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ABSTRACT
Transforming Growth Factor Beta (TGF-f) 1is highly pleiotropic,
involved in  controlling cellular proliferation, differentiation

oxtracellular matrix (LECM) remodelling. TGF-[} is a potertial mediator

of placental trophoblast functions, including differentialion, hormone

production, ecndometrial invasion and  immunosuppression. Trophoblast
cells are the epithelial-tile covering of the chorionic villae at the
fetal-maternal anterface.  In this study equilibrium binding assays and

functional asoays were used to investigate the binding chacacteristics

and the actions of the TCP-f1 and TGF-f}2 isoforms on an established
human choriocarcinoma  trophoblastic cell 1line, BeWo. Equilibrium

saturation experiments indicated that the BeWo cells exhibited similar
average aftimities and total number of binding sites for TGF-f}1 and
TCGE-fi). The K values obtained from Scatchard analyses were
approximately 65 pM for I-TCF-fi1 and 40 pM for I-TGF-f}2, with 70,000
and 85,000 sites per cell respectively. Competitive equilibrium
experiments  indicated that TGF-fi1 and TGF-f32 were equipotent (apparent
haltf maximal inhibition (IC )°70 pM) and that all binding sites were

capable of recognizing both isoforms. Two frequently used functional
assays  to  determine  dose  responsiveness  to  TGF-f}  isoforms were
investigated wich BeWo cells. A H-Thymidine incorporation assay was
used to measure TGE-f} effects and this indicated that neither TGF-[}1 nor
TeI-f2 had any signiticant effect on BeWo cells. The synthesis of an
FCM protein, fibronectin, was monitored using both gelatin-Sepharose
affinity  chromatography and immunoprecipitation with  anti-human
tibronectin polyclonal antibodies. However, neither TGF-f1 nor TGF-[32
had any ettect on tibronectin synthesis in BeWo cells as measured by
these two methodss.  The significance of the results obtained from the
functionat assays are discussed in terms of differences in TGF-[3

responsiveness between BeWo choriocarcinoma cells and other cell types,

and 1n terms of the low levels of Type I and 1vpe II TGF-} receptors

expressed in BeWo cells.
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RESUME

Le facteur de croissance TGF-f (Transforming Growth Factor Beta) est un
agent pléiotrope impliqué dans le contidle de la proliferation cellulatte, de la
différenciation cellulaire ot du remodelage de la matiice ovtiracellulaite (EUCM) .
Le TGF-B est un mediateur potentiel dew activites des trophoblactes placentatires
incluant leur différenciation, 'Teur production Jd'hormones, Loy potent el
d’invasion de l'endométi. et d'immunosupplession Les collule  trophoblast igques,
sont de type épidermal et 1ecouvient les villesites chortiontgque. o [intertace
embryc-utérine. Dans la ptesente otude, des analyses e liaroon a L'edquilhibre
et des études fonctionnelles sont utilisee, pour comprendre to, ditteronoes au
niveau des caractéristiques de liaison et d'action des 13otorme ., Tar 1 ot TGF
B2, chez les cellules BeWo, lignée collulaire chol1ocarc 1ndmique tiophobl (gt rque
humaine. Des études de saturation a 1'evmilibae ot Tanaly: e de Soats has d
indiguent que les cellules BeWo ont un K, pparent emblable pour len 1 .olorme .
du TGF-B o1t 65 M dans le cas de Bl ot 40 M pour B Le nombre de Grtes de
liaison est du méme oirdre pour TGF-B1 ot TGF B2 worent, 1epectivement 70,000 it
85,000. Des expériences de competrition a& 1'oquilibre tmdiquent que TGF Brooet
TGF—BZ sont équipotents (TIC., ~ 70 pM) ot e tors Lo aatesn de liasson sont
capables de reconnaltre les deux 19nformes  Deux escals lonctionnel o ont ot o
utilisés pour déterminer la dose-réponse des cellunles BeWo aux tootorme . de TGE B
de la présente étude. L‘incorporation de ‘H-Thymidine ot 1'ettot deo TGE B o
la prolifération cellulaire chez les ce'lules BeWo n'indigm nt aucune d1fforend e
entre les effets des deux 1sotormes w1l la prolitdration. Tee metabol ime e
synthése de la fibronectine, proteine de type ECM, A ety Gtadie dane Lo, coblndae,
BeWo par chromatographie d'atfinité ot par tmmunoprecipitat 1on a lrarde
d'anticorps polyclonaux anti-fibronect ine humaine. L adultaty de oo, denx
méthodes de dosage n’‘ont démont ré aucun «ffet  <agnificat i des factourn de
crolssance TGF-f1 et TGF-B2 sur la wynthe . e la fibtonectane par leg collale,
BeWo. La pertinence des résultats obtenus cuite A coes analyses fonct yonnel les,
est discutée en terme de différences dans la répon.e aux 1ooforme: de TGR B,
les cellules BeWo «mmparée a celle de cellules dfautres types, de mbme quien
terme de niveaux d'expression des récepteurs de TGF B de type . T et 11 crzpramts

chez les cellules BeWo.



INTRODUCTION

Transforming Growth Factor Beta (TGF~B) was originally
deseribed for ats ability, i1n the presence of epidermal growth
factor (EGF) to enhance the growth of fibroblast in soft agar
(Foberts et al., 1981). Today, TGF-B is recognized as a family of
mult i functional growth factors. Five distainct TGF-f i1soforms have
been described, TGF-B 1 through 5. The human TGF-B family consists
of three asoforms  TGF-B1,  -B2, and B3, which are highly
homologous. TGF-B 1s highly pleiotropic, being able to control
proliferation, differentiation and extracellular matrix deposition
(for r1eviews sec  Roberts & Sporn, 1990; Massague, 1990) .
Generally, TGr B1, -B2, and -B3 are interchangeable in in vatro
hiological assays, however, in some 1in vitro assays they do
demonstrate differeontial activaity (Ohta et al., 1987; Ottman &
Pelug, 1988; Tsunawak: et al., 1988; Jenning et al., 1988; Rosa et
al., 1988; Graycar et al., 1989; Cheifetz et al., 1990; Qian et
al.,1992) . Furthermore, recent work indicates that the expression
of 'Tor B,  -p2, and -Pf3 1is differentially regulated, which
suggests that these 1soforms have different functions in vivo
(Pe-lton et al., 1989; 1991; Schmid et al., 1991; Paria et al.,
1992; Roberts & Sporn, 1992).

1GF-Ps, as with other growth factors, act by binding to
specilic cell surface receptors that transduce the regulatory
signal. 1t has been possible to identify putative TGF-B receptors
by chemical cross linking of '"I-TGF-B to specific, high affinity
binding components on cell surfaces (Massague, 1985; Massague &
Like, 1985; PFranger et al., 1986; Segarini, 1989)., Initially
attinity-labelling techniques demonstrated three distinct types of
TGF-B cell surface binding components, known as the Type I, Type
11, and Betaglycan (also known as Type II1), TGF-B receptors (for
reviews see Segarinil, 1991; Massague, 1992). The Type I and Type
11 receptors are glycoproteins and are thought to be true

signalling receptors, (Boyd & Massague, 1989; Laiho et al., 1990;
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1991). The Betaglycan component, a proteoglycan, oxists 1n both
membrane-anchored and soluble forms and thought to serve non

signalling roles (Andres et al., 1989). Generally, the Type I and
Type II receptors display much higher affinities ftor 'Idr Bl oand
TGF-B3 than for TGF-B2, however, subtypes that have haigh attainity
for 'TGF—B2 have been demonstrated (Cheifets, 1990; Cchertots &
Massague, 1991; Mitchell ot al., 1992 a,b). The  predominant
population of Betaglycan components show equal aftinitires for TGEF

B1 and TGF-B2 although Retaglycan subtypes having a higher at tinaty
for TGF-B2 than for TCF-B1 also exist (Segarint ot al., 1987;
Mitchell & O’'Connor-McCourt, 1991; Mitchell ot al., 1992 o4,y . The
Betaglycan and Type IT TGF-f receptor genes have been recent ly
cloned and sequenced (Lopez-Casillas et al., 1991; Wang ot al.,
1991; Lin et al., 1992). Other TGI-P binding proteins, dist inct
from the Type I, Type IT and Betaglycan receptors, have also beoen
described (MacKay et al , 1990; 1992; MacKay & Daniclpowm, 1991
O'Grady et al., 1991 a,b; Segarini et al., 1992; Hannah ot al.,
1992; Ichijo, 199%; Cheafetz & Massague, 1991).

Trophoblast c¢ells are the epithelial-like covering of the
cherionic villae at the fetal-maternal 1nterface. Trophoblaat o
play an important role in the physical attachment of the placenta
to the uterus, 1in the exchange of nutrients and wastes, the
production of hormones, and the regulation of the maternal mmunc
response, The placenta 18 a rich source of growth factors and
growth factor receptors and has been utilized as a source for the
purificat:on of growth factors (Goldstein ot al., 1978; Wu 4
Fischer, 1980; Gospodarowicz et al., 198%) 1ncluding TGE B (Frolik
et al., 1983), and growth factor receptors (Hock ot al., 14979;
1980; Downward et al., 1984; LeBon et al., 1986; Maly & Luthi,
1986) . What role growth factors play in placental function are
unclear, however, 1t 1s assumed that they act via autorcrine and
paracrine carcuits (for reviews see Blay & Hollenberg, 1989;
Pollard, 1990). Growth factor receptors have been studieed on haman

trophoblast celis in primary cultures (Deal & Guyda, 1983; Lal &
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tryda, 1984), trophoblast cell lines derived from primary cultures
(Goustin et al., 1985) and on trophoblastic cell lines such as BeWo

(0'Connor -McCourt & Hollenberg, 1983; Deal & Guyda, 1983).

The activities of TGF-B, notably in extracellular matrix
deposition, rellular proliferation and  differentiation, and
Immunosuppr es:;ion point to 1ts potential roles as a mediator of
trophoblast1c invasiveness, differentiation and for the maintenance
of pregnancy (Tamada et al., 1990; Lala & Graham, 1990; Morrish et
al., 1991; Altman et al., 1990; Kelly et al., 1990). Moreover,

recent  murine studiles  suggest that TGF-B2 in particular, is
import.ant bhoth in placental function and embryonic development
(Miller ot al , 1989; Pelton et al., 1989; Clark et al., 1990;

Altmun et al., 1990; Kelly et al.,1990). In order ts understand
the possible roles of different TGF-B isoforms 1in placental
trophoblast function, the characterization of the placental TGF-f

receptors 1S necessary.

Affinmity labelling studies carried out in this laboratory have
shown that human placental membrane preparations (Mitchell and
O'Connor McCourt, 1991), human primary trophoblast cells (Mitchell
et al., 1992a), and the human choriocarcinoma trophoblast-like cell
Line, BeWo, (Mitchell et al., 1992b) express a unique class of
Betaglycean receptor which exhibits a higher affainity for TGF-B2
than tor TGF B1, yvet a higher capacity for TGF-B1 than for TGF-B2.
Minor subtypes of both the Type I and Type II receptors with equal
or higher af finity for TGF-B2 than -Bl were also detected on these
t1ophoblast 1 cells, similar to subtypes detected on a few other
cell types (Cheirfetz et al., 1990; Cheifetz & Massague, 1991).

BeWo cells provide a more consistent model than primary
trophoblast cells for studying the effects of TGF-P, its isoforms,
1ts receptors, and its sagnallaing pathways. In this study, TGF-JB
rveceptors on BeWo cells were further characterized by equilibrium

binding assays. Equilibrium binca. '~ assays are able to give a more
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quantitative measurement of overall bainding affinity and binding
capacity for the different TGF-B isoforms than affinity labelling
studies. The functional role(s) of TGF-B1 and TGF PB.2 in BeWo celly
were also studied. Two functional assays, a ptoliterat ron assay
and an assay for measuring fibronectin synthesis, both of which are
frequently used to determine dose rvesponsivenes:s ta the Tar B
isoforms, were investigated. The aim of this study was to try "
corielate the binding aftinities for the TGF-B1 and B2 1sotorms to
the trophoblast TGF-f receptors with the biological pot encies of
these isoforms.



SELECTED REVIEW OF THE LITERATURE

TRANSFORMING GROWTH FACTOR BETA

The first 1ndication of Transforming Growth Factor Beta’s
(TGF-B) rrue 1mportance as a mediator of normal cellular physiology
was described by De Larco and Todaro (1978) just a little over a
decade ago. Tt was found that murine sarcoma virus-transformed rat
kidney fibroblacts secreted growth stimulating polypeptides into
their eoxtracellular medium that had the ability to induce changes
in normal rat fibroblasts giving them a neoplastic phenotype,
including the ability to grow and form colonies in soft agar.
These peptides were termed sarcoma growth factors (SGFs) (De Larco
% Todaro, 1978). However, similar peptides with similar activities
were then 1s3olated from various sources, other than sarcomas,
neoplastic and non-neoplastic, (Roberts et al., 1981) and the

peptides’ name changed to transforming growth factors.

TGFs were later found to be a mixture of two different
pept ides which were consequently named TGF-o and TGF-PB (Roberts et
al, 1982; Anzano et al., 1982). The two TGFs were distinguished by
therr marked differences i1n biological properties, particularly
with respect to their relationship to epidermal growth factor
(EGF) (Anzano et al., 1982). TGF-o is an immunologically distinct
analog ot FEGF with high affinity for the EGF receptor. EGF and
TGF-a by t hemselves induce only a small number of colonies that are
able to arow 1n soft agar. TGF-P does not compete for the EGF
receptor, and alone does not induce the formation of colonies in
woft agar. However, in the presence of either EGF or TGF-a, TGF-f
mduces a dosec-dependent formation of colonies that surmounts that
response elicited by EGF or TGF-0 up to 10-fold (Anzano et
al.,1982).

When 1t was shown that TGF-B is synthesized and secreted by a

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




clear that this factor is not tumor specific, but rather it plays
a fundamental role in the growth and physiology of normal cells,
Subsequently TGF-P was isolated and purified to homogeneity from
several sources, human platelets (Assosian et ai., 19383), human
placenta (Frolik et al., 1983), and bovine kidney (Robert: et al.,
1983), by monitoring TGF-P activity 1in an assay which measurod 1t s
ability, i1n the presence of EGF, to induce normal r1at kidney
fibroblasts to grow and form colomes 1n  noft  agar. The
purification of TGF-P from different sources revealed that 1t 1s a
protein with an apparent molecular mass of 25,000 daltons (Assosian
et al., 1983; Roberts et al., 1983; Frolik et al., 1983).
Reduction of the disulfide bridges converts the 25 kba protern int »
a 12.5 kDa species, as assessed by SDS-polyacrylamide qel
elect rophoresis. It is the dimeric form which 15 biologically
active. Now, TGF-PB is known to exist in at lcast five diffe ent
forms, TGF-PBl1 through TGF-B5 (for reviews sce Roberts & Sporn,
1990; Massague, 1990). The second form of the peptide TaGlr B2 was
isolated and purified from bovine bone (Seyedin, 198%5%; 1987), humin
glioblastoma «cells (Wrann et al., 1987), porcine platoelets
(Cheifetz et al., 1987) and monkey BSG-1 cells (Hanks ot al.,
1988). TGF-Bl and TGF-B2 have been cloned and therr amino acid
sequence deduced. They are both homodimers with each monomer unit
consisting of 112 amino acids. The mature 112 amino acid monomer s
are derived from the carboxyl-terminal portion of a 390 amino acid
precursor for TGF-Bl (Derynk, 1985), and a 412 amino  acid
precursor for TGF-f2 (DeMartin, 1987), and are 72% 1dentical (for
review see Roberts & Sporn, 1990). Recently, by crystallography,
the tertiary structure of TGF-B2 has been deduced and reveal that
the nine conserved cysteine residues are involved 1n dioulfade
bonds, one of which links the two monomers together (Daopin et o al.,
1992; Schlunegger & Grutter, 1992) . The other three forms TGE B3,

TGF-B4, and TGF-BS have been i1dentified by screening cDHUA libraries
but have yet to be 1solated from natural sources, However,

northern blots demonstrate that the corresponding mRHA’S  are
expressed. All faive TGF-PB’'s are 64 - 82 % homologous to onc
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anot her, and conserve nine cysteine residues in the active peptide.
Moreover, each of the different TGF—BS is more than 98% conserved
hetween species; for example TGF-Bl1 is identical 1in man, monkey,
ply and chicken. This strict conservation of sequence between
species emphasizes the i1mportance of TGP-B in mediating normal
coellular actrons ({or reviews see Roberts & Sporn, 1990; Massague,

1990; Derynk, 1987) .

All of the TGF-B isoforms are processed from a long precursor,
in which a remarkably high degree of sequence homology also occurs.
(for reviews sec Roberts & Sporn, 1990; Massague, 1990). The
precursor structure of all TGF-Bs consist of a N-terminal signal
sequence, a pro-region, and a C-terminal bioactive domain, except
for T6F-f4 which lacks a discernable signal sequence (Jakowlew et
al., 1988). TGF-P 1s secreted from cells 1n a biologically latent
form which consist of the cleaved pro-region non-covalently
assocrated with the TGF-B dimer. The pro-region cleavage site is
4 or 5 amino acids i1mmediately preceding the bicactive domain. The

latent complex from platelets and certain cell lines is covalently

associated with a 125 - 160 kDa TGF-pB modulator protein via a
disulfide bond (Figure 1). The role of the modulator protein is
unclear , however, the absence of this protein in the latent form of

TGF-B expressed in chinese hamster ovary (CHO) cells (recombinant)
and human 1onal carcinoma cells (naturally occurring) indicates
that it 1s not necessary to confer latency on TGF-f (Gentry et al.,
1987; Waketield et al., 1988). The latent complex can not bind
TGF-P receptors, is immunologically different from TGF-B and must
be actavated before 1t can exert an effect (Miyazona et al., 1988;
wakefield et al., 1988). The precise mechanism to activate TGF-P
an vivo 1s ot 11l unknown. In vitro studies show that TGF-B can be
activated by extreme pH (1.5 or 12) and by plasmin treatment (Lyons
et al., 1989). This suggest that acid microenviroments and
proteases secreted by activated macrophages in sites of wound
healing could contribute to the activation of latent TGF-B (Roverts

& Sporn, 1990; Massague, 1990).
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FIGURE 1. Processing of TGF-f} from precursor to bioactive dimer.

The TGF-P precursor consists of an N-terminal signal sequence (thin

line), a pro region (thick line) and the C-terminal biocactive
domain (box). (C) 1ndicates the approximate locztion of the 9
conserved cysteines n the different forms of TGF-J. After

secretion, the cleaved pro-region remains associated with the TGF-
dimer forming a latent complex. The TGF-P monomers are covalently
linked via a disulfide bond. In platelets and certain cell lines,
the complex is covalently associated with a 125 - 160 kDa modulator
protein of unknown function. Bioactive TGF-B is released by
disassembly of the latent complex including the modulator protein

in platelets. (Adapted from Massague, 1990)



Of the five TGF-B isoforms TGF-Bl, TGF-B2, and 1TGF-B3 are
found in mammals. The two most cbvious reasons why there are so
many forms of TGF-PB may be that: 1) The different torms may be
processed and activated dafferently. Although 1n vitiro all latent
TGF-B types can be activated by acid treatment (Roberts & Sporn,
1990), the in vivo physiological mechanisms of activat ion may be
isoform specific. 2) The different forms of TOF P may have unique
biological actaivities in vivo. 1In most in vitro biological assays
TGF-P1l, TGF-PB2, and TGF-PB3 are interchangeable (Cheifot -+ ot al.,
1987; Seyedin et al., 1987; Graycar et al., 188Y). lHowever, 1in
some in vitro assays the TGF-P isoforms do demonstrate different ral
activity (Ohta et al., 1987; Ottman & Pellus. 1988; "Tonnawaki ot
al., 1988; Jenning et al., 1988; Rosa et al., 1988; Graycar ot al ,
1989; Cheifetz et al 1990; Qian et al., 19Y92) For cxample TGE B
is about 100 times more potent than TGF-B2 in 1nhibit ing the growth
of hematopoiletic progenitor cells (Ohta ot al., 1987y and aortac
endothelial cells (Jennings et al., 1988) whereas, TGF B2 v move
potent than TGF-Bl at inducing mesodermal different 1at ron marker:
in Xenopus embryo cells {Rosa et al., 1Y988). 1t has now been shown
that the TGF-PBs 1, 2, and 3 each have separale gencs on sepatat o
chromosomes (Fujii et al., 1986; Barton et al., 1Y988; ten Dijke ot
al., 1988) and the promoter structures and reqgulatory element: (or
these three TGF-B forms are different from cach other (Kum et al.,
1989; Lafyatis et al., 1990; Mona et al., 1Y91). Morcover, there
is a growing body of evidence that these threc types ot TGF B are
expressed 1in dafferent spatial and temporal pat terns as
demonstrated by in situ and Northern hybricdizat ton stuadies (fon
review see Roberts & Sporn, 1992), supporting the bhelief that these

isoforms may have specific roles in vivo. The elucidat son b the

differential biological activities of Lhe various types of TGF-f5
may give insight to how these forms are diffcrentrally reqgulated,

and represents an exciting area of research.

In addition to the TGF-Ps, many other proteins have now beoen

fcund to belong to the TGF-B supergene family by virtue of amino

9




acld homologies, particularly with respect to conservation of seven
out. of nine cysteine residues of TGF-P. These proteins have only
30 - 40% homology to the TGF-£5 and are functionally distinct.
Members of the TGF-B supergene family inciude: activins, inhibins,
Mullerian inhibiting substance, bone morphogenetic proteins, and
the decapent aplegic gene complex in Drosophila. These proteins
appear  to have their own receptors, thus do not bind to TGF-P

receptors (for reviews see Roberts & Sporn 1990; Massague, 1990).
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TGF-3 FUNCTIONS

Today, TGF-B is considered the prototypic multifunctional
growth factor and is also recoanized as the most potent polypepti1de
growth 1i1nhibitor isolated from natural sources. TGF B has tm
reaching actions on epithelium, muscle, bone, and cartilage, the
immune system, angiogenesis, wounu heal ing and embryogenests (ol
review see Sporn & Roberts, 1989). The nature of TGF B’s action on
a particular target cell 1s context-dependent , meaning that 1t i
critically dependent on many parameters 1ncluding cell type, 1ts
state of differentiation, growth conditaions, and on the presence of
other growth factors. For example, NRK rat tibroblast require bot h
EGF and TGF—B for anchorage-independent growt b, However, when NRK
cells are grown in anchorage-dependent monolayer culture, EGF
stimulates their growtl, but TGF-P si1gnificantly blocks this HGE
growth stimulatory effect i1n a dose-dependent manner (Roberts et
al., 1985). In addition to 1ts jrowth regulatory actiaivitres, TGF-
B has been shown to modulate celluiar different tat ton and a variety
of other biological activities 1ncluding extracellular matrix
synthesis, and degradation. Most of the effects of TG B have boeon
studied with in vitro sys-ems. However, 1n a few cascs, TR f
responses have been measured 1in VvVivo (Roberts ot al., 1986;
Silberstein & Daraiel, 1987; Russell et al., 1988). Since most of
the cells studied to date have the abilaty to respond to TGF B, 1t
suggests that TGF-B plays a fundamental role 1n normal and
pathological cellular physiology. TGF-f 15 very potont 1n
eliciting its in vitro cellular actions, with half maximal offecty
observed at picomolar concentrations. Some of the major of focto of
TGF-P are discussed i1n greater detail below. [t should bee noted,
however, that the majority of studies on TGF B functions =0 tar,
have used TGF-B1 due to the low availability of TGF B2 and TGF-3

protein from natural sources.
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CELL PROLIFERATION

As noted above, TGF-f may have stimulatory, inhibitory, or no
ef fects on cell proliferation depending on the cell type, its state
of differentiation and 1t environmental conditions. Inhibaition of
cell growth 15 the eminent action of TGF-B, 1t i1nhibits the growth
of some normal and transformed epithelial, erdothelial, neuronal,
lymphoid, fibroblacst  and hematopoietic cells in culture (for
reviews  scee Roberts & Sporn, 1990; Massague, 1990) . The
antiproliterative action of TGF-f on B-lymphocytes, T-lymphocytes
(Kehrl ¢t al., 1986a) and thymocytes (Ristow et al., 1986) in vitro
15 consistent with TGF-Bs 1mmunosuppressive activity in vivo (Wrann
et al., 1987; DeMartain et al., 1987). Evidence for TGF-B’s
antiproliferative effects have been shown in vavo whereby TGF-fB
mmplants 1nhibited the growth of the developing mammary gland in
mice (Silberstein & Daniel, 1987) and intravenous i1injections of
TGF-B1  or TGF-B2 abrogated the proliferative response of

reqgoenerat ing rat liver (Russel et al., 1988).

TGF-P antiproliferative effects in vitro occur by lengthening
or arresting the Gl phase of the cell cycle. Studies with flow
microfluorimet ry with regenerating endothelial cells (Heimark et
al., 1986) and flow cytometry and autoradiography with primary
cultures of human prokeratinocytes (Shipley et al., 1986) and rat
hepatocytes (Lin et al., 1987) show that TGF-Bl delays the
progression of cells from Gl to S phase. Moreover, TGF-B1
represses several cell cycle markers characteristic of the late Gl
phase and early S phase (Smeland et al., 1987; Chambard &
Pouyssegur, 1988; Laiho et al., 1990). TGF-B represses the
induction of: thymidine kinase, a marker of entry into S phase, in
chinese hamster lung fibioblast; the transferrain receptor, a marker
of late G1 phase, 1n actaivated B-lymphocytes (Smeland et al.,
1987); and phosphorylation of the retinoblastoma gere product, an
event that occurs late in Gl (Laiho et al.,1990). In contrast,
TGF-f exe1ts a stimulatory effect on the growth of some mesenchymal

12



cells in vitro, such as rat fibroblasts (Roberts et al., 1981) and
human embryo (Hill et al.,1986) and rat osteoblasts (Centrella ot
al., 1987). As mentionned above, the mechanism that leads to the
dual effect of TGF-B on cell proliferation 1n some 1nstances s
apparently due to the interaction between TG B and other growth
regulatory proteins, such as EGF (Robeits ot al., 19sh)y and PDGF
(Leof et al., 1986). However, most of the diverse ctfocts ot TGr
on cell proliferation cannot be so simply explained and important
cell-specific determinants, such as a cell’s different 1at 1ve st ate,
must be considered in trying to predict a partticular cell’s

response to TGF-f.
CELL DIFFERENTIATION

Depending on the cell type, TGF-B also has stimulatory on

inhibitory effects on the differentiation of cells. In vitiro, TGK

B has been shown to induce the differentiation of prochondrocytes
(Seyedin et al., 1985), intestanal epithelial cells {(Kurokowa ot
al., 1987; Barnard et al., 1989), and bronchial epithelial oolls
(Masui et al., 1986; Jetten et al., 1986) but i1t can also 1nhnibit
the differentiation of other cells including skeletal musele
myoblast (Massague et al., 19¢6; Olson «t al 1986; Florint ot al.,
1986), preadipocytes (Ignotz % Massague, 1Y89), and hematoporet o
progenitor cells (Ohta et al., 1987; Ottman & Velis, 1988). In
cartilage, TGF-Bl1 and TGF-B2 can act hoth as an inducer and an
inhibitor of differentiation in vitro (Rosen et al., 1988)., I'n
some instances, the effects of TGF-B on cecll different yat ton are
coupled with an effect on proliferation. For cxample, TGF-f
stabilizes the differentiated state of kidney cepithelial cells
induced by insulin and hydrocortisone by blocking further cell
precliferation stimulated by these hormones (Fine et al., 198%). In
contrast, the antiproliferative effects of TGF-f may 1n  somne
instances be coupled to an inhibition of furt her e
differentiation, as in the case of B~ lymphoocyteos; t he

differentiation of these cells to a state where they oocrete
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immunoglobulins is bhlocked by TGF-P (Kehrl et al., 1986b).
Howrver, TGF-f  effect on differentiaticn are not always
accompanied by 1ts effects on proliferation. In a manner similar
o its actions on cell proliferation, TGF-B coordinates the nature
ot the cellular response with various other differentiation

signalso.

Nevertheless, TGF-B 1s present at relatively high levels in
centers of  active tissue differentiation, including cartilage
canals, osteocytes, bone marrow, and hematopoietic stem cells in
fetal liver. The highest levels of TGF-Bl and TGF-B2 are found
in blood platelets thus, TGF-B may be physiologically delivered to
sites of wound healing. Furthermore, it has been shown that TGF-fs
1, 2, and 3 are localized in characteristic spatial and temporal
patterns 1ndicating their role in controlling morphological and
histological events through embryonic development (Roberts & sporn,
1992; Paria et al., 1992; Pelton et al., 1991). Together, these
observations suggest an active involvement of TGF-fBs in the genesis

of many types of tissues in normal development as well as in wound

healing.

In addition, many mesenchymal and epithelial cells whose
ditferentiation and proliferation are affected by TGF-Bs respond to
these factors with elevated expression of various cell adhesion
proteins, such as fibronectin, and the various types of collagen
(Ignot< & Massague, 1986) . Since it is known that the addition of
fibronectin and collagen to several types of cells can inhibit
their differentiation in vitro, TGF-P may affect differentiation in
these cells by controlling the abundance and architecture of the
extracellular matrix as well as the ability of cells to interact

with 1t (Pfealschifter, 1990).
EXTRACELLULAR MATRIX SYNTHESIS

The extracellular matrix (ECM) 1is a dynamic entity,
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continually cycling between synthesis and degradation, where many
factors play a role in dictating whether there 1s to be net
synthesis or net degradation. Since the composition  and
organization of the ECM plays an aimportant roie 1n controlling
cellular adhesion, migration, proliferation and ditterentiat ton,
ECM remodelling is implicated i1n morphogenesis, embryogenesis,
tissue repair and normal and pathological physiology. TGF B 15 an
important regulator of ECM remodelling, in general, nducing a not
deposition of ECM proteins. TGF-B can requlate BECM deposition
through different mechanisms. TGF-P has been shown to actavate
gene transcription, to increase the synthesis and processing, and
to increase the secretion of matiix proteins (tor 1eviews soe
Roberts & Sporn, 1990; Massague, 1990). In vitro, TGF B incieases
the synthesais of various types of collagen (Ignot. & Massague,
1986; Wrana et al., 1986; Varga et al., 1987; Penttinen ot al.,
1988; Madri et al., 1988), fibronectin {Ignot:z & Massague, 1986;
Wrana et al., 1986), thrombospondin (Penttinen ot al., 1988),
osteopontin (Noda et al., 1988), tenascin (Pearson ot al., 1948),
elastin (Liu & Davidson, 1988) and glycosaminoglycans (Chen ot al.,
1987; Morales & Roberts, 1988; Bassols & Massague, 1988). 1In vivo,
TGF-B, when injected subcutaneously 1in new born mice, causes the
formation of granulation tissue, which 135 the induction  of
angiogenesis and activation of f{ibroblasts to produce col lagen
(Roberts et al., 1986). Furthermore, 1in vitro, TGF-B increases the
expression of cell adhesion receptors on the surface of trargel
cells, such as integrain. Thus, TGF-f may 1ncreasce the interaction
between a cell and its ECM and modify cecll  adhesion  and
morphological events which in turn are likely to affect cell

migration, proliferation and differentiation.

TGF-B also increases net ECM deposition by decreasing the
synthesis of proteolytic enzymes that degrade matrix proteins and
by increasing the synthesis of protease inhibitors that biock the
activity of these enzymes. TGF-B’'s activity 1n controlling ECM

proteases and their inhibaitors has been shown to be a direct role

15



of TGF-PB 1n altering mRNA levels of the affected genes (for review
see Roberts & Sporn, 1990; Massague, 1990). TGF—B treatment has
been shown to decrease the synthesis of a thiol protease (Chiang &
Hamilton, 1986), and a plasminogen activator, both of which are
serine proteace, (Latho et al., 1986; Lund et al., 1987), as well
as the metalloprotelnases including, collagenase (Edwards et al.
1987), «¢lantase (Redini et al.,1988), and transin/stromelysin
(Matri1san et al., 1986; Kerr et al., 1988). As mentionned above,
TGF B may further decrease protease activity by increasing the
expression of protease inhibitors such as plasminogen activator
inhibitors-1 (PAI-1; Laiho et al., 1987; Lund et al., 1987; AaAllan
et al., 1991), and tissue inhibitor of metalloproteinases (TIMP;
Idwards et al, 1987; Kubota et al., 1991) In contrast, a recent
report has  demonstrated that TGF-B1l can enhance plasminogen
activator activity and the expression of its mRNA (Hamilton et al.,
1991), ayain demonstrating TGF-B’S ability to elicit either
positive or negative responses. TGF-B’s capacity to modulate the
expression of these ECM modulating enzymes thus implicates its

therapeutic potential for wound repair and cancer treatment.
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TGF-[ RECEPTOLS

Polypeptide growth factors act through specific cell surtace
receptors that are stimulated by the ligand tco initi1ate a cellulan
response. Like other growth factors, TGF-B binds specitically to
cell surface receptors that do not recognize any other  growt h
factors. The binding of TGF-f to almost 150 difterent cell lines
and cell types have been examined thus far, and with only a very
few exceptions almost all cells bind TGF-B (Waketi1eld ot al. 1987/;
Massague et al., 1990). Several distinct cell-surface binding
components, operationally defined as receptors, hive  been
demonstrated by the electrophoretic analyses of atfinity labellod
complexes of i1odinated TGF-P covalentl: linked, with cross linking
agents such as bis (sulfosuccinimidyl) suberate (BsS ), to cell
surface molecules (for reviews sce Massague ot al., 1990; Manssague,
1992; Segarini, 1991). TGF-P has been 1odinat ed by various met hods
including those based on using reagents such as chiloramine P,
Under carefully controlled conditions, these methods have hoeon
shown to have no affect on the biological actavity of the ligand
(Frolik et al., 184; Wakefield et al., 1987; Wakefireld, 1987).

The most widely studied and the most wideanpread forms of TGRF 3
receptors are the: Type I, Type I1I,and Type T11 {(or Betaglycan)
receptors, which usually coexist on cells. ‘The Type 1 oand Type 1
receptors are glycoproteins, with N-linked sugara, that are nol
required for TGF-B binding (Cheifctz et al., 1988a). The Type |
and Type II receptors appear as afiinity-labhelled comploxen ol 64
kDa and 85 kDa respectively, on SDS-PAGE undeor reduacing condit ron:,
(Cheifetz et al., 1988a). In general, these two TGEF [ rcceptor:,
bind TGF-B1 with higher affinity than TGEF B2, but abtypes of Type
I and II receptors with similar {Segarini et al., [987) or highon
affinity for TGF-B2 than TGF-B1 (Cheifetz et al., 1990; Cheifet 2 g
Massague, 1991; Mitchell & O’Cornor -McCourt, 1991; Mitchell ot al .,
1992a,b) have been recognized. Betaglyean  (Type: T11) 195 4

proteoglycan, containing glycosaminoglycan (GAG) sugars of heparan
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sulfate and chondroitin sulfate, and it migrates as a broad smear
ranging from 250 - 350 kDa on SDS-PAGE (Segarini & Seyedin, 1988;
Cheifetz et al., 1988u). As assessed by enzymatic removal of the
GAG chiains, Betaglycan consists of a core protein ranging from 120
- 140 kba containing the binding site for TGF-B (Segarini &
Seyedin, 1988). The GAG chains appear to be dispensable for both
ligand binding to the core, and for Betaglycan cell surface
cupresoion (Cherfetz & Massague, 19&9). Betaglycan, unlike the
Type T and Type 11, receptors generally, binds TGF-B1 and TGF-B2
with sitmilar atfinity, albeit at a somewhat lower affinity (~300
pM) than Type- 1 and Type II (~30 pM) (Cheifetz et al., 1988b). A
soluble form of RBetaglycan has also been detected in extracellular
matrices, the culture media of several cell types,and in Serum.
Soluble Betaglycan binds to TGF-f1 and TGF-B2 with similar
characteristics as the membrane bound form (Andres et al., 1989).
Subt ypes of Betaglycan having a higher affinitv for TGF-B2 than for
TGF-B1 have also been detected (Segarini et al., 1987; Mitchell &
O'Connor-McCourt, 1991; Mitchell et al., 1992 a,b).

Several other TGF-B binding proteins have been demonstrated by
aftiinnty-labelling although they are not as widely studied. The
Type IV receptoir has only been detected on a pituitary tumor cell
line. It 1s different from other TGF-B receptors in that 1t can
bind activin and i1nhibin as well as TGF-P and 1t does not contain
N-linked sugars. Tt migrates as a 60 kDa protein on SDS-PAGE
(Chei1fets et al., 1988c). The Type V receptor 1s approximately 400
kDa, as assessed by affinity-labelling (O’Grady et al., 1991a).
The Type V receptor has been found to be present 1n membrane
preparations of several tissues including human placenta and 1t 1s
also present on the surface of various cell in culture, transformed
and nontransformed, (0O’Grady et al., 199la,b). The Type VI
receptor 1s a glycoprotein of 180 kDa and its distribution appears
universal among cell types (Segarini et al.,1992). Various novel
receptors 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 fetal bovine heart endothelial cells and on
human osteosarcoma cells, which are attached to the cell membrane
through phospholipid anchors (Cheifetz & Massague, 1991)., In
addition, a 53 kDa protein from rat lung membranes (Hannah et al.,
1992) and a 338 kDa protein from a human choriocarcinoma
trophoblastic-like cell line (Mitchell et al., 1992b) have been

reported as well.

The role of each 1individual TGF-f receptor 15 still
unresolved. Correlation of the differential binding of TGF-B1 and
TGF-P2 to the receptors and the differential poten -y of the ligand
in biological assays originally led to the hypothesis  that
Betaglycan mediates TGF-B effects where TGF Bl and P2 are
equipotent. Such effects include the inhibition of epithelial cell
proliferation (Cheifetz et al.,1987), regulation of the expression
of certain phenotypes, and elevated expression of cell adhesion
proteins (Ignotz & Massague, 1987; Cheifetz et al., 1YHHa). At
that time, it was proposed that, the Type I and 11 rcceplor:s weroe
responsible for mediating biological activitie: specific to TGEF- 1
such as, TGF-Bl1’s selective inhibition of mousce hemat opoletic
progenitor cells (Ohta et al.,1987), B65Ut-A multipotent ral
hematopoietic progenitor cells (Cheafetz et al., 1988a), and
endothelial cells (Jenning et al., 1988). However, the obsorvat 1on
that cells, such as L-6 myoblasts (Segarini et al., 1989) and
primary lymphocytes (Kehrl et al., 1986b) which respond caqually
well to TGF-PB1l and P2, and which do not express Betaglycan and only
have Type I and II receptor suggest thal Beotaglyocan may not be
necessary for TGF-f activity. Furthermore, more recent  otudies
with chemically induced mink lung epathelial ccll (Mviing) motant g
resistant to TGF-f actions i1mplicate Type I and Type Il rceeptorg
as the true signalling receptors (Boyd & Massague, 1989, Laiho e
al., 1990). In these studies several tLypen of mutant: woere
described: R {(Resistant) mutants, lacking Type I receplor:n; LF (Low
levels of type I, Resistant) mutants, having low levels of Type 1;

DR (Double, Resistant) mutants, eather lacking or having low lavels
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of Type I and I1 receptors; and S mutants, which have both Type I
and [T as determined by affinity-labelling. All mutants failed to
respond to TGF-Bl and TCF-B2, and Betaglycan is apparently normal
in all of them. No mutants were found that lacked only the Type II
receptor. Moreover, the high relative frequency of DR mutants
suggest that Type T and II interact with each other, i.e. DR
mitant s may have Type I receptors that can not bind TGF-P in the
ahsence of Type IT receptors. Genetic complementation experiments
support this hypothesis, since somatic cell hybrids between R and
DR mutant: have essentially normal expression of Type I and II
receptors (Lairho et al., 1991). However, no physical evidence of
Type I oand Type TI receptor interaction has yet been reported.
Furthermore, a recent report of human carcinoma cell lines which
express Type I receptors and low levels of Type I1 receptors, yet
can st111 respond to TGF-B action on gene expression (Geiser et al.
19492), refutes this hypothesis. The present hypothesis 1s that the
Type 1 and Type 11 receptors are the true signalling receptors.
whereas, Betaglycan is thought to serve non-signalling roles,
possibly concentrating and transferring ligand to the signalling
receptor s.

The 1intracellular pathway through which TGF-B exerts its
effects has been studied extensively, although not intensively.
The classical enzymatic activities and second messengers signal
transduction mechanisms used by other hormones and growth factors
have been investigated and have met without clear results. TGF-JB
binding proteins do not appear to be associated with
phosphotyiosine actaivity (Fanger et al., 1986), nor is TGF-B
activity associrated with changes 1in a kinase activity of the 40S
ribosomal protein 56 (Like & Massague, 1986). However, guanine
nucleotide-binding proteins (G proteins) seem to be involved in
mediating TGF-B effects i1n AKR-2B fibroblasts (Mulder et al.,1988;
Speigel et al.,1987). Demonstration of the activation of
glycolysis, amino acid uptake, intracellular calcium levels and
phosphatidyl 1inositol turnover have been observed 1in rat
fibroblasts in response to TGF-PB (Boerner et al., 1985; Inman &
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Colowick, 1985; Muldoon et al., 1988). Furthermore, TGF-Pl has
been shown to stimulate prostaglandin E. producticen in lung
fibroblasts (Diaz et al., 1989), and cultured mouse calvaria
(Tashjian et al., 1985). Whether these responses are a direct
effect of TGF-f, directly coupled to ™GF-B receptors, or are
downstream effects remains unclear. The stirongest i1ndicat ton that
TGF-P binding proteins mediate signal transduction by ToF B was
presented upon the expression cloning of the human TG  Type 11
receptor (Lin et al., 1992). The TGF-B Type 11 receptor has boen
found to be a member of a novel class of transmembrane signalling
molecules, the protein serine/threonine kinases. Other memboer:s ot
this family include Caenorhabditis elegans Daf-1 qgene prodact
(Georgi et al., 1990) and two mouse Type IT aclivin trecoptor:s,
ActR-II (Mathew & Vale, 1991) and ActR-IIB (Atti1sano ot al,, 1992) .

Cloning of the TGF-B Type IT receptor gene reveals 1ts product
to be a membrane anchored protein with a cysteine 11ch
extracellular domain and a predicted cytoplasmic soerine/threonine
kinase domain. Its extracellular domain shares some sequence
homology with the extracellular demain of the recently oloned
Activin receptors ActR-II (Mathews and Vale, 1991), AcCtRIIRB
(Attisano at al., 1992) and the Daf-1 gene product (Georgr et al.,
1990) . The intracellular region contains the serine/threonine
sequence. Fusing the TGF-B Type II receptor kinase domain to
glutathione S-transferase gene has shown that bacterially cxprossoed
Type II can autophosphorylate (Lin et al., 1992), although I 1qgand
induced activation of the kinase has yet to bhe demonst rated.
Nevertheless, it has been recently shown that soerine/throeonine
kinase inhibitors can block TGF-P responses (Ohtsuki & Massaque,
1992) .

The rat Betaglycan gene has also recently becn cloned and
sequenced (Lopez-Casillas et al., 1991; Wang et al., 1991). It has
been found tec encode an 853 amino acid protein. The protein has o

large extracellu'ar domain, a transmembrane domain and a relataively
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short cytoplasmic tail of 43 amino acids. There is lack of a
discernable signalling sequence in the intracellular domain of
Betaglycan. This suggest that Betaglycan does not play a direct
role 1n TGF-B signalling, consistent with the mutant studies
ment ionned above. Since 1ts ectodomain contains putative sites for
proteolytic clcavage and releas 2 1into the pericellular environment
it 13 plausible that Betaglycan may serve a as reservoir
transferring TGF-f to signalling receptors. The availability of
cDNA clones of the Type IT and Betaglycan TGF-B receptors will
definitely permit the further analysis of their structures, binding

properties, individual functions and mechanisms of action.
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THE HUMAN PLACENTA

The placenta 1s probably the most important organ in
maintaining the welfare and the survival of the developing fetus.
It is the organ of exchange between the mother and the tetus,
providing nutrients and oxygen for the fetus and removing wast es
from the developing organism for excretion by the mother., In
addition, the placenta serves as an endocrine organ, providing
hormones that maintain pregnancy and support the qgrowth and
maturation of the fetus. In fact, from the time the embryo i1 st
begins to implant itself, placental trophoblast cells release human
chorion.ic gonadotropin (hCG) which signals the corpus tuteum that
pregnancy has begun, without hCG the corpus luteum would degenerat e
and the embryo would be aborted and flushed out with the menstiual
flow (Spence and Mason, 1987).

The human placenta is classified as hemochorial type placenta
which is invasive, in comparison to the non-invasive
epitheliochorial type placenta of ungulates (Arey, 1Y64H). Oon
approximately the seventh day of development the embryo boegins to
implant in the endometrium of the uterus (Spence & Mason, 1987;
Wynn, 1975). The trophoblast cells, of the outer blastocyst, an
contact with the uterine lining secrete proteolytic cnvyme:s thus
degrading local ECM. Subsequently, the blastocyst will penelrate
the basement membrane of the uterine epithelium 1mplant 1ng 1t oelf
into the endometrium. With continued placent al development
placental trophoblast cells invade uterine glands and blood vessels
(Figure 2; Boyd & Hamilton, 1970).

The placenta may be considered analogous to an 1nvasive tumor
where, immunologically recognized as fetal tissue, 1t grafts 1tselt
upon maternal tissue (Redman 1986). Successful implantation and
development of the blastocyst depends on a scraies of complex,
coordinated interactions between maternal and fetal tionues that

are mediated by trophoblast cells. Thus, in turn the placental
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FIGURE 2. Diagram illustrating successive stages of placental
implantation and development. 3 = Blastocoele, BL - Blastocyst, CV
= Chorionic villus, LC = Lacuna, ST = Syncytiotrophoblast, T -
Trophoblast, UE = Uterine epithelium, (Adapted from Spence & Mascon,
1987)
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Lrophoblast rells are similar to tumor cells in that they are
invasive and secrete high amount of proteases. Trophoblast cells
have becen shown to degrade ECMs or penetrate basement membrane in
vitro (Glass et al., 1983; Yagel et al., 1988; Fisher et al., 1989;
Kliman & Feinberqg, 1990; Librach et al., 1991), and secrete
prot cases such as serine proteases (Strickland et al., 1976;
Mignatt o et al., 1986; Quecnan et al., 1987) and metalloproteinases
(Fisher ot ol., 1989; Mignatti et al., 1986). Unlike tumor cells,
trophoblast invasiveness 1s tightly controlled both spatially and
temporal ly. A tight control and balanced degree of trophoblast
invasion 1s absolutely essential during normal pregnancy. Poor
invastveness could result 1n inadequate fetal-maternal exchange and
pathological conditions such as pree..ampsia, whereas excessive
invasiveness may result in the pathological destruction of the
ut erus that 1is associated with ectopic pregnancy, placenta accreta

or choriocarcinoma.

Trophoblast cells are complex functionally and
morphologically. There are three recognized types of trophoblast
cells, 1i.e. cytotrophoblasts, intermediate trophoblasts and
syncytiotropheblasts. Intermediate trophoblasts consists of
villous trophoblast and extravillous trophoblast. Cytotrophoblast
vhich immediately cverlie the chorionic villi, are
undif ferent 1ated, mononucleate stem cells which show no hormone
product ton, and from which the other trophoblast cells are derived.
Cytotrophoblast may follow two separate pathways of
differentiation. In one pathway, the proliferative cytotrophoblast
fuse together to torm syncytiotrophoblast which are terminally
difterentiated multinucleated cells and are responsible for the
synthesis ol various steroid and protein hormones. This pathway of
cytotrophoblast diftferenviation involves an abrupt transition
through villous trophoblast. The other pathway of differentiation
also begins on the surface of the chorionic villi. However, in
this pathway there 1s no abrupt change from cytotrophoblast to
syncytiotrophoblast, but a gradation of syncytiotrophoblast being
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FIGURE 3. Diagram illustrating the uteroplacental junction and the
different kinds of trophoblast cells. Chorionic wvilli called
anchoring villi maintain the attachment of the placenta to the
uterine wall. Extravillous trophoblasts which migrate out from
anchoring villi are highly invasive, they fuse and differentiate
1into syncytiotrophoblast, which are non-invasive cells. CV =
chorionic villus, CT = cytotrophoblast, AV = anchoring villus, DB

decidual basalis, DC = decidual cell, VT = wvillous trophoblast,
ST = syncytiotrophoblast, UBV = uterine blood vessel. (Adapted from
Panigel, 1986).
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penetrated by sprouting solid masses of intermediate trophoblastic
cells. It 1is presumed that 1t 1is via these sprouts that
intermediate trophoblast invade the decidua, forming extravillous
trophoblast. It appears to be the local environment that dictates
the differentiation of intermediate trophoblastic ceolls  n
extravillous locations. After the intermed:iate trophoblasts have
innfiltrated the decidua, they then fuse iInto Dbrinucleate,
trinucleate, and multinucleate cells corregsponding to
syncytiotrophoblastic giant cells which are not invasive (Figure.
3; for review see Yeh & Kurman, 1989; Aplin .1991). Nne ol the
proposed theories 1s that invasiveness 1s an 1ntrinsic property ot
trophoblast cells and the lost 1in invasion at a certaimn pornt
during pregnancy 1is not genetically preprogrammed (for review siee
Aplin, 1991; Billington, 1971). The control ot trophoblast
invasion is provided by decidua-derived and to some  oxtent
trophoblast-derived factors. This has been proven by cexpoeriment s
in which trophoblast cells transplanted to extraunterine sites and
non-pregnant uteri showed a greater extent and durat 1on of 1nvasion
(Kirby, 1960; 1963 a,b) Immunologically, trophoblant cellys play
an important role in placental i1mplantation, conttributing to the
prevention of allograft-type rejection of the pregnancy by the
mother. It is now well established that villous trophoblast colls
fail to express Class I HLA antigens (Bulmer & Johnoon, 19859).
However, a novel Class I molecule HLA-G has been gdentafied on
cytotrophoblast, (Kovats et al., 1990) although 1ts s1gnitrcance 1

not yet understood.

The factors that control trophoblast functions are pertineoent
for understanding uteroplacental homreostasis and controlled
cellular invasion. Placental tissue expresscs o varicty of
polypeptide and hormone receptonrs. Placenta hus hoen a source for
the purification of several growth factors including, noerve: cgrowth
factor (Geoldstein et al., 1978), granulccytic and macropheacge:
colony-stimulating factors {(Wu & Fisher, 1980), fibrobla:t growth
factor (Gospodarowicz et al., 1985), and TGF-B (Frolik et al.,
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1983). Placental tissue has also proven to be a rich source for
growth factor receptors. The receptors for insulin-like growth
factor I and TI (IGF-T and II), epidermal growth factor (EGF) have
been 1solated using placental tissue as a source (for review see
Blay & Hollenberg, 1989). Polypeptide growth factor receptors have
bhecn studied on human placental trophoblast cells as well. Insulin
receptors and EGF  receptors have been studied with primary
trophoblast cells (Deal & Guyda, 1983; Lai & Guyda, 1984). PDGF
receptor s have heen studied with trophoblast cell lines dGerived
from primary trophoblast cells i1n culture (Goustin et al., 1985).

Moreover, receptors have been studied with trophoblastic cell

lines, such as BeWo. BeWo cells have been utilized to study EGF
receptor:s  (0'Connor-McCourt & Hollenberg, 1983), and to study
transferrin receptors (van der Ende, 1989; 1990). The roles of
TGF-B  1n  cellular proliferation and differentiation, and

extracellular matrix remodelling make it a very likely candidate
for playing a fundamental part in regulating trophoblast functions.
Human placenta is a rich source of TGF-P and is one of the initial
sources from which TGF-B was purified to homogeneity (Frolik et
al., 1983). TGF-B 1s expressed 1in human placenta (Dungy et al.,
1991) 1n a spatial and temporal pattern further suggesting a role
for TGF-P in placental functions during pregnancy. As demonstrated
by i1mmunocytochemistry, TGF-f appears to be localized largely
within the cytoplasm of syncytiotrophoblasts at the human fetal-
maternal 1ntertace (Dungy et al., 1991; vVuckovic et al., 19%82;

Graham et al., 1992).

Fvidence that suggest that TGF-B is a factor involved in
controlling trophoblast functions include recent results where
conditioned medium from decidual cells or exogenous TGF-B abrogates
the i1nvasiveness of primary trophoblast cultures (Lala & Graham,
1990). These studies suggest that the anti-invasive effect of TGF-
B may be due to an induction of TIMP expression. Both anti-TGF-j
and  anti1-TIMP-1 antibodies are able to prevent the anti-
invasiveness effects of exogenous TGF-B and decidual cell
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conditioned medium. These studies also suggest that TGF-f may
further control trophoblast invasiveness by stimulating theat
differentiation into syncytiotrophoblast (Lala & Graham, 1990;
Graham et al., 1992). However, 1t has not been determined whether
TGF-B1 or TGF-PB2 1is vresponsible for inhibiting trophoblast

invasiveness.

Murine studies suggest that TGF-B2, 1in particular, via 1ts
immunosuppressive properties, is important for maintaining
pregnancy: (Clark et al., 1990; Altman et al., 1990). Clatk et al.,
(1991) have demonstrated that anti-TGF-B2 antibodies are able to
increase the incidence of spontaneous abortions 1n mice, In
addition, this groip has shown that certain decirdual cells secret o
a TGF-B2-1ike molecule, suggesting a patactine mechanism of action,
However, to date, studies on the expression of TGE B2 mRNA, 1n
murine placenta have been controversial. As measured by 1n sita
hybridization or Northern analysis, TGF-B2 mRNAs have been found at
high levels 1n placenta (Miller et al., 1989; Pelton ot al., [4y84),
whereas other groups detected very little or no TGEF B2 mRkNA 1n
placenta (Altman et al., 1990; Schmid et al., 1991). The analysy.,
of TGF-B2 protein express.on in the placenta would be important to
clarity 1ts role in this t.ssue.

Affinity-labelling stucies with radiolabelled TGF-B1 or TGKF B2
have shown that placental membrane preparations (Mitchell &
0'Connor-McCourt, 1991), primary trophoblast cells (Mitchell ot
al., 1992a3), and the choriocarcinoma trophoblast -like cell Tine,
BeWo, (Mitchell et al., 1992b) express TGF-f receptor types that
demonstrate complex patterns of TGF B binding. For cxamplee,
Betaglycan 1n BeWo cells have a higher capacity for TGF 1 than for
TGF-B2 yet exhibits a higher affinity for TGF-2, a5 shown by
affinity-labelling saturation and competition exper tment o,
respectively. The studies with BeWo cells are of particular
interest because BeWo cells provide a more uniform model, o

compared to primary trophoblast cells, with which to study TGF f3,
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1t receptors, 1£s  1soforms and its signalling pathways.
Furthermore, the TGF-B binding characteristics demonstrated by
primary trophoblast cells (Mitchell et al., 1992a) are retained in
BeWo cells (Mitchell et al., 1992b). Moreover, BeWo cells display
many morpholorgical and biochemical properties common to placental
trophoblast s (vun der Ende et al., 1987; 1990; Wice et al., 1990).
HeWo cells also provide an interesting differentiative model
because 1n responsc to methotrexate, these cells undergo a complex
response that resembles the differentiation of cytotrophoblast into
syncytiotrophoblast (Friedman & Skehan, 1979; Burres & Cass, 1987).
In addition, s recently shown, BeWo cells may be cultured on
permeable filter supports forming a polarized monolayer in which
receptors can he studied from either the apical or basolateral

domain (Cerneus & van der Ende, 1991)

Taken all together these studies imply that TGF-B, and TGF-PB2
1n particular, are important in placental function and embryonic
development during pregnancy. Further studies of placental TGF-B
receptors and the actions of the different TGF-PB isoforms will lead
to a greater understanding of the crucial roles of trophoblast
cells 1n placental 1implantation, fetal-maternal nucrient/waste
exchange, hormone production and the maternal-immune response. The
treatment of certain conditions of pregnancy, such as the
overinvasiveness of choriocarcinoma, the wunderinvasiveness of
precclampsia, and recurrent otherwise unexplained spontaneous
abott 1ions, regquires a greater understanding of the factors, such as
TGF-B, that may be involved in controlling trophoblast functions.
Furthermore, the increased understanding of TGF-B functions and its
receptors will precede the application of TGF-P’s therapeutic

potential i1n cancer treatment, wound repair, and immunosuppression.
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MATERIALS AND METHODS

Cell culture:

The human trophoblastic cell line BeWo, as well as the mink
lung epithelial cell line, MvlLu, were obtained from the American
Tissue Culture Ccllection (Rockville, MD.). BeWo cells were
maintained as adherent cultures in RPMI medium (Gibco/RRL, Toronto,
Ont.) supplemented with 10% (Y/,) fetal bovine serum (FRS) and 1%
(V/,) sodium pyruvate stock solution (Gibco/BRI, Toronto, Ont.).
MvlLu cells were also maintained as adherent cultures but were
grown in DMEM (Gibco/BRL, Toronto, Ont.) supplemented with 10% (¥/.)
FBS. All cells were maintained at 37 C in 5% CO 1n humdified
air. Stock cultures were grown 1in the absence of antibiot 1¢s, had
their medium changed twice a week and were subcultured afteoer
dissociation with 0.25% trypsin-EDTA (Gabco/BRIL, Toronto, Ont.).
24 hours before experiments cells were seeded 1n Lhei1r normal
growth medium at a density of 6 X 10" cells/well 1n 24-well plastac
tissue culture plates. For some experiments, cells were plated at
a higher density 18 hours prior to experiments and some were platod

at a lower density and allowed to reach confluency 1n 48 hours.

Iodinations:
Recombinant TGF-B1 was obtained from Bristol-Myers Squibb
Pharmaceutical Research Institute, (Seattle, WA). TGF-B2, from

porcine platelets, was purchased from R&D Systems (Minncapolis,
MN.). Recombinant TGF-P2 was from Austral Biologicals (San Ramorn,
CA.). TGF-Bl and TGF-B2 were 1odinated to high specific activity
(1.8 - 2.7 uCi/pmol) by the chloramine-T mcthod as descoribed,
(Frolik et al., 1984, Ruff & Rizzino, 1986) with modificat jons as
follows. Either 2 or 5 pg of recombinant TGF-f1, or 2 Mg of
recombinant TGF-B2 diluted in 4 mM HCL or 1 pg of TGF B2 trom
porcine platelets (redissolved into 15 pl of 30% acctonitrile/0.1%
trifluoroacetic acid since this 1s the chromatography solvent in
which TGF-B2 elutes during its purification) was usecd. TGF-f was
diluted with 10 dl of 1.0 M sodium phosphate, pH 7.5, and 1 mCi
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Na'““I (13 mCi of '"I/ug iodine; Amersham International). To
initiate the reaction, 5 Ml of chloramine-T solution (50 pg/ml in
1.0 M sodium phosphate buffer, pH 7.5) was added, and the time was
noted. Following this, a second (after 2 min), then a third (after
3.5 min) additional aliquot 5 Ml of chloramine-T solution was
added. The reaction was performed at room temperature with
occasional agitation. One min after the final addition of
chloramine-T solution, the reaction was terminated by adding: 20 pl
of a saturated tyrosine solution (9 mg/ml) in 50 mM sodium
phosphate buffer, pH 7.5 (PB); 200 ul 60 mM potassium iodide in PB;
and 200 ul of ultrapure urea (1.2g/1 ml in 1 M HCl). The final
mixture was passed over a PD-10 Sephadex G-25 column (Pharmacia
LKB, Uppsala, Sweden) which was equilibrated and eluted with a
solution of 4 mM HC1l, 75 mM NaCl and 0.1% bovine serum albumin
(BSA), 1n order to separate free Na'*"I that incorporated into
protein. Typically 97 -99% of the 1iodinated peptides was
precipitable by 20% trichloroacetic acid (TCA).

Equilibrium binding assays:

For equilibrium 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 period of 30 min at 4 °C. After washing, cells
were incubated in 0.3 ml binding buffer containing 0 - 1000 pM '**I-
TGF-B1 or '"I-TGF-P2. Nonspecific binding was determined in the
presence of 100-fold excess of unlabeled TGF-Bl1 or TGF-B2 and
duplicate wells were used for each condition. At the end of a 3
hour i1ncubation, so that equilibrium could be reached, cells were
washed quickly three times in 1 ml banding buffer. Preliminary
time course experiments demonstrated that total *I-TGF-f binding
to BeWo cells appeared to reach equilibrium within one hour (data
not shown). The 3 hour incubation period was chosen based on
previous studies, since there 1is little internalization or
degradation of ligand for most cell types (Wakefield, 1987), and
because a 3 hour period ensures that equilibrium has been reached
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for all three major types of TGF-P receptors (Like & Massague,
1985) . Bound counts were determined following incubation with 600
M1l solubilization buffer, 1% (¥/,) Triton-X-100, 10% (‘/,) alycerol,
20 mM Hepes, pH 7.4, for 30 min. at 4 “C with gentle agitataion
(Wakefield et al, 1987). The standard error of duplicates were
below 10% demonstrating tightness of data and permitting reliable
analysis. Cell number was determined on wells treated identically
up to the soclubilization step by counting with a hemocytometer
after trypsinization.

For equilibrium competition studies, conflaent monolayers in
24-well plates were washed in binding buffer as described above and
then incubated with 10 or 25 pM of '“I-TGF-B1 or 25 pM '"T-TGF-p2
together with varying concentrations, ranging from 0 to S000 pM of
unlabelled TGF-B1 or TGF-B2 for 3 hours at 4 'C. The cells were
washed 3 times with 1 ml of binding buffer, to remove non-
specifically bound TGF-B, and then bound counts were determined
after incubating with solubilization buffer as above. Duplicate
wells were used for each condition. Binding data were analyzed by
the LIGAND program developed by Munson & Robard (1980).

Thymidine incorporation assay:

TGF-Bl and TGF-P2 effects on cellular proliferation were
examined by measuring the amount of {[methyl-’H]} thymidine
incorporated by BeWo and MvlLu cells. Cells were plated in 24-well
culture dishes, in their appropriate medium (RPMI for BeWo cells
and DMEM for MvlLu cells) containing 10% FBS, at a density such
that at the time of TGF-f addition the cells were approximatcly 60%
confluent and still actively growing. After a 24 hour period, to
permit the cells to settle and to adhere, the cells were washed
twice with serum free medium (RPMI for BeWo and DMEM for Mv1Lu) .
Serum was excluded so as to avoid the effects of growth factors and
hormones found in serum. Serum exclusion also prevents oM, a
serum binding protein, from binding to TGF-f. o.M has been shown
to bind to and inactivate TGF-B (O’'Connor-McCourt & Wakefield,
1987). The cells were then incubated for 24 hours at 37 “C and 5%
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CO, with serum free medium 1n the absence or presence of various
concentrations of TGF-P1 and TGF-P2 ranging from 1 - 1000 pM, in
triplicate,. At the end of this incubation period, cells were
washed twice and the medium replaced with serum free medium and
pulse-labelled with 5 pCi/ml  [methyl-°H]  thymidine (Specific
activity 85 Ci/mMol, Amersham International) for 3 hours at 37 °C.
A PHD cell harvester (Cambridge Technology Inc., Watertown, MA.)
was used to wash away the excess 'H-thymidine and to harvest the
cells onto glass filter fibers, (Skatron Inc., Sterling, VA.) and
the radioactivity was measured by liquid scintillation counting
with Universol (ICN Biomedicals, Irvine, CA.) scintillation
cocktarl. Nonspecific binding to glass filter fibers was
detcrmined by washing control wells, containing only medium and 5
MCi/ml [methyl-'H] thymidine, through the harvester on to glass
filter fibers. The amount of nonspecific binding of [methyl-°H]
thymidine determined i1n this manner was subtracted from the counts
obtained from TGF-B treated wells, to obtain [methyl-’H} thymidine
labelled DNA specifically bound to glass filter fibers.

Gel electrophoresis and autoradiography:

Samples for fibronectin analysis were electrophoresed on 6%
SDs-polyacrylamide gels. Electrophoresis was performed according
to the condations of Laemmli (Laemmli, 1970} . Following
electrophoresis, gels were stained with Coomassie Brilliant Blue,
destained, dried, and exposed to Kodak Omat AR film (Eastman Kodak
Co., Rochester, N.Y.) at -80 C with use of DuPont Cronex Lightning
Plus intensifying screens (E.I. DuPont De NeMons & Co., Wilmington
DE.) for 2 - 4 days. !''C-labelled molecular mass standards from
Bethesda Rescarch Laboratories (Gaithersburg, MD.), were used and
include: myosin heavy chain, 200 kDa; phosphorylase, 97 kDa; bovine
serum albumin, 68 kDa, ovalbumin, 43 kDa and carbonic anhydrase, 29
kDa.

Quantification of fibronectin synthesis:
A) Isolation of fibronectin by Gelatin:
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Cultures of BeWo cells or MvlLu cells at 80% confluency,in 12-
well plates were fed serum-free RPMI medium ot DMEM medium
respectively, supplemented with the various concent rations of TGF
Bl or TGF-P2 ranging between 1 - 2000 pM. Atter a4 hour
incubation at 37 *C, 5% CO, cells were washed 2 times and replaced
with serum-free, methionine-free DMEM medium (Gibco/BRL, Toronto,
Ont.) containing ""S-methionine-cysteine (Trans “S$-Label, specitfic
activity 1130 Ci/mMole, ICN Biomedicals, Irvine, CA.) at 100 pcCi/ml
and the appropriate concentration of TGF-Bl or TGF-f.2. cContirol
wells remained without TGF-f. After a 3 hour labelling petiod,

fibronectin in both the conditioned medium and cell layer was

extracted as described by Ignotz & Massague (1986) and Segarini ot
al., (1987), with some modifications. The cells were washed 2
times with 1 ml cold buffer containing 0.15% M NaCl, 25 mM Tris HCI,
pH 7.4. The monolayers were extracted with 0.% ml of bufte:
containing urea and protease 1inhibhitors, (1L M urea, | mM
Dithiothreitol (DTT), 10mM Tris-HCI, pH 7.4, 10 mM
ethylenediaminetetraacetic acid (EDTA), and proteases inhibitors:
¢ mM phenylmethylsulfonyl-fluoride (PMSF); 5 upg/ml leupeptin; 50

Mg/ml benzamidine; 50 Hg/ml soybean trypsin ainhibitor (STIL); 10
Ug/ml apoprotinin), by rocking on ice for 5 min. The cells were
then scraped up using a rubber policeman, transferred to microfuge
tubes, and then vigorously vortexed for 5 min, to further
facilitate extraction of extracellular matrix protcins. The cells
were pelleted at 25,000 x g for 10 min and the supernatants

retained for further analysis.

For the isolation of fibronectin, the supernacants were
diluted with an equal volume of dH O and made ‘Yo 0.5% (7/,) Triton-
X-100. The conditioned medium was also made Lo 0.%% (’/,) Triton-X%
100. 50 Ml of a gelatin-Sepharose (Pharmacia LKB Biotcchnology,
Uppsala, Sweden) suspension (1:1 in bhuffer containing 0.1% M 1aC]
and 25 mM Tris-HCl, pH 7.4) was added to each sample followed by an
overnight incubation at 4 “C with gentle rocking. Camplen woere

then centrifuged at 20,000 x g to recover the gelatin-Sepharone
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beads. The beads were washed three times with buffer containing
0.5% ('/,) Triton-X-100, 0.15 M NaCl, 25 mM Tris-HCL, pH 7.4.
Fibronectin Was released by resuspending the  beads in
electrophioresis sample buffer (5% (Y/,) P-mercaptoethanol, 1% SDS,
10% glycerol, 50 mM Tris-HCl, 0.0004% (“/,) bromophenol blue) and
heat ing at 100 “C for 5 min. Finally the samples were centrifuged

at 20,000 x g for 10 min and the supernatants were analyzed by SDS-
PAGE.

B) Isolation of fibronectin by Immunoprecipitation:

Alternatively, fibronectin was isolated from the diluted urea
extracts of BeWo cells by immunoprecipitation with rabbit anti-
human polyclonal antaibodies (Upstate Biotechnology Inc, Lake
Placid, N.Y.). Samples were pre-cleared with '/,, volume of packed
protein-A Sepharose (Pharmacia LKB Biotechnology, Uppsala, Sweden) .
10 pg of anti-fibronectin antibody was added to the samples and
then 1ncubated overnight at 4 =C. The immune complexes were
recovered by addition of '/,, volume of packed protein-A Sepharose
and i1ncubated for 1 additional hour. The protein-A Sepharose beads
were washed two times in buffer containing 0.5 M urea, 5 mM Tris-
HCL, pH 8.0, 5 mM EDTA, 0.4 mM DTT, 0.2% (¥/,) Tritocn-X-100, 1 M
NaCl, 5 mM EGTA and protease inhibitors: 1 mM PMSF, 5 ug/ml
feupeptin, 50 pg/ml benzamidine, 50 pg/ml STI and 10 pg/ml
apoprotinin. Since alternating wash buffers from high salt to low
salt may help 1n removing background proteins, the beads were then
washed two more times with essentially the same buffer as above but
containing 1%0 mM NaCl rather than 1 M NaCl. Each wash was
separated by a 10 min incubation et 4 “*C. Fibronectin was released
by heating at 100 'C for 5 min i1n electrophoresis sample buffer

under reducing conditions and analyzed by SDS-PAGE.

C) Western analysis of fibronectin:
For Western immunoblot analysis, BeWo cell monolayers treated
with or without TGF-Bl were extracted as described with buffer
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containing urea and protease inhibitors. After pelleting the cells
by centrifugation, the extracted ECM proteins in the supernatant
were separated by SDS-PAGE and transferred to a nitrocellulose
sheet using transblot buffer containing 25 mM Trais HCLl, pH 7.%, 192
mM Glycine, 20 % methanol, 0.1% SDS for 15 hours at 30 volts, then
1 hour at 100 wvolts. After the transfer was campleted, the
nitrocellulose sheet was washed twice with immunoblotting bufter
containing 0.1% (Y/,) Tween-20, 20 mM Tris HCl, 500 mM NaCl, and
then blocked in immunoblotting buffer containing 3% powdered milk.
The blot was then incubated with polyclonal anti -human fibronect in
antibody (Upstate Biotechnology 1Inc., Lake Placid, N.Y.) 1n

"Ul-protein

immunoblotting buffer followed by incubation with 20 pl
A (30 mCi/mg; Amersham International) ain 50 ml immunoblotting
buffer. The blot was washed 4 times after 1ncubations with

antib._dies and '"*I-protein A and then subjected to autoradiography.
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RESULTS

Radioligand Binding Assavs
A. Equilibrium Saturation Experiments:
once of the criteria that must be fulfilled in ruling that a

ligand binds to and exerts 1t actions via a receptor 1is
saturability. To determine whether '"'I-labelled TGF-Bl binds
saturably to BeWo celis 1n monolayer, equilibrium saturation
binding cxperiments were performed. Figure 4A shows a typical
binding isotherm where BeWo cells were incubated with increasing
amounts of ''T1-TGE f1 1n the presence and absence of unlabelled
TGl -B1. Nonspecific binding was determined in the presence of 100-
fold excess unlabelled TGF-Pl. Specific binding was determined by
subt ract 1ing nonspecific binding from total binding, obtained in the
absence of unlabelled TGF-f1. BeWo cells show specific saturable
binding with '"1-TGF-Bl1 and specific binding was essentially
saturated by 600 pM !''I-TGF-B1. Transformation of the data by
Scatchard analyses of the binding by the LIGAND programs developed
by Munson and Robard (1980) gave a linear plot characteristic of a
single high affinity binding site with an estimated number of
binding sites (+/- s.e.m.) of 70,000 +/- 16,500 (n=3) and a
dissoctation constant (K, +/- s.e.m) of 66 +/- 3 pM (n=3) (Figure
4B). Relatively high background of nonspecafic binding (10 to 30%
ot total CPM) which ncreased with increasing amount of “*I-TGF-f1
was observed. The high nonspecific background obtained especially
at higher concentrations of " I-TGF-f1 is typical in TGF-f studies
(Waketield, 1987). This situation makes 1t difficult to exclude
the possible existence of additional lower affinity sites since
specific binding 1s masked as background nonspecific binding

1NCreases.,

Since trypsin 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 with cells plated at
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FIGURE 4. '**I-TGF-B1 binds specifically and saturably to BeWo cell
monolayer. Monolayers of BeWo cells were incubated with various
concentrations (pM) of ' "I-labelled TGF-f1 (recombinant) at 4 °C for
3 h an described 1n materials and methods. {A) represents a
sat urati1on binding curve where "“""[~TGF-P1 specifically bound (open
circles) 13 the difference between the total (open squares) and
nonspecific (open triangles) bindaing. Each point is the mean of
duplicate samples that generally differed by < 10%. (B) represents
the respective data transformed and plotted by the method of
Scatchard for the representative experiment. The binding
parameters for the plot shown here are 44,317 binding sites/cell
with K, value of 37 pM. The specific activity of “I-TGF-B1 in this
experiment was 1.5 HCi/pMole. The K, values of ""I-TGF-f1 binding
to BeWo cell monolayers ranged 1n three separate experiments
between 39 pM and 93 pM and the number of binding sites ranged
between 45,000 and 100,000 per cell.
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different times prior to assay. Cells trypsin dissociated, plated
and allowed to reach confluency in 18 hours and 48 hours gave
essentially identical results compared with those of 24 hours,
(Figure 5A & 5B) 1.e. no significant difference i1n the total number
of receptors aand dissociation constant (K,) was found. TGF Bl
bound to 81,987 sites per cell and 35,238 sites per cell with K, ot
37 pM and 32 pM for BeWo cells trypsinized 18 hours and 48 hours

prior to assay respectively.

Equilibrium saturation studies of '®*l1-labelled TGF-P2 binding
to BeWo cells showed that ' I-TGF-B2 binds specifically and
-

saturably (Figure 6A) with an apparent K, (+/- s.e.m) ot 39 /- &

pM (n=3) and an estimated number of binding sites per BeWo cell

(+/- s.e.m.) of 85,000 +/~ 17,500 (n=3) (Figure o0B). In these
experiments the background of nonspecific binding, which was
slightly higher than that observed with TGF-f1, approached S0% of

total CPM. These results indicate that the average binding
affinities for TGF-P1 and TGF-P2 bainding to BeWo cells are similar,
the apparent K, values averaging at approximately 50 pM {for both
TGF-B1 and TGF-B2. The total number of bindinyg sites per BeWo cell
are similar as well, averaging at approximately 75,000 si1tes per
cell.

B. Equilibrium Competition Experiments:

Competition experiments were performed with '"I-labelled TOF
Bl or '**I-labelled TGF-PB2 in order to examine whether '""T-TGF-f1 or
157-TGF-B2 were binding to the same or different sites on BeWo
cells (Figure 7A and 7B). Unlabelled TGF-B1l and nnlubelled TGEF B2
were able to completely inhibit the binding of 2% pM '" 1 TG B1 and
50 pM I-TGF-B2, indicating that there are no sites available to
one isoform and not the other. The mean half maximal 1nhibitron of
binding (IC,, +/- s.e.m.), when '"I-TGF 1 was used a5 the
radiotracer, was 81 +/- 1.5 pM (n=3) with unlabelled TGF Bl and 68
+/-~ 2.5 pM (n=3) with unlabelled TGF-B2. Similarly, when " [-TGF-

B2 was the radiotracer the IC., values (+/- s.e.m) were 74 +/- 6.4
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FIGURE 5. TGF-f1 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 ""I--'I‘(;F—ﬁl (1 ecombinant )
bindiig to BeWo cells trypsinized and plated 18 h and 48 h prior to
incubation with various concentrations of ' '1-lubelled TGF Bl at 4
°C for 3 h as described. The binding parameters tor the plots
shown here are 81,987 and 35,238 binding sites/cell with K, values
of 37 and 32 pM for '""I-TGF-B1 binding t> BeWo cells plated 14 and
48 h after trypsin dissociation respectively. The 1nsets show
saturation binding curves of the same data. The specitic activity
of '"I-TGF-Bl in both experiments was 2 UCi/pMole.
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FIGURE 6. 12*1-TGF-B2 bhinding to BeWo cell monolayer. Val ious
concentrations of “"I-TGF-B2 (recombinant) was incubated with Bewo
cells at 4 °C for 3 h. (A) represents the saturation analysis of
125T-TGF-B2 binding to BeWo cells and demonstrates that '™I TGF B2
binds specifically and saturably. (BY Scatchard analysis of the
binding data presented in (A) using the LTIGAND program developed by
Munson and Robard (1980). The binding parameter of "1 -TGr B2
binding in this representative experiment atre 82,873 binding
sites/cell with K, value of 35 pM. The spccific activity of '™l

TGF-PB2 in this assay was 2.7 uCi/pMole. The K, values of ' I~-TGF-B2
binding to BeWo cell monolayers in three separate oexpoeriments
ranged between 31 pM and 51 pM. The number of binding sites ranged
between 82,000 and 120,000 per cell.
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FIGURE 7. Representative competition experiments of '**I-TGF-f1 or
1331-TGF-B2 binding to BeWo cell monolayer. Confluent monolayers of
BeWo cells were incubatec for 3 h at 4 "C 1n the presence of Y% pM
12°T-TGF-B1 (recombinant) (A) or 50 pM '"I-TGF -B2 (porcine) (13) with
the indicated concentrations of unlabelled TGF Bl (rccombinant)
(open triangles) or unlabelled TGF-B2 ‘porcine) (closed triangles).
Specifically bound radiolabel was determined fo:r each sample and

expressed as a percent of the amount specifically bound 1u samples

without unlabelled TGF-f. Duplicate wells weire used for  cach
condition and each value represents the mean. The ¢, of Tar 1
and TGF-P2 competing for ' I-TGF-PB1 binding from the 1epresent ative
experiment presented in panel A was 80 and 71 pM respoct ively . The
IC;, of TGF-PB1 and TGF-B2 competing for '"T-TGF-B2 binding from the
representative experiment prescented in panel B waus 74 and 71 pM

respectively. The IC., values ranged in three separat ¢ cxper rment s
between 79-84 pM for TGF-Bl and 63-71 for TCF-B2 displacoment of
1“7-TGF-B1l and between 63 - 88 pM for TGF-f1 and 59 84 pM for
TGF-B2 displacement of ' "I-TGF-B2. The specific activities of bhoth
1BT-TGF-B1  (recombinant) and '"I-TGF-32 (porcine) 1n  these

representative experiments was 2.0 uCi/pMole.
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pM (n=2) and 71 +/- 4.7 pM (n=3) for unlabelled TGF-Pl1 and TGF-fB2

respectively.

A3 a general rule, for equilibrium competition binding
studies, the concentration of radioligand present should be at
least. one fourth or less than that of the concentration of
unlabelled ligand giving 50% displacement. As the concentration of
radiotracer 15 1ncreased, the experimentally observed IC., will be
an overest imat 1on of the actual IC,, (Goldstein et al . 1974).
Considering that the 25 pM of TGF-B1 and the 50 pM of re¢diotracer
used 1n the above competition experiments are more than one fourth
of the obscrved 1C, ) values, further experiments were performed with
10 pM ' "1-1GF -1 us radiotracer (Figure 8). Unlabelled TGF-B1 and
unlabelled TGEF B2 were able to compete for 10 pM *'I-TGF-B1 binding
Lo BeWo cells to the same extent as when 25 pM of radiotracer was
used.  The IC, values of TGF-B1l and TGF-B2 competing for 10 pM of
"1 PGF-B1 binding were 68 pM and 84 pM respectively, similar to
those  observed above. It was not possible to reduce the
concentration of radiotracer further since a sufficient amount of
aspecific radioactivity 1s required to enable minute amounts of

binding to be measured.

C. TGF-f2 from porcine platelets binding vs. recombinant TGF-f2
binding:

Initially when these studies were begun only TGF-f2 from
porcine platelets was available. More recently, recombinant TGF-
B2 was available for use. To verify 1f TGF-B2 from porcine
platelets has the same binding characteristics as recombinant TGF-
B2, competition experiments using recombinant TGF-B2 as the
radiolabelled  ligand and as the unlabelled competitor, were
performed (Figure 9A & YB) . No difference between recombinant TGF-
B2's and porcine TGF-P2’s ability to compete for the indicated
radiolabelled ligand’s binding was found. The IC., of recombinant
TGF B2 and TGF-Bl competing for ' "I-TGF-Bl was 66 pM and 67 pM
respectively. Moreover, TGF-Bl was able to compete for recombinant
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FIGURE 8. TGF-[1 and TGF-[}2 competition of 10 pM *I-TGF-B1 binding.

Confluent monolayers of BeWo cells were incubated at 4 C for 3 h with 10
pM I-TGF-f1 in the presence of various concentrations of TGF-f1 (open

triangles) or TGF-fi2 (closed triangles). The results are plotted as the

percentage of binding relative to the radicactivity bound to cells
incubated with ' I-TGF-f31. Duplicate wells were used for each condition
and ecach value represents the mean. The IC of TGF-f1 and TGF-[32
competing for 10 pM I-TGF-[}1 in this experiment was 68 and 84 pM
respectively. The specific activity of ' I-TGF-1 in this experiment

was 1.5 pCi/pMole.
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FIGURE 9. Competition experiment with recombinant TGF-(2. Confluent
monolayers of BeWo cells were incubated with recombinant I-TGF-B1 (A)
or with recombinant I-TGF-f2 (B) 1in the presence of indicated
concentrations of unlabelled recombinant TGF-f}1 (open triangles) or
unlabelled recombinant TGF-f}2 (closed triangles). The IC. of TGF-fB1 and
TGr-§2 competing for  I-TGF-[}1 binding in panel A was 67 pM and 66 pM

respectively. The IC of TGF-f31 and TGF-f2 competing for I-TGF-B2
binding shown in panel B was 112 pM and 58 pM respectively. The

specific activity of  I-TGF-B1 and I-TGF-f2 in these experiments were

2.5 NCi/pMole and 2.3 Ci/pMole respectively.
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“*I-TGF-B2 binding in a fashion similar to its competition ot
porcine TGF-B2 with an IC., of 112 pM. The 1IC . for recombinant
TGF-B2 competition for recombinant ""I-TGF-B2 was 8 pM. Since the
IC., value of the competing ligand 1s a 1irecasonable f1i1st
approximation of 1t’s apparent equilibrium dissociation binding
constant (K;; Bernett, 1978), 1t 1is reasonable to assume that
recombinant TGF-B2 and purified porcine TGF-[f2 have the same
binding characteristaics. These competiticn studies suggest that
overall, the population of TGF-PB receptors have similar average
affinities for both TGF-Bf1 and TGF-f2, and that the two TGK-P
isoforms bind to the same population of TGF-B receptors on BeWo

cells.

Functional Assays

A. Proliferation Assays:

An understanding of a ligand-receptor system requires studies
of the ligand binding characteristics of the receptotr (s) toget hog
with studies on the functional response(s). Radioligand binding
assays are performed to determine whether a particular ligand binds
to a receptor specifically and saturably. Radioligand binding
assays also determine receptor binding charact eri1ost1cs, such an its
equilibrium dissociation constant for a particular ligand and 1t
number 1n a given source. However, the demonstirat ton that a Jigand
binds to a cell with a high afiinity and a Limited capacity doco.,
not absolutely infer that 1t exerts i1ts effect through « receptor,
and a function must be designated as well. With o functional
assay, dose/response curves for different agonists or iooforms may
be obtained, permitting the differentiation of ecuch agonrst ‘o
efficacy and potency to ¢licit a response. Often functional assay:,
complement binding assays 1n that correlations between binding
affinities and pharmacological efficacy and potency can  he

inferred.

The assay of choice to date for monitoring the purification of

47



TGF-B present 1n conditioned medium or cellular extracts has been
a we:ll-eztablished ‘H-Thymidine incorporation assay which measures
the: 1nhibition of Mink Lung Epithelial (Mvl1Lu) cell growth by TGF-
(Ikrda et al., 1987). 'H-Thymidine 1incorporation assays measure
the proliferat ive actaivity of cells. When cells d:xvide and
proliferate they must replicate and synthesize DNA. Thymidine is
the pyrimidine nucleotide that 1s exclusively incorporated into
DNA. The replication of DNA occurs only in synthetic (S) phase of

interphase 1n the cell cycle.

Figure 10 shows control experiments with MvliLu cells treated
with either TGF-B1 TGF-B2 for 24 hours which demonstrate that both
TGF-B 1scoforms 1nhibit growth to the same extent as observed
previously (Cheifetz et al., 1987). However, 'H-Thymidine
Iincorporation experiments with BeWo cells showed that there was no
significant cffect of up to 1000 pM TGF-B1 or TGF-B2 on the growth
of tLhese cell:s (Figure 10). Cells must be treated with TGF-B
before they enter S phase i1n order to see an effect because in
general, the inhibitory etfect of TGF-Bl on the cell cycle results
in delayed progression of cells from Gl to S phase as discussed
previously. From experience with passaging BeWo cells, it 1is
cstimated that these cells double within 16 hours, indicating that
a 24 hour treatment period 15 adequate time for all cells to
complete the cell cycle and thus pass the S phase at least once.
Preliminary experiments with shorter TGF-P treatment periods, 6 and

12 howrs, also showed no effect on BeWo growth (data not shown).

B. Fibronectin Deposition:

Since, both TGF-P 1soforms bind to BeWo cells, further studies
wore pertormed 1n order to try and find a functional assay that may
ard 1n difterentiating the biological responses to TGF-B1 and TGF-
B2 in this cellular model. The increase i1n fibronectin expression
upon TGF B treatment has also been used as a functional assay for
TGF-B 1n some praimarvy cultures and established cell lines, (Ignotz
& Massague, 1986 & 1987, ; Segarini et al., 1989; Shi et al., 1990).

48




120 -

40}
20}
0

1 1
[=] o
© (7]

100

(TOUINOD %)
NOLLVIOQRIOONI ANIAINAHL [H (]

LOG [TGF-B1] (pM)



FIGURE 10. The effect of TGF-PB1 or TGF-B2 on ‘’H-Thymidine
incorporation in BeWo cells or Mvllu cells. Monclayers of BeWo
cells (Circles) or MvlLu cells (Squares) at 60% confluency in 24
well plates were treated with serum-free medium containing varying
concentrations (pM) of [JF-Bl (open symbols) or TGF-B2 (closed
symboli) .  After 24 h the cells were pulsed with *H-Thymidine for
3 h. Cells were trypsinized and collected onto glass fiber filters
and the 1incorporation of radioactivity determined by liguid
scintillation counting as described in materials and methods. The
results are expressed as the percentage of incorporation of °‘H-
Thymidine 1n control cells incubated without TGF-Bl1 or TGF-B2.

Data are the average of traiplicate determinations.
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To examine whether or not TGF-B1 or TGF-B2 has any ettect on
fibronectin synthesis in BeWo cells, two strategies were taken,
The first znvolves the ability of gelatin to specitically bind to
fibronectin (Engvall and Ruoslahti, 1977). Ignot & and Massague
(1986) as well as Segarini et al. (1989) have already applied thiy
technique in order to isolate newly synthesived {1bronect in in TOK
B studies. The second strategy involves 1solating {i1bronect in by
immunoprecipitation with a polyclonal anti-human f{ibionectin

antibody.

After an induction period of 24 hours with 1ncreasing
concentrations of TGF-Bl or TGF-B2 (0 - 2000 pM), BeWo cells wore
labelled with “S Trans-label™ for 3 hours as describoed 1 materals
and methods. Crude urea extracts of the monolayer:s were subjected
to 6% sodium dodecyl sulfate polyacrylamide gel colect rophoresys
under reducing conditions, (Fagure 11A). The crude urea eat racts
show wvarious protein bands that may include components of the
extracellular matraix. No band 1in partircular was signifircant ly
affected by 50 or 500 pM TGF-PBl freatment. The urea extracts were
then subjected to gelatin-Sepharose atfinity chromit ography 1o
concentrate newly synthesized fibronectin and to sec 1f ity
expression responded in a dose-dependent manner to TGE 1. SDS
PAGE revealed that the gelatin -Sepharose affinity chromotography
procedure was unable to clearly distinguish any parvicular protegn
band as fibronectin (Figure 11B), which would br cxpoectod to
migrate as a 220 kDa band under reducing conditions, (Yamada &
Olden, 1978).

These results indicate that the measurement of fihronectin
synthesis, in BeWo cells, by 1ts 1solation with gelatin Sepharose
may not be a sensitive enough assay. However, the posttive contirol
of MvliLu cells treated and assayed identically showed t hat 1GR3
(Figure 12A4) and TGF-B2 (Figure 12B) induced i1ncreasced fibroncet in
synthesis. MvliLu cells have previously been chown to respond Vo

TGF-PB1l treatment with increased fibronectin synthests as meanired
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FIGURE 11. Effect of TGF-P1 on fibronectin from BeWo cells.
Monolayers of BeWo cells at 80% confluency i1n 12-well plates were
treated waith serum-free medium containing t he indicated
concentrations (pM) of TGF-Bf1l. After 24 h the medium was replaced
with methionine-free medium containing Trans “S-Label™ and the
appropriate concentration (pM) of TGF-B1. After 3 hour:s the medium
was collected and monolayers were extracted with urca contarning
buffer to extract extracellular matrix proteins as described 1n
materials and methods. The extracted material was subjected to
gelatain-Sepharose affinicy chromatography or 1mmunopiocipitated
using an anti-human fibronectin pelyclonal ant ibody. Shown are:
the urea extracts containing total extracellular matri1x proteins
(4); the eluates from the gelatin-Sepharose affinity chiromat ography
(B); and the anti-fibronectin immunoprecipitates (C); that  were
subjected to SDS-polyacrylamide gel electiophoresis on 6% gels
under reducing conditions and autoradiography. Atrow shows the
position of purified human fibronectin migrating 1n the same golos
and detected by coomassie blue staining. The positaon and thee
molecular mass (kDa) of ''C-labeled protein standards in the gels
are indicated. The exposure times shown arc 1 day, 4 days and 3

days for parel A, B, and C respectively.
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FIGURE 12. Effect of TGF-[1 or TGF-[}2 on fibronectin from MviLu cells.

Monolayers of MvliIu cells at 80% confluency were treated with the

indicated concentrations (pM) of TGF-}1 (A) or TGrF-fi2 (B), labelled with
Trans S-Label  and extracted with urea-containing bufter. The urea
extracts as well as conditioned medium woere sth jected to
gelatin-Sepharose affinity chromatography and analyzed by SDS-PAGE and
autoradiography. The exposure time for the autoradiogramss shown here

was 3 days.
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bry concent rating fibronectin with gelatin-Sepharose chromatography
(Ignotz 5 Massadgue, 1986). Figure 12 also shows that the medium of
MvylLu ce:lls contain @ large amount of newly synthesized fibronectin
t hat 1ncreases 1n response to TGF-B1l (Figure 12A) or TGF-B2 (Figure
128) .

The alternative method chosen to try to measure fibronectin
deposition i1n BeWo cells 1s an immunoprecipitation of the urea
cxtracts with a polyclonal antibody against human fibronectin.
However, 1mmunoprecipitation with this antibody (Figure 11C) did
not significant ly reduce the background of * S-labelled proteins
compared with the experiment shown in figure 11B. Several steps
were taken 1n order to try and minimize the numbher of nonspecific
protein bands, none were cf fective. These included steps, such as:
spinning the cellular extract for 30 min prior to adding the
aut 1bhody; spinning the antibody-antigen binding reaction before
adding proteirn A-Sepharose, 1n order to remove aggregates and
polymerizing proteins; allowing the immune complexes to incubate 10
mn boetween washes; and transferring the protean-A-Sepharose beads
to freah tubes prior to cluting the antibody-antigen complex (data
not shown) . Thus, this anti-human fibronectin antibody did not
appeat to be particularly useful for  fibronectin
immunoprecipitat 1on experiments. One band of approximately 220 kDa
that co-migrated 1n the gels with purified human fibronectin was
obsecrved (Figure 110) . However, since the 220 kDa protein band was
very minor and  flanked by other bands of similar molecular
mass,analysis by densitometiry could not be interpreted reliably.
Nevertheless, as measured py eye, the 220 kbDa band did not show any

change with increasing concentiations of TGF-PBL.

Simy lar experiments with TGF-B2 treatment were performed and
the results of their gelatin-Sepharose isolation and
mmmunoprecipitation of fibronectin are shown in Figure 13. Again
no band 1n pairticular could be demonstrated to be fibronectin from

the gelat in-Sephatrose eluates (Figure 13A) and the 220 kDa band
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FIGURE 13. Effect of TGF-[}2 on fibronectin from BeWo cells. Monolayers

of BeWo cells at 80% confluency were treated with varying concentrations

(pM) of TGF-f2 labeled with Trans S-Label  and extracted with
urca~containing buffer. The extracts were subjected to gelatin-Sepharose
attinity chromatography (A) or immunoprecipitated with anti-human
fibronectin polyclonal antibody (B) as in figure 10. The eluates were
subjected to SDS-PACE and autoradiography. The exposure time for both

the autoradiograms shown here was 3 days.
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from immunoprecipitation exjeriments did not increase or decrease

in response to TGF-B2 treatment (Figure 13B).

The level of background proteins was higher in the gelatin-
Sepharose eluates of BeWo cells’ urea extvacts (figure 11 & 13)
than in those of MvliLu cells (faguire 12). The exper imental
treatment of both types of cclls wore ident 1cal with
autoradiographic exposure times ranging from 2 to 4 days. The
higher level of background proteins 1in BeWo cells may be due to
gelatin-Sepharose’s affinity for proteins other theu tibronectin
found in BeWo cells but not in MvlLu cells. Proteolytic actaivity
from BeWo cells which degrades fibronectin and producing firagment s
to which gelatin-Sepharose binds could, 1n part, explamm the high
level of background protein found in the urea extracts ol RBeWo
cells. However, several protease inhibitors were included as noted
in
materials and methods and there are also background proreins in the
BeWo extracts with higl .. molecular mass than {ibronectin. Time
course experaiments performed 1n order to detcermine fibhronectin
degradation with time are described later. The 220 kDa band found
from immunoprecipitating the urea extracts of BeWo cell monolayers
was minor, suggesting that only a minute amonnt {if any) of newly
synthesized fibronectin wass being 1ncorpor at ed 1t o t he
extracellular matrix. Furthermore, gelatin-Sepharose eluat oo of
conditioned medium of Mv1Lu cells treated with TGE-B1 or TGE B2
shows a large increase 1in newly synthecized fihronect in, (Firgvre
122 & B). Thus, the medium of BeWo celle treatod with or wit hou
TGF-B1 was examined by gelatin Sepharone affinity chromat ography
and immunoprecipitation to see whether PaWo cello were Socret ing
newly synthesized soluble fibronectin into the mediam in reaponse
to TGF-B1. The i1mmunoprecipitates of BeWo condit roned median i
the presence and absence of increasing concentrations, of TGR Bl
show that there 15 no protein in the medium which 1o recognyzed by
the anti-human fibronectin antaibody, (Figure 144). Gedatin

Sepharose eluates of BeWo conditioned medium Lhowed only once hand
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FIGURE 14. Effect of TGF-[}1 on fibronectin from conditioned medium of

BeWo cells. Monolayers of BeWo cells at 80% coniluency were treatoed

with the indicated concentrations (pM) of TGF-31 tor 24 h. Atter
labelling for 3 h with Trans S-Label the medium was collectoed and
either immunoprecipitation with anti~human f{ibronectin  polyclonal
antibody (A) or affinity purified with gelatin-Sepharose (B), followed
by analysis by SDS~-PAGE and autoradiography. ‘'ho exposure time shown

are 4 days and 3 days for panels A and B respectively.



which migrated with a molecular mass of 68 kDa, which was not
af fecred by the presence of TGF-P (Figure 14B). The identity of
this protein band 1z unknown. Therefore, the minute amount of
fibronectin observed from cell extracts 1s not a result of soluble
fibronect in being secreted into the medium and

not being incorporated into the extracellular matrix.

Furt her examination of the urea extracts from BeWo cells
t reated with or without TGF-B1 were conducted, by preliminary
Weostern 1amunoblotting experiments, in order to rule out inadequate
specificity and sensitivity of the two other methods (Figure 15).
West ern 1mmunoblotting with the polyclonal anti-human fibronectin
ant 1hody 135 able to detect the total amount of fibronectin present,
in comparison to the two other methods which neasured newly

synthesized tibronectan by aincorporation of S Trans-Label™.

Western 1mmunoblot  analysis confirmed that the amount of
fibronect 1n 1n the extracellular matrix of BeWo cells is
1nsufficient to measure. Immunoblots of urea extracts of BeWo

cells treated with or without TGF-P1  demonstrated no visible
protein bands yet as little as 5 Mg of purified human fibronectin
was readily detected as a broad band of 220 kDa. It should be
noted that thhe 1mmunoblot 1n Figure 15 1s a three hour
autoradiogtaphic exposure. A longer exposure (16 hours) showed no

ReWo fibronect in protein bands either (data not shown).

The process of extracellular matrix remodellaing involves
lay ing down new extracellular matrix proteins and the degradation
of such components. This phenomenon of synthesis and degradation
ol extracellular matrax proteins, including fibronectin, implies
that a net amount of deposated protein can be measured within a
certain time frame and this amount may change with time. Taking
this 1mmto consideration, a preliminary time course experiment was
pertormed (Figure 16). BeWo cells treated with 500 pM of TGF-B1,
were immunoprecapitated with anti-human fibronectin antibody at the

indicated times, 4, 8, 12, and 24 hours. At all time points tested
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FIGJRE 15. Effect of TGF-ff1 on the total accumulation of
fibronectin in BeWo cell layers. BeWo cell monolayers at 80%
conf lucney were treated with the indicated concentrations (pM) of
TGr Bl for 24 h and extracted with urea-containing buffer. The
solubilized material was subjected to 6.0 % SDS-PAGE under reducing
conditions, followed by electroblot transfer onto nitrocellulose.
Panel A shows the result when the blotted natrocellulose sheet was
then  sequentially  incubated with  an anti-human fibronectin
polyclonal antibody and '"l-protein A followed by autoradiography.
Panel B shows a control experiment with different amounts (ig) of
purified human fibronectan. The exposure time of these
autoradiograms was 3 h; no bands were observed following a longer

exposure time.
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FIGURE 16. Immunoprecipitation of metabolically labelled BeWo cells
after treatment with TGF-[}1. Time course study. BeWo cells at 80%

cont luency were  incubated with 500 pM of TGF-31 for the indicated
perious of time and metabolically labelled with Trans S-label’ for 3 h.
Cells were then extracted with urea-containing buffer,
immunoprecipitated by anti-human fibronectin polyclonal antibody and
analyzed by SDS-PAGE and autoradiography. The exposure time of the

autoradiogram shown here was 2 days.
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no significant increase or decrease 1in any of the protein bands
wasdemonstrated ruling out the possibility that within a 24 hour
vindow, fibronectin had been degraded so that it could not be
measured. All together these results indicate that neither TGF-f1
nor TGF-B2 have a net effect on fibronectin expression 1n BeWo
cells.
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DISCUSSION

TGF-B is synthesized by almost every cell and virtually all
cells express TGF-f receptors. TGF-P has been shown to play a role
n 1mport ant physiological processes such as cellular
proliferation, cellular differentiation and extracellular matrix
remodelling (for reviews seoe Roberts & Sporn, 1990; Massague,
19490) . The tunctions of placental trophoblast cells which are
crucial to the development. and the survival of the growing fetus
include: placental wmplantation into the uterine epithelium;
fetal/mat ernal exchange; hormone production; and the regulation of
the matcrnal immune response.  TGF-B may play a role in controlling
any one: of these t rophoblastic functions. The functional role(s)
of different mammalian TGF-B 1: »forms, i.e. TGF-Bl, TGF-B2 and TGF-
B3, along with their mechanisms of action, and their regulation are
pertinent determinants to the understanding of trophoblast and

placental funct ron,

Radioligand binding assays:
In this study TGF-B receptors on BeWo cells, an established

human choriocarcinoma trophoblast-like c¢ell 1line, have Dbeen
characterized using ecquilibrium binding assays. Scatchard analysis
of equtlibrium saturation binding assays of I-TGF-B1 and ''I-TGF-
B2 binding revealed that these two forms of TGF-B bind tc BeWo
cells in a specific and saturable manner with saimilar average
affintties (K, values of approximately 50 Pm) and similar
capdacit 1es (approximately 75,000 sites per cell). These results
places the reWo cell line among the richest sources of TGF-B

1eceptors comparable to values obtained with the Swiss mouse 373

and Rat-1 cell lines (Waketi1eold et al., 1987). A linear plot
characterist 1o of a4 single high affinaty site was obtained for TGF-
B and TGer-B2. Furtheimore, equilibrium competition assays
demonst rated  that  'U1-TGF-BlL and 'I-TGF-P2 bind to the same

populat1on of TGF-f receptors on BeWo cells with similar IC., values

ot approximately 70 Pm being obtained.
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A straight line Scatchard plot is usually obtained from TGF-f
radioligand binding studies. A survey by Wakefield ot al., (1987)
of 'I-TGF-Bl binding to 35 different cell types, transformed and
non-transformed, also presented linear plots following Scatchard
analyses. However, receptor profiles determined by attinity-
labelling with 1odinated TGF-Pfl of most of these cells 1eovealed
that they demonstrate the three different structural classes ot
TGF—B binding proteins 1.e. Type I, Type 11 and Betaglycan
(Massague et al., 1990). Recent affinity-labelling oxperiments
performed in our laboratory demonstrate that four distinct TGF-f
binding proteins are expressed on BeWo cells (Mitchell ot al., 1992
b) . These studies indicated that the predominant Betaglycan on
BeWo cells exhibits a (5 - 10 fold) higher affainity for TGE 2 than
for TGF-P1 yet exhibits an approximately 7 fold higher overall
capacity for TGF-Bl. Since BeWo cells oaxpress o predominant
Betaglycan component and very low levels of the Type | oand Type 1
binding components, 1t was antLicipated that the egur bibrim binding
experiments should reflect the Beltaglycan component, T CIN |
somewhat higher overall capacity tor TGF Bl and a somewhat highen
average affinity ftor TGF-B2 than for TGE B1. Obviously, this was
not the case. There are discrepanciles botween the atfiaty
labelling results and the equilibrium binding assay results on BeWo
rells as described here az well as 1n other systems (Wakefield,
1987; Segarini, 1987). On BeWo cells these incolude: o Thinoeas
Scatchard plot, indicative of a single binding si1te {or both Tar 21
and TGF-PB2 versus four different structural classes of 16l f
binding proteins as demonstraled by atfinmity labelling roecept or
profiles; similar binding affimties and capacities for TGEF B and
TGF-B2 binding to BeWo cells as demonct rat od by radioligand hinding
assays versus differential binding of 1TGF Bl and TG B2 aon tarmn of
affinity and capacity for the individual TGF B binding component

as shown by affinity-labelling experiments.

Factors which may be involved 1n the prescentation of

straight 1line Scatchard plot when there are scveral affinity
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labelled TGF-B binding components, as well as those which may
account for discrepancies between estimates of binding affinity and
binding capacity from the two different assays are discussed below.
First of all, the dafferent parametevs measured by these two
mesthods, 1.e¢. equilibrium binding and affinity-labelling assays,
should be noted. Eguilibrium binding assays provide guantitative
results with respect to the total number of receptors and the
overall affinity of the population of receptors presernt. In
contrast, affinity-labelling studies demonstrate which binding
component s are present and give only a qualitative indication of
the relative affinity of each binding protein for a particular
Jigand 1n relation to another bhecause the eff{iciency of cross-
linking 13 relat 1vely low. The most obvious reason why TGF-B1 and
TGF-B2 present a linear Scatchard plot 1s that the analytic
techmaues employed to process radioligand binding data require
computer programs which utilize 1n someway a non-linear least
square curve fitting technique thus, 1t 1s likely that receptors
with similar enough affinity for a particular ligand would not be
difterentiated. Secondly, the determination of nonspecific binding
15 crucial to proper Scatchard analysis, and TGF-B having a high
1soclectrie point (P1 - 9) (Roberts & Sporn , 1990) 1s considered
a st icky molecule. As was noted in Results, the non-specific
binding wis up to 30% (TG*-Bl) and 50% (TGF-B2) at high
concentrations of ligand added. TGF-B may band to non-receptor
(non dpecific) sites with high affinity that can mask the binding
to uspecitic receptor sites, and thereby cloud the mathematical
analyses and lead to misinterpretation of binding data. For
example, this wonld mean that the Scatchard plot as a whole would
be shnfted towards the right, thereby increasing B,, (total number
of binding sites) and overestimate capacily. On the other hand,
the chemical cross-linking efficiency between ligand and binding
proten 1s low and may vary between ligand isoforms and veceptor
Spec1es, Recent ly, Attisano et al., (1992) have shown that the
diftferent number ot lysine groups available ain the recombinantly

expressed activan binding proteins, ActR-IIB and ActR-II appear to
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contribute to the different cross-linking efficiencies in atfinity-
labelling studies with ' I-activain A. There are also a ditferent
number of lysines between TGF-Bl and TGF-P2 which may contribute to
different cross-linking efficiencies between the two  TGF-B
isoforms. Moreover, there are different lysine substitut ions
between TGF-f1 and TGF-B2 within a region that was recent ly
implicated 1n the different specific activity of TGF Bl and Tar B2
(Qian et al., 1992), suggesting the possibility ot ditterent crons-

linking efficiencies existing between TGF-B1 and Tor B..

Competition experiments provide an alternative method 1n which
to estimate a ligand’'s affinity for 1tas  binding site(s).
Competition experiments may also be used to determine whother
different ligands arc binding to the same sct of recepturs or notl .,
The advantage of competition curve experiments 13 that they requite
a minimal amount of radioligand and thus provide a clearern
indication of non-specific binding at high concentration  of
competitor (Kermode, 1989). Whereas saturat ton experiment s are
more likely to i1ntroduce greater non-spec.tir1c binding at highoes
cornicentrations especially in a case such as TGF B, which 13 4 very
basic protein and 15 very sticky. The IC., values obtairned are
considered a reasconable first approximation of ~he K, value of the
competing ligancd (Bernett, 1978). In this study there was good
agreement between the K, values obtained by Scatchard analysis
(i.e. ranging trom 39 to 93 for TGF-B1 and 31 to 51 for TGF-B2) and
the IC., value obtained by equilibrium competition studies (1.,
ranging from 63 to 84 for TGF-B1 and 59 to K8 for TG B2 .

Alternatively, experiments designed to measut e t hee
dissociation rate of a ligand for its recceptor(5) may help an
distinguishing differences in TGF-PB1 and TGF-B2 affiuity for TGEF f3
receptors on BeWo cells (Titeler, 19&9). Such experiment o would
involve measuring the amount of time required for an excess of
unlabelled TGF-P to compete off saturated and ecquilibrated ' "1 TGE

B from BeWo cells. This experiment may also ard in distinguiching
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the different TOF-P receptors exhibited by affinity-labelling on
BeWo cells which were not detected by either egquilibrium saturation
or competition studies, and should be considered for future
studies.

Following the elucidation of Betaglycan’s and Type II
recoptor’s sequences by ¢DNA cloning (Wang et al., 1991; Lopez-
Casillas et al., 1991; Lin et al., 1992) the isolation of other
TGF-B receptors is  sure to follow. The availability of
recombinant ly- expressed, isolated form of the receptors will permit
more detailed studies. The complexity of non-specific non-receptor
binding as well as the presence of other distinct binding proteins,
as  discussed above,  could then be excluded such that the
determination of the actual bhinding affinity of each individual
TGI-B receptor fo  each different TGF-B 1soforms could then be
accomplished. Yor example, muscarinic receptors can be expressed
in an heterologous expression system, reconstituted into liposomes
and studied i1ndividually (Haga et al., 1986). Furthermore, the
avatlabrlity of TGF-f receptor sequences will permit the generation
of antihodies directed to specific sequences and the examination of
their structure/function relationships by site directed mutation
studies, such as those described for the EGF receptor (Brown et

al., unpublished work)

Functional assays:
As shown by both equilibrium binding and affinity-labelling
studies, TGF-Bl1 and TGF-P2 bind specifically to BeWo cells.

However, these assays are unable to demonstrate whether a
funct ional rvesponse 18 elicited upon binding of the ligand. Thus,
1t is 1mpmitant to ascertain the function of TGF-P 1n BeWo cells.
TGF-B1 ha: been shown to abrogate primary tiophoblast invasiveness,
atfect thertr growth, differentiation and hormone production (Graham
et al., 1992; Graham & Lala, 1992; Morraish et al., 1991). The
differential binding atfinities of TGF-B Type I, Type II and
RBetaglycan receptors for TGF-Bl, and -P2 in primary trophoblast
cells are retained 1n the BeWo trophoblastic cell line (Mitchell et
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al., 1992a; Mitchell et al., 1992b). Thus, certain tunctional
differences between TGF-Bl and TGF-B2 may be exhibited in BeWo
cells and could lead to a pharmacological correlation between
biological potency and binding affinity for TGF-f receptors for the
different TGF-B isoforms.

A. Effect of TGF- on BeWo cell proliferation:

TGF-fp is a multifunctional polypeptide, but 1ts most
recognized function 1s its ability to regulate cell proliferation.
Although TGF-f haz been shown to both induce and ainhibit cell
growth, TGF-B 1s described as the most potent polypeptide growth
inhibitor {(for review see Moses et al., 1990; Sporu et al., 19806).
TGF-B’s abality to anhibit cell growth has been obscrved 1n cells
of many lineages, both normal and transformed, and lceads to o
complete growth arrest in certain cell lines ncluding Mvlhu mink
lung epithelial cells (Ikeda et al., 1987). In this study, 'H
Thymidine assays were use to measure TGF B eftfects on BeWo growt h.
The results revealed that neitnc: TGEF-B1 nor TGF B2, when tested at
concentrations up to 1000 T'm, had any e¢ltect on the prolifoeration
of BeWo cells. Positive controls, measuring the response of Mviin
cells to either TGF-P1 or TGF-[2, showed that both 1sofoims weroe

able to totally abolish ‘H-thymidine incorporation.

Although TGF-P1l has been shown to 1nhibit the growth of
primary trophoblast in a dose dependent manner (Graham ot al.
1992), TGF-P effects have been shown to depend on cell Lype, and
BeWo cells which are trophoblast-like differ from primary
trophoblast cells 1in that they arc derived from o human
choriocarcinoma. Many cultured malignant or t ransformed cells have
been shown to have lost sensitivity to regulat yon of growth by TGF
B. Rat-liver epithelial cells are normally growth 1nhibited by
TGF-P but when transformed by carccinogens (MoMahon ot al., 1986) or
oncogenes (Huggett et ol., 1990; Houck et al., 1989) they hoocoms:
unrespensive to TGF-P’'s antiproliferative actions. TGF B may not

affect BeWo cell growth becaiuse its action on BeWo cel o anvolve:,
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other cellular functions. Alternatively, BeWo cells being derived
trom a choriocarcinoma may have lost their ability to respond to
TGF-B’s antiproliferative action either as a result of its
rumorigenic transformation or during its history as a cell line.
A recent study by Geiser et al. (199z), with a human bladder
cayrcinoma ocell line and a human colon adenocarcinoma cell line
showed that nlnbition of growth by TGF-§ can be restored by fusing
these two nonresponsive human carcinoma cell lines. In was
obscrved that preceding fusion the individual cell lines displayed
a4 high level of Betaglycan, and low levels of Type I and Type II
receptors. Following fusion the resulting non-tumorigenic hybrids
displaved a large 1ncrea .o in the level of Type 11 and a small
imcrease n the level of the Type I components suggesting that a
critical threshold of ftunctional Type 11 receptors may be regquired
for si1gnalling 1nhibition of growth. Affinity-labelling studies
show that BeWo cells display Betaglycan predominant ly and very low
levels of Type T and Type II receptors (Mitchell et al., 1992b).
Therefore 1t 1s reasonable to postulate that this low level of Type
11 1cceptors 1s below a certain threshold needed for TGF-B’s growth
inhibitory responae, Subsequently, other TGF—ﬁ functions were

considered for study in this cellular model.

B. Effect of TGF-f3 on BeWo cell fibronectin synthesis:

The regulation of the accumulation and maintenance of the
extiracellular matrix 1s of great significance in wound healing,
mvasiveness and  {ibrotic¢ conditions (for review see Sporn &
Robert s, 1489)., Many extracellular matrix genes have been shown to
be modulated by TCF-J. The synthesis of faibronectin, an
extracellular matrix protein, was measured in order to see whether
or not TerF-fl1 or TGF-f2 were able to modulate its expression in
ReWo cells.,  PFibronectin 1s a very large glycoprotein of 440,000
daltons, 1t has two 1dentical subunits covalently linked by a
single disulfide bond (Yamada & Olden, 1978). The release of
fibironectin by the «c¢ell contributes to the deposition of

extiracel lular matrices such as the basement membrane. Many cells
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synthesize fibronectin, including primitive mesenchymal ls,

el
astroglia, fibroblasts and scme epithelial cells (Hynes, 1976).

Two separate methods, both involving metabolic labelling of
cells with *"S trans-label™, were used to measure f{ibronectin
deposition in BeWo cells treated with or without TGF Bl or TGK B..
The first method, which deponds on fibronectin binding to gelatin
Sepharose was unable to detect any newly synthesiced faibronectin in
extracellular matrix extracts of TGF-B treated Bewo colls.
However, control experiments with MvliLu celly, previously shown to
increase 1its fibronectin sy.thesis in response to TGE Bl (ITgnoty &
Massague, 1986), demonstrated a large increasne in newly synt hesioed

fibronectain.

The second method used to measure fibroncect in synthesis,
involved immuncprecipitating fibronectin with a polyclonal ant
human fibronectin antibody. The resulting autoradiogram:, displayoed
a large number of nonspecific protein bands, 1 addit 1on to a minot
220 kDa band which corresponds to the migrat1on of purifired human
fibronectin. Even with several preclearing and wash stoeps the
background noise was not reduced. Since the antibody usced 1n these
immunoprecipitation experiment s has heen establ ished as appropriat e
for Western immunoblotting analyses (Upstate Biotechnology Ine.,
1992) , thus able to recognize deunatured fibroncect pn, 1t may not
have been the appropriate choice for tmmunoprecipitat 1on
experiments. Western imminoblotting wus subseguently performed n
order to determine 1f this anti-human fibronectin ant ibody was
unable to efficiently immunoprecipitate f{ibronectin yvet able Lo
recognize fibronectin in a Western immunoblot. FResult s showed that
the antibody was abkle to recognize purificd human {1hroneetin bu

did not detect any fibronectin i1n BeWo cellular extracts.

Together, the results from measuring fibroncctin wy/nthesig by
gelatin-Sepharosuv, immunoprecipitation  techriigues  and total

fibronectin Western immunoblot analysis all suggent that thoere ie
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reelatively little detectable fibronectin in BeWo extracellular
matrix extracts. Furthermore, it does not appear that fibronectin

synthesis in BeWo cells is inducible by TGF-B treatment.

Gelatin-Sepharoue ond immunoprecipitation 1solation of
fibronectin from conditioned medium of TGF-B treated BeWo cells
ndicated that there was no newly synthes.zed soluble fibronectin
in the medium. However, gelatin-Sepharose 1solation of fibronectin
from conditioned medium of MvlLu cells showed not only a large
amount of newly synthesized fibronectin in the absence of TGF-f1
treatment but an 1ncrease 1n response to TGF-f. These results
further support the 1nterpretation that BeWo cells express very low

levels of f{ibronectin.

Although many types of cells do synthesize fibronectin there
are several types of transformed cells that do not {(Hynes, 1976).
The r1esults obtained in this study indicate that TGF-P1l and TGF-B2
do not induce fibronectin synthesis or degradation in BeWo cells.
This may he  because BeWo, a cell line derived from a
choriocarcinoma, do not synthesize fibronectain, or do not
synthesize enough fibronectin sc ac to permit 1ts detection at the
protein Llevel, Furthermore, human placental fibronectin has an
additional polylactosamine carbohydrate which somewhat decreases
its binding affinity for gelatan (Zhu & Laine, 1985), this may be
contribut ing to the 1nability to detect BeWo expression of
fibronectin at the protein level by affinity chromatography with
gelatin/Sepharose.  Alternal ively, 1t is possible that BeWo cells
cannot respond to TGUF-B as discussed previously with respect to the
proliferation studies. Studies with mutant cells deficient in
e1ther or both Type I and Type 1 receptors show that these two
receptors are nvolved 1n signalling TGF-B’S actions (Laiho et al.
1990) . The results of Geiser et al (1992) suggest that the Type 1II
receptor 1s responsible for mediating TGF -B‘s growth inhibitory
funct1on, in bladder and colon cell lines, vet i1t 1s not required

to mediate TGF-B’s gene activation function. They found that cells
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with very low number of the Type Il receptor were unresponsive to
TGF-P’'s antiproliferative effects but responded with the activation
of fibronectin and plasminogen activator inhibitor 1 genes. TGF-f
action may involve several different signalling pathways which can
allow some responses, such as gene activation, 1n the absence ot
others, such as growth inhibataion. Thus, the resulting tesponse
depends on which receptor 1s present and how many are availlable to
initiate a signal. BeWo cells express very low levela of both the
Type I and Type II TGF-B receptors (Mitchell et al., 1992 b). It
is possible that there may not be enough of these two 1eceptors
types in BeWo cells to initiate activation of the tibronectin gene
by TGF-f. Alternatively, BeWo cells which express all three TGF P
receptors (albeit low levels of Type I and Type TT receptors) may
be similar to S mutants (Boyd & Massaqgue, 1989) and unable to
respond to TGF-B because of some fault in their TCF-PB signalling

mechanism.

In this study, finronectin synthesis was examined at  the
protein level. It would be worthwhile to determine whether BeWo
cells express message for fibronectin and if the level of message
changes in response to TGF- by Northern blot analysis. A study of
fibronectin mRNA expression in BeWo cells, as conducted in bovine

adenocarcinoma cells (Shi et al., 1990), would be useful.
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SUMMARY

These studies i1ndicate that there is no difference in the
binding parameters, equilibrium dissociation constant (K,) and
maximum binding sites (B,,,) between TGF-Bl1 and TGF-B2 for binding

to BeWo cells as measured by equilibrium saturation and competition

cxperiments.  The number of binding sites determined per BeWo cell
places the BeWo cell line among the richest cell lines in terms
TGF-f receptors. However, affinity labelling studies in this

laboratory indicate that the different struc .ural classes of TGF-§
receptors on BeWo cells exhibit differential binding between TGF-f1
and TGF-f2. Thus, 1in an attempt to differentiate the response to
these two TGF-f 1soforms by way of biological potency, two
different TGF-P functions were studied, modulation of growth and
requlation of fibronectin synthesis. Neither TGF-B1l nor TGF-B2 had
any affect on the growth and/or faibronectin synthesis in BeWo
cells. Future studies should be aimed toward finding a functional

response to TGF-P 1n this model system.
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FUTURE DIRECTIONS

Proteases and protease 1inhibitors play an important role in
regulating the accumulation and degradation of the extracellula:
matrix. The modulation of these encymes are 1nvolved an
trophoblastic and tumorigenic invasion. Graham et al. (199.) have
shown that TGF-f blocks trophoblast i1nvasion with implicat tons ot
TGF-B indirectly controlling TIMP  (tissue tnhi bt on ot
metalloproteinases) .evels 1n these cells. 1t has aloo boen
demonstrated that cultured human trophoblast gecrete  urokinasoe
type plasminogen activator (u-PA) with proteolytic activity and
that i1s thought to play « tole 1nn the degradation of  the
extracellular matrix (Queenan et al. 1987). Plasminogen activat o
inhabitors (PAT) inactivate the protecolytic activaty of plasminogoen
actaivators. PAL type I (PAI-1) has heen detected 1n extravillous
trophoblast (Yeh & urman, 1989). TGF-B has been shown to increasce
the expression of PAl-1 1n a human fibrosarcoma cell line (Laitho ot
al., 1987) and 1n rat osteoblast-like cells (Allan ot al., 1991).
TGF-B has also been shown to 1ncrease PA expression 1n human
synovial fibroblasts (Hamilton et al., 1991). Lf TGF-B can inhibit
the invasiveness of trophoblast cells hy controlling TIMP a5 the
results of Graham et al., (1992) suggest, TGF B may also control
the expression of either PA or PAT | in these cells ao well, It
would be interesting to see whether TGF- B1 or TGEF B2 has any of f et
on th2 expression ot these protreases and protoeane inhibirtors an
BeWo cells, both at the MRNA and protein level:s. Soeveral ot hor
groups have already measured PA (Hamalton et al., 1991) and PAD |
(Laiho et al., 1987 aund Allan et al., 1991) at the MRIA lcvey by

Northern Analysis.

At the protein level the activity of PA and PAI-1 has heoeon
measured by zymographic analysis. (Lairho et al., 1987). The
establishment of & zymography assay wad attemptod 1n order to
measure the PA activity in the conditioncd medivm of BeWo ool

treated with or without TGF-B1 and 1GF-P2. Zymography nvalves,

72



using SDS-PAGE gels containing gelatin and purified plasminogen,
(Heussen & Dowdle, 1980). Electrophoresis separates proteins in
the medium according to their molecular mass. Washing out the 85DhS
with Triton-X-100 renatures the enzymes allowing PA to activate
plasminogen to plasmin which will then degrade the gelatin
revealing a clear zone at the appropriate molecular  mass.
Similarly, the activity of other proteasnes seh as
metalloproteinases and cysteine proteases can be viosualicoed.
Several attempts to optimize this technique 11 the laboratory
failed to produce consistent results and therefore the use of this
assay to measure the effects of TGF-P on proteolytic activity in
BeWo cells was discontinued. Nevertheless fuature studies shouald be
directed towards cxamining the effects of TGF B on the actaivity of
PA and other extracelluar matrix degrading encymes n BeWo ceolls by
zymography . The modulation of the expression of extracellalal
matrix degrading enzymes by TGF-f should be studied at t he mRNA by

Northern analysis as well.

The effect of TGF-P on the differentiation of tiophoblast to
syncytiotrophoblast has been examined in two laboratories (Graham
et al., 1992; Morrish et al., 1991). However, whereas Morrioh o
al., (1991) reported the inhibation of trophoblast differentrat 1on
to syncytiotrophoblast by TGF-B1, Graham et al., (199.) reported
the stimulation of trophoblast differentiation by TGF B . Hoth of
these groups defined differentiation of trophoblast  coella to
syncytiotrophoblast cells as the formation of mult 1mcleated colls
as observed by light microscopy. However, there han bhoeoen recent
debate as to whether the obhservation of multinucleatoed colls by
light micreoscopy 1s enough to demonstrate o truc yneytra (Aplin
1991). BeWo cells have been shown to undergo a complex reaporiae Lo
methotrexate that resembles the formation of osynoytiot rophoblant
from mononuclear trophoblast (Fricdman & OSkehan ,1979; Burred &
Cass, 1987). It would be interesting to study TGF B's ability to
modulate differentiation in BeWo cells, taking care that  the

formution of multinucleated cells be demonstrated as a  trie
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syncytia by electron microscopy or microinjection of fluorescent

dyeas (Aplin, 1991).

Another interesting aspect of BeWo cells in respect to TGF-fB
is that BeWo cells are polarized cells where they display
structural and bhiochemical differences between their apical and
basolateral surfaces. It was recently shown that BeWo cells can be
cultured on permeable filter supports which darect independent
access to the apacal and bhasolateral domains, (Cerneus & van der
knde,1991) thus enabling TGF-P receptors to be studied from the two

s1des of the cell.

BeWo cells are a interesting model system in which to study
TGF-B receptors and functions, moreover they are a more uniform
model than primary trophoblast. It is important to find a function
for TGF-B in BeWo cells but 1t 1¢ also important to determine
whether TGF-B functions i1n a similar fashion in these cells as
compared with primary trophoblasts, which should more closely
represent the in vivo state. Thus, future studies should involve
continued characterization of the binding properties and the
functional responses to TGF-f1, TGF-f2, and TGF-B3 in primary

trophoblast as well.
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