
PCT/ US96/ 08140 54.

Al t hough the invention has been described with reference to the presently
preferred enbodi ment, it should be understood that various

nmodi fications can be nmade w t hout departing fromthe spirit of the
invention. AGKOPEB#ITR y, the invention is limted only by thdPCTUSISHFRG owi ng
clainms. - 55 CLAI V5 1.
Use of a conposition containing CTG- pol ypeptide for the manufacture of a
medi canent for the treatnment of wounds. 2. The use of claiml,

wherein the conposition further contai ns an agent that stinulates the
production of CTG-.

13/13
. biility of CTGF to substitute Inhibtion of Anchorage Independent
: . Tna forTGF-p Growth by 8Br cAMP and Cholera

: ~ tosupportAnchorage - - . .. .. -Toxin

3H-Tliy
cpmxw
_ — .
"106 7000 10 100150
100 1ooo 1oooo
. [cvcuc NUCLEOTIDE] chOLE?II:n ;roan]

Abbreviahons )
Cholera toxin (CTX)

lncorp. .
pm x: 10‘3

‘ cAMP +r +
e . + +

FIG- Bc : | rCTGF (_nglinl) 50 20 50
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. 3.~ The use of claim2, wherein the agent is tr

5 ] ﬁ»ﬁ-ﬁ—f act or
beta (TG 4. A phar maceuti cal conpositio g T
therapeutically effective anount of CTGF, in a phafnaceuticalTy Jackceptable
carrier. W96/ 38172 | | 23 DEC 1998

" 56. 10. The nethod of claim9, whereinfthe antagonist [i g an

anti body which specifically 3 binds to )
11. The method of claim6, wherein the“cell prolillecative disorder |is due
to an undergrow h of cells. 12. The nmethod of~Tlaim§6,
wherein the CTGF reactive agent is transform ng growh factor
beta (TG--[err]). 13. A nethod for identifying a conposition which

‘;“; Lgff; % C%iﬂsmefe‘iaﬂ'o@rbc@@(mbw&bn et al,, Lancet, 1:959, 1381; Férgestinlet BO, CAmponent s

t
el enent (T[© HEP%W%%%I nffl}gﬁﬁ- @@aﬂ?hf&gnget@ér d ne@riboped; {3riet £8fidi ti ons
and 230:257, 1988).

The isolation of growth factors and the genes enc__oding them is important in the
5 development of diagnostics and therapeutics for various connective tissue-related
disorders. The present invention provides such an invention.

SUMMARY OF THE INVENTION

Various cell types produce and secrete PDGF and PDGF-related molecules. In an
attempt to identify the type of PDGF dimers present in the growth media of cultured

10 endothelial cells, a new growth factor was discovered. This previously unknown
factor, termed Connective Tissue Growth Factor (CTGF), is related immunologically
and biologically to PDGF, however it is the product of a distinct gene.

" In a first aspect, the present invention provides use of a composition containing CTGF

15 polypeptide for the manufacture of a medicament for the treatment of wounds.

In a second aspect, the present invention provides a pharmaceutical composition
comprising a therapeutically effective amount of CTGF, ina pharmaceutically acceptable

carrier.
20

25



. for m tinme sufficient.to allow the conponents to interact; and
(b) measuring the effect of the conposition on CTG- expression.

14. The nmethod of claim 13, further conprising agdi = step
(a). 15. The nethod of claim 13, wherei n{KBE ACEMENT SHERD) bi tion
of CTGF expression. 16. The met hod of cl i T3 —wheretr—i ef f ect

I's stinmulation of CTGF expression. 17. The 0 I 13,

wherein the is operably linked to a réporter geng meég%%ciggg hel met hod
of claim 17, wherein the reporter gene is sel ect
consisting of [err]-lactamase, chloranphenicol a

adenosine o er peqcrpHERTHRS CABRNGE) 00! O

(neo, (A18F—tn : duct ase (DHFR),
hygr onyci n- B- phosphot ransferase (HPH), thym di ne ki nase 5 (TK);

bhosphor i OIS ARG ASoks Hie dirucklial S5RHAoh SHAEEBr gene, xpas ot o
-pol ynucl eoinditated bg bdxetiregivas,(WitHrsglidl arpapinithe gerie €9 ding $6-the dpen

! P
cetyl transferase (JCAT),
' f er ase

NO 2) . ...20. The pol ynucl eotide of claim 19, erein the
pol ynucl eof§3§GiT@Me=G | p NO 1. VO 96/ 38172
PCT/ US96/ 08140 ' -
5 FIGURE 1 panel B shows a comparison of nucleotide sequences between CTGF
promoter and fisp-12 promoter. Identical nucleotides are marked with asterisks. The
TATA box and other consensus sequences are indicated and shaded. The site of
transcriptional initiation is indicated at position number +1.
10 FIGURE 1C.1 - 1C.3 shows the complete nucleotide and deduced amino acid

séequence for the CTGF structurat'gene and 5' and 3' untranslated sequences.

FIGURE 2 shows a Northern blot analysis. Panel (A) shows prolonged induction of

CTGF mRNA by short term TGF-B. Confluent cultures of human skin fibroblasts were

incubated with DMEM-ITS containing 5 pg/mi of Insulin, 5 ug/mi of Transferrin and

5 ng/mi of Selenium for 24 hours prior to the addition of TGF-B. After the treatment
15 with 10 ng/ml of TGF- for 1 hour, cells were washed with PBS and incubated with

DMEM-ITS for indicated time periods. Panel (B) shows the effect of cycloheximide

(CHX) on induction of CTGF mRNA. Lane A and H are non-treated control cells at

4 hours and 24 hours, respectedly. Lane B, 4 hrs. Cycioheximide (10 ug/ml); Lane

C. 4 hrs TGF-B present for 1 hour during hour 1 of 2 of cycloheximide exposure; -

20
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57 - 21. ,An i;sol.at ed pol ynucl eotide conprising 5 and 3' untransl ated

nucl eoti de sequences f1 anki ng a ‘pol ynucl eot i de sequence encodi ng
CTG-. 22. The poI ynucl'eoti de of claim 21, whcre. cl eoti de
i s the pol ynucl eot fade=e FI GURE 2. CEME@BI

pol ynucl eoti de ha GTGTCAAGGCL;I -3 (SEQ | D
NG 8) and sequencés = pl enent ary ?o £C 1998 44.| A net hod
of treating a subject Ty obgferativ g assodidted with
CTGF gene expression in a S gonpri sing adm ki-stertrmg—toO a sjubj ect
havi ng - the disorder vvithatherapeuticEIIy effett—ive_?m‘ﬁ n
agent whi ch nodul at es CTGF gene express gsﬁeete[%sbeeql{ Ced -
di sorderm/i The net hod of claim 24, wherein the age

pol ynucl i ch nodul at es CTG- expression. -

met hod of claim 25, wherein the polynucleotide is selected f

consisting of an antisense, a ribozyne and a triplex agent 27 The

met hod of claim 24, wherein the agent induces a cyclic nucleotide.
28. The nkt hodUsy ofh 2bipasitionMeeniaining ma‘cs’cmgaypet;mdeefbeuieedlaﬁmﬂaaﬂuwef group

consi sting of cholera toxin and 8Br-cAWP 29. The net hod of
claim 27,m§mg£lﬁérﬁ ﬁﬂ&e%ﬁﬁh&t@f@&ﬁﬁ‘s de is CAMWP. 30. The nethod of
cl aim 24, erelrn e agent conprises a TG--[err] responsive el enent

(T[err] RE) pol ynucl eoti de.

2, The use of claim 1, wherein the composition further contains an agent that

stimulates the production of CTGF.

3. The use of claim 2, wherein the agent is transforming growth factor beta (TGF-

B

4, A pharmaceutical composition comprising a therapeutically effective amount of

CTGF, in a pharmaceutically acceptable carrier.

* 4 L M H *



31. The gethod of claim 30, wherein the pol ynucl eotide includes nucleotides

from about -162 to -128 of the CTGF regul atory pol ynucl eotide in
FI GURE 1. 32. The nmethod of claim 31, wherein the pol ynucl eotide
i ncl udes nucl eotides from about -154 to - QE}B of the CITGF
regul atory pol ynucl eotide in FI GURE 1. ! W '
PCT/ US96/ 08140 S | T4ENT, SHEET
phar maceutical composition conprising a t her apeuti ca I vy ef fective anoynt of
CTGF, in a pharnmaceutically acceptable carrier. 20 SEP 1569

CLAIMS

1. Use of a composition containing CTGF polypeptide for the manufacture of a

medicament for the treatment of wounds.

2. The use of claim 1, wherein the composition further contains an agent that

stimulates the production of CTGF.

3. The use of claim 2, wherein the agent is transforming growth factor beta (TGF-

B).

4. A pharmaceutical composition comprising a therapeutically effective amount of .

CTGF, in a pharmaceutically acceptable carrier.
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