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Role of transforming growth factor 3 in ovarian
surface epithelium biology and ovarian cancer
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Abstract

Ovarian cancers arise out of the ovarian surface epithelium (OSE), which is the single layer of epithelial cells covering the
ovary. These cells go through repeated cycles of proliferation with the growth and rupture of ovarian follicles. One growth
factor involved in the regulation of OSE is transforming growth ff8{@GFp). The different isoforms of TGRF GFf31,

TGFB2 and TGFB3) and its receptor are all present in both OSE and the underlying ovarian surface stroma. The levels of
the TGFisoforms and receptors are regulated independently of each other in these different ovarian tissues. Observations
suggest the existence of multiple autocrine/paracrinefTkghalling loops. TG acts to inhibit proliferation of normal

OSE and early stage ovarian carcinomas. Conversely, in later stage ovarian cancer the inhibitory actiofsoaf TGF
epithelial proliferation have been overcome, while B&-able to promote malignant neoplastic behaviours. The regulation

of TGFpsignalling by ovarian steroid hormones may be one mechanism by which the OSE responds to cyclic changes in
the underlying follicles.
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Introduction and rupture of ovarian follicles in order to maintain an
epithelial covering over the ovary. There is some correlation
Ovarian cancer is the most lethal of the gynaecologicdbetween the number of ovulations that a woman experiences
cancers, causing an estimated 13,900 deaths per year in 2@G0RI the onset of ovarian cancer. This has led to the idea that the
in the USA (ACS, 2002). Ovarian cancers almost always ariseepeated cycles of proliferation and wound healing
out of the ovarian surface epithelium (OSE), which is theexperienced by the OSE put these cells at risk for
@ single layer of epithelial cells covering the ovary. These cellyansformation and the development of ovarian carcinoma
go through repeated cycles of proliferation with the growtf{Murdoch, 1996). The balance between cell proliferation,
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apoptosis and quiescence must be tightly controlled in normal., 1992). Both TGB1 and TGFf2 were localized to the
OSE and be responsive to the changes in adjacent follicles thaterstitial cells of the rat ovary (Teerds and Dorrington, 1995).
occur with the reproductive cycle. One growth factor involvedn human ovaries, Chegini and Flanders report that only
in the regulation of OSE is transforming growth facr TGFR1 is expressed in the stroma, while P&HRs expressed
(TGFB). The autocrine and paracrine signalling roles playeth theca cells of the follicles (Chegini and Flanders, 1992).
by TGFBin surface epithelium and the underlying ovarianSecretion of TGF[by theca cells has also been seen in cattle
stroma that regulate growth of both OSE and ovarian cancéBkinneret al, 1987). Human ovaries have also been reported
are the subject of this review. to express TGFBRII in the stromal/interstitial compartment
(Roy, 1998). However, the portion of the ovarian stroma that is
The TGFBsuperfamily of growth factors comprises a largeprobably most important for regulation of the OSE is the
group of related molecules that bind to receptors wittsurface stroma. The stromal cells near the surface of the ovary
serine/threonine kinase activity. In addition to PGRhe are morphologically distinct in their pattern and orientation
family includes bone morphogenic proteins (BMP), growthcompared with stroma deeper within the ovary (Vighel.,
differentiation factors (GDF) and Maillerian inhibitory 1994). In cattle ovaries immunocytochemical analysis and
substance (MIS) (Massague, 1990). TG®Rs originally —measurements of MRNA levels indicate that TGFp2, TGFB3
identified and named as a factor capable of transforming cellsnd TGFBRII are present at higher levels in surface stroma
in culture to a neoplastic phenotype (de Larco and Todardhan in deeper stroma (Nilsset al., 2001). TGFB1 is also
1978). It has been subsequently characterized as a stropgesent in surface stroma at levels similar to underlying stroma
suppressor of growth for epithelial cells (Coffey, 1988;(Nilsson et al., 2001). Cultured cells from bovine surface
Roberts, 1990). Three major isoforms of Taée found in  stroma have been shown to secrete a substance wifB-lTkeF
mammals: TGFB1, TGFB2 and TGFB3 (Massague, 1990pctivity (Vigne et al., 1994). In human ovarian surface stroma,
Knockout experiments indicate that the different isoforms arell TGFf isoforms are expressed, as are LTBP, but levels of
responsible for different physiological functions (Stetllal., TGFBRI and TGFBRII expression are low (Henriksgral.,
1992; Proetzekt al, 1995; Sanforcet al, 1997). TGFR1, 1995).
TGFB2 and TGFB3 can be differentially expressed in various
tissues both during development and in adults (Li and Brook§he OSE has been shown to express all the components of the
1997; Guptaet al., 1998; Itofet al., 1998; Changt al., 1999; TGFp signalling system: TGFKL, TGFp2, TGFB3, LTBP,
Cuppet al., 1999). TGFBRI and TGFBRII (Henrikseet al., 1995; Nilssort al.,
2001). In bovine OSE the level of expression of BGF
TGFBs are secreted from cells as an inactive pro-cytokine arppears higher than that of TE@For TGFf2 (Nilssoret al.,
bound in the extracellular matrix with latent transforming2001), while in human OSE the expression of TGFf1 is
growth factor beta binding proteins (LTBP). Enzymaticcomparatively low (Henrikseet al, 1995). Taken together,
cleavage of the pro-cytokine releases active f@Heizeset these data indicate that all the components are available for
al., 1997). All active TGP isoforms bind to the same receptor autocrine and paracrine T@Bignalling events to occur in the
complex. The binding of a T@Higand to TGBRII activates OSE and underlying stroma. The observation that the different
this receptor subtype (Massague, 1990;dtial, 1992; Huet  isoforms of TGFfand components of the signalling system
al., 1998). When activated, T@RII heterodimerizes with can be regulated independently of each other in OSE and
TGFBRI and then TGFBRI is phosphorylated. Phosphorylatestroma suggests that specific TGB@gnalling events are
TGFBRI in turn phosphorylates SMAD as effectors of anmportant for the regulation of these tissues.
intracellular signalling pathway. SMAD protein complexes,
especially SMAD 2 or 3 with 4, induce changes inACtiOﬂS of TG FB on OSE
transcription of target genes (Miyazomd al., 2001). An
example of a target gene is the cyclin dependent kinasthe TGFp are well known as inhibitors of epithelial
inhibitor p13m4B, which, when activated, leads to growth proliferation (Coffeyet al., 1988; Robertst al., 1990). Several
arrest (Fengt al., 2000; Derynckt al., 2001). When TGF8  studies have confirmed that OSE proliferation vitro is
present, the Myc protein repressor is removed from the plibhibited by TGR (Berchucket al., 1992; Ismaiét al., 1999;
promoter and the SMAD 2/3/4 complex can interact with theChoiet al, 2001). In addition, TGFBan inhibit the growth of
transcription factor Spl and DNA in the promoter region andDSE stimulated to proliferate with transforming growth factor
activate p15 transcription (Femg al, 2000, 2002; Seoared o (TGFa) or epidermal growth factor (EGF) (Vigred al,
al., 2001). Other genes whose expression is modulated, eith®994; Nilssoret al., 2001).
directly or indirectly, by TGE include cyclin dependent
kinase inhibitorp21, tyrosine phosphatase inhibitddc25A  TGFBs can also affect the ability of OSE to express the growth
(Massagueet al., 2000), anti-apoptotiBcl-2 (Choi et al.,  factor kit ligand (KL). In rat OSE, TGFgeatment inhibits KL
2001) and kit ligand (KL) (Ismagt al., 1999). production (Ismailet al., 1999). Since the OSE has no c-kit
receptor for KL, but the underlying stroma does, BGRay
Localization of TG FB and receptors regulate this paracrine signalling pathway from OSE to surface
in the ovary stroma. Conversely, TGReatment of bovine OSE has been
shown to stimulate KL and keratinocyte growth factor (KGF)
Studies have reported differential TGiSpform expression in - mMRNA expression (Nilssoat al., 2001).
different compartments of the ovary. In the quail, B&#s the
predominant isoform in stromal/interstitial cells (Van NassauwDne characteristic of neoplastic cells is their ability to invade
et al., 1996). In the hamster T@FE is found in pre-pubertal and grow into an underlying substrate. This capacity can b
and adult ovarian interstitium (Roy and Hughes, 1994; &oy assayedn vitro by measuring the penetration of proliferating
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cells into soft agar. Even normal epithelial cells show somgromote growth and malignancy in later stage tumours? Some
invasive behaviour in these assays. However, invasivenessrigchanisms have been investigated. In many tumours the cell
not a desirable behaviour of OSE céllvivo. TGFBhas been cycle genes downstream of T@RKignalling which would
shown to decrease the invasive behaviour of OSE (Rodriguemrmally be inhibited become constitutively activated. These
et al., 2001). The actions of T@EN normal OSE are thus to cell cycle genes have then escaped the inhibitory control of
inhibit proliferation, regulate secretion of growth factors andTGFf signalling (Linardopoulo®t al, 1995; Kretzschmagt
decrease invasiveness. These actions can be thought ofahs 1999; Kretzschmar, 2000). T@Fhas been shown to
being antagonistic to neoplastic cell behaviours, andrGFpromote tumour vascularization (Pertovaaia al., 1994).
may play a role in keeping OSE activity within normal boundsTGFhas also been shown to promote tumour invasiveness by
increasing matrix metalloproteases (MMP) (Rodrigeeal.,
Actions of TG FB on tumours 2001) and decreasing tissue inhibitors of matrix
metalloproteases (TIMP) (Hagedoet al., 2001). Similarly,
The components of TGF§ignalling are present not only in TGFpB increases expression of the invasiveness marker
OSE and stroma but also in the ovarian carcinomas that ariggnascin-c by stroma (Wilsoet al, 1999). TGFBhas been
from OSE (Bartletet al, 1997; Bristowet al, 1999; Jindaét  shown to decrease the body’s anti-tumour immune response.
al., 1995). Sometimes specific isoforms or other componentSGFf decreased the activities of NK cells so as to increase the
are up-regulated in tumours (Gordinggral, 1999). TGFB1 growth and metastasis of breast cancer cells in nude mice
and LTBP-1 were found to be increased in more malignantArteaga et al., 1993). TGFBwas also able to inhibit
tumours (Higashet al., 2001). TGFBeceptor levels also have neutrophil-mediated rejection of a carcinoma (Cltral,
been found to be increased in some tumours (Jindal, 199%5998), and has been demonstrated to suppress the cytotoxic
Bristow, 1999). Just as TGRfn inhibit proliferation of OSE, function and activation of T-lymphocytes (Vanégyal., 1997).
TGFB can inhibit cell proliferation of early-stage ovarian All these actions of TGF would tend to promote tumour
carcinoma (Arteagat al., 1988; Berchuckt al., 1992; Cuet  activity in later-stage, more malignant ovarian cancers.
al.,, 1996; Akhurst and Derynck, 2001; Cheti al., 2001).
TGFBhas also been shown to increase apoptosis in early stag?—tGFB Sig na”ing may regu|ate OSE

tumours by decreasing expression of the anti-apoptotic fact : :
Bel.2 (Ghowet al. 1986), th response to ovarian steroids

] The OSE must proliferate, become quiescent or even undergo
However, TGFBacts paradoxically on later-stage, moreapoptosis depending on the activity of the nearby ovarian
malignant ovarian cancer cells to either promote tumoufiicles. When a follicle grows, the OSE must proliferate to
growth (Akhurst and Derynck, 2001), or to inhibit the growthmaintain a layer over the ovary. When a follicle ovulates, the
to a much lesser degree than with earlier stage canceffsg must first separate and regress and then rapidly
(Berchucket al., 1992; Tsaet al., 1995). TGP can also act projiferate to cover the developing corpus luteum (CL).
to promote malignant characteristics in tumours, such asgjlicle growth, ovulation and CL formation are associated
invasiveness and de-differentiation (@tial., 1996; Portella  ith changes in ovarian steroid levels. Since the OSE responds
et al,, 1998; Thiery and Chopin, 1999). How is it that TGFBio TGFBregulation, it is possible that one way for OSE to be
can inhibit OSE and early stage carcinoma growth, and als@sponsive to follicular growth and ovulation is if TEEvels

Figure 1. TGFB signalling pathways affecting normal OSE are illustrated. A diagram of the surface of the ovary is shown,

indicating the ovarian surface epithelium (OSE) and the underlying surface stromal cells (Stroma). The OSE and stroma are shown

separated from each other to clarify the signalling pathways. Autocrine and paracripsig@&Hing interactions are indicated
by arrows. In a normal ovary, the effect of TG$if§nalling is primarily to inhibit OSE proliferation. Ovarian steroids such as
oestrogen (E) may act to regulate T8 pression.
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are regulated by ovarian steroids. There is some limited European Journal of Canc&3, 2397-2403.

evidence to support this model of ovarian steroids affectingerchuck A, Rodriguez G, Olt € al. 1992 Regulation of growth of
TGFB expression, which in turn affects OSE activity. In normal ov_arian epithelial cells and qvarian cancer cell Iines_ by
Rhesus macaques treated with oral progestins the expressiongzgsé(yrgsggég‘g’éh ée;%toggjte\mencan Journal of Obstetrics
of TGFR1 in O,SE decreaseq, while the prress!on Oﬂ,SK;F Bristow RE, Baldwin RL, Yamada Sét al. 1999 Altered expression
and/or TGFP3 increased. This was associated with an increase of yransforming growth factor-beta ligands and receptors in

in OSE apoptosis (Rodriguet al., 2002). Perhaps this is one  primary and recurrent ovarian carcinor@ancerss, 658—668.
method for progesterone from a newly forming CL to preventChang W, Birch L, Woodham €t al. 1999 Neonatal estrogen
over-proliferation of the OSE following the burst of cell  exposure alters the transforming growth factor-beta signaling

division that occurs when the OSE grows to cover the system in the developing rat prostate and blocks the transient p21
ovulation wound. (cipl/wafl) expression associated with epithelial differentiation.
Molecular and Cellular Endocrinolog¥82, 145-155.

. . Chegini N, Flanders KC 1992 Presence of transforming growth
Preliminary data from this laboratory suggest that P&F factor-beta and their selective cellular localization in human

expression in bovine surface stroma is regulated by oestrogen oyarian tissue of various reproductive stagemlocrinologyl30,
concentrations, while at the same time neither OSE nor surface 1707-1715.

stroma proliferation is directly affected by oestrogen (NilssonChen J, Sun Y, Nabel G 1998 Regulation of the proinflammatory
2002; unpublished). This again would support a model effects of Fas ligand (CD95L§cience282, 1714-1717.
whereby ovarian steroids regulate TGFp. This T@ffy act  Choi K, Kang S, Tai @t al.2001 The regulation of apoptosis by
in a paracrine manner to regulate OSE. Additional research is ﬁjcr:;‘gﬂgaer;?ctg”;‘;gmﬂ%fggvét;‘iticlitgﬁu?ﬂ?’o’;ecolﬂisé:c
needed to chargcterlze further the methods by which OSE Endocrinology and Metabolis8, 2125-2135.

responds to cyclic changes in the ovary. Chow SN, Chien CH, Chen CT 1996 Molecular biology of human

ovarian cancetnternational Surgengl, 152-157.
It should be noted that the cells of the surface stroma are algeffey RJ Jr, Bascom CC, Sipes &tJal. 1988 Selective inhibition
likely to be responsive to T@Fsignalling (Figure 1). of growth-related gene expression in murine keratinocytes by
Thecal/interstitial cells have been shown to increase apoptosis transforming growth factor betdolecular and Cellular Biology
in response to TGFfreatment (Foghiet al, 1997). The 8, 3088-3093. o
surface stroma itself expresses TGEPeptors (Henrikseat ~ CUi W, Fowlis DJ, Bryson $t al. 1996 TGFbetal inhibits the.
al., 1995: Roy and Kole, 1998; Nilssehal, 2001). All these formation of benign skin tumors, but enhances progression to

L . invasive spindle carcinomas in transgenic mell 86,
data on the localization of T@®E and their receptors, and the 531 4o P g

actions of TGFpsignalling on stroma, OSE and ovarian cypp A, Kim G, Skinner M 1999 Expression and action of
cancers, suggest the existence of multiple autocrine/paracrine transforming growth factop (TGFB1, TGFB2 and TGFB3)

TGFB signalling loops. These signalling pathways are present during embryonic testis developmeBtology of Reproduction

in normal OSE, in ovarian surface stroma, and in ovarian 60, 1304-1313.

cancer. In the case of ovarian cancer the inhibitory actions @¢ Larco RJ, Todaro GJ 1978 Growth factors from murine sarcoma
TGFB on epithelial proliferation can be overcome, while the ‘é'é?;ntcr:;zfozggf_i‘zlg roceedings of the National Academy of
ability of T.GFB to promote mal!gnan_t neoplastlc behaVlourDerynck R, Akhurst RJ, Balmain A 2001 TGF-beta signaling in
often remains. Normal OSE p_rollfer_atlve activity o!epends 0N & mor suppression and cancer progressiiure Genetic€9,
combined input of these T@Fignalling loops and input from 117-129.

other stimulatory growth factor signalling pathways. Thereng XH, Lin X, Derynck R 2000 Smad2, Smad3 and Smad4 co-
regulation of TGB signalling by ovarian steroid hormones  operate with Sp1 to induce p15 (Ink4B) transcription in response
may be one mechanism by which the OSE responds to cyclic to TGF-betaEMBO Journall9, 5178-5193.

changes in the underlying follicles. Further research into hoWwend XH, Liang YY, Liang, Met al. 2002 Direct interaction of c-
TGFB signalling affects OSE and ovarian cancers may reveal MY¢ With Smad2 and Smads to inhibit TGF-beta-mediated
therapeutic targets for future cancer treatments. induction of the CDK inhibitor p15 (Ink4BMolecular Cell9,

133-143.
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