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Abst r act . Human umbi l i cal vei n endot hel i al ( HUVE)
cel l s have been pr evi ousl y r epor t ed t o expr ess t he
genes f or t he A and B chai ns of PDGF and t o secr et e
PDGF- r el at ed f act or s i nt o cul t ur e medi a . Ant i human
PDGF I gG af f i ni t y chr omat ogr aphy was used t o pur i f y
PDGF- r el at ed act i vi t y f r om HUVE cel l - condi t i oned
medi a . I mmunobl ot anal ysi s of t he af f i ni t y- pur i f i ed pr o-
t ei ns wi t h ant i - PDGF I gG and ant i bodi es speci f i c f or
t he A or B chai n pept i des of PDGF combi ned wi t h
chemot act i c and mi t ogeni c assays r eveal ed t hat t he
maj or PDGF i mmunor el at ed mol ecul e secr et ed by
HUVE cel l s i s a monomer of t i 36- 38 kD and t hat

THE vascul ar endot hel i um, whi ch f or ms t he nont hr om-Tbogeni cbogeni c l i ni ng of bl ood vessel s, was once consi der ed
a r el at i vel y i ner t membr ane . Recent st udi es of endo-

t hel i al cel l s have demonst r at ed t hat t hey par t i ci pat e i n nu-
mer ous st r uct ur al and physi ol ogi cal f unct i ons of t he ci r cu-
l at or y syst em. St r uct ur al pr ot ei ns i ncl udi ng col l agens and
l ami ni n ar e secr et ed i nt o t he basement membr ane, whi l e pr o-
coagul ant , ant i coagul ant , and pl at el et r egul at or y pr ot ei ns
and gr owt h r egul at or y mol ecul es ar e secr et ed f r omt he l umi -
nal membr ane i nt o t he ci r cul at i ng bl ood or i nt o a wound si t e
( Jaf f e, 1984, 1987) . Cul t ur ed endot hel i al cel l s have pr evi -
ousl y been shown t o secr et e f act or s t hat ar e chemot act i c and
mi t ogeni c f or connect i ve t i ssue cel l s . Appr oxi mat el y 30%of
t hi s bi ol ogi cal act i vi t y can be neut r al i zed by ant i bodi es spe-
ci f i c f or human PDGF ( Di Cor l et o, 1984) .

PDGF has been descr i bed as a mi t oat t r act ant due t o i t s
chemot act i c ef f ect on connect i ve t i ssue cel l s at l ower concen-
t r at i ons ( 0. 1- 1 . 0 nM) and i t s mi t ogeni c ef f ect on t hese cel l s
at hi gher concent r at i ons ( 0. 5- 5 nM) ( Gr ot endor st and Mar -
t i n, 1986) . Because of t he dual bi ol ogi cal act i vi t y of t hi s
mol ecul e, PDGF i s bel i eved t o be a maj or f act or i nvol ved
i n t he nor mal heal i ng of wounds and pat hol ogi cal l y con-
t r i but i ng t o t he l esi ons of at her oscl er osi s, f i br ot i c di seases,
and oncogenesi s . PDGF was or i gi nal l y i dent i f i ed ( Ross et
al . , 1974 ; Kohl er and Li pt on, 1974) and pur i f i ed ( An-
t oni ades et al . , 1979 ; Hel di n et al . , 1981) f r om t he al pha-
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<10% of t he pur i f i ed bi ol ogi cal l y act i ve mol ecul es ar e
PDGF A or B chai n pept i des . Scr eeni ng of an HUVE
cel l cDNA l i br ar y i n t he expr essi on vect or l ambda
gt 11 wi t h t he ant i - PDGF ant i body r esul t ed i n t he cl on-
i ng and sequenci ng of a cDNA wi t h an open r eadi ng
f r ame encodi ng a 38- kD cyst ei ne- r i ch secr et ed pr ot ei n
whi ch we show t o be t he maj or PDGF- r el at ed mi t ogen
secr et ed by human vascul ar endot hel i al cel l s . The pr o-
t ei n has a 45%over al l homol ogy t o t he t r ansl at i on pr od-
uct of t he v- sr c- i nduced CEF- 10 mRNA f r om chi ck
embr yo f i br obl ast s . We have t er med t hi s new mi t ogen
connect i ve t i ssue gr owt h f act or .

gr anul es of human pl at el et s . Pl at el et PDGF i s a di mer i c mol -
ecul e t hat mi gr at es on SDS- pol yacr yl ami de gel s at - 30 kD.
Reduct i on of i nt er chai n di sul f i de bonds yi el ds A chai n ( 17
kD) and B chai n ( 14 kD) monomer s t hat ar e not bi ol ogi cal l y
act i ve ( Ant oni ades, 1981 ; Ant oni ades et al , 1979 ; Gr ot en-
dor st et al . , 1982) . Condi t i oned medi a f r omcul t ur es of hu-
man umbi l i cal vei n endot hel i al ( HUVE) cel l s cont ai n f act or s
t hat compet e wi t h pl at el et PDGF f or bi ndi ng t o t he PDGF
cel l sur f ace r ecept or of f i br obl ast s and demonst r at e PDGF-
r el at ed bi ol ogi cal act i vi t y ( Di Cor l et o, 1984) . HUVE cel l s
expr ess bot h t he A and B chai n genes of PDGF ( Col l i ns et
al . , 1985 ; Col l i ns et al . , 1987) . Si nce bot h PDGF gene t r an-
scr i pt s ar e pr esent , t he exact nat ur e of t he pr ot ei ns r esponsi -
bl e f or t he PDGF- r el at ed mi t oat t r act ant act i vi t y f ound i n
HUVE cel l - condi t i oned medi a was uncer t ai n . The secr et ed
mol ecul es coul d be AB het er odi mer s or AA or BB homodi -
mer s . Al l t hr ee i sof or ms have been pur i f i ed f r om nat ur al
sour ces and ar e bi ol ogi cal l y act i ve ( Hel di n et al . 1986 ; Bet -
shol t z et al . 1986 ; St oobant and Wat er f i el d, 1984) . Our i ni -
t i al i nt er est was t o det er mi ne t he t ype of PDGF mol ecul es
secr et ed by vascul ar endot hel i al cel l s . Dur i ng t he cour se of
t hese st udi es we have i dent i f i ed a new pept i de t hat appear s
t o be r esponsi bl e f or t he PDGF- r el at ed mi t oat t r act ant act i v-
i t y pr esent i n t he endot hel i al cel l - condi t i oned medi a . We
have t er med t hi s pr ot ei n connect i ve t i ssue gr owt h f act or
( C) GF) . I

1 . Abbr evi at i ons used i n t hi s paper : CTGF, connect i ve t i ssue gr owt h f act or ;
HUVE, human umbi l i cal vei n endot hel i al .



Mat er i al s and Met hods

Cel l s

HUVE cel l s wer e i sol at ed f r omf r esh human umbi l i cal cor ds by col l agenase
per f usi on ( Jaf f e, 1987) and mai nt ai ned i n medi um 199 wi t h 20%FCS, 0. 68
mML- gl ut ami ne, 20 ug/ ml Gent ami ci n, 90 pg/ ml por ci ne hepar i n ( Si gma
Chemi cal Co. , St . Loui s, MO) , and 50 pg/ ml endot hel i al cel l gr owt h sup-
pl ement ( Si gma Chemi cal Co. ) . Cel l s used f or medi a col l ect i on wer e t hi r d
passage cel l s . Cel l s wer e i dent i f i ed as endot hel i al cel l s by t hei r nonover l ap-
pi ng cobbl est one mor phol ogy and by posi t i ve st ai ni ng f or f act or - VI I I
r el at ed ant i gen . NRKcel l s wer e obt ai ned f r omAmer i can Type Cul t ur e Col -
l ect i on ( Rockvi l l e, MD) , NI H/ 3T3 cel l s wer e a gi f t f r omS. Aar onson ( Na-
t i onal Cancer I nst i t ut e, Bet hesda, MD) , and bot h cel l l i nes wer e mai nt ai ned
i n DMEM, 10% FCS, 20 Ag/ ml Gent ami ci n . Fet al bovi ne aor t i c smoot h
muscl e cel l s wer e obt ai ned f r om t i ssue expl ant s as pr evi ousl y descr i bed
( Gr ot endor st et al . , 1981) and mai nt ai ned i n DMEM, 10%FCS, 20 Wg/ ml
Gent ami ci n, and used i n assays at second or t hi r d passage.

Gr owt h Fact or s and Ant i bodi es

Human PDGF was pur i f i ed t o homogenei t y f r ompl at el et s as descr i bed pr e-
vi ousl y ( Gr ot endor st , 1984) . Recombi nant AA, BB, and AB chai n di mer i c
PDGF mol ecul es wer e obt ai ned f r om Cr eat i ve Bi omol ecul es ( Hopki nt on,
MA) . FGF was obt ai ned f r omSi gma Chemi cal Co. Pur i f i ed PDGF or syn-
t het i c pept i des cont ai ni ng t he ami no and car boxyl sequences of t he mat ur e
PDGF A and B chai n mol ecul es wer e used t o r ai se ant i bodi es i n goat s .
Goat s wer e i mmuni zed wi t h 20 Rg of pur i f i ed PDGF or 50

j i g
of synt het i c

pept i de i n Fr eunds compl et e adj uvant by mul t i pl e i nt r ader mal i nj ect i ons .
I mmune ser a wer e col l ect ed 7 d af t er t he f our t h r echal l enge ( i n Fr eunds i n-
compl et e adj uvant ) and subsequent r echal l enges . The ant i - PDGF ant i body
di d not show any cr oss- r eact i vi t y t o TGF- ß, EGF, or FGF i n i mmunobl ot
anal ysi s . The ant i pept i de ant i bodi es wer e sequence speci f i c and di d not
cr oss- r eact wi t h ot her synt het i c pept i de sequences or wi t h r ecombi nant
PDGF pept i des t hat di d not cont ai n t he speci f i c ant i geni c sequence. Thi s
was det er mi ned by West er n bl ot and dot bl ot anal ysi s .

Ant i body Af f i ni t y Col umn

Goat ant i - human PDGF I gG ( 150 mg) was coval ent l y bound t o 25 ni l of
Af f i - Gel 10 suppor t ( Bi o- Rad Labor at or i es, Cambr i dge, MA) accor di ng t o
t he manuf act ur er ' s i nst r uct i ons wi t h a f i nal concent r at i on of 6 mg I gG/ ml
gel . The col umn was i ncubat ed wi t h agi t at i on at 4° C f or 18 h wi t h 1 l i t er
of HUVE cel l medi a t hat had been condi t i oned f or 48 h . The gel was t hen
pour ed i nt o a col umn ( 5 x 1 . 5 cm) , washed wi t h 4 vol of 0 . 1 Nacet i c aci d
made pH 7. 5 wi t h ammoni um acet at e, and t he ant i body- bound PDGF
i mmunor eact i ve pr ot ei ns wer e el ut ed wi t h 1 N acet i c aci d . Peak f r act i ons
wer e det er mi ned by bi ol ogi cal assays and i mmunobl ot t i ng and t he f r act i ons
pool ed .

Bi ol ogi cal Assays

Chemot act i c act i vi t y was det er mi ned i n t he Boyden chamber chemot axi s
assay wi t h NI H3T3 or bovi ne aor t i c smoot h muscl e ( BASM) cel l s as pr evi -
ousl y descr i bed ( Gr ot endor st et al . , 1981, 1987) . Mi t ogeni c assays wer e
per f or med usi ng 96- wel l pl at es and NRK f i br obl ast s or NI H 3T3 cel l s as
t ar get cel l s . The cel l s ar e pl at ed i n DMEM, 10% FCS, and t he NRK cel l
cul t ur es used 10- 14 d af t er conf l uence and 3T3 cel l s made qui escent by i n-
cubat i ng f or 2 d i n ser um- f r ee DMEM, 0. 2 mg/ ml BSA bef or e use . Sampl e
pr ot ei ns and di l ut i ons of known st andar ds wer e added t o t he wel l s and t he
pl at es i ncubat ed at 37° C i n 10% CO2, 90% ai r f or 18 h, af t er whi ch
3H- t hymi di ne at a f i nal concent r at i on of 5 ACi / ml was added and i ncubat ed
f or an addi t i onal 2 h . The medi a was r emoved, t he cel l s washed, and DNA
synt hesi s det er mi ned f r om t he 3 H- t hymi di ne i ncor por at i on i nt o TCA- pr e-
ci pi t abl e mat er i al by sci nt i l l at i on count i ng .

Gel El ect r ophor esi s and I mmunobl ot t i ng

El ect r ophor esi s was per f or med on 12% pol yacr yl ami de gel s cont ai ni ng
SDS ( Laemnt l i , 1970) unl ess ot her wi se st at ed . I mmunobl ot t i ng was per -
f or med by el ect r obl ot t i ng t he pr ot ei ns t o a ni t r ocel l ul ose membr ane and i n-
cubat i ng t he membr ane i n 50 mMTr i s- HCI , pH 7. 4, 100 mMNaCl ( TBS)
wi t h 2 %nonf at dr y mi l k at 25° C f or 1 h t o bl ock nonspeci f i c ant i body bi nd-
i ng. The bl ocki ng sol ut i on was r emoved and t he ant i body ( 15 j i g/ ml ) added
i n TBS cont ai ni ng 0. 5 %nonf at dr y mi l k and 1 wg/ ml sodi umazi de and i n-

The Jour nal of Cel l Bi ol ogy, Vol ume 114, 1991

cubat ed over ni ght at 25' C. The membr anes wer e t hen washed f i ve t i mes i n
TBS, 0. 5% mi l k f or 10 mi n each wash and t hen i ncubat ed wi t h al kal i ne
phosphat ase- conj ugat ed af f i ni t y pur i f i ed r abbi t ant i - goat I gG ( KPL, Gai -
t her sbur g, MA) at a 1 : 1, 000 di l ut i on i n TBS cont ai ni ng 0. 5%mi l k at 25° C
f or 1 h . The f i l t er s wer e t hen washed wi t h TBS f i ve t i mes, 10 mi n each t i me,
and t he bl ot was devel oped usi ng an al kal i ne phosphat ase subst r at e sol ut i on
( 0. 1 MTr i s- HCI , pH 9, 0. 25 mg/ ml ni t r o bl ue t et r azol i um, 0. 5 mg/ ml
5- br omo- 4- chl or o- 3- i ndol yl phosphat e) .

Recept or Compet i t i on Assays

Assays wer e per f or med usi ng conf l uent cul t ur es of NI H3T3 cel l s i n 24- wel l
pl at es ( Cost ar Dat a Packagi ng Cor p. , Cambr i dge, MA) gr own i n DMEM,
10%FSC, 10 pg/ ml Gent ami ci n . The gr owt h medi a was r emoved and t he
cel l s wer e washed t wi ce wi t h ser um- f r ee DMEM, 0. 2 mg/ ni l BSA, and t he
pl at es pl aced on i ce f or 30 mi n i n ser um- f r ee DMEM, 0. 2 mg/ ml BSA. Test
sampl es and cont r ol s wer e made up i n ser um- f r ee DMEM, 0. 2 mg/ ml BSA
cont ai ni ng 5- 10 ng/ ml of HUVE af f i ni t y- pur i f i ed pr ot ei ns and a ser i al di l u-
t i on of one of t he r ecombi nant PDGF i sof or ms i n a concent r at i on r ange of
300- 16 ng/ ml . 1- ml al i quot s of t he sampl es wer e pl aced i nt o wel l s of t he
24- wel l pl at es and i ncubat ed on i ce on a pl at f or mr ocker f or 2 h . Af t er t he
i ncubat i on per i od, t he cel l s wer e washed t hr ee t i mes f or 10 mi n each on
i ce wi t h PBS. The pr ot ei ns bound t o t he sur f ace of t he cel l s wer e el ut ed
wi t h 500 Al of 1 Nacet i c aci d f or 10 mi n . The acet i c aci d el ut i on sampl es
wer e l yophi l i zed, r esuspended i n 5 mMHCL, r un on 12%pol yacr yl ami de
gel s, and i mmunobl ot t ed t o ni t r ocel l ul ose usi ng t he ant i - PDGF ant i body .

RNA I sol at i on and Nor t her n Bl ot t i ng

Tot al RNA was i sol at ed f r omcel l s i n monol ayer cul t ur e cel l s by t he met hod
of Chomczynski and Sacchi ( 1987) . Lyophi l i zed RNA was r esuspended i n
gel l oadi ng buf f er cont ai ni ng 50% f or mami de and heat ed at 95° C f or 2 mi n
bef or e l oadi ng ( 20 j i g per l ane t ot al RNA) ont o 2 . 2 Mf or mal dehyde, 1%
agar ose gel s and r un at 50 V. I nt egr i t y of RNA was det er mi ned by et hi di um
br omi de st ai ni ng and vi sual i zat i on of 18S and 28S r RNA bands . Af t er el ec-
t r ophor esi s t he RNA was t r ansf er r ed t o ni t r ocel l ul ose by bl ot t i ng over ni ght
wi t h I Ox SSC. The ni t r ocel l ul ose was ai r dr i ed and baked at 80° C f or 2 h
i n a vacuum oven . Hybr i di zat i on was per f or med over ni ght at 46° C wi t h
t he addi t i on of 5 x 105 CPMper ni l of 32p- l abel ed pr obe. Nor mal l y, f or
Nor t her n bl ot s t he ent i r e pl asmi d was l abel ed and used as a pr obe. Label i ng
was done wi t h a r andom pr i mer l abel i ng ki t f r om Boehr i nger Mannhei m
Bi ochemi cal s ( I ndi anapol i s, I N) accor di ng t o i nst r uct i ons pr ovi ded . Af t er
hybr i di zat i on, membr anes wer e washed t wi ce i n 2x SSC, 0. 1% SDS f or 15
mi n each at r oom t emper at ur e, once f or 15 mi n i n O. l x SSC, 0. 1% SDS
r oomt emper at ur e, and a f i nal 15- mi n wash i n O. l x SSC, 0 . 1% SDS at 46° C.
Bl ot s wer e aut or adi ogr aphed at 70° C on Kodak X- omat f i l m.

Li br ar y Scr eeni ng, Cl oni ng, and Sequenci ng

St andar d mol ecul ar bi ol ogy t echni ques wer e used t o subcl one and pur i f y
t he var i ous DNA cl ones ( Sambr ook et al . , 1989) . Cl one DB60 was pi cked
f r om a l ambda- gt l I HUVE cel l cDNA l i br ar y by i nduct i on of t he f usi on
pr ot ei ns and scr eeni ng wi t h ant i - PDGF ant i body . Pl aques pi cked wer e
r escr eened and posi t i ve cl ones r epl at ed at l ow t i t er and i sol at ed.

The EcoRI i nser t f r omcl one DB60 was cl oned i nt o t he M13 phage vect or
and si ngl e- st r anded DNA obt ai ned f or cl ones wi t h t he i nser t i n opposi t e
or i ent at i ons . These M13 cl ones wer e t hen sequenced by t he di deoxy met hod
( Sanger , 1977) usi ng t he Sequenase ki t ( Uni t ed St at es Bi ochemi cal Cor p. ,
Cl evel and, OH) and 35S- dATP ( duPont Co . , Wi l mi ngt on, DE) . Bot h
st r ands of DNA f or t hi s cl one wer e compl et el y sequenced usi ng pr i mer ex-
t ensi on and bot h GTP and I TP chemi st r y . The sequenci ng r eact i ons wer e
done accor di ng t o t he manuf act ur er ' s i nst r uct i ons . Al i quot s of t he sequenc-
i ng r eact i ons wer e r un on bot h 6%acr yl ami de ( 16 h) and 8%acr yl ami de
( 6 h) gel s, vacuum dr i ed, and aut or adi ogr aphed f or at l east 18 h .

The cDNA f r agment f r om cl one DB60 was " P- CTP l abel ed and used
t o r escr een t he HUVE cel l cDNA l ambda gi l l l i br ar y . Sever al cl ones wer e
pi cked and t he l ar gest , t he 2, 100- bp cl one desi gnat ed DB60R32, was sub-
cl oned i nt o Bl uescr i pt phagemi d . Subcl ones wer e made of Pst I , KpnI , and
EcoRI / KpnI r est r i ct i on f r agment s, al so i n Bl uescr i pt . These subcl ones wer e
sequenced by doubl e- st r anded pl asmi d DNA sequenci ng t echni ques usi ng
Sequenase as descr i bed above . The 1, 458- bp EcoRI / KpnI cl one cont ai ni ng
t he open r eadi ng f r ame was subcl oned i nt o M13 mp18 and M13 mp19, and
bot h st r ands of DNA wer e compl et el y sequenced usi ng si ngl e- st r anded
DNA sequenci ng t echni ques wi t h pr i mer ext ensi on and bot h GTP and I TP
chemi st r y .

1286



I n Vi t r o Tr anscr i pt i on and Tr ansl at i on

I n vi t r o t r anscr i pt i on r eact i ons wer e done usi ng t he 2, 100- bp cDNA cl one
DB60/ 32 i n t he Bl uescr i pt KS vect or . The pl asmi d was cut wi t h Xhol ,
whi ch cut s t he pl asmi d once i n t he mul t i pl e cl oni ng si t e of t he vect or 3' t o
t he cDNA i nser t . The T7 pr omot er si t e l ocat ed 5' t o t he cDNA i nser t was
used f or t r anscr i pt i on. The i n vi t r o t r anscr i pt i ons wer e done wi t h a ki t sup-
pl i ed wi t h t he Bl uescr i pt vect or by St r at agene Cl oni ng Syst ems and t he
manuf act ur er ' s i nst r uct i ons wer e f ol l owed.

I n vi t r o t r ansl at i on r eact i ons wer e done usi ng nucl ease- t r eat ed r abbi t
r et i cul ocyt e l ysat e and 35S- cyst ei ne i n a cyst ei ne- f r ee ami no aci d mi x f or
l abel i ng of t he pept i de . The r eact i ons wer e done wi t h a ki t suppl i ed f r om
Pr omega Bi ot ec ( Madi son, WI ) and t he manuf act ur er ' s i nst r uct i ons wer e
f ol l owed . The r eact i ons wer e done i n a f i nal vol ume of 50 ul cont ai ni ng
35S- ,st ei ne 1 mCi / ml ( 1, 200 Ci / mMol e, DuPont Co . ) , and ser i al di l ut i ons
of mRNA f r omt he i n vi t r o t r anscr i pt i on r eact i ons i n concent r at i ons r angi ng
f r om50 t o 500 ng per r eact i on t ube. The r eact i ons wer e i ncubat ed at 30° C
f or 60 mi n. Al i quot s of t he r eact i ons wer e r un r educed or nonr educed on
12% pol yacr yl ami de el ect r ophor esi s gel s, dr i ed, and aut or adi ogr aphed .

Bact er i al expr essi on of i mmunor eact i ve CTGF pept i de was accom-
pl i shed by subcl oni ng cl one DB60R32 i nt o t he EcoRI si t e of t he pET 5 ex-
pr essi on vect or ( St udi er et al . , 1990) i n bot h sense and i nver se or i ent at i ons
( as det er mi ned by r est r i ct i on enzyme di gest anal ysi s) . Cul t ur es of cel l s wer e
gr own i n M9 medi a t o an OD 600 of 0. 7 and t he medi a made 0. 4 mMI PTG
and i ncubat i on cont i nued f or 2 h . The cel l s wer e pel l et ed, l ysed, i ncl usi on
bodi es r emoved by cent r i f ugat i on, and al i quot s of t he pel l et ext r act s r un on
12% pol yacr yl ami de gel s and i mmunobl ot t ed usi ng t he ant i - PDGF an-
t i body.

For expr essi on i n Xenopus oocyt es, mat ur e X. l aevi s f emal es wer e ob-
t ai ned f r om Nasco ( For t At ki nson, WI ) and mai nt ai ned at r oomt emper a-
t ur e . Fr ogs wer e anest het i zed by hypot her mi a and t he ovar i an t i ssue was
sur gi cal l y r emoved . Ovar i an t i ssue was mi nced and di gest ed t he 0. 2 %col -
l agenase ( t ype 11 ; Si gma Chemi cal Co . ) i n OR- 2 wi t hout cal ci um ( Wal l ace
et al . 1973) f or 2- 3 h . Unbl emi shed st age VI oocyt es ( Dumont , 1972) , 1 . 3-
mmdi amet er , wer e t hen car ef ul l y sel ect ed and mi cr oi nj ect ed .

St age VI oocyt es ( 5- 10 at a t i me) wer e pl aced on a hol l owed pl exi gl ass
pl at f or mand dr ai ned of excess OR- 2 sol ut i on . Appr oxi mat el y 50 nl of sam-
pl e cont ai ni ng 10 ng of RNA was i nj ect ed i nt o t he ani mal pol e j ust above
t he oocyt e equat or usi ng a Lei t z syst emmi cr oi nj ect or . Af t er i nj ect i on, oo-

cyt es wer e r et ur ned t o OR- 2 buf f er wi t h 0. 1% BSA and i ncubat ed f or 24 h
at 25° C. Vi abl e oocyt es wer e t hen pool ed and ext r act ed by homogeni zat i on
i n 100- mm NaCl , 10 mm Tr i s, pH 7. 5, wi t h t en st r okes of a Dounce
homogeni zer ( 20 pl / oocyt e) . The homogenat e was t hen mi xed wi t h an equal
vol ume of f r eon t o r emove pi gment and l i pi d and cent r i f uged at 10, 000 r pm
f or 30 s t o separ at e t he phases . The t op aqueous phase was r emoved and
t est ed f or chemot act i c act i vi t y usi ng NI H 3T3 cel l s as descr i bed above .

Resul t s

I dent i f i cat i on and Par t i al Pur i f i cat i on
of PDGF- i mmunor el at ed Mi t ogen f r omHUVE Cel l s

I ni t i al st udi es of t he PDGF- r el at ed gr owt h f act or s secr et ed
by HUVE cel l s wer e done by r emovi ng t he ser um- cont ai ni ng
gr owt h medi a f r om conf l uent cul t ur es of cel l s and r epl aci ng
i t wi t h ser um- f r ee medi a. Al i quot s of t hi s medi a wer e r e-

moved per i odi cal l y and t he pr ot ei ns i mmunobl ot t ed usi ng an
ant i body speci f i c f or human pl at el et PDGF ( Fi g . 1) . Thi s an-
t i body does not cr oss- r eact wi t h any ot her known gr owt h f ac-
t or s and i s abl e t o det ect <500 pg of di mer i c PDGF or 10
ng of r educed, monomer i c Aor Bchai n pept i de on i mmuno-
bl ot s . The r esul t s i ndi cat ed const i t ut i ve secr et i on of sever al
speci es of mol ecul es whi ch ar e i mmunol ogi cal l y si mi l ar t o
pl at el et PDGF but ar e of hi gher r el at i ve mol ecul ar mass
( 36- 39 kD) t han t he expect ed 30- 32 kD mol ecul ar mass of
pl at el et PDGF or Achai n or Bchai n homodi mer s . Chemo-
t act i c and mi t ogeni c assays per f or med wi t h t hi s ser um- f r ee
condi t i oned medi a i ndi cat ed t he t ot al bi ol ogi cal act i vi t y
pr esent was equi val ent t o 15 ng/ ml of pl at el et PDGF af t er
a 48- h condi t i oni ng per i od ( Fi g . 2) . I ncubat i on of t he medi a

Br adhamet al . Connect i ve Ti ssue Gr owt h Fact or

Fi gur e 1. Const i t ut i ve secr e-
t i on of PDGF- i mmunor eac-
t i ve f act or s by HUVE cel l s .
HUVE cel l s wer e gr own t o
conf l uence i n 6- wel l pl at es .
The gr owt h medi a was r e-
moved, cel l s wer e washed
wi t h PBS, and 1 ml of ser um-
f r ee medi a was added t o each
wel l . The medi a was r emoved
af t er condi t i oni ng f or t he pe-
r i od of t i me i ndi cat ed ( hour s) ,
di al yzed agai nst 1 N acet i c

aci d, and l yophi l i zed . The sampl es wer e t hen r un on 12%PAGE,
el ect r obl ot t ed t o ni t r ocel l ul ose, and vi sual i zed wi t h t he ant i human
PDGF ant i body. 5 ng of pur i f i ed pl at el et PDGF was r un as r ef er -
ence . Posi t i ons of mol wt mar ker s ( Bi o- Rad Labor at or i es) ar e i n-
di cat ed at r i ght .

wi t h 30 Ag/ ml of ant i - human PDGF I gG neut r al i zed
- 20- 30% of t he mi t ogeni c act i vi t y and si mi l ar amount of
t he chemot act i c act i vi t y . Thi s i s i n agr eement wi t h pr evi ous
r epor t s ( Di Cor l et o, 1984) .

The pr esence i n HUVE cul t ur e medi a of sever al speci es
of PDGF- i mmunor eact i ve mol ecul es was unexpect ed, par -
t i cul ar l y mol ecul es of hi gher mol ecul ar wei ght t han t hose of
t he A and Bchai n di mer i c mol ecul es ant i ci pat ed t o be pr o-
duced and secr et ed by endot hel i al cel l s ( Col l i ns et al . , 1987 ;
Si t ar as et al . , 1987) . To obt ai n gr eat er amount s of t he
PDGF- l i ke pr ot ei ns f or f ur t her anal ysi s, t he HUVEcel l s had
t o be kept i n medi a cont ai ni ng 20%FCS, as t he cel l s begi n
t o di e af t er 24 h i n ser um- f r ee or l ow ser um medi a . The
PDGF- i mmunor eact i ve pr ot ei ns wer e par t i al l y pur i f i ed f r om
t he ser um- cont ai ni ng medi a by use of an ant i body af f i ni t y
col umn made wi t h t he ant i - human PDGF I gG and an Af i ï -
Gel 10 suppor t ( Bi oRad Labor at or i es) . When al i quot s of t he
par t i al l y pur i f i ed pr ot ei ns wer e assayed f or chemot act i c and
mi t ogeni c act i vi t y, al l bi ol ogi cal act i vi t y coul d be neut r al -
i zed by pr i or i ncubat i on of t he pr ot ei ns wi t h t he ant i human
PDGF ant i body ( Fi g . 2) . Thi s i ndi cat ed t hat t he onl y bi ol og-
i cal l y act i ve mol ecul es pr esent i n t he par t i al l y pur i f i ed medi a
pr ot ei ns wer e PDGF- i mmunor el at ed mol ecul es . Al i quot s of
t he par t i al l y pur i f i ed pr ot ei ns wer e i mmunobl ot t ed usi ng t he
same ant i - PDGF ant i body and t he dat a i ndi cat ed t he pr es-
ence of t he hi gher mol ecul ar wei ght mol ecul es obser ved i n
t he ser um- f r ee condi t i oned medi a ( Fi g . 3) . The maj or spe-
ci es secr et ed mi gr at es on pol yacr yl ami de gel s at 36 kD and
compr i ses at l east 50% of t he t ot al i mmunor eact i ve pr o-
t ei n pur i f i ed f r om condi t i oned medi a . The i mmunor eact i ve
speci es mi gr at i ng at 37 and 39 kD const i t ut e most of t he r e-
mai ni ng i mmunor eact i ve pr ot ei n . A si mi l ar pat t er n i s seen
wi t h pr ot ei ns l abel ed wi t h 35 S- Cyst ei ne and af f i ni t y pur i f i ed
wi t h t he ant i - PDGF I gG i mmunoaf f l ni t y col umn ( dat a not
shown) . Less t han 15%of t he t ot al af f i ni t y- pur i f i ed pr ot ei ns
comi gr at e wi t h pur i f i ed pl at el et PDGF or r ecombi nant
PDGF i sof or ms . Pr i or i ncubat i on of t he ant i body wi t h
pur i f i ed PDGF ( 300 ng PDGF/ 2 Ag I gG) bl ocked ant i body
bi ndi ng t o al l of t he mol ecul es, i ndi cat i ng shar ed ant i geni c
det er mi nant s wi t h di mer i c pl at el et PDGF ( Fi g . 3, l ane 4) . I n-
t er est i ngl y, when t he ant i body was bl ocked wi t h r ecom-
bi nant AA, BB, or AB di mer s, ant i body bi ndi ng t o t he
HUVE- secr et ed pr ot ei ns was i nhi bi t ed equal l y by al l t hr ee
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Fi gur e 2 . Chemot act i c and mi t ogeni c assays of HUVE cel l - con-
di t i oned medi a and af f i ni t y- pur i f i ed PDGF i mmunor eact i ve f ac-
t or s . ( A) Mi t ogeni c assay per f or med as descr i bed usi ng NRKcel l s
as t ar get cel l s . PDGF BB i s 5 ng/ ml . PDGF AA i s 10 ng/ ml . HUVE
medi a i s 250 ul of HUVE cel l ser um- f r ee condi t i oned medi a
( 48 h) whi ch was di al yzed agai nst 1 Nacet i c aci d, l yophi l i zed, and
r esuspended i n DMEM bef or e addi t i on t o t est wel l s. Af f i ni t y-
pur i f i ed f r act i on i s 5 t d/ ml of combi ned, concent r at ed maj or pool
f r om Af f e- Gel 10 af f i ni t y col umn. Ant i - PDGF I gGor noni mmune
I gG( 30, g/ ml ) was added t o t he sampl es and i ncubat ed 18 h at 4° C
bef or e t est i ng i n t he mi t ogeni c assay. Dat a poi nt s i n A and Br epr e-
sent t he mean of t r i pl i cat e sampl es and t he st andar d devi at i on i s
<5 %. The exper i ment s wer e r epeat ed at l east t hr ee t i mes wi t h si mi -
l ar r esul t s. ( B) Chemot act i c assays wer e per f or med as descr i bed
under Mat er i al s and Met hods usi ng NI H3T3 cel l s as t ar get cel l s.
PDGF BB i s 5 ng/ ml . PDGF AA i s 10 ng/ ml . HUVE medi a i s
ser um- f r ee DMEM, 0. 2 mg/ ml condi t i oned f or 48 h . Af f i ni t y-
pur i f i ed f r act i on i s 2 . 5 pl / ml of combi ned, concent r at ed maj or pool
f r om Af f i - Gel af f i ni t y col umn . Ant i body neut r al i zat i on i s per -
f or med as descr i bed under A.

di mer i c f or ms, suggest i ng t hat t he ant i body r ecogni zes com-
mon epi t opes pr esent on al l t hr ee PDGF di mer s and t he
HUVE- secr et ed mol ecul es ( our unpubl i shed obser vat i ons) .
To i nsur e t hat none of t he ant i body bi ndi ng mol ecul es de-
t ect ed on West er n bl ot s wer e der i ved f r omFCS or ot her ad-
di t i ves i n t he cul t ur e medi a, a new, unused ant i body af f i n-
i t y col umn was made and medi a not condi t i oned by cel l s
was pr ocessed exact l y as t he condi t i oned medi a. No PDGF-
i mmunor eact i ve mol ecul es wer e det ect ed i n t he f r act i ons
f r om t hi s col umn by i mmunobl ot ( Fi g . 3, l ane 5) and no
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Fi gur e 31mmunobl ot of HUVE
cel l - secr et ed PDGF- r el at ed
f act or s . Pr ot ei ns wer e r un on
a 12 %pol yacr yl ami de gel el ec-
t r obl ot t ed t o a ni t r ocel l ul ose
membr ane and t he i mmunor e-
act i ve f act or s vi sual i zed wi t h
ant i human PDGF I gG as de-
scr i bed under Mat er i al s and
Met hods. ( l ane 1) 5 ul of af -
f i ni t y- pur i f i ed HUVE cel l - se-
cr et ed pr ot ei ns . ( l ane2) 10 ng
of synt het i c AA homodi mer
( t op band) and 10 ng of BB
homodi mer ( l ower band) . ( l ane

3) 50, ul of r educed HUVE af f i ni t y- pur i f i ed pr ot ei ns . ( l ane 4) 5 ul
of HUVEaf f i ni t y- pur i f i ed HUVE pr ot ei ns but wi t h ant i humanPDGF
ant i body bl ocked wi t h 300 ng of PDGF. ( l ane S) Cont r ol col umn of
1011 of ant i - PDGF Af f i - Gel 10 af f i ni t y- pur i f i ed pr ot ei n f r act i on
f r om medi a whi ch was not condi t i oned by cel l s.

bi ol ogi cal act i vi t y was det ect ed ( dat a not shown) . When

pl at el et PDGF or t he r ecombi nant di mer s ar e r educed wi t h
100 mMDTT, monomer i c Achai n ( 17 kD) and B chai n ( 14
kD) pept i des ar e obser ved on i mmunobl ot s . Tr eat i ng t he
HUVE mol ecul es i n a 100- mM DTT sampl e buf f er r esul t s
i n sl ower mi gr at i on of t he maj or i mmunor eact i ve pept i des on
pol yacr yl ami de gel s ( Fi g . 3, l ane 3) . Most of t he i mmunor e-
act i ve mol ecul es mi gr at e at 38- 39 kD and l ess i nt ense bands
ar e obser ved at 25 and 14 kD. I t i s necessar y t o r un at l east
10 t i mes as much r educed pr ot ei n as nonr educed i n or der t o
det ect t he r educed mol ecul es . Thi s i s consi st ent wi t h t he
af f i ni t y of our ant i body f or monomer i c f or ms of t he PDGF

Aand Bchai n pept i des . These dat a i ndi cat ed t hat t he maj or
speci es i n t he PDGF- r el at ed af f i ni t y- pur i f i ed pr ot ei ns f r om

condi t i oned medi a of HUVE cel l s was monomer i c pept i de
whi ch mi gr at es on acr yl ami de gel s at an appar ent mol ecul ar

mass of 36 kD nonr educed and 38 kD when r educed .

Maj or Chemot act i c and Mi t ogeni c
Act i vi t y I s Pr oduced by 36- kDPept i de and Not
PDGF Pept i des

To det er mi ne i f t he chemot act i c and mi t ogeni c act i vi t i es ob-
ser ved i n t he par t i al l y pur i f i ed medi a pr ot ei ns wer e f r om
mol ecul es cont ai ni ng t he PDGF A and B chai n pept i des or
wer e t he pr oduct s of mol ecul es t hat do not cont ai n t hese se-
quences, bi ol ogi cal assays wer e per f or med wi t h ser i al di l u-
t i ons of t he af f i ni t y- pur i f i ed medi a pr ot ei ns and ser i al di l u-
t i ons of r ecombi nant PDGF AA and BBhomodi mer s and t he
AB het er odi mer . ( Fi g . 4) . Suf f i ci ent quant i t i es of t he sam-
pl es wer e pr epar ed t o per f or mt he mi t ogeni c and chemot ac-
t i c assays and t he i mmunobl ot s wi t h al i quot s of each di l ut i on
sampl e . The mi t ogeni c act i vi t y of t he HUVE af f i ni t y- pur i f i ed
f act or s obser ved was compar abl e t o t he act i vi t y el i ci t ed by
al l t hr ee r ecombi nant PDGF di mer s . The chemot act i c act i v-
i t y was compar abl e t o t he AB het er odi mer , pr oduci ng l ess
r esponse t han t he BB homodi mer and gr eat er r esponse t han
t he AA homodi mer . When t he bi ol ogi cal act i vi t y of t he sam-

pl es was compar ed wi t h i mmunobl ot s of equi val ent amount s
of t he same sampl es, no Achai n nor Bchai n mol ecul es wer e
det ect ed i n t he t est sampl es ( Fi g . 4) . These dat a demonst r at e
t he maj or bi ol ogi cal act i vi t y pr esent i n t he ant i - PDGF af f i n-
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Fi gur e 4. Bi ol ogi cal assays and i mmunobl ot s of ser i al di l ut i ons of
HUVE cel l af f i ni t y- pur i f i ed medi a pr ot ei ns and r ecombi nant
PDGF st andar ds . ( A and B) Fi l l ed ci r cl e i s HUVE cel l af f i ni t y-
pur i f i ed medi a pr ot ei ns ; open ci r cl e i s BB homodi mer ; open t r i an-
gl e i s AB het er odi mer ; cl osed t r i angl e i s AA homodi mer . Mi t o-
geni c assay ( A) and chemot act i c assay ( B) wer e per f or med as
descr i bed wi t h NI H 3T3 cel l s . The t est sampl es i n bot h bi ol ogi cal
assays and t he i mmunobl ot ar e equal al i quot s of t he same di l ut i on
sampl e . Dat a poi nt s r epr esent t he mean of t r i pl i cat e sampl es wi t h
SD <10%. ( C) ( i mmunobl ot A) Pr i mar y ant i body i s ant i - human
PDGF I gG. ( l ane 1) 20 ng HUVE pur i f i ed medi a pr ot ei ns . ( l ane
2) 20 ng AB het er odi mer . ( i mmunobl ot B) Pr i mar y ant i body i s an-
t i ami no t er mi nal A chai n ser um. ( l ane 1) 20 ng of HUVE- pur i f i ed
medi a pr ot ei ns, r educed . ( l ane 2) 20 ng AA homodi mer , r educed .
( l ane 3) 1 . 25 ng AA homodi mer , r educed . ( i mmunobl ot C) Pr i -
mar y ant i body i s ant i car boxy t er mi nal B chai n ser um. ( l ane 1) 20
ng HUVE- pur i f i ed medi a pr ot ei ns, r educed . ( l ane 2) 20 ng BB
homodi mer , r educed . ( l ane 3) 2 . 5 ng BB homodi mer , r educed .

Br adham et al . Connect i ve Ti ssue Gr owt h Fact or

Fi gur e 5. PDGF cel l sur f ace r ecept or - bi ndi ng compet i t i on assay
wi t h NI H 3T3 cel l s and HUVEaf f i ni t y- pur i f i ed pr ot ei ns compet i ng
wi t h r ecombi nant PDGF BB homodi mer . Lane 1 cont ai ns 10 ng of
HUVE af f i ni t y- pur i f i ed pr ot ei ns and l ane 9 cont ai ns 1 . 0 ng of
r ecombi nant PDGF BB homodi mer . Lanes 2- 8 ar e pr ot ei ns di s-
soci at ed i n one wel l of a 24- wel l pl at e f r omt he cel l sur f ace of NI H
3T3 cel l s wi t h acet i c aci d . The cel l s i n each wel l wer e i ncubat ed
f or 2 h at 4° Cwi t h ser um- f r ee DMEMcont ai ni ng 10 ng of af f i ni t y-
pur i f i ed pr ot ei n f r omHUVE cel l - condi t i oned medi a and var yi ng
concent r at i ons of r ecombi nant PDGF BB. The concent r at i on of
PDGF i n l ane 2 i s 300 ng ; l ane 3, 150 ng ; l ane 4, 75 ng ; l ane 5,
37. 5 ng ; l ane 6, 18 . 75 ng ; l ane 7, 9 . 4 ng ; and l ane 8 cont ai ns no addi -
t i on of PDGF.

i t y- pur i f i ed f r act i on cannot be account ed f or by PDGF A or
B chai n- cont ai ni ng mol ecul es and i mpl y t hat t he maj or
PDGF- i mmunor eact i ve pr ot ei n speci es pr esent i n t hese sam-
pl es ( t he 36- kD pept i de) i s bi ol ogi cal l y act i ve and does not
cont ai n ami no aci d sequences f ound i n t he ami no and car -
boxy t er mi nal s of t he PDGF A or B chai n pept i des .

To subst ant i at e t he bi ndi ng of t he endot hel i al cel l mol e-
cul es t o t he PDGF cel l sur f ace r ecept or s, compet i t i ve r ecep-
t or bi ndi ng assays wer e per f or med . Because i mmunobl ot s of
t he af f i ni t y- pur i f i ed HUVE cel l - secr et ed pr ot ei ns i ndi cat ed
t he pr esence of mul t i pl e PDGF i mmunor eact i ve mol ecul es,
1211- l abel ed PDGF compet i t i on assays coul d not be used
si nce t hi s woul d not i ndi cat e whi ch mol ecul es i n t hi s mi xt ur e
wer e compet i ng f or bi ndi ng of t he l abel ed PDGF f or t he
r ecept or s on t he t ar get cel l s . Si nce t he i sof or ms of PDGF and
t he maj or PDGF i mmunor el at ed pr ot ei n secr et ed by HUVE
cel l s ar e of di f f er ent mol ecul ar wei ght s, we wer e abl e t o
demonst r at e r ecept or bi ndi ng compet i t i on on i mmunobl ot s .
Di r ect bi ndi ng of t he ant i - PDGF i mmunor eact i ve pept i des t o
NI H 3T3 cel l s was demonst r at ed by i ncubat i ng monol ayer s
of t he 3T3 f i br obl ast s wi t h t he ant i - PDGF af f i ni t y- pur i f i ed
pr ot ei ns ( 10 ng/ ml ) f or 2 h at 4° C. Bound pept i des wer e
r el eased by washi ng of t he cel l l ayer wi t h 1 N acet i c aci d and
quant i t at ed by i mmunobl ot anal ysi s usi ng ant i - PDGF I gG
( Fi g . 5) . The dat a show t hat t he 36- kD i mmunor eact i ve
pept i de bi nds t o cel l sur f ace of NI H 3T3 cel l s . Thi s bi ndi ng
can be compet ed by i ncr easi ng concent r at i ons of r ecom-
bi nant PDGF BB added t o t he bi ndi ng medi a . These dat a
suggest t hat t he CTGF pept i de bi nds t o speci f i c cel l sur f ace
r ecept or s on NI H 3T3 cel l s and t hat PDGF BB can compet e
wi t h t hi s bi ndi ng . Whet her CTGF bi nds t o a cer t ai n cl ass of
PDGF r ecept or s or whet her t her e i s some cr oss r eact i vi t y of
PDGF BBwi t h CTGF r ecept or s t hat ar e di st i nct f r omPDGF
r ecept or s i s not cl ear f r om t hese r esul t s and wi l l r equi r e a
mor e i n- dept h st udy.

Cl oni ng Expr essi on and Sequenci ng of t he cDNA
f or CTGF

To f ur t her char act er i ze t hese PDGF- r el at ed mol ecul es, we
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Fi gur e 6. Nor t her n bl ot of CTGF t r anscr i pt i n HUVE t ot al RNA
and i n vi t r o t r ansl at i on pr oduct of cDNA cl one DB60R32 and i m-
munor eact i ve pept i de f r ompr okar yot i c expr essi on . ( A) 20 hg of t o-
t al RNAf r omcul t ur ed HUVE cel l s was r un on a 1 . 5 %agar ose gel ,
t r ansf er r ed t o ni t r ocel l ul ose, and pr obed wi t h 32pl abel ed DB60
cl one . Aut or adi ogr aph i ndi cat es hybr i di zat i on t o a 2. 4- kb t r an-
scr i pt . ( B) Lanes 1 and 2 ar e an i mmunobl ot usi ng t he ant i human
PDGF ant i body wi t h ( 1) 10 ng nonr educed and ( 2) 100 ng r educed
of HUVE cel l af f i ni t y- pur i f i ed pr ot ei ns f r om condi t i oned medi a .
Lane 3 i s an aut or adi ogr aph of 4 Al of a 50- , ul r abbi t r et i cul ocyt e
i n vi t r o t r ansl at i on r eact i on whi ch i ncor por at ed 1 Fi g of RNAt r an-
scr i pt f r om an i n vi t r o t r anscr i pt i on r eact i on usi ng t he 2, 100- bp
cl one DB60R32 i n Bl uescr i pt phagemi d . Aut or adi ogr aph was ex-
posed f or 24 h. ( C) Cl one DB60R32 was cl oned i nt o t he EcoRl
si t e of pET5 pr okar yot i c expr essi on vect or i n bot h sense and i nver se
or i ent at i ons . Pr ot ei n expr essi on was i nduced by I PTG f or 2 h and
20- , ul al i quot s of cel l pel l et ext r act wer e r un on 12% pol yacr yl -
ami de gel s and i mmunobl ot t ed usi ng t he ant i - PDGF ant i body . Lane
1 i s t he ant i sense cont r ol and l ane 2 i s t he sense st r and pept i de pr o-
duced by cl one DB60R32. ( D) Capped mRNAwas pr epar ed by i n
vi t r o t r anscr i pt i on of t he DB60R32 cl one i n Bl uescr i pt phagemi d
af t er r est r i ct i on wi t h XhoI . Oocyt es wer e mi cr oi nj ect ed wi t h buf f er
( cont r ol , no RNA) or 10 ug of ei t her cont r ol or CTGF mRNA. To-
t al oocyt e pr ot ei n was ext r act ed af t er 24 h. Chemot axi s assays wer e
per f or med as descr i bed under Mat er i al s and Met hods wi t h NI H
3T3 cel l s usi ng 25 p. g of oocyt e t ot al pr ot ei n i n each sampl e. PDGF
BB ( 5 ng/ ml ) posi t i ve cont r ol i s shown f or compar i son . The r esul t s
r epr esent t he aver age of t r i pl i cat e sampl es wi t h a var i at i on of <10%.
These st udi es wer e r epeat ed t wi ce .
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Fi gur e 7. Bl ocki ng of ant i -
PDGF r eact i vi t y of nat i ve
CTGF by r ecombi nant CTGF
pr oduced i n E. col i . West er n
bl ot s wer e per f or med usi ng
CTGF i sol at ed f r om endot he-
l i al cel l - condi t i oned medi a and
ant i - PDGF I gG as descr i bed
under Mat er i al s and Met hods.
I dent i cal sampl es of CTGF
wer e pr obed wi t h ant i - PDGF
I gG t hat had been i ncubat ed
wi t h cont r ol bact er i al cel l ex

t r act ( non- CTGF pr oduci ng) ( non- bl ocked) or wi t h an equal amount
( 50 Wg t ot al pr ot ei n) of ext r act f r oma r ecombi nant st r ai n pr oduci ng
CTGF ( bl ocked) . These ar e t he same r ecombi nant pETCTGF and
cont r ol bact er i al cel l s used i n t he exper i ment descr i bed i n Fi g.
6 C. The r ecombi nant CTGF compl et el y bl ocked t he i mmunor eac-
t i vi t y of t he ant i - PDGF wi t h t he nat i ve CTGF i sol at ed f r omt he con-
di t i oned medi a .

f i r st at t empt ed t o obt ai n suf f i ci ent quant i t i es of t he CTGF
pr ot ei n f or ami no aci d sequenci ng . However , t he l ow con-
cent r at i ons of CTGF i n t he condi t i oned medi a of HUVEcel l
cul t ur es and t he cost l y and t i me consumi ng t echni ques i n-
vol ved i n obt ai ni ng and cul t ur i ng t hese cel l s made pr ot ei n
pur i f i cat i on t o homogenei t y and ami no aci d sequenci ng i m-
pr act i cal . Ther ef or e, we used t he ant i - PDGF ant i body t o
scr een an HUVE cel l cDNA l i br ar y made i n t he expr essi on
vect or l ambda gt l l ( a gi f t f r omT. Col l i ns, Har var d) . Over
500, 000 r ecombi nant cl ones wer e scr eened . Sever al cl ones
whi ch gave st r ong si gnal s wi t h t he ant i - PDGF ant i body i n
t he scr eeni ng pr ocess wer e pur i f i ed and subcl oned i nt o t he
M13 phage vect or and par t i al sequence dat a obt ai ned by si n-
gl e st r anded DNA sequenci ng . A sear ch of t he GenBank
DNA sequence dat a base i ndi cat ed t hat t wo of t he cl ones
pi cked cont ai ned f r agment s of t he PDGF B chai n cDNA
open r eadi ng f r ame sequence . One of t hese cl ones was si mi -
l ar t o a 1 . 8- kb i nser t pr evi ousl y i sol at ed by Col l i ns et al .
( 1985) usi ng a c- si s cDNA pr obe . A t hi r d cl one of 500 by
was compl et el y sequenced and no mat ch was f ound i n a ho-
mol ogy sear ch of al l nucl eot i de and ami no aci d sequences
i n GenBank ( CEF 10 sequence was not avai l abl e at t hat
t i me) . Thi s cl one was desi gnat ed DB60 . Ant i - PDGF ant i -
body bi ndi ng t o t he f usi on pr ot ei n pr oduced by t he cl one
DB60 was compl et el y bl ocked by t he af f i ni t y- pur i f i ed pr o-
t ei ns ( not shown) . A " P- l abel ed pr obe was made of DB60
and used on a Nor t her n bl ot of 20 hg of t ot al RNA i sol at ed
f r om HUVE cel l s ( Fi g . 6 A) . The bl ot i ndi cat ed pr obe hy-
br i di zat i on wi t h an mRNA of 2 . 4 kb, whi ch i s a message of
suf f i ci ent si ze t o pr oduce t he pr ot ei ns i n t he 38- kD mol ecul ar
mass r ange seen on t he i mmunobl ot s of t he af f i ni t y- pur i f i ed
pr ot ei ns . The DB60 cl one was used t o r escr een t he HUVE
cel l cDNA l ambda gt l l l i br ar y and t he l ar gest cl one i sol at ed
cont ai ned a 2, 100- bp i nser t desi gnat ed D1360R32 . Apr obe
made wi t h t he 2, 100- bp EcoRI i nser t of cl one DB60R32 al so
hybr i di zed wi t h a si ngl e 2. 4- kb message i n a Nor t her n bl ot
of t ot al RNA f r om HUVE cel l s ( not shown) . To det er mi ne
t he si ze of t he pept i de encoded i n t he open r eadi ng f r ame of
DB60R32, t he 2, 100- bp i nser t was cl oned i nt o t he Bl ue-
scr i pt vect or and t r anscr i bed i n vi t r o usi ng T7 pol ymer ase
and t he mRNA t r anscr i pt t r ansl at ed i n vi t r o usi ng a r abbi t
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CCCGCCC

	

TCCCGGTCCCGCCTCCGACCACC=AGCGCTCCA CGCTCCCCGCTCGCCG=CC 99

GCGCCCTCCGCTCCCCCCGCAGTGCWI CC ATG ACC CCC GCC ACT ATG COC CCC GTC CGC OTC GCC TTC GTC GTC CTC CTC

	

180

met Thr Al a Al m sr met Cl y Pr o Vat Ar t Vat Al mPhmvat Vat Lau Leu

	

17

GCC CTC TGC ACC COG CCC GCC GTC GGC Car. AAC TOC AOC GOG CCC TOC CGG TOC CCC GAC GAG CCO GCG CCG CGC

	

255

Al a Leu Cys Sur An Pr o Al e Vat Cl y Un l &0 Msr Cl y Pr o Cys Ar e Lys Pr o Amp Cl u Pr o Al mPr o An

	

42

TGC CCC GCG GGC GTG Au CTC GTC CTC GAC GGC TOC GOC TOC Tac Cr i c GTC TGC GCC MG CAC CTG CmCAC CTG

	

330,
Cys Pr o AU GLy Val Sr Leu Vmt Leu Amp Cl y Cys Cl y Cys Cys Ar e VaL Cys Al mLys Un Leu Gl y Cl u Leu

	

67

TGC ACC GAG CGC GAC CCC TGC GAC CCC CAC AI I G GGC CTC TTC TGT GAC TTC GGC TCC CCC GCC AAC Cr i c AAC ATC

	

405

Cys Thr GLUAr e Aop Pr o Cys Amp Pr o Ri s Lys GLy Leu Pi e Cys Amp Pbe GLy Ser Pr o AU Aan Ar e l ys I Le

	

92

GCC GTG TGC ACC GCC AAA GAT GGT GCT CCC TGC Ar t TTC CGT GGT ACG GTG TAC CGC ACC CU GAG TCC TTC CAG

	

480

Cl y Vat Cys Tbr Al e Lys Amp Cl y Al mPr o Cys I La Phe st y St y Thr Vat Tyr Ar e Mer Cl y CLu Ser Pi e Un

	

117

ACC ACC TOC MC TAC CAO TGC ACG TGC CTC GC GGG GCG GTG GOC TGC ATG CCC CTG TOC ACC ATG GAC GI T COT

	

555

Sr Sr Cys Lys Tyr Un Cys Thr Cys Leu Amp Cl y Ai e Val St y Cys Net Pr o Leu Cys Sr Nmt Amp Vml Ar e

	

149

CTG CCC AGC CCT GAC TOC CCC TTC CCG AGG AGG GTC AAG CTG CCC GGG AAA TOC TGC GAG. GAG TGG GTC TGT GAC

	

630

Lau Pr o Ser Pr o Aap Lys pr o Pi e pr o Ar a Ar , Val Lys Leu Pr o GLy LYS Cye Cys Ct u Gt u Tr p Val Cys Amp

	

167

GAG CCC AAG GAC CAA ACC GI G GTT GGG CCT GCC CTC GMOCT TAC CGA CTG GAA GAC AMTTT GGC CG GAC CG

	

705

Gl u Pr o Lys Asp Gi n Thr Vat Vat Gl v Pr o Al a LOU Al e Al e Tt r r Ar t Leu Gl u Asp Thr Phe Gl r Pr o Aso Pr o

	

192

ACT ATG ATT AGA GCC AAC TGC CTG GTC CAC ACC ACA GAG TGG ACC GCC TGT TCC AAG ACC TGT GGG ATG CGC ATC

	

780

Thr Net 1 t e Ar e At m Asn Cys Leu Vel Cl n Thr Thr Gl u Tr p Ser Al e Cys Ser Lys Thr Lys St y Met St y 1 t e

	

217

TCC ACC CGG GTT ACC AAT GAC AI I C GCC TCC TOC AGG CTA GAG AAG CAG AGC CGC CTG TGC ATG GTC AGG CCT TGC

	

855

Sr Thr Ar y Val Thr Amn Aap Aon Ai e Sr Cys Ar y Leu Gl u Lys Un Sr Ar y Leu Cys Net Val Ar y Pr o Cys

	

242

GAA GCT GC CTG GAA GAG AAC ATT AAG ALG GGC AAA AAG TGC ATC CGT ACT CCC AAA ATC TCC AAG CCT ATC AAG

	

930

GLU At e Amp Leu Gl u Gl u Aen He Lys Lys GLy Lys Lys Cys I l e Ar y Thr Pr o Lys I t o Sr Lys Pr o I t e Lys

	

267

TTT GG CTT TCT GGC TGC ACC AOC ATG AAC AG TAC CG GCT AAA TTC TGT GGI I GTA TGT ACC GC GGC CG TGC 1005

Pbe GLU Leu Sr Cl y Cys Thr Sr Net Lys Thr Tyr Ar y Al e Lys Phe Lys GLy Vel Cys Thr Aap Ct y Ar y Cys

	

292

TGC ACC CCC GC AGA ACC ACC ACC CTG CCG GTC GAG TTC AAC TOC CCT GAC GGC GAG GTC ATG AACMGAAC ATC

	

1080

Cys Thr Pr o Ri s An Thr Thr Thr Leu Pr o Vat GLU Phe Lys Cys Pr o Mg St y Cl u Vat Net Lys Lys Amn Net

	

317

ATC TTC ATC AAG ACC TOT GCC TGC CAT TAC AAC TGT CCC GG GC AAT GC ATC TTT GAA TCG CTC TAC TAC AGG 1155

Net Phe I t e Lys Thr Cys Al e Cys Ri s Tyr AmMPr o Cl y Amp AmAmp 1Le Phe Cl u Mer Leu Tyr Tyr Ar s

	

342

AAG ATG TAC GG GC ATG GG TG AGCCAGGGTGGGCATTAACTCATTAGACTGGAACTTGAACTGTTGGTCTGTTTTTCC 1245

Lys Net Tyr GLy Amp Net Al a Ter m 349

GTAAAAATGTTTCAGTACGCAAGTTATTTAAATCTGTTTTTCTAACTGGGGGI UI AAGATTCCGCCCAATTCAAAACATTGTGCGTGTCAAACAAA 1344

TAGTCTATCTTCCCCAGAGCTGGTTTGAGAATGTTAAGACTTGGGTGGAACTAGTTAGTACAGGGCGGAATGTATATTAAGOTGTGGCTTT 1443

AGGGCAGTGGGAGGGTACCGGCCCGGTTAGTATGTGGTCGCTCTTATACGGTMTATGCCTGCTATTTGAAGTGTAATTGAGMGGMATTT 1542

TAGCGTGCTCACTGACCTGCCTGTAGCCCGGTGCAGCTAGGATGTGGTTCTCCAGCGTCAAGAGACTGAGTCAAGTTGTTCCTTAACTCAGAAG 1641

GGGACTGGCTCTGAGTTCTGATTCGAATGCACTGTTCAGGAATCGGAATCCTGTCGATTAGACTGGGGCTTGTGGCAAGTGAATTTGCCTGTA 1740

ACAAGCCAGTTTTTTAAALTLTATATTGTAAATATTOTGTGTGTGTGTGTGTGTGTATATATATATATATATGTAGGTTATCTAAGTTA11j gbW 1839

TTGTTTGTGCCTTTTTATTTTTGTTTTTAATGCTTTGTATTTCAATGTTAGCCTCAATTTCTGAACACGTAGGTAGAATGTAAAGCTTGTCTGATCG 1938

TTCAAAGGTGAAATGGATACTTATATGGAAATTCTGCTCAGTAGAATGACAGTCCGTCAAAAGGTTGTTTGCAAAGGGGAGGGTCAGTGTCTTG 2037

GGGGCTGTTTCTAGGTAGGAAATGTGGTAGCTGCG'

	

2075

Eeo RI
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8 . ( A) Nucl eot i de sequence
and ami no aci d t r ansl at i on of
CTGF cDNA f r om human vascu
l ar endot hel i al cel l s . The open
r eadi ng f r ame f or t he CTGF pr o-
t ei n ext ends f r omt he ATGi ni t i a-
t i on si t e at nucl eot i de 130 t o t he
TGA si t e at 1177 . The possi bl e
gl ycosyl at i on si t es at aspar agi nes
28 and 225 ar e under l i ned . The
put at i ve al t er nat i ve spl i ci ng r e-
gi on i s boxed . The 3' r egi on con-
t ai ns t hr ee ATTTA si t es whi ch
ar e under l i ned . ( B) Sequenci ng
map of CTGF cDNA cl one . The
t op l i ne r epr esent s t he 2, 075- bp
DB60R32 cl one cont ai ni ng t he
open r eadi ng f r ame of CTGF. Re-
st r i ct i on enzyme si t es used i n
subcl oni ng ar e i ndi cat ed as ar e
t he ATG i ni t i at i on si t e and t he
TGA t er mi nat i on codon . Squar es
i ndi cat e l ocat i ons of pr i mer s used
i n sequenci ng. Sol i d ar r ows i ndi -
cat e si ngl e- st r andedDNAsequenc-
i ng dat a and br oken ar r ows i ndi -
cat e ar ea i n 3' r egi on sequenced
by doubl e- st r anded DNAmet hods .



r et i cul ocyt e l ysat e and ' SS- cyst ei ne . Al i quot s of t he t r ansl a-
t i on r eact i on wer e r educed wi t h 50 mMDTT and r un on
12 %pol yacr yl ami de gel s . The dat a i ndi cat e a pr ot ei n pr od-

uct whi ch mi gr at es at an appar ent mol ecul ar mass of 38 kD
and comi gr at es wi t h t he r educed af f i ni t y- pur i f i ed pr ot ei ns
obser ved on i mmunobl ot s ( Fi g . 6 B) . The cl one DB60R32
was subcl oned i nt o t he EcoRI si t e of t he pr okar yot i c expr es-
si on vect or pET 5 i n bot h or i ent at i ons and t r ansf ect ed i nt o
E. col i st r ai n HMS174 . The CTGF pr ot ei n was i nduced by
I PTG and al i quot s of t he cel l l ysat e wer e i mmunobl ot t ed
( Fi g . 6 C) . The pr ot ei n pr oduced by cl one DB60R32 i n t he
sense or i ent at i on pr oduced ant i - PDGF i mmunor eact i ve pep-
t i des i n t he 36- 39 kD mol ecul ar mass r ange, whi l e t he ant i -
sense cont r ol pr oduced no i mmunor eact i ve pept i des . The
r ecombi nant pept i des pr oduced i n t he E. col i syst em com-
pl et el y bl ocked t he ant i - PDGF r eact i on wi t h t he CTGF pep-
t i des pr esent i n condi t i oned medi a ( Fi g . 7) .

Bi oassays of ext r act s of t he r ecombi nant bact er i al cel l s t hat
wer e pr oduci ng t he CTGF pept i de wer e negat i ve. We t hen
eval uat ed sever al eukar yot i c expr essi on syst ems, i ncl udi ng
mi cr oi nj ect i on of Xenopus oocyt es . I nj ect i on of Xenopus
oocyt es wi t h 10 ng of RNA pr epar at i ons der i ved by i n vi t r o
t r anscr i pt i on of t he DB60R32 cl one r esul t ed i n t he pr oduc-
t i on of a f i br obl ast chemot act i c act i vi t y . ( Fi g . 6 D) . Cont r ol
i nj ect ed cel l s di d not pr oduce t hi s act i vi t y . These r esul t s i n-
di cat e t hat t he open r eadi ng f r ame of t he DB60R32 cl one en-
codes a pr ot ei n wi t h chemot act i c act i vi t y f or f i br obl ast i c
cel l s as does CTGF.

The 2, 100- bp i nser t of cl one DB60R32 was sequenced i ni -
t i al l y by subcl oni ng of Pst I and KpnI r est r i ct i on f r agment s
i nt o Bl uescr i pt and usi ng doubl e- st r anded di deoxy met hods .
Thi s det er mi ned an open r eadi ng f r ame of 1, 047 base pai r s
and or i ent ed t he DB60 i nser t t o t he l ar ger cDNA ( Fi g . 8) .
An EcoR1/ KpnI f r agment cont ai ni ng t he ent i r e open r eadi ng
f r ame was i nser t ed i nt o Ml 3 mp18 and M13 mp19, and bot h
st r ands of t he DNA wer e sequenced wi t h si ngl e- st r anded
di deoxy met hods by pr i mer ext ensi on usi ng bot h GTP and
t he GTP anal ogue I TP. The cDNA nucl eot i de sequence of
t he open r eadi ng f r ame encoded a 38, 000 mol wt pr ot ei n,
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Fi gur e 9 Compar i son of ami -
no aci d sequences of t he t r ans-
l at ed cDNA f or CTGF and
t he CEF- 10 mRNAt r ansl at i on
pr oduct . The t r ansl at ed cDNA
f or human CTGF and avi an
CEF- 10 have a 45% over al l
homol ogy and a 52% homol -
ogy i f t he put at i ve al t er nat i ve
spl i ci ng r egi on i s del et ed . Thi s
r egi on i s bet ween ami no aci ds
171 ( aspar t i c aci d) and 199
( cyst ei ne) i n t he CTGF se-
quence . Homol ogous r egi ons
ar e shaded and t he al i gned
cyst ei nes ar e mar ked wi t h an
ast er i sk .

conf i r mi ng our cel l - f r ee t r ansl at i on r esul t s and mat chi ng t he
si ze of t he i mmunopur i f i ed pept i des ( Fi g . 8) . A new sear ch
of t he GenBank dat a base r eveal ed t hat t hi s cDNA had a 50
nucl eot i de sequence homol ogy wi t h CEF- 10 mRNA, one of
t he i mmedi at e ear l y genes i nduced i n v- sr c- t r ansf or med
chi cken embr yo f i br obl ast s ( Si mons et al . , 1989) ( Fi g . 9) .

Di scussi on

The dat a pr esent ed her e i ndi cat e t hat t he maj or connect i ve
t i ssue mi t oat t r act ant secr et ed by HUVE cel l s i s a 38- kD
monomer i c mol ecul e whi ch appear s t o be ant i geni cal l y and
f unct i onal l y r el at ed t o PDGF, but i s not a pr oduct of t he
PDGF A or B chai n genes . We f i nd t hat HUVE cel l s al so
secr et e bot h PDGF A and B chai n mol ecul es, but at much
l ower concent r at i ons t han t he 38- kD monomer and t hese
pept i des cont r i but e onl y a mi nor f r act i on ( <10%) of t he t ot al
PDGF- r el at ed chemot act i c and mi t ogeni c act i vi t y secr et ed
by t hese cel l s under t he condi t i ons t est ed . I n t he bi ol ogi cal
assays per f or med wi t h t he af f i ni t y- pur i f i ed pr ot ei ns f r om
HUVE medi a, bi ol ogi cal act i vi t y equi val ent t o 20 ng/ ml of
PDGF was obt ai ned at l owconcent r at i ons of t he CTGF mol -
ecul e wher e no det ect abl e ( <2 ng) PDGF A or B chai n mol e-
cul es wer e pr esent . Al l bi ol ogi cal act i vi t y coul d be r emoved
by pr i or i ncubat i on of t hese sampl es wi t h t he ant i - PDGF an-
t i body . Because al l t hr ee i somer i c f or ms of t he PDGF di mer s
bl ocked ant i body bi ndi ng t o t he CTGF mol ecul e, i t i s sug-
gest ed t hat t her e ar e some common ant i geni c det er mi nant s
shar ed among t hese pr ot ei ns al t hough t her e i s l i t t l e i f any
pept i de sequence homol ogy . The ant i - PDGF ant i body has
hi gh af f i ni t y t o t he nonr educed f or ms of t he PDGF i somer s
and t he CTGF mol ecul e and t enf ol d l ess af f i ni t y t o t he r e-
duced f or ms of t hese pept i des whi ch l ack bi ol ogi cal l y act i v-
i t y . Thi s suggest s t hat t her e ar e r egi ons of shar ed t er t i ar y
st r uct ur e bet ween t he PDGF i somer s and t he CTGF mol e-
cul e, r esul t i ng i n common ant i geni c epi t opes and possi bl e
r ecept or bi ndi ng si t es of t hese mol ecul es .

The sequence of t he cDNA f or CTGF i ndi cat es an open
r eadi ng f r ame of 1, 047 nucl eot i des wi t h an i ni t i at i on si t e at
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posi t i on 130 and a TGA t er mi nat i on si t e at posi t i on 1, 177
whi ch encodes a pept i de of 349 ami no aci ds ( Fi g . 8) . The
ATG codon at posi t i on 130 and anot her at posi t i on 145 f i t
t he consensus sequence f or st r ong t r ansl at i on i ni t i at i on si t es
( Kozak, 1984) and i t i s assumed t hat t he f i r st ATGi s t he pr e-
domi nant i ni t i at i on si t e . Ther e i s a 40%sequence homol ogy
bet ween t he CTGF cDNA and t he cDNA f or bot h t he A and
B chai ns of PDGF, suggest i ng a possi bl e common ancest r al
gene . The 3' r egi on cont ai ns t hr ee copi es of t he pent anucl eo-
t i de sequence ATTTA shown t o be i nvol ved i n mRNA
dest abi l i zat i on and f r equent l y f ound i n cyt oki ne and on-
cogene mRNA 3' r egi ons ( Shaw and Kamen, 1986) .

The CTGF open r eadi ng f r ame encodes a pept i de t hat con-
t ai ns 39 cyst ei ne r esi dues, i ndi cat i ng a pr ot ei n of compl ex
st r uct ur e wi t h mul t i pl e i nt r amol ecul ar di sul f i de bonds . Thi s
may expl ai n t he shi f t t o sl ower mobi l i t y obser ved on pol y-
acr yl ami de gel s af t er r educt i on of t he mol ecul e wi t h DTT.
The ami no t er mi nal of t he pept i de cont ai ns a hydr ophobi c
si gnal sequence i ndi cat i ve of a secr et ed pr ot ei n, and t her e
ar e t wo N- l i nked gl ycosyl at i on si t es at aspar agi ne r esi dues
28 and 225 i n t he ami no aci d sequence . Ther e i s a 45 %over -
al l sequence homol ogy bet ween t he CTGF pept i de and t he
pr ot ei n encoded by t he CEF- 10 mRNA t r anscr i pt and t he ho-
mol ogy r i ses t o 52%when a put at i ve al t er nat i ve spl i ci ng r e-
gi on i s del et ed . Al l 39 cyst ei ne r esi dues i n each pept i de can
be al i gned wi t h f ew gaps i n t he sequences ( Fi g . 9) . The r e-
gi on bet ween ami no aci d r esi dues 171 ( aspar t i c aci d) and
199 ( cyst ei ne) i n t he CTGF pept i de has no si gni f i cant homol -
ogy t o t he cor r espondi ng r egi on i n t he CEF- 10 sequence
( ami no aci ds 168- 224) and i s 28 ami no aci ds shor t er . Thi s
di scr epancy coul d be due t o di f f er ences i ncur r ed dur i ng evo-
l ut i on of t he chi cken and human genes . However , because
t hi s r egi on i s bor der ed by ar eas of ver y hi gh homol ogy be-
t ween t he t wo mol ecul es ( >85 %i dent i t y) i t may i ndi cat e al -
t er nat i ve spl i ci ng mechani sms i n t he expr essi on of t hi s gene.
The codons f or l ysi ne at r esi due 170 and aspar t i c aci d at r esi -
due 171 t oget her f or mt he AAG/ Gsequence consi st ent wi t h
a 3' exon/ 5' exon j unct i on . Al t er nat i ve spl i ci ng i s f ound i n
ot her gr owt h f act or t r anscr i pt s such as t he PDGF A chai n
( Col l i ns et al . , 1987) and vascul ar endot hel i al gr owt h f act or
( Leung et al . , 1989 ; Keck et al . , 1989 ; Ti scher et al . , 1989) .
The bi ol ogi cal si gni f i cance of ei t her of t hese spl i ci ng event s
has not yet been det er mi ned .

Si mmons et al . ( 1989) cl oned t he CEF- 10 mRNA, whi ch
was one of 12 i dent i f i ed cDNA sequences t r anscr i bed f r om
mRNAs t hat wer e i nduced soon af t er t he pr oduct i on of t he
sr c phosphopr ot ei n pp60 , - s« i n chi cken embr yo f i br obl ast s .
The CEF- 10 mRNA was i nduced i n nont r ansf ect ed CEF
cel l s by ser um. Bot h t he sr c pr ot ei n and ser um i nduce t he
expr essi on of t he " i mmedi at e ear l y genes" many of whi ch ar e
necessar y f or t he Go - G, t r ansi t i on i n t he cel l cycl e ( f or r e-
vi ewsee Rol l i ns and St i l es, 1989) . One maj or gr oup of t hese
genes consi st s of i nt r anucl ear DNA- bi ndi ng pr ot ei ns i ncl ud-
i ng f os, myc, and j un, whi ch ar e essent i al f or cel l cycl e r egu-
l at i on . Anot her maj or gr oup of genes i nduced by ser umand
sr c encodes secr et or y pr ot ei ns wi t h cyt oki ne char act er i st i cs
such as t he JC gene ( Cochr an et al . , 1983) , whi ch has a
cDNA sequence wi t h si gni f i cant homol ogy t o t he cyt oki nes
macr ophage col ony st i mul at i ng f act or ( M- CSF) , al pha i nt er -
f er on and i nt er l uki n- 2 ( Rol l i ns et al . , 1988) , or t he KC gene
( Cochr an et al . , 1983) whi ch i s homol ogous t o t he gr o gene
i n humans ( Oquendo et al . , 1989 ; Ani sowi cz et al . , 1987) .

Br adham et al . Connect i ve Ti ssue Gr owt h Fact or

The gr o pr ot ei n pr oduct i s r el at ed t o CEF- 4, anot her of t he
12 sr c and ser um- i nduci bl e mRNAs cl oned f r om CEF cel l s
( Bedar d et al . , 1987) . We have f ound t hat t he CTGF gene
i s r api dl y i nduced by ser um i n human ski n f i br obl ast s and
t hat cycl ohexi mi de t r eat ment does not bl ock t hi s i nduct i on
( I gar ashi , A. , and G. R. Gr ot endor st , manuscr i pt submi t t ed
f or publ i cat i on) . Thus, t he CTGF gene i s an i mmedi at e ear l y
gene whi ch appear s t o encode a secr et ed pept i de wi t h cyt o-
ki ne act i vi t y .

The dat a pr esent ed her e suggest t hat t he CTGF mol ecul e
has bi ol ogi cal act i vi t y si mi l ar t o PDGF and may bi nd one
of t he PDGF cel l sur f ace r ecept or s . CTGF coul d f unct i on i n
many bi ol ogi cal pr ocesses i nvol vi ng t he gr owt h of connec-
t i ve t i ssue . The f act t hat we f i nd CTGF secr et ed by vascul ar
endot hel i al cel l s i ndi cat es t hat t he pept i de coul d be pr esent
i n ser um. The condi t i ons under whi ch t he pr ot ei n woul d be
secr et ed i n vi vo ar e not yet known and we ar e cur r ent l y pur -
sui ng st udi es on t he r egul at i on of gene expr essi on and pr o-
t ei n secr et i on by cul t ur ed endot hel i al cel l s . Secr et i on of
CTGF dur i ng angi ogenesi s woul d f aci l i t at e t he gr owt h of
smoot h muscl e cel l s and f i br obl ast s so t hat i t may pl ay an i m-
por t ant r ol e i n t he cont r ol of bl ood vessel f or mat i on dur i ng
devel opment and wound r epai r . CTGF coul d al so pl ay a r ol e
i n at her oscl er osi s wher e i t coul d f unct i on t o r ecr ui t smoot h
muscl e cel l s f r omt he medi al l ayer of t he vessel wal l i nt o t he
i nt i ma . Ot her i nvest i gat or s have det ect ed PDGF t r anscr i pt s
i n ar t er i al t i ssues ( Bar r et t and Bendi t t , 1987) , and t he PDGF
mRNA l evel s appear t o be el evat ed i n at her oscl er ot i c l esi ons
( Bar r et t and Bendi t t , 1988) . The secr et i on of CTGF pept i des
by endot hel i al cel l s woul d al so st i mul at e t he chemot axi s and
gr owt h of smoot h muscl e and f i br obl ast s at t he pl aque si t e,
t her eby aggr avat i ng vessel bl ockage . Whet her CTGF pr o-
duct i on i s r equi r ed f or t r ansf or mat i on by t he sr c oncogene
r emai ns t o be det er mi ned, but i t i s i nt er est i ng t hat CTGF
coul d f unct i on as an aut ocr i ne gr owt h f act or f or sr c t r ans-
f or med f i br obl ast s . Di r ect exper i ment s t o det er mi ne t he
t r ansf or mi ng pot ent i al of t hi s cDNA ar e cur r ent l y under way.
We ar e al so i n t he pr ocess of const r uct i ng vect or s f or eukar y-
ot i c expr essi on syst ems i n or der t o obt ai n r ecombi nant
CTGF f or f ur t her anal ysi s . Fut ur e exper i ment s usi ng CTGF-
speci f i c ant i bodi es and nucl eot i de pr obes shoul d hel p t o de-
t er mi ne t he r ol e of CTGF dur i ng t he nor mal bi ol ogi cal and
pat hol ogi cal pr ocesses whi ch i nvol ve connect i ve t i ssue f or -
mat i on .

We gr at ef ul l y acknowl edge t he assi st ance of Li nda Gi beaut i n t he pr epar a-
t i on of t hi s manuscr i pt . We al so t hank Mar c Char et t e of Cr eat i ve Bi o-
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Tucker Col l i ns ( Bost on, MA) f or t he human endot hel i al cel l gt 11 l i br ar y .
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