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ABSTRACT 

'l'ran:-;forminr] Crovrth Far;tor Beta 

involved in cont-roll inrJ cellulêlr 

('l'GF-0) is high1.y pleiotropic, 

proliferatIon, djfferentiation 

(>xtrdce] lul,n' matrix (lTM) romodelling. TGF-f\ 1s él potential mediator 

of pldcental trophobld~;t functions, including differentiiJ.ti0n, hormone 

fJnxJlH·t i 0n, ('nr]r;fT1(,t r 1 ;11 1 nva~-; ion and ] mmunosuppression. Trophoblast 

cel l" <ln- the (·fJlthc·J j;1J-1 IJ:e covcring of the chononlc vi.llae at the 

f ct ,1I-jTIdtr 'rn,t! 1 ntf>r j,lep. ln th 1 s study equil j br i um Innding assays and 

f Ullct J ond J d';'H1Y'; wC't'l' w30d ta J nvestlgatc the b Lnd ing cha:acteristlcs 

dnd the dct 1 (JIl~; of til(~ 'l'cr-II 1 dnd 'l'CF-02 i soforms on ém established 

humdn ch~)( i oC,\rC' i nomd trophoblélstic cell line, BeWo. Equilibrium 

:;dturdtion c>xpPrlmpnts Indicatcd that the BeWo cel]s exh:ibited similar 

dver'dqc cllllnlt)(-!~-; and total number of blndlng sites for TGF-fll and 

'l'(;}''-[\) . 'l'hc' K Vd 1 ues obtained from Scatrhard analyses were 

r-'l'CF-pl and 40 pM for l -'l'GF-[\2, wi th 70,000 

,111<1 BI>, ()OO !~] t.cs pC'r cc 11 respectively . Competitive equilibrium 

l'xperimpntG indjcdteù that 'rCF-rll and TGF-f\2 were equipotent (apparent 

h,11 f mrlxima] inhlbition (le) -70 pM) and that aIl binding sites were 

capable of rocognlzinq both lsoforms. 'IWo freqllently uscd functional 

t1!--;!~c1yS tu dctermino do~~o rcsponsiveness to TC:;F-r~ isoforms were 

illve'!;tiq,ltC>c! wieh I3cWo cells. A H-Thymidlne incorporation assay was 

ll~;ed ta IlH'dsm'(> 'l'cF-fi c1feC'ts and th:is indlcated thélt nelther TGF-[)l nor 

'l'CF-fi? h,\(1 l\lly S l<Jnl f icant cffcct on 13eWo ceUs. The synthesis of an 

ECM protcln, ribroncct in, was monitorcd using both ge1atin-sepharose 

,lftî nüy chrOIll,ltoqraphy dnd immunoprecipitation with anti-human 

f ibl'oncctin polyclonlll élntibodlcS. Howcvcr, neither 'l'GF-fll nor TGF-02 

!1,ld cll1y offed on fibroncctin synthesis in BeWo cells as measured by 

thL'~:;C hl/o mothod~~. 'rhe s iCJn if i c,\Ilce of the resul ts obtained from the 

fUll\. . .'t iO!1,ll cl~,~;t1y~, arC' ci iscussed in terms of differences in TGF-f3 

rL'sponsi venc::;s bctwccn BeHo chor:iocarcinoma cells and other cell types, 

,md 1 n t0nns of the low 1eve ls of Type l and 'l'~'Pe II TGF-[3 receptors 

('xpressod i. n 110\\10 cclls. 
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RÉsUMÉ 

Le facteur de crOIssance TGF-P (Tlc,n»fcnnnng L~lc'\,'th F,I,'t"l Ht-'t,l) l",1 IIll 

agent plélotrope ImplIqué dans le contlôl>" dt> Ll pI011fel,1tl"1l 'l'\\1I1.111,', dt> L'I 

dIfférencIatIon cellul"lre t-'t du 1>"1ll0J",LI9L' d,' 1.1 mdtlh:" .',,-tLt<',-1Iul.1l1" (El'M). 

Le TGF-~ est un m,,'c1ldtpul pntto'ntl,>l cl ... " <'tl'IIVl(f'S d.>; Il''I'I1,,\l1.1,·t.,,. l'LI'''IlLlll'''' 

Incluant leur dlffélt'll"ldtlOll, l "'li l pl Clduçl h-.n d'holm,l!\("., 1"\11 !','l''1111.'1 

sont de type épIdernvd et It>'(~UVl'''l1t 1":3 Illll"r.lt."·, ch"lll'lll<{lI'" d l'Illt"tf",.' 

embryo-utérine. [ldI1S Id ples<-'nt'" ,:>tlld.', .1"'> dlldly~(>.; .1<-' Ildl""1I ,\ 1"'«lltlll'l" 

et des études fonet lonn.?lle''1 ',,)nl \lt Ill';'>" . pOli l «llllpi .>Il,IJ.· 1." d Il t "1 t'II' .H; ,'Ill 

nIveau des car.:lctétlstlques de lhl1':;on ."t d'deI l,)n ("1._>,. l ~(Jt'l\III.'" '1\:10' 1\1 ,'1 '1\:1-' 

p2, chez les cellules BeWo, Ilgnée c,>11ul.lll'> ChOl10(cll' Inl)llIlq\h' 1 Illl,lto\,1 .'11 l'Ill" 

humaIne. 

IndIquent que les cellllle'> Bel'Vo ont un K. 

du TGF-P "'Olt 65 pM dans le Ccl'; clt-' I~l ... t ,lll 1 Il P()lll li: 

lIaIson e..,t du mpme oldre pO\lr 1\-;F-13J , .. t 'na.' IL> ',(1),-nt, '''l',·,tlv''flI''lIt 1(1,(lOO,.t 

85, 000. Des expérlenCeê-, de comp.'t-Il JOli cl " '1'Illll>lt> 1 li 01 l '111t'llt 'IUt' Tl:F 1\1 •. ( 

TGF-J32 sont éqUIpotents (TC,,- 70 l'11) ,·t 'III> telll J". '>lt.". d,· Ildl.<1/1 .,'ut 

capables de reconnaître le,~ c];:'UX l',r)fOII\)"', 

utl.llSés pour détermInPl la Joc;e-lf·pnn,.? <lP'. ,.-,J 1111,·'; R .. Wn dllY l''<ljllllTl'' d .. Tl:F li 
de la présente étude. L' IncorpOl,lt lOl1 cl~· 'H-Tllyrnldln,' ,1 1',-1 t,'1 .1", Tl:F li ';111 

la prolIfératIon cellulellrp chez Ip, ee' Lill.". r-l,·w(J Il'lndl'jll. Iii dll' 1111>' oIlt t"I"nt ,. 

entre les effets des de1l;':: 1c"otnrm,'>c, '.111 1.1 1,!e,!lj,'·I,ltJ{)11. 1." 1l\,·t.dH.]J :rn" d .. 

synt·'1.èse de la fitron'?ctln p , prut "111>" d,-' tYJ'" EU1, ,-1 ,·t,' ,',t 11<11" ddll', J,., ,pJ Jill,,,. 

BeWo par chromêltographH' d'atfllIJI,'· <-'t 1,,11 

d'antIcorps polyclonau'{ antl-fJhrull'>rt ltJt_, IllIllIdIIH'. 1.'''. 1," ,lIlt..t" <l,' "', d"IIX 

méthodes de dosagt-? n'ont démOlit t,ô. rllwun t-'ff"t 'd'Jll1flr,tllf ·1,·. 1.1' t'·III'. d .. 

crOIssance TGF-Pl et TGF-J3:2 SUl lei '.yntllp., ·1 .. 1.1 f Ihl '>11>'( t JIll' Il''l J ... ; ( .. t Jill .. ', 

BeWo. La pertInence des résult,-It'J <.JI,t"'llll'? '.1111" ri CP,; rln"ly','··' {'>11' t IUIIIW! J .. '. 

est discutée en telme de dlfféu:n(>,r, J'-1l1'3 Id l':'POII ,(' dUX l',ntollnf", d .. ']'(:10' li, l'dl 

les cellules BeWo (·,mparée Ji CE-Illo' dl" (".·11111,'" d'éllltt-,..c, Iyp"';, d .. rn;·rn .. '/lI' .. n 

terme de nIveaux d'exprpsslon d>?s réc>?ptpurs J.? 'l'GF 13 d<-.! IYIJl" T ,·1 1 r "//'Ilrn/"; 

chez les cellules BeWo . 
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INTRODUCTION 

GUJwth Factor Beta (TGF-P) VIas originally 

ahj Il t y, ln the presence of epidermal groVlth 

f ar;!.or (E(:F) 1.0 t~nhémcr: the groVlth of f Ibroblast ln soft agar 

(j"ob(~tt~-; (·l dl., 1981). Todéty, TGF-P lS recognlzed as a famlly of 

ImlJ! Ifllnct)rmal rJl'owrh factors. Five dlstlYICt TGF-P lsoforms have 

b(~f~n d(~~-;ct 1 bed, TGF -P 1 throuqh '). The human TGF-P family consists 

(Jf thr(~o );-;rJform,-, 'l'GF-Pl, -P2, and P3, WhlCh are highly 

hum() logoll'~ . TGF-f3 ]:::; hHjh Iy pleiot roplC, belng able to control 

prolif~talion, dJ LL0r~nt]atlon and extracellular matrlx deposltion 

{ for 1 OV l0.W::; '-;(-~(; Eohert s & Sporn, 1990; Massague, 1990} . 

(:enprally, 'l'CF Pl, -P;~, (jnd -P3 are interchangeable ;11 in vltro 

hJ 0] OCJiCd 1 a::;:,ay:-;, however, ln sorne 1Jl vi tro assays they do 

d('T!lOII:;lrare dl L f ('l c·nt ial activlty (Ohta et al., 1987; Ottman & 

l'plu:", l~Rg; T:,lllldwakl ct al., 1988; Jennlng et aL, 1988; Rosa et 

,d., lf)88; Gt.-tycal et al., 1989; Chelfet-z et aL, 1990; Qian et 

,11.,1 <JY2). Ftl! Lhennore, recent work indlcates that the expression 

of '1'(;17 Pl, -I~.~, and -p'3 is differentlally regulated, which 

:;\I(j(](":;l s t hdt these Isoforms have different functlons in vivo 

(Pc·Hon et cIl., 1989; 1991; Schmid et al., 1991; Paria et al., 

1992; Hubclts & Sporn, 1992). 

1'GF-ps, LIS VIl th other growth factors, act by binding to 

~,pf'>C l ti c cell surface receptors that transduce the regulatory 

:Jlgll.ll. lt has been possible to identlfy putative TGF-P receptors 

by cheJTI1cal cross llnking of 1 "I-TGF-P to speclfic, high afflnity 

hi nd 1 I1g compOllen t s on cell surfaces (Mas sague, 1985; Massague & 

Lib:" 1985; FlHltjel et al., 1986; Seg(:Œlni, 1989). lnitially 

lIt f 1 nity-Llbc'lllng r C'chniques demonstratecl. three distlnct types of 

T(~F-P Ct'll ~~Ul [clce b.lnding components, known as the Type l, Type 

r l, and Het .1g lycan (c11 so known dS Type III) 1 TGF-P receptors (for 

reVlC:'WS sec' Seg..:H'll1i, 1991; Massague, 1992) The Type l and Type 

r 1 receptors l)l'e glycc,proteins clnd are thought to be true 

siqnall1ng receptors, (Boyd & Mas::,ague, 1989; Laiho et al., 1990; 

1 
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1991) . The Betaglycan 

membrane-anchored and 

component, a prol eLIl} l yL~,-l!1, 

soluble forms clnd t hought 

l',I:;ls 111 

signalling roles (Andres et al., 1989). Generally, l he Typt' .tlld 

Type II receptors dJsplay much 11lgher affll1it lL'!'; Il)1 '1\;1" 131 .tlld 

TGF-1l3 than for TL-:;F-~2, howevor, subtypc~., th,ll h.lVl' h\qll dt t llilt)' 

for TGF-~2 have bE:'t~n demonstl'ated (Chelfet:', lllllll; l'Ill'I!l'!:' ,\ 

~assague, 1991; Mltchell (~t dL, lQQ2a,b). TIlt' plt'd\llllllt.tl\! 

popula t lon of Betag lycan componcnt s show equa l ,1 fil III! 1 t ", j \ li '1'\;\0' 

/31 and TGF- /32 al t houg11 Bet dg l ycan subt ypPf; lt,lV Illg .1 lt 1 qltt'! .1 t 1111 t \' 

for TGF-P2 than tor TGF-~1 cll~o CX1::;t (;-;C'qcltlI1! l'l dl., Il/W/; 

Mltchell & O'Connor-McCourt, 1qql; MItellt""ll C'l ,11., lqq.~ d,hl. 'l'l\(' 

Betaglycan and Type II TGF -~ t-eceptor g('nc:î 11,IV("" rH'l'll 1 t'Ct'Ilt Iy 

cloned and sequencefi (Lopcz-CasllLas ct .:11., lqql; Wdll<! l't dl., 

1991; Lin Et aL, 1992). Othf~l TGF-P l-:Jlnrhnq prot(-'lIl:;, dl:,t 111<'t 

from the Type l, Type II and Betag 1 ycan l'Geepl- 0 t-~;, hd ve dl :;u bPI'Il 

described (MacKay et al, 1990; 199~; ~lacl<:ay & D,lIIi('lp(llll, IIJlJli 

O'Grady et al., 1991 a,b; Segarin~ et al., 19q:~; Il.Hllldl1 t~t ,11., 

1992; Ichijo, 199::;; Chelfetz & Massaguf?, 1991). 

Trophoblast cells are the epIthellal-llkc~ ('I)V('llllq (JI t III' 

chorionlc villae at the fetal-maternai Intel rcl('(~. rI'I()pllClhla'~t!; 

play an important role in the physical ,,1 t ,-IC'1lment of t- he pl di" 'Ill " 

to the uterus, in the exchaWJc of n\ltrl~--,nt;j and \Hd!;lr'!;, tllf' 

production of hormones, and the regulaLlon 01. the rndlf·tlldl 1 1 IIIrl 1 II Il , 

response. The plûcenta lS a rlch source of growllt fd('I(JI!; ,HlrI 

growth factor receptors and has been utillzed ri:] cl !jf)llt Cf' 1 (H Illf' 

purIficat:;..on of growth factors (Goldsrr~ln r:t- al., 1IJ'1H; "'Ill i. 

Fischer, 1980; Gospodarowlcz et cd., 1985) Jnciudinq 'J'(;t.'11 (Frrdlk 

et al., 1983), and growth factor receptor:::; (Bock ct dl., J 'j'/I); 

1980; Downward et al., 1984; LeBon ct al., 1(H~(;; Maly fi L,llt-fll, 

1986). What role growth factors play ln plëH'f~nt-(jl flllwlirm dtf' 

unclear, however, l t is assurned that th(~y act via alllJJr (~r1 nf~ dfld 

paracrine ClrCUJts (for reviews see Blay ,y Hollf..!nbr..!rq, lIJnfJ; 

Pollard, 1990). Growth factor receptors hén/e br:(~n ;:>t.UrJlf:rJ fJl) hlllndfl 

trophoblast cells in prlmary culture;3 (Deal li r.Jui'da, 1 (HH; Lt.11 " 

2 
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(;11ïr]d, BHI',), t rophobJ as t cell lines derl ved from primary cul t ures 

((;rju;~tJn r~L al., 19B5) and on trophoblastic cell lines such as BeWo 

(O'Cunnrjr-T1r;C'JlJrt & Holl~nbGrg, 1983; Deal & Guyda, 1983). 

The ë.I r;l l VI t L 0S of TGF- ~, notably in ext racell ular matrix 

d(~po;;üJCJn, ,'ollular proliferation and dlfferentiation, and 

1fnrmmo';upprr::3:. î on point to lts potentlal roles as a mediator of 

t L!;phoblrJ:;l 1 C inv<:lsiveness, differentiatlon and for the rrtaintenance 

(JL pu.:qndllcy (Tarnada et al., 1990; Lala & Graham, 1990; Morrlsh et 

aL., 1~f)1; Altmeln el al., J990; Kelly et al., 1990). MoreovF?r, 

recr'nt mur lf}(~ stu(he!3 sllggest that TGF-~2 in particular, is 

impor Lallt bolll ln pLacental function and embryonlc development 

(Millor l't dl, J989; PeJton et al., 1989; Clark et aL, 1990; 

l\llmcH1 pt- aL, }cJ90; Kelly et aL,1990). In order t r) understand 

l he posf3Lb l e rol es of dl f[ erent TGF-P i soforms ln placental 

t r ophobl ast fllnet ion, the characteri zation of the placental 'l'GF-P 

J C!cppt-or:3 lS neeessary . 

Af fHIlly labelllng studies carried out in this laboratory have 

:;]1Clwn t h,lf human placental membrane preparatlons (Mi tehell and 

0' ConnOl McCourt, 1991), human primary t rophoblas t cell s (Mi tchell 

el ,11., 1t)q:~,I) 1 L1nd the human ehoriocarClnoma trophoblast-llke cell 

lll\(', f-)pWo, (Mit chell et aL, 19 9~b) express a unlque class of 

Bd dC) 1 y('dn n:">c0pt or wln ch ex1n bits a hj gl"11'::r a f f lni ty for TGF-P2 

t hein 1 CJl ']'(;[0' Pl, yet- Ll lng11er capa-:J ty [or TGF-Pl than for TGF-~2. 

Mi nOI ~>ubt YPc':. ni bot 11 t he Type l and Type II receptors with equal 

or lIiqhf:r df t 1111ly tut TGF-~2 than -~1 were also detected on these 

tlop!1oblc1!,fIC cf:lls, slmilar to subtypes detected on a few other 

cell lypps (Chelfetz et al., 1990; Cheifetz & Massague, 1991). 

BeWu cells provide a more consistent model than primary 

tlophobldst cells for studying the effects of TGF-P, its isoforms, 

lts receptors, and its slgnalllng pathways. In this study, TGF-P 

u:cept ors on BeVJo cells were further characterized by equilibrium 

binding Llssays. Equllibl'ium bine.. ' .... assays are able to give a more 

3 
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quantitative rneasurernent of overall bll1dlng ,1f(Ullty .11\:.1 11111dlllll 

capacity for the dlfferent TGF-13 isuforms than ,lfftllity 1.lbl'11111<1 

studies. The functlonai role(s) of TGF-j31 ,1nd Tl;F 13.: III Ht'\Vll l't"'11:. 

were aisa studled, 'J'vvo functional assdy~:;, ,1 plulltl'Idt lnll ,1:;:;dY 

and an assay for measuring flbronectin ~oynthe:-n s, bt)t Il pt Whldl ,11 t' 

frequentIy used to dete~-mu1C dose responSl Vt'nC':-:~-,; t Ct t Ill' 'l\;F P 
isoforms, were Invest] gat ed, The al m 0 f t hl s st uLly W,I:J t () 1 1 Y 

corlelate the blnding afllnlties for the '1\-:;F-131 dnd p.: I:;ntllllll:; III 

the trophoblast TGF-13 receptors wlth thE:' biolc)gic.11 put t"'!l<'lt"; (lt 

these isoforrns. 

4 
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SELECTED REVIEW OF TH~ ~ITERATURE 

TRANSFORMING GROWTH FACTOR BETA 

The fi r:-; r l nô l caU on of Transforml ng Growth Factor Beta 1 s 

11'GF-P) t rur: Jfnpor tanCF:: ar~ a mediator of normal cellular physiology 

W<JS de:3cr Ib(~d !'Jy De Lareo and Todaro (1978) Just a little over a 

decadr: ago. It wa:3 found that murIne sarcoma virus-transformed rat 

kidney [lbrobla=ts seeretr:d growth stImulating polypeptides into 

thel!" oxt racellular medIum that had the abillty to induce changes 

ln nor-mal raL flbroblasts glvIng them a neoplastic phenotype, 

1 nc] lldlnC] l he abil] ty to grow and form colonies in soft agar. 

TfJc'sr: pepU de::; wen~ t (·rmed sarcoma growth factors (SGFs) (De Larco 

t.l TodcllO, 19'/8) However, Slmilar peptides with similar activities 

werp thon 1 !301ated from various sources, other than sarcomas 1 

neopIQ::..;tlc Qnd non-neoplastlc, (Roberts et al., 1981) and the 

pcptldes' name changed to transforming growth factors. 

TGF:-:5 were later found to be a mixture of two dIfferent 

popt ides wh1 ch were consequently named TGF-a and TGF-~ (Roberts et 

al, 1982; Anzc\no et al., 1982). The two TGFs were distinguished by 

l hPl l InCl 1 ked dl f ferenees ln biological properties, particularly 

Wl th n:!,pcd t 0 thelr relationshlp to epidermal growth factor 

(EGF) (An::t1no et al., 1982). TGF-a is an immunologically distinct 

,111c1]C)(] of EGF with high afflnity for the EGF receptor. EGF and 

TCF- a by 1 lwmselves 1..nduce only a small number of colonies that are 

L1blC' le> qlOW ln soft agar. TGF-P does not compete for the EGF 

tC'L'c'pl-Ol, Cllld clione does not induce the fOL-matIon of colonies in 

~,oft <1g<1r. However, 111 the presence of either EGF or TGF-a, TGF-P 

lllducc'::> a doso- dependent formation of colonies that surmounts that 

lesponse ellel ted by EGF or TGF-a up to 10-fold (Anzano et 

cll . , 1982 ) 

When l t was shown that TGF-~ is synthesized and secreted by a 

wlde variety of normal and neoplastic cells and tissues, it became 

5 
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clear that this factor is not tumor speclflc, but 1',lt11e1' It p1.1)"S 

a fundamental l'ole in the growth and phYSIOlol)y of 1101111,11 ("plIs. 

Subsequently TGF-j3 was isolated and purifled to hCl\n(~ql'lwlly fll"1!ll 

several sources, human platelets (l\SSOslc.n ct a:., Il)ti,), 11\1111,111 

placenta (Frollk et al., 1983), and bOVIne kldnC'\, (RntH~1 t!, l~t dl., 

1983), by monitorl:1g TGF-P actlvity ln an aS!:',l)' wl1Jch 11\,'d'';Ul \~d It: .... 

abillty, ln the presence of EGF, to Induco norm,ll 1 dl kldlH'Y 

fibroblasts to grow and form colonIes trI !,()f t dCldl 'l'hp 

purificatlon of TGF-P trom dIfferent sources rovccllc'd th,!t Il IS cl 

protein with an apparent molecular mass of 2S,000 o,lllnll!; (!\!~:;O!';Ic1n 

et al., 1983; Roberts et al., 1983; Frollk et dl., 1983). 

Reduction of the disulfide brIdges converts t-he :~r) kn,l plllt{'111 lllt' 

a 12. S kDa species, as assessed by SDS -pol y,lC'IY 1 (lml df' fit' 1 

electrophoresis. It is the dlmerlc [orm wrllch J:; hloll)cJll'dlly 

active. Now, TGF-P is known to eXIst in at 1 (>.1:-;t- f IVP dif ff- PlIt 

forms, TGF-j31 through TGF-PS (for reV1CWS ::3r;(~ R(J!wr t:; ~( ;;pOlll, 

1990; Massague, 1990). The second form of thp pepl Hic, 1'(;\0' ~~ Wd:; 

isolated and purifled from bOVIne bone (Seyedln, 19H'); J'Hf!) , Itllmdll 

glioblastoma CE..IIs (Wrann et al., 198'/), pOr('IIlf' pl,tt-(·Jd:; 

(Cheifetz et éll., 1987) and monkey f~SG-l l'el]::; (l!(lIlk:; (,1 ,d., 

1988). TGF-p1 and TGF-p2 have been clonf~d and Ihf'lr dIflIII() (-H'id 

sequence d€duced. They are both homodlmcrs wlt:h (.'adJ 'flfJllorlH'r lIIllt 

cons i s ting 0 f 112 amino acids. The mature 112 é:mll ml ,1(' l d 1'1 J[ Il IJIII'! :; 

are derived from the carboxyl-terminal port Ion oL a VH) <Jill! IIU ,wid 

precursor for TGF-p1 (Derynk, 1985), and c1 412 dI1I1IlC) (H:lfi 

precursor for TGF-p2 (DeMartin, 1987), onel arr: 77.'1, lclr·nt ICtll (for 

review see Roberts & Sporn, 1990). Recently, by cry:;1 ,d J()(Fdplty, 

the tertiary structure of TGF-p2 has been deduced dnd r f V(~d l', 1 tI,JI 

the nine conserved cysteine resldues are invol ,!r·rj Hl dl:.ll 1 f !dl~ 

bonds, one of WhlCh links the t'Wo monomcrs toge'l h'~r (J)'J(J[J1IJ 1,1 ,.lI., 

1992; Schlunegger & Grutter, 1992). The othr.:r thrr:r: f()rm'; '['(;F r31, 

TGF-P4, and TGF-PS have been ldentlfied by ;:3cn::~(:n1rJ(J (;UIJA ] dJIar ](";;; 

but have yet to be Isolated trom natural :~Ollrcr:;j. H(J1tJ(~v(:r, 

northern blots demonstrate that the correspondlnq mI'IIA':j arr:: 

expressed. AlI flve TGF-P's are 64 82 % homrJ]oq(Ju;; tn onr.: 
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,)f1r)! hr:r, and C0n3r~rV(! nlne cystelne residues ln the active peptide . 

Mnr (~()ver, (:,')Cfl of th(~ (h f [lê:rent TGF-ps is more than 98% conserved 

h0tw~~n ~P0C]~~; [or 8xample TGF-P1 is identlcal ln man, monkey, 

piq and dllCk(!fl. Th 1;:> ;:>trlct conservatIon of sequence between 

:-;peCl 0:-'; (~mpha:--,l zr::s thr~ 1mportance of TGr-p in mediating normal 

c(~111l1ar (jr;! lon~; (for rCV1ews see Roberts & Sporn, 1990; Massague, 

1990; rj(~rynk, 198'1). 

fi. Il o( the TGF- P i soforms are processed from a long precursor, 

ln whicl1 r1 rernarkabJy h1gh degree of sequence homology also occurs. 

([or rev](:w;-; :'30C Roberts & Sporn, 1990; Massague, 1990). The 

pn:clIr:;u! :,t r \Jet Ilr(: of a 11 TGF-PS conslst of a N-terminai signal 

:jc:qur~nc(_', CJ rJlO-1c'glon, and aC-terminal bloactive domain, except 

for 'f'GF - P4 wh l,'h lclck;:> a d1scernable sIgnal sequence (Jakowlew et 

,-Il ., 19RR). 'l'CF- P ] s secreted from celis ln a biologically latent 

form which COIlSlst of the cleaved pro-region non-covalently 

aS;3()Clal(::d wlth the TGF-P dlmer. The pro-region cleavage site is 

4 or 5 amino aClds Imned1ately preceding the bioactive domain. The 

JJlent compl0x from platelets and certain cell lines is covalently 

aS:jociatc:d wIlll a 125 - 160 kDa TGF-P modulator protein via a 

ci 1 :;ul f l<ip lJond (FI gUI el) The raIe of the modula tor protein is 

unclc"=u, ilOWC~VCl, the absence of this protein in the latent form of 

'1\;F-f3 ('xpn':;:-;erj in chlnese hamster ovary (CHO) cells (recombinant) 

,llld 11\1m"1l 1 (;!1al CalCJnOma celis (naturally occurring) indicates 

lll,1t i t l~, not n(;cossary to confer latency on TGF-P (Gentry et al. 1 

198'1; Wdkl'fleJd et aL, 1988). The latent complex can not bind 

TGF-P receprols, 1S 1mmunolog1cally dlfferent from TGF-P and must 

bE' c1ctlvatc:d hefore It can exert an effect (Ivllyazona et al., 1988i 

Wakl"flplci l't c11., ]988). The precise mechanism to actlvate TGF-P 

.l!l V1VO l~~ ·,t III unknown. In Vltro studies show that TGF-P can be 

,:let 1 vat ("cl by cxt reme pH (1.5 or 12) and by plasmin treatment (Lyons 

et \11., J L189) . This suggest that acid microenviroments and 

J.:n-ot ("\l~,C'S secreted by actlvated macrophages ln sites of wound 

healing rould contribute to the activation of latent TGF-P (Ro0erts 

& Sporn, 1990; Massague, 1990) . 
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FIGURE 1. Processing of TGF-P from precursor to bioactive dimer. 
'J'he 'l'GF-P precursor consists of an N-terminal signal sequence (thin 

line), il pro n:::-glon (tlllck line) and the C-terminal bioactive 

rlomiJ III ( box) . (C ) Jndicates the approximate IOc..;.tlon of 

'n the different forms of TGF-P. 

the 9 

After 

:;1"(' n-:LJ on, t III.: cl caved pro-r egion remains associa ted wi th the TGF-13 

dllnf't !CJCmlng cl latent complex. The TGF-P monomers are covalently 

Ilnked via a dlsulfide bond. In platelets and certaln cell lines, 

l he cumplt·x i::; covalently assoc1ated w1th a 125 - 160 kDa modulator 

prot (,in of unknown [unct1on. Bloactive TGF-P lS released by 

di sa ";3f'mbly of the latent complex 1ncluding the modulator protein 

il! pl.:1Lolets. (Adapted from Massague, 1990) 
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Of the flve TGF-~ lsoforms TGF-~l, TGF-~";, ~lI1d Tl~F-~~ ,ln' 

found in mamma1s. The two most ObVIOUS ! e,1~~()nS wlly tht"l t' dl (' ~';ll 

many forms of TGF-P may be that: 1) The dl t fC'l elll t ,11 !H:; 1l1-1}' bt' 

processed and actlvated dlfferent 1y. Althouqll J...!1. ,,'tt III ,111 Lit t'nt 

TGF-P types can be actJvated by aCld t n'dt mt'n! (I\.~)bt'l t,; s. :;Plllll, 

1990), the ln Y.1..Y.Q phYSIOlogH.:Lll meChc1l1lSmS (11 d,'1 IVdt l(lll llld)' 11(' 

isoform speclflc. 2) The jIfferent fOlms of '1\;F P I11d)' lldvt' lllllq\!(' 

biological actIvItles ill VlVO. III most l!l '11t I() hlnll)(!ll'dl ,1:;!:,1Y:; 

TGF-P1, TGF-P2, and TGF-P3 are lnterchdngl'.1blt' (l'llt'If"t, 1'1 dL, 

::'987; Seyedin et al., 198'7; Graycar et ,II., IKHLl). 1I11WI'Vl't, III 

sorne in vi t ro assays the TGF-P j sof orms do demon:; 1 1,1 t l' cil 1 1.'1. 'Ill 1 dl 

a c t i vit Y ( Oh t a etaI., 1 9 87; 0 t t mcH1 F;. F (' 1 1 U:CJ, l l) K K; '\" , 11 Il, \ W d kIt' \ 

al., 1988; ,Jenning et al., 1988; Hosa et- aL, IqKH; (;ldyl'dl t"'\ dl , 

1989; Chelfetz et al 1990; QIan et al., 19'):~) FOI l'xdmpl!' '['(a·' Pl 
is about 100 times more potent than TGF-P,; ln Jlllllhll LllCj 1 li!, (JI tMI Il 

of hematopoletic proç:renltor cells (Ohl-,) (,t- dl., ]')H'I) dlld dlJIIII' 

endothellal cells (JennIngs et al., 1988) WhCI(-'d'" 'l'C;!" ItJ l', l\\\lll' 

potent than TGF-~l at lnducing mcsod(-~r.Tlal cllffl~rl}111 Id! lllli IlIdlkt'I:, 

in Xenopus embryo cells (Rosa et al., J 98H). 11 h,-I:, lHM 1H'!'1\ :;lIIMll 

that the TGF-ps l, 2, and 3 eacll have; ::;cpardll; (JI'n!':; Cill ;;(·[J.tl <II l' 

chromosomes (Fujil et al., 1986; Balton et al., lYHH; LI'fI UI Jk.: l't 

al., 1988) and the promoter structures and rerJlllalllly ('I(·l1v·I\I:. for 

these three TGF-P forms are differcnL from f;(-wh (Jt!lf;! (KIIli (,1 dl., 

1989; Lafyatis et al., 1990; MonCl et Cll., }\}91). Mon'l)vr'r,lhf'If' 

is a growing body of evidence t hot thcse 1 hr>:(' 1 ypC'!; () t 'J'f;[,' rh cl 1 (. 

expressed in dlfferent spatIal and Lc·rnpolal pdttl'rll!j <.I!; 

demonstrated by ln situ and Northcrn hybrlrll7.dl 1(1I1 :;Illdlf':; (tr>! 

review see Roberts & Sporn, 1992), support InrJ 1 hi: })r·] Ir-d 111<11 t hf':lf: 

lsoforms may have specIf"Lc roles l.I..!. vivo. Thr; r:]lH:lddl I(JII (JI Ih(' 

di f ferent ia 1 blolog l ca l r, ct "L v l t J(~S 0 fUI!? va r IOIl:j 1 YP(;'; () f Tr;p - rb 
may glve insight to how these form;; are r.h[f(;tf:n! I<JJ]y rf.rllllélU~d, 

and represents an excitlng area of research. 

In addition to the TCF-~S, many other proteJn!j havf; noV! bfC:(:TJ 

fcund to belong to the TGF-~ supergene family by VJrtu0 of amlno 
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rJC lÙ homolog les, parti cularly "Il th respect to conserva t ion of seven 

0ul of nine cysteine resldues of TGF-P. These proteins have only 

30 40% hornoloqy to lhe TGF-~S and are functionally distinct. 

Member:"3 of the 'l'(W-p supergene family include: activins, inhibins, 

MuJ l (.:rl an inhibl t J ng sllhs tance, bone morphogenet ic proteins, and 

thr:: dpcapr:nt apJ Cgl c gene complex ln Drosophila. These proteins 

i)pp(~a r ta hav(~ the i r own receptors, thus do not blnd to TGF-P 

rec8ptOY3 (for reVlews see Roberts & Sporn 1990; Maspague, 1990) . 
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TGF-13 FONCTIONS 

Today, TGF-P is consldered the prototyplc multifuI1ctlCln,ll 

growth factor and is also recognl=ed as the most- potent polypppt Idp 

growth lnhlbitor isolated from natural SOUt'l'C'S. Tl;F 13 h,I:; Lll 

reaching actions on epithellum, muscle, bone, 11lld l'dl t 11.1(11', t hl"' 

lImnUne system, angiogenpsls, WClunu healHHJ <l!Hi pmhtYlll]l'lll':;I:; (tl)1 

reVlew see Sporn & Robet'U;, 1989). The n,îtur'C' {lI '1\;[,' ~3':; dl'I Illil 011 

a particular targeL cell lS conl exl -dependt'nl, lllC\lllllllf 111.11 II 1:; 

cri t ically dependent on rnany pd rameters 111<' L ud J nq ('t ,t 1 1 YP(', 1 t s 

state of differentlatlon, growth condltlon:'3, .Ille! 011 t ht' pl (";('lll'P of 

other growth fac'.::ors. For example, NRK lelt flblnhld:.l 1('qI1111' hotl! 

EGF and TGF-P for anchoraqe-l ndependC'l1l (JlOWI h. I1UWl"'VI'I, Wl\l'll NEK 

cells are grown in anc'1or('1ge-deppndenl rnnnoldYt"l ('1lJtule', EGF 

stirnulates thelr growtlt, but TGF'-P ;';Hjlllfl('dllt Iy hlll(:k:; titI!; l':(;F 

growth stlmulatory ef tect ln a dose-clc:pcndr'nl llldIlllC'1 (I{ohl'! l':; pt 

al., 1985). In addltlon to lts )rowth rCQul,d eny clct lVII ll~:;, 'l'CF

P has been shown to rnodulate cC'llulClr chffcIC'1I1 1,1I1UIl ,llld d Vdl i('ly 

o f 0 the r b 1 0 log l cal a c t l vit 1 C' sIn c 1 u d 1I1lJ f • x 1 r li (' ( • 1 1 u 1 d 1 lll, Il ! 1 X 

synthesis, and degradation. Most of the f'![fpc:I-:-j of '['(;1" B IldV(' ~)('('n 

studied with in VItro sy~"ems. Howpvpr, III cl fr'w C(l';(':;, '1'(;10' B 
responses have been rneasured ln VLVO (Rob(-~l't!.; r~1 dl., J(lHb; 

Silberstein & Daf'lel, J98'!; Russell et al., 1(88). :)lll('!! !TIf)':1 (d 

the cell s st udi ed t 0 date havp the abi 11 Ly t- 0 respond t () '1'(;1" fL l t 

suggests that TGF-P plays a fundarnontaJ r()]t~ ln I[(J!llIdl dlld 

pathological cellular phYS10logy. TGF- P 1 s vu-y pol ('nt 1 fi 

eliciting lts in vltro cellular actlons, wjth half rnaxJIII,d (·f f(~('t:3 

observed at plcomolar concent ratlons. Sorne of t-h"!TId J'J! f!f 1 ('('1:: uf 

TGF-P are dlscussecl ln greater detal] below. II ',l!I)llld hr· flr)I(:d, 

however, that the ma]orlty of studles on 1'(;1-' f3 fIIIlctlUfl:; :·;r) tar, 

have used TGF-p1 due to the 10V! avallabllity of T(;F B2 drHj 'rr;!··· W~ 

protein from natural sources . 
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CELL PROLIFERATION 

As notr-:d above, TGF-P may have stlmulatory, inhibitory, or no 

~f[ects on cel l prollferatlon dependlng on the cell type, its state 

of rh f f(:~ren'-la t J on and l U r~nvJ ronm~nta l condl t J_ons . Inhibl tion of 

c(?ll (JJ(Jwth 1~3 th!? r~ml nr:nt actlon of TGF-P, 

of sorne normal and transformed epJthellal, 

lymphuld, flhj(Jbla;..;t and hCInc...topr)Jetlc 

It lnhlblts the growth 

erdothellal, neuronal, 

cells ln culture (for 

rC:Vlr!w:-; ;)r~f? Robr:rl:3 & Sporn, 1990; Massague, 1990). The 

antiproll t0rat Jve acLJon of TGF-J} on B-lymphocytes, T-lymphocytes 

(Kehrl (:t al., 1986a) and thymocytes (Rlstow et al., 1986) in vitro 

1:-; C'on:;i::lt(~nl wl.th 'T'GF-ps lmmunosuppressJ.ve actlvity ln vivo (Wrann 

ct- al., 198'/; Dr;MartHl et al., 1987). EVldence for TGF-P's 

anllprulJfelcllJve eftecis have been shown in VIVO whereby TGF-P 

lfnp l ,mt S "Ll1h 11Jl t (;d t he growth of the developlng mammary gland in 

mlCC (SllbcI"Gteln & Danlel, 19S7) and intravenous injectlons of 

'T'CF-Pl or TGF-P2 abrogated the proliferative response of 

Ic-q('Ilerdting rdt liver (Russel et al., 1988) . 

TGF-P ant lproli ferative effects in vitro occur by lengthening 

01 ancst 1ng t11(' Cl phase of the cell cycle. Studles with flow 

InLcnlflucnlmc'tly WJth regeneratlng endothelial cells (Heimark et 

al ., l <Je h) and f J ow cytomet ry and aut oradiograplly wi th prirnary 

cu 1 t lll(}~: of hUl1hin prokf:'lat Inocytes (Shipley et al., 1986) and rat 

llOpcîtocyte~:; (Lln et al., 1987) show that TGF-p1 delays the 

plogre!';SlClIl of cells from Gl to S phase. Moreover, TGF-J}l 

)'ppre:-;ses several cell cycle P1arkers characterlstic of the late Gl 

phase Llnd e,lrly S phase (Smeland et al., 1987 i Chambard & 

POllyssc'C]\lr, J988; Lalho et al., 1990) TGF-P represses the 

i nduct lon l) f: t hymi dl ne ki nase, a marker of en t ry into S phase, in 

chlnesc Ihimst or 1 ung f Ibloblast i the transferTln receptor, a marker 

of Lite l~l phaso, ln actlvated B-Iyrnphocytes (Smeland et al., 

1987) i <lnd pllosphol'y 1 a t lon 0 f the ret inoblastoma gePè product, an 

event that occurs Jate in Gl (Laiho et al.,1990). In contrast, 

TGF-P eXPl ts ci stlTI1ulatory effect on the growth of some mesenchymal 
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cells in vitro, suchas rat flbroblasts (Roberts et c11., 1981) ,11ld 

human embryo (Hlll et al., 1986) and rat ostcL'lhL1StS (l't.'nt n--'! 3.1 L't 

aL, 1987). As mentlonneo above, the mecl1,1I1i~~m thell It',1ds tl) 1 lit' 

dual effecL of TGF-P on cell ptOllfcldt l L'Il 111 ~,\~nH' lIl:,L111\'l'~' 1:, 

apparently due to the lntel-action bel\vt'\'n 'l'~~l" p .Illli ntll\'1 qnwJ!1l 

regulatory proteins, such as E(::;F (Robc'lt:...:; d ,ll I\)W)) dlHj 1'11l~F 

(Leof et al., 1986). However, most of the dlvc'rSt' \'llt'\'I:, nt TG!? ~ 

on cell praliferatlon cannot be :..~o slmply (:'Xp!dlllt'd ,111d lIllplllLlI1l 

cell-specific determlnants, such as.:l ceil's diflf'l\'lllld! IVt' :;('Üt·', 

must be considered in trylng ta predlct li pal-! U'U!<1l ("l'l L's 

response to TGF-~. 

CELL DIFFERENTIATION 

Depending on the cell type, TGF-P aiso has :3ti1l1l11.lt()Jy 01 

inhibitory effects on the dlfferentlation ol coU!:> . .l!l VII 10, '1'(;1-' 

P has been shown to induce the di(ferontlc1tlon of pn'\'ilfllldr()('ytC"> 

(Seyedin et al., 1985), intestJna l eplUl0] 1ell cc'II:; (I\tlt()k(>Wd 1'1 

aL, 1987; Barnard et aJ., 19H9), .:lnd bronchld] ('pltlw'II.l1 ('f'II:; 

(Masui et al., 1986; Jetten et al., 1986) hllL 1 t ('LlII Il l '·;n l rIllLl>l1 

the differentlatlon of other celis inclurl1Tl<J :;kr'll,ldl 11111:;('1(· 

rnyoblast (Massague et al., 19P6; O]s(Jn (·t" .:lI 1\)H6; Flollnl 1'1 dl., 

1986), preadlpocytes (IgnoL,: "" Mas3agllt~, llJWJ) , t'lnd 1j('lTIdt(lj)()I('1 1(' 

progenitor cells (Ohta et aL, 1987; Ottman l, J)l~ltl:>, I(JBH). [JI 

cartilage, TGF-Pl and TGF-p2 côn act hol h êl:, ctrl 1 Tldlll'(') dl)(1 dll 

inhibitor of dlfferentiation ill Vl t ro (PO;j('Il et dl, 1 1 (JkH) . Tn 

sorne instances, the effect;:3 ot 'T'GF -P on ccd l cl 1 tf I~I c·nl 1 cd j(Jfl dU: 

coupled Wl th an e f f ect on prol if era Li un. 

stabllizes the dlfferen:::Jatec1 stal(~ of kHlfw'y qJlI hr:L)<11 cc,ll:-] 

induced by insul in and hydr ocort l sone; by b l ()(;k 1 nrJ f lU t ftf:r (;(·1 1 

proliferatlon stimulated by thes(> hormones (FIne fc;t al., ] (JWJ) ln 

contrast, the antlprollferatlve effecL'-; of TCF-P Indy ln :;OHl(~ 

instances be coupled to an lnhibitl.on of f tHI hr:r ct:11 

differentlation, as in the case of B-lyrnplI(JCyL (.:;3 ; t h(.: 

differentiation of tl1ese cells to astate wherr: t ht~y :.J.:I";rr:IJ: 
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lrnrnunoq] 0})ullns j s hlocl~ed by TGF-P (Kehri 

effects on differentiaticn 

et al., 1986b). 

are not always 

accompdnied hy Its effects on prolIferation. In a manner similar 

to its actIons on cell proliferatIon, TGF-P coordinates the nature 

of 'he c0l1111ar response wlth various other different iation 

:31 gna l ;J . 

Nevertheless, 

cent ers of actIve 

canals, osteocytes, 

fetal livr.:r. The 

TGF-j3 IS present at relatively high levels in 

tissue differentiation, including cartilage 

bone marrow, and hematopoletic stem celis in 

hlghest levels of TGF-j31 and TGF-P2 are found 

Ifl blood platelets thus, 1'GF-P may be phYSIologically delivered to 

sItes oL wound hoaling. Furthermore, it has been shown that TGF-ps 

1, ~, and "3 are localized ln characteristic spatIal and temporal 

patterns Inrllratlng thelr role in controlllng morphological and 

hi:jtological (-~v(-:nts through embryonlc development (Roberts & sporn, 

J()<J~; l'arja 01 aL, 1992; PeltoH et al., 1991). Together, these 

oh:~prval Jon:,; :-,uggest an actIve involvement of TGF-ps in the genesis 

of many typ0S of tissues in normal development as weIl as in wound 

he,lIl ng. 

In addition, many mesenchymal and epithelial cells whose 

ditferentiatlon and proliferation are affected by TGF-l3s respond to 

these f acLors wit h elevated expreSSIon of various cell adhesion 

prot eHIS, such as f] bronect in, and the various types of collagen 

(Ignotz & Massague, 1986) Since it is known that the addition of 

(11nonecr 111 Lllld collagen to several types of cells can inhibit 

thell differc'ntlc1tlon ln VItro, TGF-j3 may affect dIfferentiation iJ1 

lhl'SE~ cf-'lls by cOIltrolling the abundance and archItecture of the 

exl tL1cellular matt-ix as weIl as the ability of cells ta interact 

w it Il 1 t ( P f el Ise ln f ter, 1990). 

EXTRACELLULAR MATRIX SYNTHESIS 

The extracellular matrix (ECM) 1S a dynamic entity, 
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continually cycling between synthesls and degradat 1011, whel'e I11clny 

factors play a roI e ln dicLJllng whethel: there 18 le) bp IlL'l 

synthesis or net degradat lon. Sll1Ce the compos J t 1l11l ,md 

organization of the ECM plays an lmportant rClll'" ln C()lltlollll1~J 

cellular adheslon, 

ECM remodelling is 

mlgration, prollfelat10n ,1l1d clllll~lt'lltldt i\)l\, 

impllcated ln mOlphogene:3J::,, F'mhl'Y\)CJI'Ill,~~i!;, 

tissue repalr and normal and pathologlcal phy:, 101 OIJV. 'l'LW Pl:; ,111 

important regulator of ECM remodelling, ln qi'IlC't'c11, Int!lwlllq d Iwt 

deposition of ECM protelns. TGF-jl C,1!l requL1I l' l':l'M dl'PO!,lt 1111\ 

through dlfferent mechanisms. TGF-13 has bCI'lI !;J\(1\\111 1 Il dl't 1 Vdt (' 

gene transcription, to increase the synthe~11 ~-; dnd p l'Ul'C'!;!; \ nq, dlHi 

to increase the secretion of matlix plot(~ln:; (tui 1 l'VI 1'\\1:; :;1'(' 

Roberts & Sporn, 1990; Massague, 1990). In vItro, 'l'CF r3 111('11'.1:,(':; 

the synthesls of various types of colla<Jpn (Ignot " N Md:,:;d<jIJ(', 

1986; Wrana et al., 1986; Varga et aL, 19W1; PC>lltt IIH'11 l'l dl., 

1988; Madrl et al., 1988), f Ibronect ln (1 qnot-:~ &. Md:;:;.tql\(', 1 9Hb i 

Wrana et al., 1986), thrombospondln (l'f~nttin!=>n (:1 cll., \')KH), 

osteopontin (Noda et aL, 1988\, tenascin (PCLIl;>(Jn 1'1 JI., jljHH), 

elastln (Liu & Davidson, 1988) and glycoscJllllno(jLyr'dil:; (('/\l'fI (>1 dl., 

1987; Morales &. Roberts, 1988; Bassol:..:; Fi Ma:Jsdguc, l<JHH) .l.!.!~, 

TGF-jl, when injected subcutaneously 111 new born ml ce, call~)0'; t /lf~ 

formation of granulat lon tissue, wh lch l::; I-hc' ] nd\l< '1 1 ()II ot 

angiogenesis and actlvatloll of fJbroblé1st~; lu pnxl1l('f' ('01 LHJf'n 

(Roberts et al., 1986). Furthermore, ln vitro, TGF -p InCl (><1:;(':; t II(:! 

expresSlon of cell adheslon receptors on Ulf! ;jtlrfdcc> of l-dnJ8L 

cells, such as lntegrln. Thus, 'TGF -jl may lnCl case! 1 }If> ) nI ('r dct- j on 

between a cell and its ECM and modi fy C(~J] adhe:310fl dnd 

morphological events which ln turn are J lke]y to af f(!ct ccli 

migration, proliferation and dlfferentiation. 

TGF-~ also increases net ECM depo;3itlon hy deCreét;3Hlq thr..! 

synthesis of proteolytic enzymes that degrade mat r ix pr()t(~ln:~ and 

by increasing the synthes i s of protease l nhibj tor;~ th,) L b J ()('k thr: 

activity of these enzymes. TGF-P's actlvlty ln c(JntrrJI1HJ(1 ECN 

proteases and their lnhlbl tors has been 3hOvlll trJ b(~ ct d l rr::(~t rol r~ 
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of 'l'GF-P ln altedng rnRNA levels of the affected genes (for review 

;-:'.F:'e gC.Jbert:3 F~ ;3porn, 1990i MassAgue, 1990). TGF-P treatment has 

been shawn ta d~crease the synthesjs of a thiol protease (Chiang & 

Hamllton, ] 986), dnd a plasrninogen actlvator, both of which are 

;:en nr~ pr(A('ct~;e.-) (La l ho et al., 1986 i Lund et aL, 1987), as weIl 

d;:' tfj(~ rnr·t aIl (;prntE:lnaSeS IncludJ ng, collagenase (Edwards et al. 

1987), f·l(jr.ta;;(-, (P(~dlfll et al.,1988), and transin/stromelysin 

(M~tJl~an ~t al., ]986i Kerr et al., 1988). As mentionned above, 

TGF r3 Tflay further decrease protease activity by increasing the 

cxpreSSlun of proteé1se Inhibitors such as plasminogen activator 

Inhibitars-1 (PAl-li Lalho et al., 1987i Lund et al., 1987; Allan 

et a J ., ] 991), and t tssue 1 nhibl tor of metalloproteinases (TIMP i 

EdwcHd:, pL al, 1987i Kubota et al., 1991) In contrast, a recent 

report has dernonstrated that TGF-Pl can enhance plasmlnogen 

,-lct lvatol aet i vit y and the expreSSlon of its mRNA (Hamilton et al., 

1991), ayaln domonsLratlng TGF-P'S abillty to elicit either 

po~itjve or negutive responses. TGF-P's capacity to modulate the 

expn:SSlon of these ECM modulatlng enzymes thus implicates its 

thert1peutlc potential for wound repair and cancer treatment . 
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TGF-13 RECEPTO~S 

Polypeptide growth facton, act thn,\lgh speCl t] c cell ~,t1l t (Iee' 

receptors that are stlmulated by the 11g.1nd lo Intl1.1tt' .1 l'L'IIU!.ll 

response. Llke other growt h Llct ors, TGF - P b 1 nd~~ ~';PC"I' Jt ll'.1 1 1)' t () 

cell surface receptors thClt do not r Cl'oqn ! :~ \ ~ .111)' (lt 1l!~J Cf 1 ()\\I t II 

factors. The bindlng of Tl-;F -p to Lllmo~:;t II:ln li 1 fiL' l' l"' Il 1 l"t~ 1 1 1 1 II 1 .. ~ , 

and cell types have been pXëlmincd t hU~3 Lell, ,111(i Wlt Il ()Il 1 Y d VI' 1 Y 

few exceptions almost aIL ceJls blnci TGF-P (W.lket !pld ('1 dl. II/HI; 

Ma s s ague et al., 19 9 0) . 

components, operationally defl ned as Il l'JI' 

demonstrated by the electrophoretlc ':1I1aly;-;(-';-, 01 al f IlIlly l.tlli'III,<I 

complexes of lodlnatr:-d 'l'(-;F-~ covalentl: Ilnkt'ci, WIll! ('10:;:; 1IIIkllllj 

agents such él:3 bj s (~3U 1 fO:3\lCC ln1 midy 1) ~:JuhC'[ dl f:' (H~;), 1 (l (.(.] 1 

surface molecules (for reV18WS soo Mëlssagll(' (,1 ,II., II)qO; M,I:,:;,\(j\H', 

1992; Segarini, 1991). 'l'GF-~ has beoll lodln.!1 cd hy Vdl 11111~; mf'lllod:; 

includlng those based on uSIng redCJent~~ :~Ilch .1.; r'lllrHdlflllJt' 'l'. 

Under carefully control]ed condltLons, tt\(~:;('> llIL,tll()d:; Ildv{' I)('j'II 

shown to have no affect on the blOloql cal actJ VI t Y of t Ill' 11</<l1\(1 

(Frolik et al., ) 84; Wa k e fie Ide t é.11., 1 9 8'1; W d k { . f l (.' 1 cl, 1 IJH '/ ) . 

The most widely srudied and the most wIde::..pn'cld fCHIII:; (Jf ')'(;1-' 13 

receptoL's are the: Type l, Type TI, and Typ(::, rI j (rll Hr·' (j(]lyr'drl) 

receptors, which usually coeXJst on cell:..;. '1'h,~ 'l'yp(' 

receptors are glycoproteins, wlth N,llnk(:d ~;llqrJr';, tll.!t dl(' 11rd 

required for TGF-P bIndJng (ChCl fct3 r:t aJ., 1 fJH~~d) 'l'IJI- 'l'Ir)(' 

and Type II receptors appear as afllnlty-Ld-)(·JJ(·d (·(JlflfJJ{·Z(·:, Id hl, 

kDa and 85 kDa respectIvely, on G[)S-P!~(;E Iln(]r:r r(·r!Ili'lnq ('()lldll !IJfl:, 

(Cheifetz et al., 198Ra). 

bind TGF-P1 with hlgher affinlty than 'l'CF f3/., bill ',llbt 'Ir)(~:; (JI 'l'YfJI' 

l and II receptors wIth sJfnlldr (;~r:qarlnl (:L dJ., J(~~~'I) (Jr h!IJIlII 

affinity for TGF-P2 than TGF-P1 (Ch(:lf(~t<,. (-:L dl., 1IJfj(j; C.ïJl·lfl·t/. 1, 

Massague, 1991; Mitchell & O'Co!'nor-MeCourt, JCjCJ1; MII(;h(·)J I·t ,JI., 

1992a,b) have been recognlzed, 

proteoglycan, containlng 9 lyr:oSétmlnog lyr::an (GP.G) ~::urJa y~; i) f hq;cH 1 fi 
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~uJfaLe and chondroltln sulfate, and it migrates as a broad smear 

rr:JW]lnq frorn 2~J(j - "350 kDa on SDS-PAGE (Segarlnl & Seyedin, 1988; 

(:hr~l [r:tz r~t al., 1988ét). As assessed Dy enzymatic removal of the 

CN; cha I w~, Beta(j J y,;an conslsts of a core protein ranging from 120 

14(j kfJét contaH1Ing the blndlng SIte for TGF-~ (Segarini & 

S~yedln, 1~88). The GAG chains appear ta be dispensable for both 

J HJF.lnd hindlfj(J r.o the core, and for Betaglycan cell surface 

r'xprf';j;,JrJf) (Ch(>lfr~tz & Massague, 1989). Betaglycan, unlike the 

'Jypr~ J ,Hld 'l'ypr' II, receptors generally, blnds TGF-P1 and TGF-~2 

wlth SImIlor ,dfln1 t.y, albeJt at a somewhat lower affinity (~300 

pH) !}jan 'lyp" land 'l''.ipe II (-"30 pM) (Cheifetz et al., 1988b). A 

:J( Il lib 1 e f (ll-m nf nc:r dg l ycan ha salsa been detect ed ln extracell ular 

matt lee'J, t llf" cul ture medIa of several cell types,and in serum. 

SoJuhlû BctaqlycCJn hlnds to TGF-P1 and TGF-P2 with similar 

chaldr! ell:.>t1C::; as the rnemb:-ane bound form (Andres et al" 1989). 

Subt ype::i of Rpt:Cl<j lycan having a higher affinitv for TGF-P2 than for 

'l'CF-Pl have also been detected (Segarini et al., 1987; Mitchell & 

O'Connor-McCourt, 1991; Mitchell et al., 1992 a,b) . 

Sevel al other TGF-P blnding protei.ns have been demonstrated by 

afLi llty-labelllng although they are not as widely studied. The 

Type IV recept 01 hac; only been detected on a pitultary tumor cell 

Jine. It 18 chfferent from other 'TGF-~ receptor8 ln that It can 

hi nd act 1 VJ n clnd l nhibln as weIl as TGF-P and l t does not contain 

N-llnked :3ugar',. Jt mlgrates as a 60 kDa protein on SDS-PAGE 

(CIJelfetz et cil., 1988c). The Type V receptor lS approximately 400 

kDc1, as Cls~essed by afflnity-lalJelling (O'Grady et al., 1991a). 

The 'l'yP(~ V recept or has been found to be present ln membrane 

pleparat10llS of several tlssues includlng human placenta and lt is 

,11so pl esollt- on t he surface of various cell in culture, transformed 

dnd nOllt 1 ,1ns fcnmed, (0' Grady et a]., 1991a, b) . The Type VI 

u'ceptor lS a glycoploteln of 180 kDa and its distributlon appears 

UI11 versa l among cell types (Segarini et al., 1992). VarlOuS novel 

recept 01 s have been recently demonstrated from diverse sources. 

Novel TGF-P receptors include the 180 kDa, 60 kDa, and 140 kDa, 
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proteins identified on fetai bovine heart: endothellal cells and on 

human osteosarcoma cells, which are attc1ched to the cell ml~'mbl'aIlP 

through phospholipld anchors (CheIfet::: &. Mass,lgut.:, lCllJl). III 

additIon, a 53 kDa protein from rat lung membl,ult:-"S (lI,lIll1ah pt al., 

1992) and a 38 kDa protein from a hUIllc111 CIlL)ll0C,1l'ClI1011kl 

trophoblastlc-like cell 11ne (MItchell et al., l qq~b) IhlVt' bp0n 

reported as well. 

The role of each Indi vi dual TGF-j3 recppt ()] 1:, :~.t 1 l l 

unresolved. Correlation of the differential blndlIlg of TCF~~l .,nd 

TGF-~2 to the receptors and the dl f f erent ia l pot en 'Y nL t Il!' 1 1 qdl1d 

ln bio::'ogical assays origlnally led to the l1yplllltt':; 1:; t hd! 

Betaglycan mediates TGF-j3 ef f ects where 'l'CF 131 .1l1d ~.~ cl l 1:' 

equipotent. Such effects Include the inhihltJOn 01 qJlthc'lldl ('ell 

proliferation (Cheifetz et al., 1987), regulat ion of 1111' OXPt{':';:,101l 

of certain phenotypes, and elevated expr eS:>1 on 0 t Cc' 1 l ,,,11](':; 1 O!l 

proteins (Ignot z & Massague, 1987; Chelfet z (?t al., 1 Y HHcl) . AI 

that time, it was proposed that, the Type l and Il t ('('c'pl Ol:i Wf'n' 

responsible for mediating biologlcal act iVIt l (!,' !~PC'CJ JI C' 1 (1 'l'C;F~ 131 
such as, TGF-~l's selective .inhibitIon of mOWie }WIndtopCJ1C>tJ(' 

progenitor cells (Ohta et al.,1987), B6SUt-A mllJ! If)(d(·nt l,II 

hematopoietic progenltor cells (Chelfetz et al 1l1HHd), dfld 

endothelial cells (Jenning et al., 1988). Howev(~r, t~ }H: ob;;r't Vd' Ion 

that cells, such as L-6 myoblasts (SeqêHIni (~t dl., 1989) ,H1d 

primary lymphocytes (Kehr l et al., 19 H Gb) wh 1 ('h r f.::;polld ('(jlld J l Y 

weIl to TGF-j31 and 132, and WhlCh do not expr f~r;:-, H(~t <I(J 1 ycan dlld on ly 

have Type land II receptor sugges t tha '- B(~' rHJ l y( :all rn,jY ll()! he: 

necessary for TGF-j3 act 1 Vl ty. Furt herrnor r.;, mon: H:('('ll' : .Llld 1 (:~) 

wi th chemically induced mlnk l ung epJ th(:.: 1] a l c(:l 1 (Mv 1 J,Il) HlII! ,Hl' :i 

resistant to TGF-~ actlons ImplH.:ate Type l dnd 'IYfJf:: 11 r (:('q)! (H:i 

as the true signalllng receptors (Boyd & Massaql1(~, 19WJ, ]"ll!tO (~! 

al., 1990). In these studles several typf':;-; ()f rnIlLdIJl:. 1tI(~rr: 

described: R (ReSIstant) mutants, lacklng Type l rr::!cep!J)r:>; LI-' (Lr)w 

levels of type l, ReSIstant) mutants, having low lev81s of 1yp0 I; 

DR (Double, Resistant) mutants, elther lacklng or havlnq ]ow 10ve 1 s 
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() f Type land II receptors; and S mutants, which have bath Type l 

and II as d~t ermlned by afflnity-Iabelling. AlI mutants failed to 

r~spond lü 'l'CF-Pl and TGF-p2, and Betaglycan is apparently normal 

1 n a 11 0 f them. No mutan t S VIere found that lacked only the Type II 

r eCf:ptor. Mt . .H f.:ovcr, the hlgh relative frequency of DR mutants 

!;uqq(:;-jt that Type: J and II lnteract w1th each other, i.e. DR 

ITllltrJllI;,; may hav(? Type 1 receptors that can not bind TGF-J3 in the 

dhse:ncc 0 f Type l T receptors. Genetic complementa t ion experiments 

!)upporl- th lS hYfJ()lhe;:>is, s lnce soma tic cell hybrids between Rand 

lm. mut an!!J have: e,-,sent1ally normal expresslon of Type l and II 

n::cf:pt-or!" (Lall'lO et al., 1991). However, no physlcal evidence of 

Typ.: J and Type TI receptor int eract lon has yet been reported. 

Fllt t hf:lmnn::, a recent report of human carcinoma cell lines which 

f:X[H (_'!:i;::> Type recept ors and low level s of Type II receptors, yet 

(:an ;>t l JI re"pond lo TGF-P action on gene expression (Geiser et al. 

1~Y2), refutes th1S hypothesls. The present hypothesis 1S that the 

Type 1 êlnd 'rype Il receptors are the true signalllng receptors. 

Wh(::,reas, B(~tag lycan 1S thought to serve non-signalling roles, 

pCJ:.3!::;ibly concentratlng and transferring 11gand to the signalling 

receplols. 

'l'lie 1ntrace 11 ular pathway through which TGF-J3 exerts its 

et fects has been stud1ed extensl vely, although not intensively. 

The cl a:3S1ca 1 enzyrna t ic act l V1 t ies and second messengers signal 

tCQnSductlon mechanlsms used by other hormones and growth factors 

hQve becn Investigated and have met without clear results. TGF-J3 

bl ndl nq pl nt e 1 ns do not appear to be associated wi th 

pho:,photYlosine JctlVlly (Fanger et al., 1986), nor is TGF-J3 

dct l v1l y d~:;SOC lat ed wi th changes ln a kinase acti vi ty of the 4 OS 

ribosom,.l proteln S6 (Llke & Massague, 1986). However, guanlne 

IlllCll~olldC'-bil1dlng protell1s (G proteins) seem to be involved in 

medL-ltlIlÇT TL~F-P effects ln AKR-2B fibroblasts (Mulder et al.,1988; 

Spt"lgeJ et al. 1 1987) . Demonstration of the activation of 

glycolys l S J Llm] no acid uptake, Intracellular calclum levels and 

phosphatldyl Inositol turnover have been observed ln rat 

flbroblasts in response to TGF-P (Boerner et al., 1985; Inman & 
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Colowick, 1985; Muldoon et al., 1988). Furthermol:e, 'T'GF-Ill has 

been shown to stimulate prostagiandill E, production 111 lung 

fibroblasts (Diaz et al., 1989), and cultlll'ed mmlSl' l',11v.111.l 

(Tashjian et al., 1985). Whether these n?spons('::-~ ,ln' .1 dill'ct 

effect of TGF-(3, directly coupled to <"l'c;1'',13 l"E'CPptOl":;, ClI .Ill' 

downstream effects remains unclear. The ~~t longe':,\ 111du·.lt IO!l t Il.!t 

TGF-(3 binding proteins mediate signal tral1sd\lct 1011 by '1\;F J~ \'1<1:; 

presented upon the expreSSIon cloning of thl? hum.l11 'l'l;!.' 13 'l'ypt' Il 

receptor (Lin et al., 1992). The '1'GF-13 '1'yP(' Il H'('('pt(\1 Il.!:; IH'('II 

found to be a member of a novel class of ttal1:,ITIt'lllbl'dII(' :,lqlldIJlIlC! 

molecules, the proteln serine/ thl eonine klfla:-;es. 01 h(, 1 Ill! 'mbt 1 1:; ut 

this fami ly incl ude Caenorhabdl t 1 S eleg.lns [)d f, 1 C)('!\(' pl (lddC·t 

(Georgi et al., 1990) and two mouse Type 11 act IVIII J('l'('pt()I:-;, 

AcLR-II (Mathew & Vale, 1991) and ActR-IIB (Attlsc1l10 pt ,11., IlJlJ:~). 

Cloning of the TGF-13 Type II receptor gel1e revea l!i Il!i pl ud\l(:t 

to be a membrane anchored protein wiLh a Cystl-'Il\f: IJ('}1 

extracellular domain and a predicted cytoplc1;;mlc ,if!r 111f'/l htC'()llllll' 

kinase domain. Its extracellular domain shore!, ~;om(> :;('qll('lIC'(' 

homology with the extracelJular domain ot the n'l'ont ly ('Jollf,1I 

Activin receptors ActR-II (Mathews and Vo]p-, l'l(1), Af'tHlrf{ 

(At tisano a t al., 1992) and the Da f -1 gene producL ((;r:onj J fOt dl., 

1990). The intracellular reglon contalns trlf~ :,(:'r Inr:/t hn'fJfllrlr' 

sequence. Fusing the TGF-(3 Type II receptor klllrJ:-;(' (jU[Tlcllll tl) 

gl utathione S-trans ferase gene has shown t ha t- bLlel- (~l 1 dl 1 Y f!Xp t f ':;:j(~d 

Type II can autophosphorylate (LIn et al., 1992), ait lIrjlllJil Il (JdTld 

induced activation of the kInase has yet Lo br! dr,rwJIl:;t r <Jt f·ri. 

Nevertheless, it has been recently shown I-hat :-)(!rJnr·/tllt(~()f1JfI(~ 

kinase inhibitors can block TGF-13 responses (Ohtsuk L f.J Md:;~jrJqUL', 

1992) . 

The rat Betaglycan gene has also recently bec~n clonr-:ri ,md 

sequenced (Lopez-Caslllas et al., 1991; l'Jang eL al., 1991). It ha~~ 

been found ta e~code an 853 amI no aCld protein. Th8 prot~ln has d 

large extracellu,'_ar domain, a transmembrar!e dornaln and a reJéJtJv(-::ly 
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~;hort cytoplasmlC taii of 43 amino acids. There is lack of a 

discernable sj gnalling sequence in the intracellular domain of 

Betaglycan. T'lns suggest that Betaglycan does not play a direct 

role Hl T'GF-P sHjnalling, consIstent wlth the mutant studies 

mentiunned ab(w€. Sjnce Its ectodomain contains putative sites for 

prot801yt1c clcavoge and relea~~ Into the perlcellular environment 

it l~ plau31hle that Betaglycan may serve a as reservoir 

Lransf(::rrJnq T(;F-P to slgnalllng receptors. The availability of 

cDNA clooc<; of the Type II and Betaglycan TGF-P receptors wi.Ll 

definjtely permit the further analysis of their structures, binding 

propertles, lndividual functlons and mechanisms of action . 

22 



• 

• 

• 

THE HUNAN PLACENTA 

The placenta lS probably the most important 01'<;],111 111 

rnaintaining the welfare and the survival of the ctL'VeLOplIH] tet li::;. 

It is the organ of exchange between t he mat 1\('1 ,mct t hl' t (:-t us, 

providing nutrients and oxygen for the feLus dl1d 1 ('Inav IIlCJ w,l:,l es 

from the developing organism for excret 10n bl' l hL' mot IH'l . III 

addition, the placenta serves as an endoclulC l)llld\1, plLlVldllHJ 

hormones that maIntain pregnancy and support. t ilL" ql owl li ,1!ld 

rnaturatlon of the fetus. In fact 1 from the t trop t IH' C'mht-yo fil ::;t 

begins to Implant itself, placental trophoblast cell:; n'lhl:)(? Illlfnd!l 

chorion.lc gonadotropln (hCG) WhlCh signaIs the ('01 PU!; 1\\1 <'\JIn Illdl 

pregnancy has begun, without hCG the corpus] t1t-PIHn W01\ id dC:Cj<'TI('1 dl C' 

and the embryo would be aborted and t l ushed nul Wl tilt JI(' IlIC'lI:,1 1 \Id 1 

flow (Spence and Mason, 1987). 

The human placenta is classIfied as hemochol'Ial type placenta 

which is invasive, in comparlson to the non- i nvc1:-; l ve 

epitheliochorlal type placenta of ungulates (Arey, IlJGL). 011 

approximately the seventh day of development t ht~ f'mhryo hf'q ins lo 

implant in the endomet ri um of the uterus (Spencf-' & Ma:;()l1, 19W/; 

Wynn, 1975). The trophoblast cells, of the outf-:l' hl.!:,1 oey:;\, ln 

contact with the uterlne 11nlng secrete prot: ~:o lyL le cn:'YHlf':j t 1111:; 

degrading local ECM. Subsequently, the blast U(y:;t WJ 1 J [)l'rlpl Id! (. 

the basement membrane of the uterIne epLth(:J 11lITl llnpJ.mt lllq lt :,(:] f 

into the endometrium. With cont.Lnued p1acpntdl d(·vf·J()fJrn(~nl, 

placental trophoblas t cell s invade uter l rH.: q 1 and::-.; ilnd b l ()()d Vf>:;:;C: J ;, 

(Figure 2; Boyd & Hamllton, 1970). 

The placenta may be considered analogou;::> Ln an lnVi}SJVC~ Lumor 

where, immunologlcally recognized as fetal tl::-;sue, lt (jraft:-; Jtseli 

upon maternal tissue (Redman 1986). Succes:-;ful lInplanl-at ion éHld 

development of the blastocyst depend::-:;; on é1 ,,(.:r1 G:-j of. (;(Jrnpl(~x, 

coordinated interact lons between materna l ëlnd f (::ta l t 1:-;;, llr:8 t hrJ t 

are mediated by trophoblast cells. Thus, ln turn thr:: placr.:nt-d] 
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FIGURE 2. Diagram illustrating successive stages of placental 

implantation and development. 3 = Blastocoele, BIJ 0- BILl!jlocy!>t, CV 

= Chorionic villus, Le = Lacuna, ST = Syncytjot lophobldSl, 'l' 0 

Trophoblast, UE = Uterlne epithelium, (Adapted from SpN1Cf> & M,1:;( n, 

1987) 
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trophobla:-,;t r;e113 are Slml1ar to tumor ce11s ln that they are 

ln~~slv~ and secrete hlgh amount of proteases. Trophoblast ceI1s 

have becn ;.>hown to degrade ECMs or penetrate basement membrane in 

VItro (Gla~;;.J et al., 1983; Yagel et al., 1988; Fisher et al., 1989; 

Kllfwtn & Fr'lnbr::rq, 1990; Llbrach et aL, 1991), and secrete 

Drot(~d'~(~;'> ;Juch ct:; ~-;erHle proteases (Strick1and et al., 1976; 

MlrJnatl l (!I (d., 1986; Ouec~nan et al., 1987) and meta~_loproteinases 

(Fi!:;h('r (., cd., 1989; Mlgnatti et al., 1986). Unlike tumor ce11s, 

trophobla;;t invaslveness lS tightly controlled both spatlally and 

1 ('rnrHJra 1 ly. A II çJhL conr roI and balanced degree of trophoblast 

Inva:; Ion J S ùbsolutely essential during normal pregnancy. Poor 

lnvd:;lvpnl!::;;j cOlllci lE'sulL Ln lnadequat p fetai-maternai exchange and 

pat holocJ1 (;'-11 cond l t] ons such as preeL _ampsia, whereas excessive 

invdslve-nt>s:) rnùy rcsult ln the pathological destruction of the 

ut l"ru::; that is a:3S0clated wlth ectopie pregnancy, placenta accreta 

Ol chorlocarClnoma. 

Trophoblast celJ sare comp1ex functlonally and 

morphologJcally. There are three recognized types of trophoblast 

cclI s, j . e. cytotrophoblasts 1 intermediate trophoblasts and 

syncytlotrophoblasts. Intermedlate trophoblasts consists of 

vi llous t rophobJ ,=lst ,tnd extr,lvillous trophoblast. Cytotrophoblast 

1·'lIich Lmll\(~dl.1tely ('Jer11e the chorionic vllli, are 

undl f f01 onll <,1 cd, mOllonuclea.te stem cells which show no hormone 

product l()ll, cmd from which the other trophoblast cells are derived. 

Cytoll opllobl ,-ISt D'.Jy follow two separate pathways of 

dlfff'I'CnLl.ltlOll. ln on€' pathw<1y, the prollferative cytotrophoblast 

fuse loqethel to Lonn syncytlotrophoblast whlch are terminally 

diitc'lf:ntl,1ted ll1\lltlnucle.lted cells and are responsible for the 

syllth"'Sl:3 oi Vc11l0l!o !:>tCIOlll and proteln hormones. This pathway of 

cyt-otHJphc)blast dlftelern:lcltion lnvolves an abrupt transition 

throuÇlh VI ilous tr-ophoblast. The other pathway of dlfferentlation 

diso beç}1I1s 011 the surface of the chorionic vilil. However, in 

t 1118 pMl1W,1Y tl1ero 18 no abrupt change from cytotlùphoblast to 

syncyt iot rophoblast, but a gradation of syncytiotrophoblast being 
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FIGURE 3. niagram illuetrating the uteroplacental junction and the 

different kinde of trophoblaet celle. Chorionic villi called 

anchorlng vill i maintain the attachrnent of the placenta to the 

Ilt erine wall. Extravi llous trophoblasts which migrate out from 

~nchoring villl are highly invasive, they fuse and differentiate 

lnto syncytlotrophoblast, which are non-invasive cells. CV = 
chorioI1lC vlllus, CT = cytotrophoblast, AV = anchoring villus, DB 

- dacidual basalls, DC = decidual cell, VT = villous trophoblast, 

ST = syncytiotrophoblast, UBV = uterine blood vessel. (Adapted from 

Panigel, 1986) . 
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penetrated by sprouting solid masses of Intermedlat e t rophobLlst ic 

cells. It is presumed that l t is via these sprout s t h,1t 

intermedlate trophohlast invade the dec idua, forml nq ext l av 1 li Ol1~, 

trophoblast. It appears to be the local envirol1ll1E'nt t hc1t liLL'! Llt (':, 

the differentiatlon of intermediate trophobla::;llL' l'l~l L, ln 

extravillous locatIons. After the intermedll1t c t rophob l ,1St S lhlVE' 

ir.filtrated the decldua, they then fuse into blIltll'lhl!(', 

trinucleate, and mul t Inucleate cells COITC~,pUlld 11](1 ta 

syncytiotrophoblastic giant cells WhlCh are not invd~"lvC' (Fl'lUI !~. 

3; for review see Yeh & Kurman, 1989; Aplln ,1991). nlll' DL tl\(' 

proposed theories lS that InvaSlveness is an Hlt l'lns 1(' prn!WI t y nt 

trophoblast cells and the lost Ln InvaSIon .Il cl ('('1 t d III po Illt 

during pregnancy is not genet icall y preprograll1l1H'd (tul n'v 1 ('W :;('{' 

ApJin, 1991; Billington, 1971). The cont-rol 01 tluphoh!.l!;t 

invasion is provided by decidua -der l ved Jlld r 0 :;nInI' , ,x t I:-'Ilt 

trophoblast-derived factors, ThIS has bf'en praV('11 hy ('XP{'1 llIll'Jlt :; 

in which trophoblast cells transpL::mt ect t 0 l'xl 1,1\1\ PI 1 Tl" :; 1 t t"; ,mrl 

non-pregnant utf'ri showed a greater extent dno dlltcd 1011 nt lIIVd:;IOll 

(Kirby, 1960; 1963 a,b) Immunologlcally, trorJh()bld .. t ('l'II:; pldy 

an important role ln placental ImplantatIon, C'ontlllJllI lrtq 1o lll!' 

prevention of allograft-type reJection of the pn_'qndll!'y by tllf> 

mother. It is now well establlshed that vlllous t-rnpl!ohLl!.t ('{·ll:; 

fail to express Class l HLA antlgens (BIlIIn~r & ,Jollll:,()II, 19H 'J). 

However, a novel Class l molecule HLA--G hd:; bf~(;,fI Idf'lIt 1 (lf'd on 

cytotrophoblast, (Kovats et al., 1990) althouqh It:; '~lqTllf !('dTlC{' 1:5 

not yet understood. 

The factors that centrol trophoblast fllflct IOrl:-; an:: p(:! t 1 rIf:f1L 

for understandlng uteroplacental homeosta~.;is and C(Jnl roI J (;d 

cellular invaslon. PlacenLal tIssue expr(~~-,~::r:;J ci '1drir:ty of 

polypeptide and hormone receptors. pl ar~enL) hd c 
.. br:f:rt a '''(JIH Cf.: [or 

the purificatlon of several growth factor;.; LflCllldlnrj, [lf;YV(: qrowt h 

fa·.:.:tor (Golcls teln et al., 1978), grdnu locyt l C cjfld rn,H; rrJpharJf: 

colony-stimulating factors (Wu & FIsher, 1980), flhrobl d:3t qrr.Jwth 

factor (Gospodarowicz et al., 1985), and TGF-P (Frollk f;t aL, 
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1981) . PIêJ(;~n téli t l sSl.le has also proven to be a rich source for 

qrowlh factor Yeceptors. The receptors for insulln-like growth 

factor l and Tl (IGF-J and II) , epidermal growth factor (EGF) have 

been 1:-30 lated u:.; lng placen tai t l ssue as a source (for review see 

Blay & Hollenlx:n.J, 1989). polypeptlde growth factor receptors have 

her...:n ;:itUdl (~d on human placental trophoblast cells as weIl. Insulin 

recopt or::> ,wei EGF receptors have been st udied wi th primary 

trophobla:jL (':f~113 (D!?al &. Guyda, 1983; Lal & Guyda, 1984). PDGF 

receptrn:~ IldVF.: h(Jon :ôt-udled with trophoblast cell llnes é:erived 

[rom pllmary tlfJphoblast cells ln culture (Goustin et al., 1985). 

MOI(~ovor 1 l er'rpt-ors have been studied wlth trophoblastic cell 

l1.ne;" such ClS Be\:Jo. BeWo cells have been utilized to study EGF 

rec'epLur:; (O'Connor---McCourt & Hollenberg, 1983), and to study 

tranSf(:;rTHl n.:c(~ptors (van der Ende, 1989; 1990). The roles of 

TGF-P ln cellular prollferation and differentiation, and 

extrLlcpllulcll matrlx remodelllng make it a very likely candidate 

for plc1y1.ng a fundamental part in regulatlng trophoblast functions. 

Hurn,tn placenta is é1 rlch source of TGF-j3 and is one of the initial 

:,011 rCC':3 ft om wh] ch TGF-P was purl fied to homogenei ty (Frolik et 

Lll ., 1983). 1'GF-P lS expressed ln human placenta (Dungy et al. 1 

1991) ln a bp~tlal and temporal pattern further suggesting a role 

fol. 'TGF'-p ln plac:r~ntal [unctlons during pregnancy. As demonstrated 

by lnummoc'ytocllOmLstry, TGF-P appears to be localized largely 

WÜhlIl Lhe cytopLlsm of syncytiotrophoblasts at the human fetal

mat el Ila] lnt ert ace (Dungy et al., 1991; Vuckovic et al., 1992; 

Graham 0t al., 1992). 

F.vidpnc~ that suggest that TGF-j3 is a factor involved ln 

controllinq trophnblast functions include recent results where 

condü loned medlllIn from decldual cells or exogenous TGF-P abrogates 

tht'> lnVc1SlVCn(':~s of pllmary trophoblast cultures (Lala & Graham, 

1(90). These studies suggest that the anti-lnvaslve effect of TGF

pIn,]']' be due to an 1.nductlon of TIMP expresslon. Bath anti-TGF-j3 

c1nd ,1nt l -TIMP -1 an t ibodl es are able to prevent the ant i

lnv.Jsiveness effects of exogenous TGF-P and decidual cell 
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conditioned medlum. These studies also suggest that T(:;F-·P 1ll,IV 

further control trophoblast invaslveness by st l.ITluL-ü inq t Ill'il 

differentlation into syncytlotrophoblast (I,d lL! &. Gy dl1,l111 , 19 q n; 
Graham et al., 1992) However, l t has not been det PrIn J l\l'd will ,t hPl 

TGF-(31 or TGF-(32 is responslble for Inhlbit IIlÇJ t 1 (1phl"\bLl:;t 

invasiveness. 

Murine studies suggest that TGF-(32, ln partlculal, VI,l ll:~ 

immunosupprlô!8sive properties, is important for 1ll,llnLlil1lllq 

pregnanc" (Clark et al., 1990; Altman et aL, 1990). CLllk pt- Lll .• 

(1991) 11ave demon~trated that antl-TGF--(32 clntlbCldll':, cîll' dbl,> tll 

increase t.he incidence of spontaneou:3 abort l. ()W, 1 n Illl l'P. 111 

addition, this grolp has shown that certain dPI:lrllI,t! ('1'11:; :;"('I(·t l' 

a TGF-p2-like molecule, suggestlng a paldCllnf-.' !T1t'('!ldJll:;m Clf .1('t 1(111. 

However, to date, .:;tudies on the exprC::;Slllf1 o( '1'(;1" p.~ 1Il1\NA, III 

murine placenta haVE been controvers1Lll. A:; m,"d:dl t c·d hy J Il '; J t II 

hybridization or Nortltern analysis, TGF-(32 mf{NA:~ h,Wt, hf'I'1l fclUlld dt 

high levels ln placenta (Miller et al., 1989; PeHolI pt ,II., IlJWi), 

whereas other groups detectf::d very lltlh~ CH no 'l'nF rU mHNA III 

placenta (Altmân et al., 1990; Schmld et aL, 1991). 'l'lIe dr1dly:;I.. 

of TGF-p2 protein express: on in the placenta wou ld be j rnprn t,ml t () 

clarity lts role ln thlS t~ssue. 

Afflnlty-labelling stuoies with radlolabelled TGF-pl Ut 'l'C;!,' rt~ 

have shown tha t placental membrane prepara t.] on::> (Mi t dlf~ J 1 ;~ 

O'Connor-McCourt, 1991), prlfl1ary trophoblë.l:~t- cel1::> (Mltdlf·11 (·t 

al., 19 92 a ), and the ch 0 r l 0 car C l no ma t r 0 p ho b LI ~) t - 1 1 kc ~ ( ,(. 1 1 1 1 III • , 

BeWo, (Mitchell et al., 1992b) expre,;) TCF-P tf:Cf:ptrII tyr)(':' tlldt 

demonstrate complex patterns (Jf 1'(;[0' f3 blncJlnrJ. 

Betag lycan ln BeVlo cell s have a h 1 ghF~r capac'] r y for T(;F III 1 h,HI f (il 

TGF-J32 yet exhlblts a hlghr.::r af[Jnlly tOI' TCF-13ï., cl:; ::hrJItIn by 

affinlty-labelling saturatIon and (. x p ré t 1 Il\C é rl' :: , 
respectively. The sturües VJlth BeVlo r~(:ll'; cln' (Jf [J,n'- J(;I!lrl( 

Interest because BeWo cells provlde a mon' unIfrH!n mr)rJ':I, d', 

compared ta primar) traphoblast cells, w:i th vlhlCh rr.) :;t.udy T(W IL 
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receptor:-.; , lts isoforms and its signal] lng pathways. 

FllrthF~rmorr~, Uv::! TGF-~ bInding characteristlcs demonstrated by 

pnmary trophobla:-.5t cell::; 01ltchell et al., 1992a) are retained in 

BeWo cells (MItchell et al., 1992b). Moreover, BeWo cells display 

rnany mOI phol (:'("1 l r;al and blocheml cal propertles corrunon to placental 

uopbobld:;ts ('!dn dr=r Ende et al., 1987; 1990; Wlce et al., 1990). 

Bf:vJo ('f:II::: aj~;f) pr-ovJdf? an inte-resting differentiatlve model 

bF..!Cdu::;e Hl rer-,pOnSf..! to methotrexate, these cells undergo a complex 

resporl:-.;e thdt re:;embles the dIfferentiation of cytotrophoblast into 

syncylIotUJphoblast (FrIedman & Skehan, 1 Q7 9; Burres & Cass, 1987). 

ln addItIon, clS recently shown, BeWo cells may be cultured on 

p(~rmb1bl r~ fIl t- (:1' ~Jupports torI1'1lng a polarized monolayer in which 

n~ce[Jt-or3 (',1n be studled [rom either the apical or basolateral 

domdln (Cerneu~ & van der Ende, 1991) 

'T'akpn aIl together these studles imply that TGF-P, and TGF-p2 

Hl pat t Icular, are Important ln placental function and embryonic 

development durIng pregnancy. Further studies of placental TGF-P 

rF!ceptors clOd the act Ions of the dlfferent TGF-P isoforms will lea.d 

Lo a glf?ater understandlng of the crucial roles of trophoblast 

ce113 ln p lacental implantatlon, fetal-maternal nucrient/waste 

exchcmge, hormone product Ion and the maternal-lmmune response. The 

treatment of certaln conditIons of pregnancy, such as the 

ovelinvaSlvoness of chorlocarcinoma, the underinvasiveness of 

precc l,1mpslël, and recurrent otherWl se unexplained spontaneous 

aboltlons, requIres a greater understanding of the factors, such as 

TGF-P, that may be lnvolved ln controlling trophoblast functions. 

Furt hennore, the IncTeased understanding of TGF-P functions and its 

receptors will pl:ecedE:: the applicatlon of TGF-P's therapeutic 

potential ln cancer treatment, wound repair, and immunosuppression . 
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MATERIALS AND IlETHODS 

Cell culture: 

The human trophoblastic cell line BeWo, as weIl as the mlnk 

lung epithelial cell line, Mv1Lu, were obtain(-"Q from the Aml'ri C,l11 

Tissue Culture Collection (Rockville, MD.). BeWo cclI ~~ w\'n' 

maintained as adherent cultures in RPMI medium (Gibco/l"I\.L, 'T010I1to, 

Ont.) supplemented with 10% (v/v) fetal bovlne ~'Cl\.lm (FHS) ,1I1d l'~ 

(V / v) sodium pyruvate stock salut ion (Glbco/ BRL, TOI li Il 1 LI, 011\-.). 

MvlLu cells were also maintained as adherent cultutes but Wt'IC 

grown in DMEM (Gibco/BRL, Toronto 1 Ont.) suppl ement ed Wl \ 11 10'f. (\'1 v) 

FBS. AlI cells weLe maintalned at 37 C Hl 5% CO III h\lInldl j IPd 

air. Stock cul t ures were grown ln the ab::;once 0 l dll t lb 1 nt 1 C!;, Il, Id 

their medium changed tWl.ce a week and wele subcultlllt'd ,,(\PI 

dissociation with 0.25% trypsln-EDTA (C;lbco/BRL, Toro!!! 0, Ollt.). 

24 hours before experiments cells were seed(~d ln \IH'll llOl ITICl 1 

growth medlum at a density of 6 X 10" cells/well III 211·w('J 1 pla:;t le 

tissue culture plates. For sorne experiments, cells WCle pJJtcd at 

a higher densl ty 18 hours prior to experlments Clnd somr:; WP1"(': p 1.11 c'd 

at a lower density and allowed to reach confluency ln 48 hOU1S. 

Iodinations: 

Recombinant TGF-P1 was obtalned from Bd stol -Myers SCl'llhb 

Pharmaceutical Research Institute, (Seattle, WA). TGF- J32, f l rJffi 

porcine platelets, was purchased from R&D Sys U-;ms (M 1 r:IH '<.11)(;1 J ~, , 

MN.). Recombinant TGF-P2 was from Austral Blo1ogir'a]:; (;~LlII l~drnr)ll, 

CA. ). TGF- Pl and TGF- J32 were lodl nated to ru gh :ory?C j f 1(' ,H't 1 VIt '/ 

(1.8 - 2. 7 JlCi /pmol ) by the chlorami ne -T rnr~' hr;d i.l', rJr·:;n dH·rj 1 

(Frolik et al. 1 1984, Ruff & Rlzzlno, 198G) vil' Il lTIodJf IC,JI lfm:J a:; 

follows. Either 2 or 5 ~g of r~combl nant 

recombinant TGF-J32 diluted in 4 mM HCL or 1 

or ~ WJ (;1 

T( a'~ J3 /. t r mn 

porcine platelets (redi;"solved Into 15 ~l of 30% acotooll.r 11r:/O.] % 

trifluoroacetlc acid since this lS the chrr.Jmatography :)01 v(~nt. ln 

which TGF-p2 elutes during its purlficatlon) wa;) USf.:d. TGF-P WéJ.'::' 

diluted with 10 Jll of 1.0 M sodium phosphate, pH 7.5, and 1 mCj 
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Na 1/"I (13 mCl of l"I/~g iodlne; Arnersham International). To 

initiate the reactIon, 5 ~l of chloramine-T solution (50 ~g/ml in 

1.0 M sodium phosphate buffer, pH 7.5) was added, and the time was 

noted. FoJlowlng thlS, a second (after 2 min), th en a third (after 

3.5 mIn) addl tionai al1quot 5 ~l of chloramlne-T solution was 

add(~d. 'l'he reacL] on was performed at room temperature with 

occasional agItatIon. One mIn after the final addition of 

chloramine -T sol utlon, the reaction was termlnated by adding: 20 ~l 

of a ~;aturaled tyrOSIne solution (9 mg/ml) in 50 mM sodium 

phosphate huffer, pH 7.5 (PB); 200 ~l 60 mM potassium iodide in PB; 

and 200 Jll of ultrapure urea (1.2g/1 ml in 1 M HCI). The final 

mIxture was passed over a PD-10 Sephadex G-25 column (Pharmacia 

LKB, Uppsala, .sweden) whlch was equilibrated and eluted with a 

sol ulion of 4 mM HCI, 75 mM NaCI and a .1% bovine serum albumin 

(BSA), ln arder ta separa te free Na 12°'1 tha t incorporated into 

proteill. 'l'ypically 97 -99% of the iodinated peptides was 

precJpitable by 20% trichloroacetic acid (TCA) . 

Eguilibr]um binding assays: 

For equillbrlum saturation studies, confluent monolayers in 

24-well plates were washed thr~e times with binding buffer 

(Dulbuecco's phosphate buffer solution, (D-PBS), pH 7.4 containing 

0.1% BSA) over a perlod of 30 min at 4 oc. After washing, cells 

were incubated ln 0.3 ml binding buffer contalnlng 0 - 1000 pM 1251_ 

'1'GF-~] or 1 "'1 -TGF-~2. Nonspeclfic bindIng was determined in the 

presence of 100-fold excess of unlabeled TGF-p1 or TGF-p2 and 

duplicate wells were used for each condItion. At the end of a 3 

hour Incubation, so that equllibrium could be reached, cells were 

wdshed quickly three times in 1 ml blnding buffer. preliminary 

time course experlments demonstrated that total l25I-TGF-P binding 

to BeWo cells appeared to reach equilibrium within one hour (data 

not shown), The 3 hour incubation period was chosen based on 

preVIOUS studios, since there is little internalization or 

degradatlon of llgand for most cell types (Wakefield, 1987), and 

because a 3 hour peri ad ensures that equIlibrium has been reached 
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for aIl three maj or types of TGF-P receptol's (Llke & Massdgue, 

1985). Bound counts were determined following 1ncubation wlth 600 

III solubilizatlon buffer, 1% (''/,) Triton-X-IOO, 10% ('/,) glycerol, 

20 mM Hepes, pH 7.4, for 30 mIn. at 4 "C wllh gcntle c1cllLltlon 

(Wakef ield et al, 1987) The standard error 0 L dl.lp 11 C,-lll'~, weI P 

below 10% demonstrating tightness of data and pernntllI1Cj lelldble 

analysis. Cell number was determined on wells treated Identlcally 

up to the solubllization step by counting with a hemocytometer 

after trypsinization. 

For equilibrium competItion studies, LonfLlent monolay(?r's 111 

24-well plates were washed ln binding buffer as described above and 

then incubated with 10 or 25 pM of \HoI-TGF-I3J or 25 pM l't'T-1'(;F-P~~ 

together with varying concentrations, ranging From 0 to ~îUOO pM of 

unlabelled TGF-P1 or TGF-132 for 3 hours at 4 "C. 'T'he cell S WCI P 

washed 3 times wi th 1 ml of bindlng buf il'r , t 0 remov(~ nOIl

specifically bound TGF-I3, and then bound counts were dr..'telInlned 

after incubating with solubilization buffer as above. 

wells were used for each condition. Binding data werc an~Lyzcd by 

the LIGAND program developed by Munson & Robard (1980). 

Thymidine incorporation assay: 

TGF-131 and TGF-132 effects on cellular proliferation were 

examined by measuring the amount of [methyl-JH] thymidine 

incorporated by BeWo and MvlLu cells. Cells were plated ln 24-well 

culture dishes, in their appropriate medium (RPMI for BcWo cclls 

and DMEM for MvlLu cells) containing 10~~ FES, at él den::;lly :3uch 

that at the time of TGF-13 addition the cells werc approxlmat ~ly 60% 

confluent and still actively growing. Aftpr a 24 hOlll' [J(:rlod, tn 

permit the cells ta settle and to adhere, the ccl];~ W(~lf: wd:;h(~d 

twice with serum free medium (RPMI for BeWo élnd DMEM for MvlLu). 

Serum was excluded so as ta avoid the effects of growlh factors and 

hormones found in serum. Serum exclUSlon also prr~v~nt_;; U.)1, a 

serum binding proteln, from bindlng to 'l'GF-I3. a..,M ha::; b('(~n ;;f!rJWO 

to bind ta and inactivate TGF-~ (O'Connor-McCourt & \~Jakd181d, 

1987). The cells were then Incubated for 24 hours at Y7 "C and 5% 
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CO, wlth serum free medium ln the absence or presence of various 

conc~ntr~tlon3 of TGF-p1 and TGF-P2 ranglng from 1 - 1000 pM, in 

lrlpllCcttr~. At the end of thlS incubation period, celis were 

wd3hed tWlce and the medIum replaced with serum free medium and 

pul ,;'!- lctbr~ 1 10d wi th S !lCi /ml (methyl-'H] thymidIne (Speci fic 

,jet l VI ty 8S C l/mMol, Amersham Internat lonal) for 3 hours at 37°C. 

A PJIU r;r!ll harve;~ter (CambrIdge Technology Inc., Watertown, MA.) 

was u"ed ta wa,;h away the excess lH-thymidlne and to ~larvest the 

cells ont 0 ql ct;o;:> fllter flbers, (Skatron Inc., Sterling, VA.) and 

the radlodcL 1 VI Ly wa,; measured by llquid scintillation counting 

wi th Urn verso1 (ICN Blomedlcals, Irvine, CA. ) scintillation 

cockta 11 . Nnnspccl j l C blndlng to glass fllter fibers was 

det- (!r.-rTI1 nc:d by wa:,lll ng control we lIs, containing only medium and 5 

!lei/ml [mf:.·thyl-'HJ thymlCIJne, through the harveste.r on to glass 

fI Jt er f j bers. The amount of nonspeci fic blnding of [methyl-3H] 

thym1 d 1 ne det ermined ln Ull S manner was subt racted from the counts 

obt<uned from TGF--~ treated wells, to obtain [methyl-3H) thymidine 

]abp]led DNA specl[lcally bound to glass filter fibers . 

Gel electrophoresls and autoradiography: 

Samplps for flbronectln analysls were electrophoresed on 6% 

SDS-polyacrylamide gels. Electrophoresis was performed according 

tü the condltlons of Laemmli (Laemmli, 1970). Following 

elecLtoIJllOrC~;ls, gels wete stalned with Coomassie Brilliant Blue, 

dest~lned, drlpd, and exposed to Kodak Omat AR fIlm (Eastman Kodak 

Co., RoC'llt'st er, N. Y .) a t -80 ,)C wi th use of DuPont Cronex Lightning 

Plu~) lnten~llfying screens (E.I. DuPont De NeHons & Co., Wilmington 

DE.) for ) - 4 days. 11C-Iabelled molecular mass standards from 

Bethp~3da Rpsearl"l1 LaboratOl'leS (Gaithersburg, MD.), were used and 

inC'lude: myosln heavy chaln, 200 kDaj phosphorylase, 97 kDaj bovine 

SClum <::dbuffiln, 68 kDa, ovalbumln, 43 kDa and carbonic anhydrase, 29 

kDc1. 

Quantlflcation of flbronectin synthesis: 

A) Isolation of fibronectin by Gelatin: 
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Cultures of BeWo cells or MvlLu cells at 80% confluency, 111 L~-

weIl plates were fed serum- fl'ee RPMI medIulll 01 DMEM med l Hm 

respectively, supplemented with the val'ious concent LIt lons ot '1'(~F 

~l or TGF-~2 ranging between 1 2000 pM. At t C'l .1 .~·l bout' 

incubation at 37 cC, 5 % CO, cells were washed ., t lme~c; dlHi l Pp L1Cl~d 

with se::::-um-free, methionlne-free DMEM medIum tl~lbco/HRL, 'I\Jluntn, 

Ont.) containing "'S-methlonine-cysteine (Trans "'S--laibl' l, ~;P(~C Iii l' 

activity 1130 Ci/mMole, ICN Blomedicals, Irvlnc, CA.) ,Il 100 f..1Ci/ml 

and the appropriate concentratIon of TGF-~l or 'l'CF - p.~. l'l)J\l 101 

wells remained without TGF-P. After a 3 hour Llb(?llinq Pt'lll)d, 

fibronectin in both the condltloned medium dnd l'(~ll ldYI'1 V,"I~; 

extracted as descrlbed by Ignot z & MassLlgue (1 9H6) dIl<i ~;('<Jd 1 Illl pt 

al., (1987), with sorne modlflcations. 

times with 1 ml cold buffer contalIllng 0.15 M N~lCl, 2S mM 'l't i~; HCI, 

pH 7.4. The monolayers were extracterl wllll 0.5 ml of hu t II' 1 

containlng urea and protease inhihltOt!3, ( 1 M Ill-(-:é1, mM 

Dithiothreitol (DTT) , 10mM Tris-HC1, pH '7.4, 10 mM 

ethylenediaminetetraacetlc aCld (EDTA), and prat (O'a:3C',3 i nI! 1 b Il Ut:;: 

2 mM phenylmethylsulfonyl-fluorlde (PMSF); 5 f..1g/rn1 lelJpc~pl 111; Ill) 

f..1g/ml benzamidine; 50 f..1g/ml soybean trypsln Inhlbll-or (:~'I'[); lO 

f..1g/ml apoprotinin), by rocking on ice for 5 mlll. 'l'hc~ ('C'll:.; W('le' 

then scraped up uSlng a rubber po]icemêll1, trans[cltfc'c! ~() !TI[('!()fllql' 

tubes, and then vigorously vortexed for L) min, lo flllllK!t 

facilitate extraction of extracellular matrlx protoln;;. Th(! cp]]:; 

were pelleted at 25, 000 x 9 for la min and ~he sllperndti:Ull;) 

retained for further analysls. 

For the isolation of fibronectin, the supern.=:rant [; wr~r(..! 

di l uted wi th an equal vol ume of dH 0 and made t- 0 O. l:l % eJ 1 J) 'l'n ton

X-100. The conditioned medlum was also made to n. r ,% (JIJl Tt Il on-X 

100. 50 f..11 of a gelatin-Sepharose (PharmaclrJ LKH B](JI(~(;hn()I()qy, 

Uppsala, Sweden) suspens i on (1: 1 ln bu f ff~r con Léll n ] [j(1 O. Il) 11 /JdC 1 

and 25 mM Tris-HCl, pH 7.4) was added to 8ach :-,<'lrnrJ1r.: fr)11(JW(:d by rH] 

overnight incubation at 4 'JC wlth gentle roc)unq. 

then centrifuged at 20,000 x 9 to recover th(~ q81atln-;~(:fJlJaro~;(.! 
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beads. The beads were washed three tirnes with buffer containing 

0.5% ('l,) Triton-X-100, 0.15 M NaCl, 25 mM Tris-HCL, pH 7.4. 

F~broneçtjn VJF).S rel r=êls8d by resuspending the beads in 

electrophoresls sample butfer (5% (v/v) p-mercaptoethanol, 1% SDS, 

10% glycerol, 50 rnM Trls-HCI, 0.0004% ("'Iv) brornophenol bIue) and 

héat inq at 100 "C for 5 min. Flnally the samples were centrifuged 

at 20,000 x 9 for 10 min and the supernatants were analyzed by SDS

PAGE. 

B) Isolation of fibronectin by Immunoprecipitation: 

Al ternaU ve Iy, f Ibronect in was isolated from the diluted urea 

extracLs of BeWo c(~11s by immunoprecipitation with rabbit anti

human polyclona l an t J bod U::'3 (Upstate Biotechnology Inc, Lake 

PILlcid, N.Y.). Samples were pre-cleared with '/ 10 volume of packed 

prot eln-A Sepharose (PlwrmaCIê1 LKB Biotechnology, Uppsala, Sweden). 

10 Jlq nf ëHltl-flbronecrln antIbody was added to the samples and 

then 1 rwubût ed overnight at 4 'JC. The immune complexes were 

reCOVC'l pd by addl t ion of 1/ 1" volume of packed protein-A Sepharose 

dnd ] ncubated for l adcil llonai hour. The proteln-A Sepharose beads 

were washed two t lrnes in buf fer contalning 0.5 M urea, 5 mM Tris

HCl, plI 8.0, ., mM EDTA, 0.<1 mM DTT, 0.2% (\'/,) Triton-X-IOO, 1 M 

NdC l, 5 mM EGTA and protease Inhlbl tors: 1 mM PMSF 1 5 Jlg Iml 

leuppptin, 50 /lg/ml benzamidIne, 50 Jlg/rnl STI and 10 Jlg/ml 

apnprotlnin. Slnce alternatlng wash buffers from high salt to low 

salt m,lY IH'lp ln lemoving background protelns, the beads were then 

washed two mOl e t lmes wIth essent ially the same buffer as above but 

contailllng l~)O mM NClCl rather '~han 1 M NaCI. Each wash was 

sepal at cd hy LI 10 min Incubat lon é. t 4 "C. Fibronectln was released 

by heallnCJ Clt 100 'C for 5 mIn ln electrophoresis sample buffer 

undel l"pdUclnq combtlons and anaIyzed by SDS-PAGE. 

C) Western analysis of fibronectin: 

For Western i mmunoblot analysis 1 BeWo celi rnonolayers treated 

wi th or wi thout 1'GF-131 were extracted as described with buffer 
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containing urea and protease inhibitors. After pelleting the cel18 

by centri fugation, the extracted ECM prot eins ln the SUPl"I'llcl t,lnt 

were separated by SDS-PAGE and transferred ta cl 11ltrocellulose 

sheet using t ransblot buf fer containing 25 mM Tl' 18 He l, pI! '7. ~'), l q2 

mM Glycine, 20 % methanol, 0.1% SDS for 15 hOt11S dt Hl volts, tllPl1 

1 hour at 100 volts. After the transfer was cOlllplf'tt.'d, tllL' 

nitrocellulose sheet was washed tWlce wlth immUIloblot t lI1lJ bllf ter 

containing 0.1% (v/v) Tween-20, 20 mM TrlS HCl, son mM NdCl, ,1Ild 

then blocked in lITUnunoblotting buffer contalnlIlq n powdf'IPd milk. 

The blot was then incuba ted wi th polyclona l ant 1 - hllmdI1 1 1 hl P!H'cl III 

antibody (Upstate Biotechnology Inc., Lake PL.1Cüi, N. Y.) Hl 

immunoblotting buffer followed by lncubatlon Wlt h ,-:0 III \ ''l-pr()lPln 

A (30 mCi/mgi Amersham International) ln ~îO ml inunlllloblot llnq 

buffe"'. The blot was ',vashed 4 t imes after 11lcubat iOlls Wil Il 

antibJdies and 1"
SI -protein A and then subj ected t 0 clut-orad i ography. 
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RESULTS 

Hadioligand Blndlng Assays 

A. Equilibrium Saturation Experiments: 

On0 of the crlterla that must be fulfilled in ruling that a 

Jlgdnd hlnds to and exerts It actions via a receptor 1S 

~3dtllrélbJ 11 t y. 1'0 deterrmne whether 12"I-Iabelled TGF-p1 binds 

,;aturahly to B(~W() cr~] 1.S ln monolayer, equllibrium saturation 

bj nd Ul(j c:y.pr'rl rnf:nt;:> wc:re Pf:L formed. FIgure 4A shows a typical 

fJlnrl1nq i:orJLhetrn where Bc:Wo cells were incubated with increasing 

drnOlllü c.; (Jf l' 1 -'1'GF ~1 ln the presence and absence of unlabelled 

'1'(~F -~1. Non ',pr:e i t Je b lndJ ng was det ermll1ed ln th9 presence of 100-

[oid cxcC::,::i unlabel J od 1'GF-~l. Speciflc binding was determined by 

::;ubt ract 1119 nOWopC'cl [lC blnding from total binding, obtalned in the 

ab:jpnr'(~ of un lclhcd 1 cd 'T'GF -~l . BeWo cells show speci f ic saturable 

hlndtn(] Wl th l' 1 -TC;F-~l and specific binding was essentially 

:-;,Üllrat (~d by bOIl pM l' I--TGF-Pl. Transformation of the data by 

;;C.lt <'11d rd ctnLl 1 y::;c:~) of the bi ndlng by the LIGAND programs deve loped 

by Mllll:,on <-tnÔ r~Obc1rd (1980) gave a ljnear plot characteristic of a 

!Jll1rrle hlCJh dffllllty blnd1ng slte with an estlmated number of 

bJl1chnq :c,lle:; (+/- s.e.m.) of 70,000 +/- 16,500 (n=3) and a 

di:,:;O('ldt llln constant (Kr' +/- s.e.m) of 66 +/- 3 pM (n=3) (Figure 

4B). Et'la\lvc'ly 1110h background of nonspecific binding (10 to 30% 

01 total ('PM) wl1lch Il1cleased with increasing amount of 1..:sI-TGF-P1 

Wc1S Ob:,C'l vc'd. 'l'he h1gh nonspeCl fic background obtained especially 

al hlgllt>r CUIlccnt r<1t jons of 1." I-TGF-(31 is tYPlcal in TGF-P studies 

(WdkeL ieJd, 198'/). This situatlol1 makes It dlfficult to exclude 

the po:,-;s1ble eX1stence of additional lower affinity sites since 

specifl(' blnrlulg 15 masked as background nonspecific binding 

Slnce t rypsln dissociation of the cells and the time between 

plating and assay may affect the binding characteristics of TGF-P 

receptors, a set of experiments were performed wi th cells plated at 
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FIGURE 4. 125I-TGF-~1 binds specifically and saturably ta BeWo cell 

manalayer. Monolayers of BeWo cells were incubated with various 

cnncf-:!ntratlons (pM) of 1 "I-Iabelled TGF-~l (recomblnant) at 4 oC for 

h il:" dr;!;Cl ibGd ln mater ia 1s (-Ind methods. (A) represent s a 

sdl ut"atlon blI1Cüng curVG where LI'l-TGF-~l specifically bound (open 

c'i.rclcs) 1:; the di[ference between the total (open squares) and 

1l0nSpCCl [1 C (open t rlangles) blndlng. Each point is the mean of 

dllpllcùte sample!; that generally dlffered by < 10%. (B) represents 

tho 1t~sppctive data transformed and plotted by the method of 

Scatchard for the representative experiment. The binding 

parametels [or the plot shown here are 44,317 binding sites/cell 

w l th KI' va l \le of 3'7 pM. The speCl f ic act i Vl ty of l::,
c'I -TGF-~l in this 

expPrlment Wc1::; 1. ~ /lCl/pMole. The KI> values of l-"'I-TGF-~l binding 

1-0 BcWo cel l monolayers ranged ln three separate experiments 

between 39 pM and 93 pM and the number of binding sites ranged 

beLwGen 45,000 and 100,000 per cell . 
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different times prior to assay. Cells trypsin dissoclated, plated 

and allowed to reach confluency in 18 hours and 48 hOU1'S gLlve 

essentially identical results compared wüh thos(' of 24 hours, 

(Figure SA & 5B) i.e. no signlflcant difference 111 the tutal number 

of receptors an.d dlssoclat ion constant (K[i) WclS j ound. r['l~F rJ 1 

bound to 81,987 sites pel' cell and 35,238 sltps pet cpl] wlth Ki' ot 

37 pM and 32 pM for BeWo cells trypslnlzed 18 hours and 48 ho\lts 

prior to assay respectively. 

Equilibriurn saturation studies of l'<;l-labelled TGF-P2 binding 

to BeWo cells showed that 1':"I-TGF-p2 binds speci f ica lly and 

saturably (Figure 6A) with an apparent Kil (1/- s.t:>.m) nt Jlj 1/- as 
pM (n=3) and an estimated number of bjndlng sItes PI'l !-IpWo ('PJ 1 

( + / - s. e . m.) 0 f 8 5 , 0 0 0 + 1 - 1 7 , 5 0 0 ( n = 3 ) ( F l 9 ure b 1-1). [n LI Ho se 

experiments the background nf nonspeclflc l-)}ndlllq, Wllldl Wd!3 

slightly higher than that observed wlth TC;F -r31, apfll'n,wlj(·d 'i()'/; ot 

total CPM. These resul ts indlcate that the aver,)(jc' b 1 tld 1 nq 

affinities for TGF-pl and TGF-p2 tnnding to BeWo cell;; dl(~ ;;lInll.ll", 

the apparent KI' values averaglng at approxlmdtpJy 'iO pM f(Jt bOn-l 

TGF-J31 and TGF-J32. The total number of blndlny SJ I-t~'; pet l~(~W() n~ll 

are similar as weIl, averaglng at approxlmate l y 7'),000 :; 1 tf>:'; r)(~r 

cell. 

B. Equilibrium Competition Experimenta: 

Compet i tion experiments were performed wi th 1 "'1 -labo 11 ed 'r(;F 

pl or 12sr-Iabelled TGF-J32 in order to examine whet her 1."'T--'I'(W-r31 or 

125r -TGF-p2 were binding to the same or d 1L f en:::n1- :, l t (;s nn BI,:Wrj 

cells (Figure 7A and 7B). Unlabelled TGr-Pl and IHlL..Ibe]I(~d 'l'(ao' p/. 

were able to completely inhibl t the blnd 1 n'] of /. L, pM 1" l 'j'ra·' J~ 1 and 

50 pM L'sr-TGF-p2, indlcating that thc:ro ëŒ~ no :j 1 tr~;) ,JVr..t 11 db 1 (~ t (J 

one isoform and not the other. The mean half, rnaXlrnd 1 J nh l~)l t 1 (Jn ()f 

binding (ICsu +/- s.e.m.), when 1"r-TGF' Pl Vla;J u;~(c:d <..l,; thc~ 

radiotracer, was 81 +1- 1.5 pM (n=3) wlth unlabell~d 'l'CF Pl and 68 

+/- 2.5 pM (n=3) with unlabelled TGF-p2. SlInilarly, Vlhr~n J,' I-Tr;F

P2 was the radiotracer the IC'8 values (+/- s.e.m) W8re 74 i/- 6.4 
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FIGURE 5. TGF-Pl binds to BeWo cell monolayer plated 18 h and 48 

h post-trypsin dissociation with similar binding parameters. (A) 

and (B) represent Scatchard plots of J"'I--'l'GF-~l (lpc"umhl!ld!lt) 

bindi.lg to BeWo cells trYPslnlzed and platod lB li ,Hld I1H li pl 101 t () 

incubation wlth various concentraLJons of: 'l-Ltl)I'Jl(ld '1'(;1" 131 dt Il 

oC for 3 h as described. The binding pùrarnet Pl!; t DI t Ill' plot:; 

shown here are 81,987 and 35,238 blnding !::>ltos/c'(lJl W1\ 11 1\" v,dllc"> 

of 3 7 and 32 pM for 1."'1 -TGF- Pl bindlng t) RC'Wo cc J 1:; pL lt ('d 1 H "!lcl 

48 h after trypsin dissociation respect 1 vely" 'l'he J Il!;fl!.!; :~lJow 

saturation binding curves of the sam!:! data. The SpCC'ltlC <let lVlty 

of 12Sr -TGF- Pl in both experlments was 2 !lCi /pMoJ e . 

41 



A 
80000 

600 

I25I-TGF-p2 (pM) 

B. 2.0 

I.~ • 

!!:. 
III 10 

• 

O~ 

0.0 L-_--L __ ....&.-_---IL..-._....J... __ ~___.:lo....J. __ ..J 

o 10 

BOUND(pM) 



• 

• 

• 

FIGURE 6. 125I-TGF-j32 hinding to BeWo cell monolayer. 

concentrations of 1':''1 -TGF-132 (recombinant) WdS 1 nruba t {-'d W 1 l h Bf'WU 

cells at 4 oc for 3 h. (A) represents the SdtUl-,ltJOn LlI1dly~li::; nf 

125I-TGF-j32 binding to BeWo cells and demonstral C~> t l1ùt l", l 'l'CF 13:~ 

binds speclfically and saturably. (E) ScaLchdrd aIld 1 y:; J:; (Jf t Il(' 

binding data presented in (A) using the LIGAND proqram dCNC' 1 ()rwc! by 

Munson and Robard (1980) The blndlng pdrélmelpl ot l" 1 -'l'(;r.' 13) 
binding ln thlS representative experlmGnL ale ~P/B7~ hllldlnq 

sites/cell with Ku value of 35 pM. The specIfIe dctlvity of 1"'1 

TGF-132 in this assay was 2.7 JlCi/pMole. The KI' values of l' 1-']'C;F-132 

binding to BeWo cell monolayers ln three separate (~Xpc!rlITIPnt:, 

ranged between 31 pM and 51 pM. The number of binding sil-e:-; r,l11qf!d 

between 82,000 and 120,000 per cell. 
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FIGURE 7. Representative competition experiments of l:l5 I - TGF-pl or 

l:I5I-TGF-~2 binding to BeWo cell monolayer. C'ontl1.H'llt m()I\()Llypr~3 nt 

BeWo cells were incubate(~ for 3 h at 4 "C ln the> pr(,~-;~-'II('(- (lI .~l) pM 

125I-TGF-~l (n .. combinant) (A) or 50 pM l "I-'I'C;F -~,: (pUl ('111<') (H) Wlt Il 

the indica ted concent rations of un label l ed TGF 131 (1 ('( '( 1I1lb i Il,1Il1 ) 

(open triangles) or unlabelled TGF-P2 'porc l ne:) (c lo!;pd t 1 1 clllq l (-!;) . 

Specifically bound radiolabel was detell1llned [01 P,Wll !;,ll1lpl(· oille! 

expressed as a percent of the amount speciflcc11ly b()\lJld III !idrnpl('!i 

without unlabelled TGF-~. Dupllcate wells welC! \l!i(·d 101 ("-,wh 

condition and each value represents the mcan. 

and TGF-~2 competlng for l 'I-TGF-~l blnolflg [l(Jm the> !('PI('!i('llt ,dIV(' 

experiment presented in panel A was 80 and 71 pM tP:-;P(·('t IVI·ly. 'l'Ill: 

ICso of TGF-J31 and TGF-J32 competlng for j>l'I-TGF--!32 fJlTldlllq fl(lll\ tbr> 

representat ive experiment prescnted Hl pane L B W,l:; f 1\ ollld '/1 pM 

resp-:=ctively. The lC." values ranged if} three é,epardl (~ f';":p"r 1II1I'/lt ~j 

between 79-84 pM for 'T'GF-Pl and 63--71 for TGr-p7. dJ~;pl,j('<'llJI'llt- of 

125I-TGF-~l and between 63 - 88 pM for TCF- ~1 Clnd S<J Htl pM for 

TGF-J32 displacement of l "I-TGF-~2. The spec::lfic aClJVlt 1(::; (Jf bot h 

1251 -TGF-~l (recombinant) and 1 "'1 -TGF-J32 (porc] ne) 1 fi t 1I{<:;(~ 

representative experiments was 2.0 ~Ci/pMole. 
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pM (n=3) and 71 +/- 4.7 pM (n=3) for unlabelled TGF-~l and 'l'GF-~2 

r(~~3pr~ct] vely . 

:;'-udjc~s, 

a general rule, 

the crJncentratlon 

for equilibrium competition binding 

!)f radioligand present should be at 

] e<1;jL onF~ f'Jllrl h or less than that of the concentration of 

unlabell r;r] IHJdnd ql.Vlrlfj 5(J% dlsplacement. As the concentration of 

radl0tréJr;r'r ]:3 Jncreasr~d, the experimentally observed lC,n will be 

<ln ovcrr·:;t lHlat l(JfJ (Jf the actual IC slJ (Goldsteln et al . 1974). 

Con~,j d(~r J Il(J r hd t t he 25 pM of TGF-~l and the 50 pM of ré Jiotracer 

Il;H?d 1 n t Ilr~ abovp compet l t lon experiments are more than one fourth 

(Jf t h(~ obeir; r v,:rl f(', 1 Vd J 11e,-;, f u rther experlment s were performed Wl th 

10 pM l 'J--'j'(;f'-~J <1:3 rdcllotraccr (FIgure 8). Unlabelled 'l'GF-Pl and 

unlcllwl] fod 'l'CF P2 W0re ab] e to compete for 10 pM 1:' l-TGF-Pl binding 

Lo BeWo cc'll!> tü the samp extent as when 25 pM of radlotracer was 

u:;r~d. Thr' lC,,, va l U'-::,3 ot TGF-Pl and TGF-~2 competlng for 10 pM of 

1',/ -'l'CF-/31 blndlnq Wf~lA 68 pM and 84 pM respectively, similar to 

t !Jo:,;(: Ob:301 vpd above. It was not possible to reduce the 

concpnLlation of radiotracer further since a sufficient amount of 

:;p0C 1 f Je ri1dloc1ct i vi ty l S requi red to enable minute amounts of 

blndIng to be measured. 

c. TGF-P2 from porcine platelets binding vs. recombinant TGF-P2 
binding: 

InJth111y when these studies were begun only 'l'GF-~2 from 

pOrC_lt1C pl<ÎtPlets Wc1S avallable. More n cently, recombinant TGF-

rl2 Wc1S aVc111 êlb] c [or use. To verl fy If TGF-P2 from porc Ine 

pLlt l' l f~t :-; h.1:~ the same bInd Ing characterlst lCS as recombInant TGF

rl.~, ('nmpt'l L t 1 Clll expen ment s us Ing recombInant TGF-P2 as the 

rddloLlbt'lll'd ligand Llnd as the unlabelled competltor, were 

pl'ltolmed (Flq1l1l' 9A & 9B). No dlfference bet'veen recombinant TGF

~L~'s _lnd pOrellle TGF-P2's al:nllty to compete for the Indicated 

J'dd ll'lL-1be 11l'd 11 gand' s blndlng was found. The lC", of recombinant 

Tl~F p.~ and TGF-Pl competlng for 1 "I-TGF-pl was 66 pM and 67 pM 

l"L'Spe'ct Ive ly. Moreover, TGF-Pl was ahle to compete for recombinant 
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FIGURE 8. TGl"-r~l and TGF-r!2 competition of 10 pM 125 I - TGF-Pl binding. 

Confluent monolayers of BeWo cells were incubated at 4 C for 3 h with 10 

pM '1-'rGF-[\ 1 in the presence of various concentrations of TGF-Pl (open 

trÎ<Hlgles) or '1'GF-I\2 (closed triangles). The results are plotted as the 

percentaqe of binding relative to the radioactivity bound to cells 

incubated with r-'I'GF-Pl. Duplicate wells were used for each condition 

,md each value represents the mean. The JC of TGF-~l and TGF-[32 

competing for 10 pM r-TGF-pl in this experiment was 68 and 84 pM 

rC'spectively. 'rho specifie activity of : r-TGF-f31 in this experiment 

WllS 1. '5 pCi/pMole . 
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FIGURE 9. Competition experiment with recombinant TGF-p2. Confluent 

monolayers of BeWo cells were incubated with recombinant 'I-TGF-f31 (A) 

or with recombinant I-TGF-02 (B) in the presence of indicated 

concentrations of llnlabelled recombinant TGF-Pl (open triangles) or 

• llnlabclled recombinant TGF-f32 (closed triangles). The IC of TGF-f31 and 

• 

'l'GF-f3?. compct.inq for 

re:;pectivcl y. The lC 

I-TGF-f31 binding in panel A was 67 pM and 66 pM 

of TGF-f31 and TGF-f32 competing for 'I-TGF-P2 

b i nll i ng shown in pane] B was 112 pM and 58 pM respect i vel y . The 

specifie activity of I-TGF-f31 and l-TGF-f32 in these experiments were 

~~.~) Ilci/pMole and 2. 3 ~lCi/pMole respectively . 
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1~5I-TGF-J32 binding ln a fashlon similar to its competit Ion ot 

porcine 'l'GF-!32 Wl th an le ,1 of 112 pM. The Il'" [or n~co1l1h 1 11,111 t 

TGF-~2 competltlon for recomblnant L"'l-TGF-~.~ W,l~~ ':18 pM. Sll\('t' t!l(' 

1er,,) value of the competlng ligand 18 c1 ttc~,1::,ul1dble tl1~~t 

approxlmatiol1 of It's apparent eqlllllhrltl111 di;:;~:;()('ldt 11111 bllldlllq 

constant (KI; Be1nett, 1978), It lS rt?ùS01LJbll' ln ,1.;,;\lIllt' thd! 

recombInant 'l'GF-~2 and purl (led pOrCIIH? 'PGF - ~:~ IIdVL' t lIL' Sdlllt' 

binding charact eri st lCS . These campet 1 t lon st ud 1 f'~1 ~Hlllqt ':;t t hdt 

overall, the populatlon of TGF-13 receptors h,lVC~ 511n11.ll dVI'I,1(1l' 

affinities for both 'l'GF-/31 and 'T'GF-/32, and thLll thr' Iwo 'rl~F-13 

isoforms bind to the same populatlon of TGF-(3 recoptOl:: 011 HI'Wo 

cells. 

Functional Assays 

A. Proliferation Assays: 

An unders tandlng of a l igand-receptor sy:':j t em l f-"qu 1 rc':, :;1 Il cl 1 (':; 

of the llgand bLnding characte1 is tICS of the n~cq)t 01. (~-;) 1 OCJf·t Ill' 1 

with studies on the functlOnJl response(s). HcHilOliq,lIld hlndlllCj 

assays are performec! to d,"'tcrmJne whethel cl partlclll.ll 11CJdltr! tl1lld:; 

to a receptor speclflcally and saturùbly. Pd(l1r,]lf]dlld hllldlllfj 

assays alsa deLermlne receptor rnndlnq C!1,Hdct ('1 l;;f. lC':;, :;IJ('1t <1:. 1 t:; 

equilibrium dlssociat lun con:::;t(1I1l fOL a part 1 ('lJ 1 dl' Il (JrlI](i rllld 1 t :; 

number ln ct given source. HOwF>vc:,r, tho d.~m()n;;tl.:tl 1(Jl1 1 hdl d ] Iq,lfl(! 

blnds to a cell with a 11lgh afl-lnity arJd a llfnll:(:d CdfJd('lly d()(:., 

not absolutely lnfer that l t exerts lts r;f ((~r;t thro1lqll Il r ('('l'pl (;! , 

and a functlon must be deslgnated a,..> weIl. Wltll cl funcl j(HIIl] 

assay, dose/response curves for ch (terent aqon 1;-;1'.;; or i ;,()f (H en:; HIll'! 

be obtalned, permlttlng the dlffeu::!ntJatlon of blCt! rJJJUfll:;1 ';; 

efficacy and potency to t:liclt a response. Often [IHlct uJ!la] d:;:;dY', 

complement b.lndlng assays ln that corr(~J(ltir..JJ1;-; br:rW':(:fJ blndlnq 

afflnitles and pharmacological effJcacy and potonr:y (;,H! br: 

inferred. 

The assay of cholce to date for monJ ton ng Ul!:! [JUf] f J C'l! l (Jfj (Jf 
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'l'r~F-p rJn:~;Jr~nt J n condltioned medium or cellular extracts has been 

a w(~U - e,3tabll 3hed ~H -ThyrnHhne lncorporation assay which measures 

th(~ nllnb tt- j (.Jn of Ml nk Lunr] Eplthel ial (MvlLu) cell growth by TGF

(Ik(~dd r~t al., 1987). lI-ThymIdine lncorporatlon assays measure 

the! [Jrollf~r,)llvr: dr:tlV1Ly of cells. When cells d:_vlde and 

prol! f(:ratr.: thr'y mu:;;t repllcate and synthesize DNA. Thymidine is 

Ihr: pynIT\nhnr: nucleoLidrc: tho.l IS exclusively incorporated into 

DNA. Thr: rr>pLH:atio!1 of DNA occurs only ln synthetlc (S) phase of 

jnrerphase ln the cel] cycle. 

Figure 10 shows control experirnents with t-1vlLu cells treated 

wIth eiUwr TCF-Pl Tr;F-p2 for 24 hours which demonstrate that both 

'l'GF- p l sni nrIT\,-; 1 nh 1 hl t growth to the sarne extent as observed 

pn:,vJoll;~ly (CheIff:tz et al., 1987). However, lH-Thyrnidine 

Inc:or-pnrar ion (;Xpf:llfnents with ]30WO cells showed that there was no 

SI9nifL('cHlI (_'ffect of up tn JOOO pM TGF-P1 or TGF-p2 on the growth 

ol lhe>:;(' cr:] ]:, (Flgun~ 10). Cells must he t.ceated with TGF-P 

bf: f 01 (> 1 hey f 'rll (:r :~ phase ln order ta see an et fect because in 

qenpltll, t!1r> 11l111bitoty t:ttf-~ct of TGF-P1 on the cell cycle results 

Ul de Llyed proq re~;') 1 on 0 [ co II s f rom G1 to S phase as discussed 

preVl OLl~3ly. From expel ience Wl th passaglng BeWo cells, it lS 

f;~;llll1dl('cl 1]I(lt tllc:-,e cells ciouble wiUnn 16 hours, lndl.cating that 

<1 ;~t1 hot!! IU'.ttIlH'llt penod 1:3 adequate time for aIl cells to 

complt.,tf' t-lle' cf>ll cycle and thus pdSS the S phase at least once. 

Prc>J 1miIl':uy C'xpC'lllnents wlth shorter TGF-I) treatment periods, 6 and 

12 hotl!~;, aL!,(l :-=;howccl no eftect on BeWo growth (data not shown). 

B. Fibronectin Deposition: 

Sln(',', both TGF--I) lsofonns bind to BeWo cells, further studies 

Wt'H' PC') t Olllll'd J 11 order lot l'y and flnd a functlonal assay that may 

.Ile! 111 dl f i"l-l'lll1at 111g the blologl.cal responses to TGF-Pl and TGF

p.~ in tlJ1S ('(~llu1cll model. The increase ln fIbronectin expression 

UpOI1 rI\~F p L n'c1t mc'nt has éllso been used as a functlonal assay for 

'l'CF-Il ln ~;omp pt-lmary cultures dnd established cell lines, (Ignotz 

& Mass~gue, L~86 & 1987,; Segarlni et al., 1989; Shi et al., 1990) . 

48 



120 

~ 
100 

~ 
~ :l 

80 

~ ~ 
60 

~ 8 1 t 40 

S 
~ 

20 

oL---~----~----J-----~~~~--~ 
-2 -1 o 2 3 4 

LOG [TGF-JH] (pM) 



• 

• 

• 

FIGURE 10. The effect of TGF-J31 or TGF-f32 on 3H- Thymidine 

incorporation in BeWo cella or MvlLu cells. Monolayers of BeWo 

crd 1,·, (Ctrcl~:;) or MvlLu cells (Squares) at 60% confluency in 24 

wc~ll platf.:~s W(:H::! treated with serum-free medium contalnlng varying 

('oncpntJat ion:3 (pM) of : ]F-131 (open symbols) or TGF-P2 (closed 

;jymbol:;). Arter 24 h the cells were pulsed wlth 3H-Thymidine for 

3 h. CelJs W0rp trYPslnized and collected onto glass fiber filters 

and thp. IncorporatIon of radioactivity determined by liquid 

sc in tilla r 10n count Lng as descrIbed in ma t eria l sand methods. The 

l'esu] ts are expressed as the percentage of lncorporation of 3H_ 

ThymidIne ln cont roI cells incuba ted wi thout TGF-131 or TGF-P2. 

Data are the average of trlplicate determinations . 
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To examine whether or not TGF-~l or TGF--P2 has .1I1y l~t t t."'c't nn 

fibronectln synthesis in BeWo cells, two strateçnes WC'll' tdkcIl, 

The first :...nvolves the abil1ty of gelatlll to "PC'Cl!ICdlly billd tl) 

fibronectin (Engvall and Ruoslahtl, 19 T 1), IqIll")t: ,111d ~1,l:;::;.Hl\lt' 

(1986) as weil as Segarlnl et al. (1989) hd\'t.:~ ,Il 1 t'ddy "1'pllt'd thl~, 

technlque in arder to isolatf::> newly synthe:3 L't'ci f ll.'ll'l1t','t III III 'l\~F 

(3 studles. The second strategy involves lsoLlt lJ1l1 t Ibll)l\t'l·t III bl' 

immunoprecipltation wlth a polyclonal ant l-hul1lc111 t lLHllIH~l't III 

antibody. 

After an induction period of 24 hours Wl Lh l'lCt {'cl:; Il\Cl 

concentrations of TGF-~l or TGF-~2 (0 - 2000 pM), Hf)Wn ('(,II:; W{'l(' 

labelled wlth "s Trans-label lM for 3 hours as descl lbl)d III m.1I 1 ' 11.11:; 

and methods. erude urea ext ract s of the lr,)nO 1 c1Yl'l :. Wl' 1 (' :.\1\1 1 t'l't t'd 

to 6% sodium dodecyl sulfat-e polyacrylalTlld() (J()J (·If)('t l()pll()/(':;l:, 

under reducing condltions, (Flgure 11;"'). Th(' ('1 ud(· III (',1 (',..1 t.!!'t:; 

show various prote:.rl bands that mê\y lnclud{' l'()IllP()l\lllil:; Cli tht' 

extracellular matrlX. No band ln partl('ttldl Wd'; ::Lqrllf]('dlltJy 

affected by 50 or 500 pM TGF-(31 ru=~atment. T1H' III ('d ('xt 1 d('t~; W('l fI 

then subJected to gelatln-Sepharosc afLlllity <'lnollldtO(}Idp11Y t(l 

concentrate newly synthesized [lbIonecllll dnd t(l :,C'(; II it:; 

expression responded ln a ctose-dependellL llktllnPl t 0 'j'(a;- r~l, :ill:i 

PAGE revealed that the gela t_1Il-Scpharo:3e ùfflfllt-y cllIOl!\dt()'PdpllY 

procedure was unable to clearly dlstJngui:;:;h any pdrLlCuLJI ptrJtf>lll 

band as fibronectln (Figure 11B), which wouJd br· (·xrJf:ctr·d tu 

migrate as a 220 kDa band under reducing condl t lfJrl~;, (YdHldr1d Fi 

Olden, 1978). 

These resul ts indicate that the measurement of f lht OT!( 'ct 1 Tl 

synthesis, ln BeWo cells, by ltS lsolation wjth qf:lat ln ~~r'phdr(J:;(' 

may not be a sensitlve enough assay. Howevc:r, Ulf! PO;j·t l'J(: ('un! Ir,] 

of Mv1Lu cells treated and assrlyerl identlCi'J 11y ~~hO'N(~d t hd! '['(;F fi1 

(Figure 12A) and TGF - P2 (F HJIJre 12 B) 1 nrJl1ced l n(;y .:.::t 'J.rj f 1 br ()[J( ·r;! J n 

synthesls. Mv1Lu cells have prevlously b(r:n ':tJr)'tln t () rr:;,p'Jnd t () 
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FIGURE 11. Effect of TGF-f31 on fibronectin from BeWo cella. 

Monolayers of BeWo cells at 80% confluency ln 12-woll pldt(>~:; W{'IP 

treated wlth serum-free medium cOnLl111lng t IH' indl (',ltL'd 

concentrations (pM) of TGF-~l. Aft er 24 h lhe mc'dlulll Wd~; 1 ('pl ,1C'f'c! 

with methlonlne-free medium containinÇ! Tram:; "S-llllhc>llfi <l1\(i lllt' 

appropriate concentratlon (pM) of 'l'GF-[ll. l'dt PI- 3 hOU1!. t III' !11l·diul1I 

was collected and monolayers were extrclctoù WJ th III C'd l'(lllt ,tllllllq 

buffer to extract extracellular matrlx pl 01 ('1 n~:; d:; dl':;{,1 1 j)pd III 

materials andmethods. The extractedrnatoll,ll wa~) :;llh)l'c·tt'd ln 

gelatln-Sepharose afflnlcy chromatography 01 1IlUTIllIIClpl('C'I[JI!dlf'd 

using an anti-hurnan flbronectln polyc]on,-ll anr ibcICly. :;IIClWII dlf': 

the urea extracts containlng total c'xt1 clCfd lllLn 1Iidt 1 IX plut l'ill:; 

(A) i the eluùtes from the gelatln-SephellO:30 art 1 nl t y dll (iflidt ()(pdplly 

(B)i and the antl-flbroneclln lmrnunopn:clplt,tI(··; ((') tlld! W('IP 

subjected to SDS-polyacrylamlde qc>l c~IH-'!-I()pllnl(':;I:; ('II b'l, (Jf'I::; 

under reducing condltlons and élutoladl0rJrarhy. ÂlrrJW :;l!uw:; thf' 

position of purifled human [lblonecllll rnlCJrat IIl(J 111 ! Ii(~ !j<l[flf' CF·I:; 

and detected by coomassiE:· blue staLnlWJ. TIH~ PO:;I! Ion and t hf' 

molecular mass (kDa) of l1C_ 1 abeled prot (:: l n :;1 èlndd 1 d'; i II tilt' (J(: 1 :; 

are indicatE'd. The exposure times shawn an' 1 ddY, 1} day:; dlld ~ 

days for paDel A, B, and C respectlvoly . 
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FIGURE 12. Effect of TGF-f31 or TGF-I'2 on fibronectin from MvlLu cells. 

Monolayers of MvlLu ceUs at 80% confluency wen~ tn',ltc'ej w i th th<' 

indicated concentrations (pM) of 'l'GF-!~ 1 (A) or" TGF-!\;:> (B), 1 ilhe 1 Il'd w i th 

Trans S-Label and extracted w i th urea-contél i n j ng bu t 101" • 'l'he' lJ l'Oïl 

extracts as weIl as conditioned medium worc ~il,l-) ;(>I:h~ù to 

gelatin-Sepharose affinity chromatography ëlnd ani11 yZ0<! by SDS-PJ\Cl': ,ll1d 

autoradiography. The exposure tirne for the élutori1d i oqrdm~; ~~hown tHorn 

was 3 days. 
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tj/ (;r)n(~(~n t rôt 1 nrJ f lfJronect ln 'Ill th gelat ln-Sepharose chroma tography 

( l qnot z t.l Illa:;3c.lgUf:, 19 8fi). F1gure 12 al so shows tha t the medlum of 

I1vlLu cr:dls conLain a largE~ arnolmt of newly synthes1zed flbronectin 

t hat lncr.~ase3 ln re;Jpon;~(j to TGF-~1 (Flgure 12A) or TGF-~2 (Figure 

1 /. B) 

'J'he allernatlve method chosen to try to measure fibronectin 

d('po;~J t lon ln BeWo cells 13 an irnmunoprecipl tation of the urea 

r:xt ract!::; wlth a po1yclonal antibody against human fibronectin. 

lI{)w(~v(:r, Jmmunoprec1pitation with this antibody (Figure 11e) did 

not :-jlrJnlilcant ly reduce the background ot <'S-labelled prote1ns 

(·ompdt'·d v/lt lt t 11(' (·xrJc·yimr;nt :~hown ln [1gl11'e lIB. Several steps 

Wf'r!~ t.1kc'n III (Jf(lf}! to tl'y and mlnimize the nurnher of nonspecific 

prot-f_'J/l bdIJ(l:l, none: wei" c~ffc'ctive. These included steps, such as: 

:;pllllllnq tllf' ('c;}l\lL-n cxtrelet for 30 mi/l prior to add1ng the 

dllt J h()dy; :;pl nTll nq t hr-: ant Ibocly-antigen blndlng reaetion before 

dddlng plOtf'IIl l\-SL'plldiOSe, ln arder to rernave aggregates and 

polymr'll 21119 prot ell]';; tt!lowlng the immune complexes to incubate 10 

JlIlll l)(·tWPf:ll wa:-,!Jc',; dlld lldnstr~lr1ng the proteln-A-Sepharose beads 

t () j J f:::1l t llbe c , pr lOt t- () cl ut] ng the ant lbody-antlgen complex (data 

noL- ~:;ll(Jwn). Thus, t r11 sant 1-- hllrnan f ibronect l n ant lbody d1d not 

ùppet11 t Cl h(~ pcn-lleular ly useful for· fibronectin 

lrnmUJlOpn:::'C'lplL1llCm expf.:riments. One band of approxlmately 220 kDa 

\ \],-11 co-mlCjrdt pd ln the qels with pur1fled hurnan flbronectin was 

()b:~("' l v"Ù (F l qu J (~ lle'). ]low('~ver, S l nce the 220 kDa prat e1n band was 

vpry 1ll1110! dlld fla'1keJ by other bands of simllar rnolecular 

1ll,1:-~::;,dn<11y:;}s by dC'lIs1tomctry could not be Interpreted re11ably. 

N{'VC'l t 1101 c~ss, as mf'(lSllrccl Dy eye, the 220 kDa band d1d not showany 

cl1LIllq0 with lnCIL-'dSlnçJ concentlatlons of TGF-Pl. 

Slll\l lal cxperlmcnts wlth TGF-P2 treatment were performed and 

lhl> H'stllts of the1r gelatin-Sepharose isolatlon and 

lll\mUllOplL'Clp1Llt 10n of fibranectin al'e shown ln Figure 13. Again 

IlO th,l1d ln Plilt lcular cOtlld be demanstrated to be fibr·mectln from 

the 9èL1t1n-Scphalose eluates (Flgure 13A) and the 220 kDa band 
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FIGURE 13. Effect of TGF-f~2 on fibronectin from BeWo cells. Monolayers 

of UeWo cells at 80% confluency were treated with varying concentrations 

(pM) of 'l'GF-fL) ] abelcd wi th Trans S-Iabel and extracted with 

urca-contd i ni ng buffcr. The extracts were subjected to gelatin-Sepharose 

dll in i ty chromatogrdphy (A) or immunoprecipitated with anti-human 

11bronectin polyclon:11 antibody (B) as in figure 10. The eluates were 

• sub j ccted ta SIJS- PACE ùnd autoradiography. The exposure time for both 

tho autorcldiogr,lms shown here was 3 days . 

• 
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from immunoprecipi t at ion ex )eriment s dld not Inc~-ec1se 01 decre,1se 

in response to TGF-P2 treatment (Figure 13B) . 

The level of background protelns was higher ln lhe g('IL1tln

Sepharose eluates of BeWo cells' urea extrac~s (figure 11 & l3) 

than ln those of Mv1Lu colis (flgule 1:2). 'l'he expel im<=>nL11 

treatment of both types of cclls wen" idellt ll\-II wIl Il 

autoradlograph lC exposure times rang ing t rOIll 2 t 0 4 ddy~;. 'l'hl' 

highel- level of background prot eins ln BeWo cel1 ~-; may bt' dl!\' l () 

gelatin-Sepharose's afflnlly f(lr pr-olclns othel tl\,'It\ t tbltlltPct 111 

found in BeWo cell s but not HI Mv1Lu cell s . PlOt t'Cllyl 1(' d('t 1 V l l Y 

from BeWo cells WhlCh deCJrddp~" f1blOllF'ctl11 dlld pro<1\lc'll1q Il,,qlllt'l1t~; 

to which gelatin-SE:pilc110SC blnd~:; cCJuJd, ln paIL, PXpLll1l llH' Illyh 

level of background prorcHI fOUlld ln lhe un.?d exll,wl:-; of HpWo 

cells. However, several protcase Inhlblrors wen=' 11)('lurl('d li:; 1l0l-(~d 

in 

materlals and methods and there are also backqr()und pror!'ln:-; ln tilt' 

BeWo extracts with hlg1 _~ molecu]ar mass than f llnonf~c:t in. TIITH! 

course exper Iments per formed ln order t 0 det (-.!rmliW f 1 hl orJpr'l III 

degradatlon wlth time are descr lbed late:r. The ,~20 kDd band f 0111)(1 

from irnmunoprecipJ tatlng the ur~c1 ext raer:;; of HpWo cr:11 1fI()IlCJ!dYI'I:; 

was ffilDor, suggestlDg that on]y Cl mLnllle dInO\llll (li ,tny) (d 

synthes l zed f Ibronect ln WCl::; be l nrj 1 fieu! prll (t 1 pd 1 III () 

()l'W 1 Y 

1 III' 

extracelluldr metl-r-lx. FurthC!rm()re, g(~lat:Jn-.';c'plldr():.c· l:ll1dl f;:; uf 

canditianed med.LUm oi MvlLu ceLIs tn~r1tcd wllh 'J'(;I"-f~l rH '1'(;1" fi/. 

show::, a large inerease ln nowly ::-;ynthr·;;jzr·cJ j IIJtUflr'cl 111, (Flql'rf' 

12A & B) Thus, the med1.urn of Bc>Wo cpl1:~ \ rf'dl I:ci wit Il ()r vJlI lIr)ll! 

TGF-Pl was examlnrè!d by gelatln ;,cpIJClp)',r: .::d f 1111 1 Y dll ()If\dl rJ'JI df>iJ'I 

and immunopceclIntotLon to ~~(>(: wl1(:Ulf:r P?vJo c(:ll:.> 'I/C:tf: ',l'CII'! jlllj 

newly syntheslzed soluble- flbronf:cLln Inro thf· H1f;rll\ITn ln rf",pfJrJ',r' 

ta TGF-Pl. The lHI1llUnÛ[HPCJ[Jltéltes of BE:W() cr)[jrlltl(JTlf,rj HlI·rJIIJrrt ln 

the presenC8 and absencrè' of Incn:;aSlnrj r::(ln("('nl rat ICJW~ rd '1'(;1" 1~1 

show that theré 1.3 no protelfl ln lflf? fW.:dlurn Whl','1I 1:; rf;(·()qnl/.f.:d h'l 

the antl-human flbroI1f-.?ctln antllJody, (FlqlJrf; 14/,). (;r·lrJt in 

Sepharose eluates of BeWo condltloned rnr~dlllHl :jh()'tI(~d r)nJ'j r){Jr· brJfld 
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FIGURE 14. 

BeWo cells. 

Effect of TGF-f31 on fibronectin from condi tioned medium of 

Monolayers of BeWo cells llt BWo conlluoncy Wl'Iï' tlt'dtc'd 

with the indicûted conccntrati ons (pM) 01 'l'CI''-I\ 1 t (JI' )1) il. At h'l 

labelling for 3 h wi th Trans S-Lctbcl the mou 1 um Wd!; ('01 1 C'l·t l'd (md 

either irnrnunoprecipi tation with ùnti -hum~m fi brOIK'ct in 1)01 yc 1 ond 1 

antibody (A) or affinity purified wlth gelùtln-::;0phdro!;î~ (II) 1 fulloWf'd 

by analysis by SDS-PAGE and autoradioqrùphy. 'l'h(' c>:po!;un' t- illK' ·;tHlWl1 

are 4 days and 3 days for panels A and B rc~~;pcctj V(> 1 y . 
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'1/fI u;h HU qra ted Vil t h a mol ecular mass of 68 kDa, which was not 

.Jf f (-~cr(:rl by thF~ preS8nce of TGF-P (Figure 14B). The identity of 

UH~-; TH()tf:1n bdnd 18 unknown. Therefore, the mInute amount of 

flbronectln observed from cell extracts 1S not a result of soluble 

fJbron~cr ln b01nq secreted into the medIum and 

nut b01ng Jncorporated into the extracellular matrix. 

Fur_-! hr}r c'xam1nat1on of the urea extracts from BeWo cells 

t rr'~at-ed wi th or 'tJlthout TGF-P1 were conducted, by prellminary 

Wn:.:lr·rn Lnrmllloh1ottlng experiments, in arder ta rule out inadequate 

:3pec 1 t leI t Y clnd :-;en;; i t l VI ty of the two other rnethods (Figure 15) . 

Wf.:!3t f;rn Imrnllnnhln( (i.nq vn! 11 the polyclonal antl-human flbronectln 

,HI t J hudy l'i db 1(; t () df--:t ect l he total amounl of f ibronect1n present, 

III (.'()mpat 1 ~;()Tl tn t ho two other methods WhlCh nleasured newly 

: )yll the.'!, 17.(.:'0 L 1 b 1 onect J n by Incorpora t lon of ,. S Trans - Label ™ . 

Wc':;! ('ln JfruTlunoblot anéllysls confirmed that the amount of 

f IbrOIle('t ln ln the extracellular matrix of BeWo cells is 

lnsufticlent ta measure . Irrununoblots 

('pll!, l reat cd wlth or without TGF-Pl 

of urea ext racts 

demonstri'lted no 

of BeWo 

visible 

prot-ein bclnds yet as llttle ilS 5 /lg of pur1[led human fibronectin 

Wd!3 reacüJy dptcrted as a broad bcmd of 220 kDa. It should be 

lloled th,lt tlle lnununobJot ln Fjgure 15 lS a three hour 

dut Ol",-,d lOg l ,l[llll C ('xposure. A longer exposure (16 hours) showed no 

Hf;WO i lbnîllPC\ 1 n proteln bands either (dilta not shown). 

'1'11<: proct,::':;S of extracellular matrix remodelllng involves 

J ay i ng ùown m'w ext l Llcell ulCir mat r.lX prot eins and the degradatlon 

o( sllcll componenU;. 'T'lus phenomenon of synthesis and degradation 

o l f' xl r cl c: P l l u J ,1 r m,lt r J x pl Cl t e 1 n s, in c l u d l n 9 f lb r 0 nec tin, i mp lie s 

lh,lt " lIet ,,11111tlTlt of deposlted protein can be mec1sured within a 

cert.='lll t lm\.' fld11lC' tlnd thlS Llmount mdy change with tlme. Taking 

t III S lllt 0 CUI1~; 1 derc,t ion, cl prellm1nary t Ime course experlment was 

pt"} tOlmcd (FiqUl e 16). BeWo cel] s treated wlth 500 pM of TGF-Pl, 

\'1cn." inununOpt-l'l'll-ntcltE:'d wlth ilntI--human flbronectin antlbody at the 

ind1cated ri.mps, 4, 8, 12, and 24 hours. At aIl time points tested 
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FIGJRE 15. Effect of TGF-pl on the total accumulation of 

fibronectin in BeWo cell layera. BeWo cell monolayers at 80% 

conf ]1!('11('Y WPt c; t: rf-'(ltcd Wl th the J.ndlcated concentratlons (pM) of 

ww r3J i{Jr ),4 h élnd extracted wJth urea-containing buffer. The 

:]o}llbj 1 J zcd mater] al was subjected Lo 6.0 % SDS-PAGE under reducing 

cotldJ t· !un:." followed by electroblot transfer onto nltrocellulose. 

Panel A :;lJows the result when the blotted nltroC'ellulose sheet was 

Lllf>1I ::ô p quc.'ntlc111y incubated wlth an anti-hurnan fibronectin 

po 1 yc Irmal an t l body and 1 "'l-proteln A followed by autoradiography . 

]Jallel B ,-;]l<)Wé-5 cl control experiment with different arnounts (~g) of 

punfied human fibronectln. The exposure time of these 

autoradJograms was 3 h; no bands were observed following a longer 

pxpnsun:: t ime . 
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FIGURE 16. Immunoprecipitation of metabolically labelled BeWo cells 

after treatment with TGF-f\1. Time course study. BeWo cells at 80% 

con 1 Illoncy wc'ru 1 ncubated W j th 500 pM of TGF-P 1 for the indicated 

pC'rlow; 01 tjme and mctabolically JabeLled with Trans S-label" for 3 h. 

Cell~; won: thon extracted with urea-containing buffer, 

j mmunoprcc j p j tateu by illlti -human fibronectin polyclonal antibody and 

d!l,ll yl.ed by ~~DS-PAGE and autoradiography. The exposure time of the 

dut ordO j og ram shown hcre WèlS 2 days . 
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no significant increase or decrease ln any of the proteul bands 

wasdemonstrated rullng out the possibility that wlthin a 24 hout" 

v'indow, fibronectin had been degraded sa that it could not bl' 

measured. All together these results indlcate that nelthcl '1\~F-~l 

nor TGF-~2 have a net ef fect on f ~bronect in express ion 111 l)pWo 

cells . 

60 



• 

• 

• 

DISCUSSION 

'l'GF-~ lS syntheslzed by almost every cell and virtually aIl 

Co:]]:.; (~xpress TGF-P n~eeptor::;;. TGF-P has been shown to play a role 

Hl lfnport ant physiolorJlcal processes such as cellular 

proJlf0rat lon, cellular dlfferentiatlon and extracellular matrix 

r (~rnorJ(.:] J 1 nq 

1 y 9 ()) . Th f~ 

(frJr reVlew~~ sec' Roberts & Sporn, 

tllnctU)ns of placc·ntal trophoblast 

1990 i Massague, 

cells which are 

cr Ile Jill tu the· dcvelopmC'nL and the survi val of the grov'llng f etus 

1 n(;l llde: plac(-:nt aJ Implantat Hm Into the uterIne epIthelluffii 

U:!td l /rrk1 t (.y na 1 exchanCJP; fle)rmOnp productlon i and the regulat lon of 

the nlatC'llldl lITIffllIW: 1 (;:jporl.,(;. T(;r,'-~ m.ly pJcty a role ln controlling 

dny onr~ 01 t rH·;,r' t rophobJa;Jt le functlons. The functlonal role(s) 

of dl f f(~rc'Tlt flI<lflîrnalian TGF-~ ]; 'Jforms, i.e. TGF-pI, TGF-P2 and TGF

Pl, d J OIlC] Wl t II t l}(~ll mechanl ;onl::i of action, and their regulatlon are 

pert j llcnL dl'! (-'1 1111 liants ro the understanding of trophoblast and 

r) 1,1 ('( 'Tl' a 1 f 1111 ( t 1 ( 111 • 

Rld 1 () llqand h lllcllnq assays: 

ln this :3\ Ilciy 'l'GF-P receptors on BeWo cells, an established 

hllman Chot'localTlnoma trophoblast-like cell line, have been 

charact (.:1 l ;:E?c1 u:-allC] ('qUll ibri um bl ndlng assays. Scatchard analysis 

ot f::qUlll.bt iUIll sdturatJ()J] blndHlg assays of L,c'I-TGF-P1 and l.'I-TGF

P2 bindllHj rev0aled lhtlr th(>~,(::" two forms of 'J'GF-~ bind to BeWo 

('t~ Il:..; 1 Il t1 :"P('C' 1 fic alld Sclt urable manner wi th slmllar average 

cl f f 1 11 1 l lOS approximately 50 Pm) and simllar 

Capelelt lO:C; (dPPll1xillldtely 75,000 sltes per cell). These results 

places lhe u'Wo ct~ll Ilno among the rIchest sources of TGF-~ 

l ('copt ors cnmpa 1 abJ (> t 0 va 11..1oS ubtcü ned Wl th the Swi ss mouse 3T3 

c1nd Hdt-] cp11 lines (WllkC'f1t'ld et al., ]987). A Ilnear plot 

l'l1,lldl't ('1 ist l.\' of Li slngle Ingh afflnl ty slte was obtalned for TGF-

131 dl1d 'l'(;F-(32. Furt-1H'lmore, eqllllibrlum competltlon assays 

d('nlC1ll:;tl,1Ied thclt l"l-TL-:;F-Pl clI1d 1 "'I-TGF-P2 bind to the same 

pC1pu]alJon of TL~F-P YeCeptols on BeWo cells with sl_milar ICc{) values 

\1j dpproximat(-"ly 70 Pm being obtained . 
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A st raight line Scat chard plot is usually obt a IIlPd f l Clm Tl~F -P 
radioligand blnding studies. A survey by Wc1kefl el d ct ,li., (1 \)87) 

of 12sI-TGF-pl binding to 35 dlfferent cell types, trdll::;fc'llT\t>d .1Ild 

non-transformed, also present-od Ilnea~ plots t(lll()Wlll~T ~)C,ltcl1dni 

analyses. However, rocept or pro (-des dt~l erm lllC'd by ,1 t tIn l.t y-

labelling with lodlnated TGF-Pl of most of t h('~C;t' ('c II:~ 1 l>vp,lll~d 

that they demonstrate the thre(~ ctltfe~ent SLnl<'tuldl ('}.1:,:>(';' ut 

TGF-P blndlng prot elns 1. e. Type 1, Type Il cllld Ht'I ,Hll y (",111 

(Massague et al., 1990) RRcent- atflnlty-Llbt'lllllq t'XPt>ljlllt'nts 

performed in our laborc1tory dpmonstrat e t hcü fOUI d 1 ~;t llll't '1'l;F--P 

binding protelns (lre expre::,sed on BeWo cell s (M l t ('!l!:l l c'I ,Il., Il) l).~ 

b}. These stnd1PS lndicated thal- thE::: pn>dC)l1lllldIlI HI'I dCJlY{'dl1 ()J1 

BeWo cells exrllbLts ct (5 - 10 fold) 111qhc'r ,If f Illlt}' fc)] ']\;F [t~ t JIlIll 

for TGF-Bl yet exrllbjts an approxlmal c·!)! '1 f()ld hlq!J\'I- ()vl']dll 

capacity fOL 'l'GF-pl. Slnce BeWo ceIJ:, ('À!,I(";', d PIC'c!()JlII11dlll 

Betaglycdn cornponent and very low loV(' 1 '-'; of 1 lIe· 'l'yp(' 1 dlld ']'Ylw' il 

binding compoDents, lt WélS anllclpdted t hell \ he (~q\llllhll\lll\ hllldJllq 

experlments sho1l1d rpflccL the Bf-?t.-lqIY('dTl {'(lm!)!>!lf'll!, 1.(', d 

somewhat higher OVPldll capacl\y tor n-:;F Pl dlld d :;On!('Wlldt Illqhc:r 

average affunty tor TGF-p2 thLlll tOI '1'(~F Bl OhVIO\l';!Y, t III', Wct:, 

not the case. 

labelling results and the pCl'llLlbr-lum lJlndlf\Cj d:o:;ay 10:;ult', O!l l~f'W() 

relIs as desc'rlbed héÏP ri:::; w(;}l ,);; Hl uthpr ~;y;;t f.:IfI:; (Wdk(,j 1('ld, 

1987; ,segarlnl, ]987). On BeWo colJ;.; llte'sr:: lnc:lud('; ri 111I('rll 

Scatchard plol 1 lndlcallve of a ;-nnqJ(' bJndjr](] :,Jt f' ior hot Il '1'(;[,' ~n 

and TG F - B 2 ver s ù s fou r d l fi R r e nt s l r Il ( 't \l r cl 1 cId' ; : j ( ': j 1) f ']'(; F r~ 

blndlng proLelns as demonstrdlod by dtllrllly Lll'H:lllrlq lf'f'('plut 

proflles; :.:;imilar blDchnu affllllr)f!;, clflrj CdfJ<lr'Jt H:'; frll ')'(;!,' I~l ,H}(j 

TGF-p2 blnding to BeWo cel l;:; a;; df'TT\0rI"! rdt ('d hy tadl()!lf!dfld hlrltllrJf! 

assays ver.:;us differentlcll blndJ l1C] o[ '['(a·' 131 ,Ind '1'(;1" IL; 1 Il t ( 1 IfI:, (JI 

affinlty and capaCJ ty for the 1nch vHJu,d '/'(;/,' f3 [)] fld 1 rI'! l'fJ!IlrHJIII'IJl :. 

as shown by afflnlty-labelling 8xp~rlment~. 

Factors 

straight line 

which may 

Scat chard 

be lnvol ved ln the 

plot when th~re arR 

62 

pr(::~(·lltoJtl(Jn Id Il 

s(;vc:rrJJ r1ff Jnity 



• 

• 

• 

],Jbr:l1r.:d TGF-P bJndlnq components, as weIl as those which may 

dCCfJUnt for (h';(;n~fJdnr":lf?S between estimates of blnding affinity and 

bindlnq CctpaçJ~y from Lhe two dlfferent assays are dlscussed below. 

Fi r;;L of a 11, th(~ dl f f f":rent parameters measured by these two 

rnr:Lflr)d:), 1.(:. eqlllllbrlUHI blnd1Y.g and affinlty-labelllng assays, 

:;hOlll d h(~ not(:d _ Ecru]] Ibr J um bi ndJng as says provide quant l tatl ve 

r 1:;311] L, wi th r E:-~)fJect to Lhp Lota l number of reC'eptors and the 

nVP!atl affinlLy (Jf tllf:. population of receptors present. In 

(~(jnLra:jt, IlffJnlLy--ldbe:lllng studles demonstlatf::' wh'ch bindlng 

C'ornpcJIlfmt-::; are prr;::,t:lJt and glve only a qUnlit-atlve indIcatlon of 

t hr: rI; l fi t l VI; a f f ln i ty of each blnding proteln for a part icular 

]Iqdrld ln n'lat Ion Lo dnother becausE:: the ef[lclency of cross

Illlkinq 1:3 reldt Iv~.:ly 10w_ 'J'he most ObVIOUS reason why TGF-Pl and 

'j'GF-P2 pt r::-;cnr a Ilnear Scatchord plot J s that the analytic 

t-r~r;lln HI1!1';'; I~rnp 1 uyed t 0 process radlol J gand blndlng data require 

('ornplllr-'1 pr-(HJrarns WhlC'h ut 1] 1 ze ln someway a non-llnear least 

!-;qlld,(: ClllV(; fltt lnq technlqu(:: thus, lt JS llkely that receptors 

will! è,JllllLtt CIlU1HJh af[lllily for ,l partlcular llgand would not be 

li i f f C' 1 C' n t l cl t f.;d _ S (C> (~o Il dl y, t hl? de t e l'ml na t l 0 n 0 f non S p c:: C l f l C b i n di n 9 

1:, (~lU('lal tu prorer Scatchard anctlysls, and 'T'GF-P havlng a high 

I:;o('lect r1(' pcnnt (pi - 9) (Hohelts & Sporn ,1990) lS consldered 

d !:3t leky 1T101eClllc. A~3 was noted ln Results, the non-specifie 

bllldlllg '" IS up to 30% ('J'GR-Pl) and 50% ('T'GF-P2) at high 

('UJ1Cl:'ntltlt IOll:; oL ]lgand added. TGF-P may blnd to flon-receptor 

(lion :Q 1t'('l fIe) !31tes with Illgh afflnity that ean rnask the bindlng 

lo !jPl'('1 fIl' l!?ceplor ~)lt-es, And thel'eby cloud the mathematlcal 

,1I1aly!;c~!) LIllO llc>ad to ffil!:;lnterpretatlon of blncllng data. For 

l'xdmp](', ! h]" wendel rnean thllt the Scatchard plot as a whole would 

he :;1J11tt.'d tIJW.11c1è:; the" liqht, thereby lncleasing Brr. (total number 

of hln(ilnq !Hte::;) and U\'C'll:slJIl1,J!-e capacily. On the other hand, 

t !Jc' Cl!l'I11 l (~,1 t (Toss-llllki 11~1 ef f h:iency between lIgand and I:nnding 

plll! C'II! 1 slow and Jl1.1Y vary bptweell llgand isoforms anù receptor 

[\.c'('ently, f\ttIS,1I1U d al., (1992) have shawn that the 

dll f l'l ent IHllnber ot ly:.=ane groups avallable ln the recombinantly 

l'xpn~::;~H_'d Llc."llVlll lllndll1g proteins, ActR- lIB and ActR-II appear to 
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contribute to the dlfferent cross-linking efflciencies 111 atfllllty

labelling studles Wlth l I-actlvln A. There an:~ ,dso a L11tfl'lt-"nt 

number of lYSInes between TGF-Pl and TGF-P~ wInch IIhly contIlhute to 

different cross-llnklnçr efflclencles betwc't'l1 thp tw,-) 'I\~F P 

isoforms. Moreovel, 

b8tween TGF-Pl and TGF-P2 wlthJI1 d 1eg1011 tthlt W.l~, It',"'Ilt ly 

impllcated"ln the dlfferent specl(lc acllvlty of 'l'CF Pl ,1lld '1\;1" p2 

(Qian et al., 1992), suggestlllg thE possihlllty of tllttt'!t'Ilt ,'!():,s

linking efficlenC'les eXlst Ing between TGF- P1 dncl. 'na,' ~t~, 

Competltion experiments provlde an altelnLltlVt~ ITlf-:tl!od ln wllich 

to estlmate a llgand's afflnity ior "lt:. bllHilllCJ :;It<>(:;), 

Competition experlments rnay also be u::,cd tn (kt f'lrnillt' whl,t Ill'I 

different llganos cue bllld1Tlq to the è3amc s('l ut 1('('cTltul:; 01 Ilol, 

The advantage ot compet"l t Ion cu t ve expel lITICl1t:; 1:; t Ild t 1 h(·v 1 l'tIlll 1 (' 

a mInlmal amount- ot radioliganà and thus pIUVldt' tI ('11'.111'1 

indication of non-speclflc blndlng dt tngÎl ('onc:c;'ll\ Idt ICln of 

competitor (Kerrnode, 1989), Wllf:lcas satulêll Lon ('X[H'lIIlH'lll:; dl(' 

more llkely to Introduce greatcr nnn-é3pec.t1(· blndll!q .JI Itlqlll'I 

concentra t lons espeCla lly -in a case such as T(;F p, wlt 1 ('11 I!; d v< '1 V 

baslc protejn and l~Y v0ry stlcky, Tlw lC." vdlllf'!) ()!Jldlllf'd dl(J 

consldered a reasünable tlrst approxun,ltJon o! 'h(~ KI' vdilli' rd t Ilr} 

competlng 1-ig.'1n(' (Bernett, 1978) In thl~) :;tudy ! h(~rr' Wd!; (jO()(] 

agreement betwer-n the KI' values obtalnc~d by ~;('dt ('j1dl ri cllId 1 y:; I!; 

(i.e. ranglng trom 39 ta 93 for Tm;o--p1 and -31 10 [Il I(ir 'l'(:!,'-!p) dlld 

the IC",) value obtained by equil1hrlllm Cnmpf}tlt jOli !;tlldlf'!; (I,f', 

ranging from 63 tü 84 for TGl"-Pl and 59 to Bf3 101 'l'(;j.' It~) , 

A1ternative1y, experlments de;;](Jn(~d t (l Illf'd:;llJ (. ! lJ(· 

dissociatlon rate of a 11\.Jand f,-:>r lLs r,,{;r~p\Jll (e;) Jri<tY Ilf'lp If! 

distlngulshlng dlfferences ln TGF-Pl ond TCF- 13/. dL f j Ill! Y f (if 'l'CF P 
receptoL:> on BeWo cells (TIU~lC'r, 19~9), ;~1Jch (:xP(:t lff\f:nt!, vJould 

Invo1ve measurlng the amount- of tJTn(~ rr!quired for an (~XC(~!~;; rJI 

unlabelled TGF-P tü compete otf saturaU:;d and p~qulllbrrtt(Jd ; "1 'l'(;F 

p from BeWo cells. Thls experlment Inay al:-;{J rU(j Hl dl:;! inqlll~jhlliq 
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th0 differont TGF-P receptors exhibited by affinity-labelling on 

Bt~Wo cells whH:h were not detected by either equilibrlum saturation 

or competltI0n studies, and should be considered for future 

~; t ue! lOS. 

Foltowlnq the elucldatlon of Betaglyean's and Type II 

r (!cofJtor' r::: s(~quencf=s by cDNA clonlng (Wang et al., 1991 i Lopez

CasJl]as ,.:1 a1., 1991; Lln et aL, 1992) the isolation of other 

'1'(;[0'- r3 n:::c(~ptors l s sure to follow. The avai labi 1 i ty of 

r ecombi nant 1 y - expressed, isola ted form of the recepror.-s wlll permi t 

more delailed studles. The complexlty of non-specIfie non-receptor 

hJndJnq ~s well as the presence of other dlstlnet blndlng proteins, 

Li!; d l ;3CUS~;f'd above, coulc! \ [\('n be eXC luded su ch that the 

dc~tC'JrnHlrlt]()f! (If the aClthlL tUlld1ng afflnlty of each indlvidual 

TC;F-P rp('(:;ptor fc eacb ddU'H,nt TGF-P lsoforms could then be 

dcCOrnpll!;hcd. For examp1 e, muscarlnlC receptors can be expressed 

in <lf! heteroloQous expression system, reconstlcutr::d into liposomes 

,md st udled Indivldually (Haga et aL, 1986). Furthermore, the 

clVd' 1 ab' 11 t Y of 'l'GF - f3 n::cept or sequence~:; wi Il perml t the genera tion 

01 t11ll-,bodH':-; dl n::ct 00 to speclf1C sequence,-, and the examlnation of 

t!1("!lr ::;t nlct ulc/funcllon relationslups by SIte directed mutation 

:::;tudH>s, ~,11cJl dS thuse descrlbed for the EGF receptor (Brown et 

.. 1., unpuhll !,;hed wor-k) 

Functional assdys: 

As shawn by both equilibrium binding and affinity-labelllng 

studios, 1~F-pl and TGF-P2 blnd speclfically to BeWo cells. 

I!owevel, t !leSt! Clssays are unable tü demonstrate whether a 

f und i ondl r0:;pO!lSe IS el ici Led upon bl n(hng of the ligand. Thus, 

It is 1mpclltt1llt rD d1certain the functlon of TGF-P ln BeWo cells. 

TGF- Pl 11,1!, b0en !=>hown tu abragate prlmary 1:1 ophoblast InvaSlveness, 

,1tfc'ct thl'Il gn,wlh, dlfferentlëltlon and hormone prüductJ_on (Graham 

pt al., 199L~; C-:;1,1ham &. Lalù, 1992; MeHTlsh et al., 1991). The 

difff'l'enliL1l bindlnq atfllllLies of TGF-P Type l, Type II and 

P,d dq 1 )-'C'ùn r1.:,cept or:; fOl TGF-pl, and -P2 in primary trophoblast 

l'l'Ils dlC' retalned Ln the BeWo trophoblastlc cell 11ne (Mitchell et 
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al., 1992ai Mitchell et al., 1992b). Thus, certaIn tunl'tlonal 

differences between TGF-J31 and TGF-~2 may be exlubl ted in ReWo 

cells and could lead to a pharmacological correlat 1011 between 

biological potency and binding afflnlty for TGF-~ receptors fOl the 

dlfferent TGF-P isoforms. 

A. Effect of TGF-P on BeWo cell proliferation: 

TGF-P is a multifunctional polypeptide, but 1 t s mos t 

recognlzed functlon lS its abllity to regulate cell prolitPl..:'ltH111. 

Al though TGF- ~ ha::.- been shown to bot h Induce dnd 1 nh 1 b Il l',~.ll 

growth, TGF- ~ l S descrlbed as the mos t pot ent po 1 ypppL HiC' (JI owt il 

inhibltor (forreVlewseeMüse~:; etaI., l\)l)\l; Sp()lllc't dl., l\)Hb). 

'l'GF-~'s ablllty Lü lIlhiblt ,ell grow\ Il Ild!) hE't'll ll})·;l'lVC·d 111 ('('ll:; 

of many l ineages, both norma 1 and t I-all~) f () r mr;d, dlld 1 ('.Id:; \ () .1 

complete growth arrest in certain CL'll 11l1f?:; IllCllldllH) Mvl!.\! millk 

lung epithelia 1 cells (Ikedél pt èll., 1<JH'l). III tlll!, :;\udy, III 

ThymidIne élssays were use to measurE' 'l'C;F p \' j t e\:t 3 on BrM{) (Jl ow\ Il. 

The results revealed that nell_II\.:! TGI"-Pl nnl Tel-' ~/., whC'1l \ (':;\ c~d dt 

concentrations up to 1000 frn, hLld any ~LiC'ct 011 th0 pJ"(J! 1 fr'/cd Inll 

of BeWo cells. posItive conLrol,:), mr::aSl111nq Lilc~ rf':;p()n~;c' of Mvl!.\1 

cells to el ther TGF -~] or TGF- 132, "hoWF'd Llla thot-" l !;( JI (JI m:; Wf'f (' 

able to totally abolish 'H-thymldlne incorporat \(){1. 

Although TGF-J31 has been shown to lnhibl t t-he qrowt il (Jf 

primary trophoblast ln a dose dependent manncr (Grah<.JHI ( ~ \ dl. 

1992) , TGF-P effects have been shown tn dcpend on ceJl Lypf) , and 

BeWo ceUs WhlCh are trophoblasl -llkp (11 Li er frullI prlITklly 

trophoblast cells ln that t lIe:y El r r: rjr'l 1 Vf-'d f t OfT\ d iIllIIldII 

choriocarcinomù. Many cultulcd llltllHlnctflt (JI t rdn,;fofrnr'r] ('r·II'; Ildvr' 

been shown tü have lost sr:nsJtJvlLy to /(:rJlllat j(Jfl ()f qrr)wtlI!ly 'j'(;F 

(3. Rat-llver eplthellLiI cells are nounally qrrJwth InhdJltr·d by 

TGF- ~ but when t- ran,::, f OlIrlf:d by ca Le l nagens (Mr~f'v1dh()n r:t <1 1 ., 1 f) K FI) {J r 

oncogenes (Huggett et 01., 1990; Houck f:t al., 1 'JWJ) 'hr·V hr,r.'rJHlf: 

unresponsive to TGF--J3's antlprollferatlvc: éj(~tlons. 'T'CF p lfldy flnt 

affect BeWo cell growth becélllse its action on BevJo cr·II', Jfl'/rjl\f(~:, 
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()th(~r cellular functlons. Alternative1y, BeWo ce11s being derived 

from a chorlocarcinoma may have lost their abillty to respond to 

~GF-P's anliprollferatlve action elther as a result of its 

tUInongenlc transformutlon or durlng it!'" hlstOry as a cell Ilne. 

!\ rr,r'r:nt ;jtudy by Gr:,l,;or et al. (199:-:'), wlth a human bladder 

"iJIClnOHlrl ('(:11 linr: and a human colon adenoca1'cinnma cell line 

:,hOWf:d thd! JTll\lbiuOIl of gtrJwth by TGF-P can be restored by fuslng 

LtH?:::i(: two jJ(JfJ[r:'jprJf!;;JVO human car-Clnoma cell 1111es. In was 

ob;o(:rvl:d that prr,c0dulg fu:->ion the il1d1vIdua1 cell lJnes dlsplayed 

a h1(1h 1(:'1(>1 or Bf::taglycan, and 10w levels of T'.fpe l and Type II 

n:cepl CH:::" FollnVJlnq fU:31on Ulf? resultlng non--tumorlgenlc hybrids 

dl:;pldycd Li ldlqr: lflC1'C'c"î ,p ln the level of Type 11 and a small 

11)(,11'<1:.,1' Hl thr' 1 (:v('l of the '1".fpe l componenls sugge~~tlng that a 

('f It 1(',iI tl1tr",]luld of Lunct lonJ1 Type Il receptnrs may be required 

fur :;lqndl1 L1V] lnhlrllt10n of 9rowth. AffJnJty-Jabell1ng stlldles 

:;how t baL B0WO ccl 1::, cll:Jpl ciy Bel. c1qlycan predomInant ly and very low 

leveds oL 'lype J dnd Type II receptors (Mltchell et al., 1992b). 

']'ltfC.:'tofore IL ]3 reasorlclfJLe to postulate that thIS low Jevel of Type 

Il J ccept OIS 1 S br? low (l certa ln t hreshold néeded for 'l'CF-l)' s growth 

lnhlh1to1y respnll'~C, Subsequently, othe1' TGF-~ functions were 

('onsldet ecl tOI study ln this cc;] lular model. 

B. Effect of TGF-~ on BeWo cell fibronectin synthesis: 

'l'he n·CJulrlt. 1011 of tl1C' dC'cumulat ion and maIntenance of the 

PXll,-I('cdlul.:ll ll\d!I1X lS of 91-eal signIflcance ln wound healing, 

1 n'la:; l'Il 'lU':;:, dnd t lbrot le condl t 10ns (for review see Sporn & 

I\ob\:?t l ~>, 1 llHtJ) Mcmy exl rdcell u 1ar matrix genes have been shown to 

he !noduL1ll'd lJ}> TCF-P. The synthesis of fIbronectin, an 

l'Xt l,îcellul(lt Illatljx rnO·.eln, was measured ln order to see whether 

Cl] lllil '1'1.~F··~~1 cn '1'("-;1"-1)<; WCle able to modulate its expression in 

Hl·\,yl) ('l'] ls, FIDronect Hl 1S LI very large glycoprote1n of 440,000 

daltons, il lIdS two lC1entlcal subunlts covalently linked by a 

:;111g10 cl u:;ulf Hie bond (Yamada &. Oiden, 1978). The release of 

1 11)1 Ollect III by the cel l cont ributes to the deposl tion of 

t'xt l c!l'(' l luLu- ma t 1'1COS such as the basement membrane. Many cells 
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syntheslze fibronectln, including prlmltlve mesenchyma.l cells, 

astroglia, fibroblasts and sorne eplthelial cells (Hynes, 19~6). 

Two separate methods, both involvlng metabollC ldbl'lllIlg (\f 

cells wi th 'J"S t rans -labe l 'M 1 were used t 0 mp,I};tl rl' t ,IH O!\l'l'l 11\ 

deposition in BeWo cells tl.eated wilh or wlthout 'l\;F Pl l)j '1\;1-' rt~. 

The first method, wInch d~")pt:lld:-, on tlbt'onectlll bll11111hl III (wLtt III 

Sepharose was unable to detect Cllly newly synt hl'~, 1 :l'li f Ibl ()Il('l'l III 111 

extracellular rnatrlx extracts of TGF-rl tl'P,-ttl'd Ht'\'Jo ('(,Il:;. 

However, control experlments wlLh MvlLu celle., PICVl<.,Hl:';!V :,lInwl\ \0 

increase l t s f lbronect ln sY dtheslS in respon.;(' t 0 '1'l~F pl (1 qll()! ': br 

Massague, 1986), demonstrated a large .lIlC·U'd:,(' ln IH,'wly :;yItt Il(·:,I.'(·d 

fibronectln. 

The second method used tü measure i iln nn('ct III ::yllt III ':>1::, 

involved immunoprecipitating fJbronectjn wlth ct polyc:luItdl <lItt 1 

human flbronectln antibody. The resultlllC] il.lltor'ltl1oq!.1ITl:, dl::pl.\yl'd 

a large number of nonspeclfic plüreln band:;, 111 c'Hirlll 1(1I1 I() a IIlIIICJI 

220 kDa band wfl.lch correspond:..; to the rnli}ldt I(m of plll I/ll~d IUllllclll 

fibronectin. Even wlth severol pr'ecleat-lnrj dl1cl \tv'd';h :31 Pp:; lh!> 

background nOlse was not redllcf?d. S.lnce the élllt 1 br)(jy ll',I,rI 1 Il t IH'!;I' 

immunoprec lpi ta t ion eX[lf-;r unent ~ has ber:>n f:::') t ab l l :,hf'r! ,1:; 'IJ JIll (If> r 1 dl l' 

for Western irmnunoblotting <H1aly~.f::) (Up!::;1 ,JI f' ElOI f'('IJI)(J/(Jqy Irw., 

1992) thus able to recognlze dr'Ildl IIr ed j Iln (IIll'r,'I Ill, II Irloly IJ(JI 

have been the i'lpprOprlate Ch01CC for IHUIlUIHJplf'('I[lltollIUII 

experlmcnts. Western lmmllnoblottlnq Wu:"', :"illb:;equf'tll'ly [H'r/IJ/lrlf'd III 

order tu determlne lE lhis antl -hUmêln flhrUflh"tln ,1IJf lli{)dy Wd:; 

unable to ef f lC ient ly unmunoprec lf)} t cl t f; f lfn ()n(=>{:1. 1 n yr>1 dh J f' LI) 

recognize f.lbronect.ln in ë! WfY.,tern lITUnunoblol. R(~:;lljl:j :,f}(JWI·(j Ihdl 

the antlbody was able to recoqnl ze pur if il.;rl hurnan f 1 bnlfll~('1 1 n bill 

did not detect any f Ibronect ],n ln Br"Wo ce J J uLJ y (!xl r ,tC'I ;; . 

Together, the results from m~a;3urlng tlblo[]r:cLIIJ ','jlJl hl~!;J:; by 

gelatin-Sepharosc, imrnunor.Jrecipl tation tr-;!crm UllJ(~'.J ,Hui 1 ()I dl 

fibronectin Western irnmunoblot ancdysl S éiJ l ;]uq(JI;;,I 1 hdl 1 [I(;fl' l' . 
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rr.:lat.ively llttle deteetable fibronectl.n in BeWo extracellular 

matrlx extracts. Furthermore, it does not appear thdt fibronectin 

~:)ynthesis in BeWo cells is inducible by TGF-P treatment. 

Gelatin-Sepharo'.J8 cI.nd immunopreclpltatlon lsolation of 

fJbronectin [rom C'ondltloned medlum of TGF-P treated BeWo cells 

lndlc~tGd that ltlere wa~ no newly synthes_zed soluble fibronectin 

ln t hr' rnf..:dl Uffi. HowE:v(~r, gelat Jn-Sepharose lsolatlon of fibronectin 

f rom ('ond 1 t lon(:d rnc:dJ um o[ Mv] Lu eells showed not only a large 

amOllfll ot flew J y synthes n:ed t 1 bronect in in the absence of TGF-Pl 

t r eatrnfé'nl bill an 111('1 easp ln response to TGF-r1. These results 

i urt her sllpport th(~ ) nt (:~rpl et.J t Ion that BeWo cell s express very low 

levels of [Ihronectin. 

Allhouqh many types of cells do synthesize fibroneetin there 

.Jre several types oi transformed cells that do not (Hynes, 1976). 

'l'he lesults Obti.ll ned Hl this study lndIcate that TGF-Pl and TGF-P2 

do not lndlJ('f' L IbrOIl(>ct ln synthesis Ot- dAc:J1:Fldatlon in BeWo celis . 

This rnay }w heCdU;;(; ReWo, a cell 11n8 derlved from a 

chorl oc'alT 1 noma, do not synthesize flbronectln, or do not 

:,;yn l he:; 1 ze r:nuugh f J br onect in Sc' ,-'1 S to perml t l t S detect ion at the 

protC'ln lpvc'l. Fut-the'I more, humall placental f lbronectin has an 

addit lonal polyl<1C:rosamine carbohydrate WhlCh somewhat decreases 

iu, }nlldlnq dfflnlly for gelCl.tln (Zhu &. LaJ.ne, 1985), this mdy be 

('ollttllJutlnq tu lllf': ln,1blllly to det.ect BcWo expression of 

[lblUll('('l"111 at t Ill' 1110teln lev!-,] by afflnlty chrornatography with 

l}plat In/Sepl1dl()~f·. ALLcrnallvely, lt is possible that BeWo cells 

(',1I1nol 10spond l Cl T(;F-~ as lhscussc'd previously wlth respect to the 

ploll!C>laLloll ~;tUlijl"S. :;LudlO'; wlth mutant cells deflcient ln 

(' 11 !J...:-.r nt bot Il Type l and Type rI receptors show that these two 

t"<'('l'P(-Cll s ,Ul' Illvolvc'd .ln Sl!Jl1dlllflg TGF·~' s actIons (Lalho et al. 

lQ\)O). 'l'hl' ll·~:;ultS of Gelser et al (1992) suggest th,ll the Type II 

l ("cepl Ol: l~; l:t:'sponsib le [or medIa t lng TGF - r1' s growth lnlubi tory 

funcllon, in bladdel and L'olon cell lines, yet it is not required 

t 0 mt:'dlc1t e Tl~F-p' s gent" Clet l vat 1011 funct Ion. They found that cells 
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with very low number of the Type II receptor were unresp\JIlSIVe t 0 

TGF-!3's antIproliferative effects but responded wIth the activ~1tion 

of fibronectin and plasm"Lnogen activatol i nlllbil 01 l qC1\e~,. rI\_iF-~ 

action may involve severù.l dlfferent siqlldll1nq pcl.tllwclY::; whidl L'an 

allow sorne responsps, such Ils C]C'lle actlvallc111, 111 tht" ,lb::,enc0 nt 

others, such as growt h inh lbl t lon. 'l'hus, lhc' rl'~--;U 1 r 1 llq ll-'~..:;ponsp 

depends on which receptor 13 present and how m,IllY .Ill' LlVdll.Jble to 

initlate a sIgnal. BeWo cells express very low 1 PVL' L~ \)f bot h the 

Type l and Type II TGF-P receptors (Mitchell cl LIl., lql).~ il). II 

is possible that there may not be enn\lCJh of the::;v t wo 1 t'('cpl urs 

types in BeWo colIs to Inltlélte actlvdlLon of thp tll)lOnt~cllll gC'llC' 

by TGF-~. Al terna t 1 vr:l y, B~;Wo cell s whH'h ~'Xpl P!jS III 1 l ln ('l' T~a,' ~ 

receptors (albel t low 1 €vel s ot Type l cmd 'T'ype TT tl'ceptm!,) Indy 

be similar to S mutants (Boyd & MdSSc1<1ue, 1989) and \ll1dble tn 

respond to TGF-[3 because of sorne fault in their Tl~F-[3 !'HJllcllllllCj 

mechanIsm. 

In this study, finronectln synthe:=ns was exam)rlf~d dt tilt· 

protein level. It would be worthwlnle to determlnf' wIH:lll('r I3t;Wo 

cells express message for fibrol1pctin and iL the level of ll\f'~;:;,HJe 

changes in response to TGF-[3 by Northern blot analY:31;l. A :~t 1Hly of 

fibronectin mRNA expresslon ln BeWo cells, as conducted -in !l()VirH' 

adenocarcinoma cells (Shi et al. 1 1990), would be Wj0f ul . 
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SUMMARY 

These ~.3tudies Ind~cate that there is no difference in the 

bl nding parameters, equilibrlum dissociation constant (KD ) and 

maXImum rnndj nq ~-)l tes (Bn .. ,) between TGF-~l and TGF-~2 for blnding 

tr) Br:Mo colis as rneasured by equ~l]brium saturation and competition 

(_'x[x:y 1 JTl(~nt~) • The number of bl ndlng s ~ tes determlned per BeWo cell 

pl ace:; the BeWo cell line among the rlchest cell lines in terms 

'l'(}F- P u;cept 01,3. However, a f f lnlty labelllng s tudies in this 

Jabor~tory indJcate that the dlfferent strur_ural classes of ~GF-~ 

receptor~3 OIl l:lÎ~Wo ce 11s exhlbl t di tferential blnding between TGF-~l 

i1nd TGF-P2. 'l'lins, 10 an attempt to different1.ate the response to 

t hese two TGF-~ Isoforms by way of blological poteocy, two 

different TGF-P functlons were studied, modulatIon of growth and 

tequlatioll ot fIbronectln synthesls. Neither TGF-j31 nor TGF-P2 had 

dny affect on Lhe growth and/or [lbronectln synthesls in BeWo 

cell s. Future: stuc110s should be aimed toward findlng a functional 

r espoO!".;e to TGF-P ln thlS model system . 

71 



• 

• 

• 

FUTURE DIRECTIONS 

Proteases and protease lnhibltors play an importdnt l'ole III 

regulating the accumulation and degléldatlon of the extl"acC'lluldl 

matrix. The modulatlon of these en:::ymes ,He lIlvulvcd HI 

trophoblastic and t umorlgen l c invaSlon. GrahLlm et Lll. (1 q q.~) havo 

shown that TGF-~ blocks trophobld;3t lllvaSlon Wlt il llnpll('Llt ll)I1S Il! 

TGF-P lndlrectly controllinq 'rIMP (tl',,-,\l() 11Illil.lltl)J 01 

metalloprotoina 30S) ~ evel s ln t hese ce LI s . H 11c1;~ LI l. ,u hl 'l'Il 

demonstrated. that cultured human trnphoblast !::>t'clc'l e Ut ()J...ill.1~;(' 

type plasminogen actlvator (u--PA) with Ptotf"OlytlC a('t IVlty dnd 

that is tho\lght to play li loLo III Lh\' d(~ÇJld(Lll1011 (lj tIlt, 

extracelluli1r matrlx (QueenCln ct al, 19'(-)7). PL1::I111I1()<jl'Il .IcI IVdt Ol 

inhlbitors (PAl) lnactlvdle the ploteolyt le aet IVJI-y of pla:;If\Il\()C)C'11 

act l vators. P!\l type l (PAl -1) has heen dc'I C'ct ('ci ln ('xt l dV Il ) ()W~ 

trophoblast (Yeh & I~\lrman, 1989) TGF-J3 hdS hel'Il ;,hUWlI t Cl lrH') Pc1!3(~ 

the expression oE PlU -1 ln a 111l!f1till fibl()!"llCOITlil ('c'Il 1111f' (J,dlllo ('1 

al., 1987) and ln rat osteobLl!,t-llke ('td1:; (Aliall (}t ,-il., 1(91) . 

TGF-P has also been shown Lo 1 ncrpa,:5e l'A expre:-;!-j Ion III hl 1 Illd Il 

synovial flbroblc.1sts (Hamllton et al., L9'Jl). lf '1'(;F-[3 ('an 11lhJhJI 

the invaslveness of trophobJa;-;1 cells by contl()Jllnq 'l'IMI' .1:; tll(' 

results of Graham et rJ.]. 1 (19q.~) suC)ql~sr, TCF [3 Irldy dl :j() cO/II l (JJ 

the expression of either PA or PAr l il1 tlIP:;P ('c'II'; cl:, wf,ll. 11 

would be lnterest: ing to soe whether TGF- J31 ()f '1'(;(0' [37. Ild;; ctrly l'f 1 (~I'I 

on th2 expreSSlOll ot those prot-ea!::j8S and pr (d ('.1:,(' 

BeWo cel 1:::, , bath at the MRNA and protolfl JI~V(.:I:;. 

/ClhlbIIIH:; III 

groups hclv(; aLready measurod PA (HamJltoT! pt 

(Laiho et al., 1987 ,md Allân et al., 1CJCJ1) 

Northern Anëll';c~ is. 

ct l , 1 1 Cj Cj 1) d fj(J T'A [ 

a t '-hr:: MW 1/\ 1 ('Vf> 1 hy 

At the plot e111 ] I.:,vel the activity uf I)A and p/\r -1 hd:; br'('11 

measured by zymographic anéllysls. (La!llcJ (,1 dl., l'JH'I). 'l'hr· 

establishment ot ël zymography aS;:5ay Wd~; dttl.:Iflpt (.:d 1[J (Jrdr'r t () 

measure the PI-\ actlvlty ln the condit-l(Jllr:d !nr:djllHl uf H(·vl l ) (·f·]]·, 

treated with CŒ wlthout TGF-~] and '['(_;V-[32. Z,/Hlrjqrd[Jhï 1II'!rd'!f':' 
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using SDS-PAGE gels contalning gelat in and PU! if 1 f'cl pl ,1:;mi llClgen, 

(Heussen & Dowdle, 1980). Electrophotesls sl'pclratt':-; plntl'lI1~, 111 

the medium accordlng to thell molecuLn- 111,lSS. \\1,I~,1l1!\q l'\lt tlll' ~;\)~:; 

with TrJton-X-100 renatures thE:'> Cl1::,ymes ,111oWlllq rA tl> ,WllV,îll' 

plasminogen to pla~:,mln \\11nch will theI1 dl'l}l,ldl' lhe- lJI'Llt JIl 

revealJng a clear zone at the appn,pli,ltl' llll,ll'l'\l!.11 lll.1~i~~. 

Similarly, the c1ctlVl.ty of othcr pl ()ted:-;l':; :;\ll'h ,1:; 

metalloproteinases and cystel.ne protf'.l:,es l',m he' v 1:,\1,11 l,'t'd. 

Several attempts to optlmlze thl.S teC11l11qlH? III tilt> Llhul,llnJ'Y 

failed to produce consistent l'C'!::,ults and lhcll>f()J l' tllL' \I:;t' of tl11:; 

assay to measure the effects of- TGF-~ on Plot-l'OJylll' .Il't iVlty III 

BeWo cells was dlscontJnued, Nt-'vC'rthplf~!,:; f\ltUlt' :.;t\ldlt";; !.!to\lld hl' 

dlrected towards cxamUllng the efic:,cts nf 'l'CF 1) lln th(' d('t IVlt\' Id 

PA and other extracelluar mcltllx c11'grllli!nq 1'1l.'Yln(>:; 111 Ht'Wu ('(,11:; Ily 

zymography. The modulatlon of thr: t;>"i!II·!':'IO!\ uf ('xl l,j('('II\lldl 

matrix degradl.ng enzymes by TGf-P shollld l:w ~;t-\1d10d dt t IH ' ml":NA by 

Northern analysis as weIl . 

The effect of TGF-~ on the ditfen::nllLll-lon of tlf)phlJbld!,1 ln 

syncytiotrophoblast has been examu1ed ln t wC> Llbll1 ,Il fJ!-1 f", ((;1 ,t1ldlTl 

et al., 1992; Morrl.sh et aL, 1991) 1I0W(;VP 1, Wllf:lf'd!, MOIII!.II /'1 

al., (1991) reported the JnhibJtlon of: tlophnbLl;;t dlff('!I'ltlldl l()rt 

to syncytiotrophoblast by 'l'C;F-P1, Grahdrn r:t al., (19lJ.~) tl'I)()ltl'd 

the stimulatlon of trophobJast dlfferent latIol1 Ily T(;l" r~ Hf)1 fi fd 

these groups defin<::d dlfferentlatlon nf Lrrlpl1()hl.l';1 ('(:11:; tn 

syncytiotrophoblast cell'J a:-::> the [onn,ü Ion of ITlIlI t ] Il\j(' 1 l'dl I·d ('1 ' 11:; 

as observed by ll.ght mlcroscopy. lIowevt>r 1 t !If:t l' Il''~, hf'('ll t 1'('I'nl 

debate as to whether the ob:-;(~r va L ion of mu Il J nue j (',d r·d ('1·1 l 'j by 

light microscopy lS enough to dr-,monstratro ri trlJl: ',yrH',/' I·j (Apllfl 

1991). BeWo cells have be~n ::3hown lo undl?rqo ,j r:omp]r,x f(;:;rJ(Hl:,r' 1 () 

methotrexate tllat resembles thF:: forma t J (m of !lynr';'jt 1 (JI t (iri!tub 1 d',1 

from mononuclear trophoblast (Fr] (·dm.Jn fI ~;k.;h,H1 ,1 fj'/ f1; HIJr r (.!, l, 

Cass, 1987). It would be 1nteu-,3tlng to :-..itudy '[Y;F r~':; dbl j 1 l '.1 1 f) 

modulate differentl.ation in BeVJo cells, takJrI(] (:<]rr; 1 hal 1 br: 

formatlon of multinucleated cells be derw.Jn:3tratr;r] .'.1:-" d tnH; 
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~yncyLla by eJoctron microscopy or microinjection of fluorescent 

rJy(;~-; (Apl in, 1991). 

Another lnteresting aspect of BeWo cells in respect to TGF-P 

is that BeWo cells are polarized cells where they display 

st rlJcL ural and fnochemical dlf ferences between their apical and 

basolaterctl 3urfaces. It was recently shown that BeWo cells can be 

cul t1Jred on [Jprmeable f lIter supports which dlrect independent 

dCC(~~jS to '-he' aplcal and hasolateral domalns, (Cerneus & van der 

l':nd(~, 1 991) thus enabllng TGF-~ receptors to be studied from the two 

!,J dRS of the cRll. 

HeWo cells are a lnterestlng model system in which to study 

TGF-~ receptors and functlons, moreover they are a more uniform 

model thëln primary trophoblast. It is important to find a function 

for T(~F-P Hl BeWo cel Ls but lt lS also lmportant to determine 

whether rrCF-p furwt ions ] n a Slmllar fashion in these cells as 

L'Ompdl ed Wl: Il pn ma l'y t r ophoblasts, which should more closely 

tC'prc;-;C'nl lh" ..l!l vivo state. Thus, future studles should involve 

('on t lnuecl cha ract er l zat 10n of the bindlng properties and the 

(tlnct iona J responses tü TGF-~l, TGF-132, and TGF-133 in primary 

t~ophoblast as weIl . 
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