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The effects of growth factors on human normal
placental cytotrophoblast cell proliferation

Rong-Hao Li! and Lin-Zhi Zhuang? recently, we have established a normal placental cytotropho-
blast (NPC) cell line from the first trimester human placental

State Key Laboratory of Reproductive Biology, Institute of tissue (Li et al, 1996). This cell line was continuously

Zoology, Chinese Academy of Sciences, 19 Zhongguancun Lu,

Haidian, Beijing 100080, China maintained in serum-free medium supplemented with defined
Present address: Signal Pharmaceuticals Inc, 5555 Oberlin Drive growth factors. NPC represents undifferentiated, proliferating
San Diego, CA 92121, USA ’ ‘cytotrophoblast cells. The mononuclear cells enable us to

directly count in real terms the cumulative increase in cell
numbers induced by growth factors. The present paper
The effects of growth factors were investigated on the describes the regulation of NPC cell proliferation by EGF,
proliferation of a normal placental cytotrophoblast cell line  transforming growth factor alpha (T@f, insulin-like growth
(NPC). Epidermal growth factor (EGF), transform- factor | (IGF-1) and TGBL1.

ing growth factor alpha (TGFa) and insulin-like growth

factor-l (IGF-1) stimulated NPC cell proliferation. In

contrast, TGFB1 was found to be a negative regulator, Materials and methods

inhibiting EGF-induced cell proliferation. When EGF/ Materials

TGFa: receptor was analysed by radio-ligand binding, two Mouse EGF of tissue culture grade or receptor grade was purchased

binding §ites of different affinities were re\-/e.aled. in. the from Collaborative Research Co, Bedford, USA. IGF-I, TiGRnd
proliferating NPC cells but only the low affinity binding  tGps1 of tissue culture grade were purchased from Gibco BRL,
site was detected in the non-proliferating cytotrophoblast  Grand Island, NY, USA.

cells in primary cultures. The results suggest that EGF

stimulates cytotrophoblast proliferation through high Primary culture of cytotrophoblast cells

affinity binding sites. Human placental tissues of 6-8 weeks gestation were obtained from
Key words:epidermal growth factor/epidermal growth factor the maternity ward of Haidian Hospital, Beijing, China. The isolation
receptor/insulin-like growth factor-lI/placental cell prolifera- and primary culture of the cytotrophoblast cells have been described
tion/transforming growth factom elsewhere (Liet al,, 1991). To obtain the NPC cell line, the purified
cells were seeded into collagen-coated 24-well multiplates (Corning,
NY, USA) at 2<10P cells/well with 1 ml of Ham's F12/Dulbecco’s
modified Eagle’s medium 1:1 (FD medium, Gibco BRL) containing
Introduction 10 ng/ml EGF (Tissue culture grade, Collaborative Research Co),
10 pg/ml insulin (Sigma Chemical Co, St Louis, MO, USA). 0.1%

The placenta is the intermediate organ between the moth Ivine serum albumin (BSA: Sigma), 2 mM glutamine (Dongfong

and the fetus during pregnancy. Itdevelops'from the trophectospamical Co., Shanghai, China), 1.75 mM HEPES (Sigma),
derm of the blastocyst and the endometrium of the mothergg ju/mI penicillin and 10qug/ml streptomycin (regular medium)
During the early implantation period, the trophectodermang cultured at 37°C in 5% GE5% air. After 24 h of culture, the
invades the uterine endometrium and gives rise to CytOcells were washed twice with FD medium and fresh medium was
trophoblast cells (Boyd and Hamilton, 1970; Hamilton andadded containing appropriate growth factors. For EGF binding
Hamilton, 1977). The cytotrophoblast cells replicate rapidlyanalysis, the cells were then cultured without EGF for 24 h.

during the first trimester and many of them differentiate into

syncytiotrophoblast cells. These proliferating cells extend fronfCell proliferation test

the forefront of the growing chorionic villi as cytotrophoblast NPC cells of passages 10-20 were used in this experiment. The cells
columns which become anchored to the uterus (Boyd anwere maintained in regular medium (et al, 1996) with 10° M
Hamilton, 1970; Hamilton and Hamilton, 1977). During the dexamethasone (Sigma). To determine the effect on cell numbers,
last 10 years, a variety of growth factors and their receptoré\lpc cells Were.seeded a1é<ELO4 cells/well in 24-well multiplates in
have been found in the placenta (Joegal, 1985; Liuetal, ~ °0:> M FD medium containing 0.1% BSA and growth factors were
1985, Chenet al, 1988; Froliket al, 1983: Goustinet al. added at different concentrations and in different combinations at

. . four wells/group. The cells were placed in incubator for 48 h. The
1985) and '_” the decidua (Haet al, 1987; Tamadaat _al., cells were then detached from the plastic by trypsinization and
1991). Previously, we have found that addition of epidermalqynted with a Coulter counter (Coulter Electronic Inc, Hialeah, FL,
growth factor (EGF) and insulin stimulated human chorionicysa). All experiments were repeated at least three times, although
gonadotrophin (HCG) and progesterone secretion by culturegnly one set of results is presented. Data are shown as re3.

human cytotrophoblast cells (Li and Zhuang, 1991). MoreTests of significance were carried out using Studertist.

2To whom correspondence should be addressed

830 © European Society for Human Reproduction and Embryology



Growth factors and cytotrophoblast proliferation

5
_ * Pe * *
1 *P<0.01 vs control =
= 4 n=4 i -
[ ] =
% ©
= ] =
8 3 >
< . =
o . [}
- ] (3]
et 1 <
o 2 (=) —e— -EGF .4 +EGF
e 1 -
E ] P
Z ] o
- 14 -g avs c: P<0.01
8 ] s b vs d: P>0.05
J 2 e vs d: P<0.01
0-- T T T T T o
0 001 01 1 10 100 o
Concentration of EGF ( ng/ml)
Figure 1. Stimulation of normal placental cytotrophoblast (NPC) T I I T T I
cell proliferation byofpidermal growth factor (EGF). NPC cells 0 0.3 1 3 10 30
were seeded at»210" cells/well with 10pg/ml insulin, 0.1% .
bovine serum albumin (BSA) and 10M dexamethasone. Concentration of TGFo ( nglml)

Epidermal growth factor (EGF) was added at different . .
concentrations to the cultures at plating. The cells were incubated E(I?rLrjr:ZI2.IaE(rrgrlct;?t:trt?)?rS()forrwgllaTgs?r(?\lvg?:)fiztﬁm r(;—licf;e':r?tigr? NPC
for 48 h and then dissociated into single cells by trypsinization and P y P P )

counted with a Coulter counter. Data are shown as me&E of cellg were seeded aMO“ ceIIs/weII%vith 10ug/ml insulinz 0.1%
four replicate cultures and were tested for significance using bovine serum albumin (BSA) and TOM dexamethasone in the
Student'st-test presence or absence of epidermal growth factor (EGF) (10 ng/ml).

TGFa was added at different concentrations. The cultures were
incubated for 48 h before trypsinization and cell counting. Data are
- shown as meart SE of four replicate cultures and were tested for
EGF binding

significance using Studenttstest.
Mouse EGF (Collaborative Research Co.) was labelled with'R¥

(Du Pont, Boston, MA, USA) using Chloramine T (Sigma Chemical

Co.) according to Hunteet al. (1962) and purified with Sephadex lation was observed at a concentration of 10 ng/ml when the
G-25 (Pharmacia LKB, Upsala, Sweden) filtration. The labelled EGFcell number was doubled (Figure 1).

displayed specific radioactivity at ~17i/pug. The NPC cells were

grown in 24-well multiple well plates until the cell number had Effect of TGFa on NPC cell proliferation

reached ~X10° cellsiwell. They were washed twice with FD and TGry was tested for its ability to replace EGF as a stimulator

cultured without EGF for a further 24 h. Then the cells were washe . . . . .
twice with warm FD medium beforeld-EGF (in FD medium bt NPC cell proliferation, since it was known to bind the EGF

containing 0.5% BSA) was added to triplicate wells at differentreceptor. When ceI.Is were treated with T&@G&t concentrations
concentrations with or without fi)g EGF. Incubation was carried out of 0'3_3'0, ng/ml in the ‘?‘bsence of EGF, cell growth W‘T"S
at 37°C for 1 h. The cells were then washed with ED medium five€nhanced in a concentration-dependent manner. The maximal
times and lysed by incubation with 1 N NaOH at 50°C for 1 h. Stimulation was observed at a concentration of 30 ng/ml. The
Finally the lysates were transferred into test tubes and the radioactivitgell number reached 6:610* representing a 1.5-fold increase

in each tube was measured byyaounter (Beckman, Palo Alto, over the control. However, treatment with various concentra-

CA, USA). tions of TGFa in the presence of 10 ng/ml EGF did not cause
stimulation unless the T@GFconcentration was much higher

Results than that of EGF (Figure 2).

Effect of EGF on NPC cell proliferation EGF binding sites

The NPC cells were established in serum free medium in th&pecific EGF binding sites exist in both NPC cells and in
presence of EGF. When they were cultured in the absence of  cytotrophoblast cells in primary cultures. The bitfirg of [
EGF, most cells remained quiescent and the cell numbeeGF to cells of both primary cytotrophoblast cultures and
showed little increase for up to 5 days. The addition of EGFto ~ NPC cultures was saturable and in competition with binding
the culture induced rapid cell replication. The increase in celby unlabelled EGF. Scatchard analysis showed a single class
number in EGF-treated cultures became obvious after 24 h of  of binding site K@1x10-%M) in the primary cytotropho-
treatment and became more pronounced after 48 h (Figure last cultures (Figure 3). In contrast, two classes of binding
EGF at the concentrations of 0.01-100 ng/ml increased cell sites were present in NPC cultures3(@t<10%M and
number in a concentration-dependent manner. Maximal stimukd = 1.25x1019M) (Figure 4).
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Figure 5. Effect of insulin upon normal placental cytotrophoblast
Figure 3. Radio-ligand analysis of epidermal growth factor (EGF) (NPC) cell proliferation. NPC cells were seeded at12* cells/
binding sites in primary cytotrophoblast cell cultures. The main ~ Well with epidermal growth factor (EGF) (10 ng/ml), 0.1% bovine
graph shows the saturation curve. A Scatchard plot is shown in theSérum albumin (BSA) and 1O M dexamethasone. Insulin was
insert in which the data fit into a straight line. Each dot represents @dded to the cultures at different concentrations at plating. The
an average of triplicate cultures. cells were incubated for 48 h and counted with a Coulter counter

after dissociation into single cells by trypsinization. Data are shown

20} as meant SE of four replicate cultures and were tested for
» significance using Studenttstest.
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. . Figure 6. Effect of insulin-like growth factor | (IGF-1) on the

Eilgttjlirr? 4|n Srf(‘;irtr%g?rdlggtngﬁ Sl]t-oetf(l)di@;;?;s%m&vg(]:fagéﬁrcﬁti lr:e)s proliferation of normal placental cytotrophoblast (NPC) cells. NPC
g P y pnob/ ( ) : cells were seeded at<2L0* cells/well with 0.1% bovine serum

Each dot represents an average of triplicate cultures. Note that the

data fit into two straight lines albumin (BSA), and 1% M dexamethasone in the presence or
9 ) absence of epidermal growth factor (EGF) (10 ng/ml). IGF-I was
added at different concentrations at plating. The cells were
Effect of IGF on NPC cell proliferation

incubated for 48 h and counted with a Coulter counter after
Insulin is required for the proliferation of most cell types in dissociation into single cells by trypsinization. Data are shown as

f | A d i i d stimulati olspe meant SE of four replicate cultures and were tested for
serum-free cu tgre. S expecte , Insulin cause stlmy ation ignificance using Studenttstest.
NPC cells. Insulin at a concentration ofi@/ml was sufficiently

high to induce maximal stimulation, and there was no furthetsgoy (Figure 7). This was due to inhibition of proliferation,
increase in cell number at concentrations of insulin within 3—ather than cell multinucleation, since the cells remained

300 ug/ml range (Figure 5). The NPC cells also showed amgnonuclear after TQR treatment. Moreover, TGH by

concentration-dependent response to IGF-I (0.3-30 ng/mi}self caused no inhibition in the absence of EGF (Figure 7).
regardless of the presence or absence of EGF (Figure 6).

Effect of TGF(3 on NPC cell proliferation Discussion

TGH31 reduced the level of stimulation of NPC cell prolifera- The placental cytotrophoblast cell line, NPC, was derived from
tion induced by EGF. TGFL at concentrations of 1-10 ng/ml human placental tissue obtained at the first trimester of

resulted the reduction of EGF-stimulated cell proliferation bygestational age. It had previously been characterized as pure
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cultures as shown here and by others (Maatcal, 1987).
BB Choriocarcinoma cells, upon which EGF did not show a
| \\\X\*\\ - growth promoting activity, have also been shown to possess
~ 6 - only the low affinity binding site (Bahret al. 1980). Taken
T ] together, the high affinity EGF receptor appears to be critical
§ M for the proliferative response of cytotrophoblast cells. This
8 .l may reflect the in-vivo situation since different affinity EGF
'e binding sites have been identified in chorionic villous tissue.
3 —e— -EGF g +EGF The regulation of cell proliferation and differentiated func-
£ v p005 ol tions by EGF and TG# in trophoblast cells are physio-
2 21 DO logically important. Although only a negligible amount of
3 n=4 EGF (<0.01 ng/ml) has been detected in the circulation of
human beings (Fisher and Lakshmanan, 1990), EGF an@TGF
ol : : : : : mMRNA and the polypeptide products have been identified in
o 0001 001 04 1 10 both placental tissue and trophoblast cells (Hofmatral,
Concentration of TGF1 (ng/ml) 1991). Therefore, EGF and T@Fare more likely to be local
regulators. In addition, immunohistochemical localization of
Figurel7'Igfeerlcttaloi:trt?)?goﬁn@liﬂgs?r(cl)\lvl\gg)f?:ztlimrgfce;gilgnor;\lPC EGF was reported in human endometrium and decidua
(r:]glrlrsnsve?e seeded);lwloe‘ cells/well with 0.10/2 bovine serum (Hofmannet al, 1991). EG'_: and TG(F MRNA have been
albumin (BSA), 10° M dexamethasone and epidermal growth shown to be expressed at high levels in mouse (Tareada,

factor (EGF) (10 ng/ml); 48 h after plating, the cells were washed 1991), rat (Haret al, 1987) as well as human endometrium
twice with fresh FD medium and fresh medium was added with or and decidua (Zhat al, 1992). Most of the proliferating
without EGF. TGIB1 was added to the cultures at different cytotrophoblast cells are localized in the cytotrophoblast
concentrations. The cells were incubated for a further 48 h and | d hobl hell cl decidual ti
counted with a Coulter counter after dissociation into single cells co umr_l "_’m ) cytotrophoblast shell close to deci u_a t's_sues'
by trypsinization. Data are shown as mearSE of four replicate Thus it is likely that the EGF and TGF synthesized in
cultures and were tested for significance using Studestést. decidual cells can easily diffuse into these structures and affect
cytotrophoblast cell proliferation.

EGF and/or TGE could be important mitogenic factors for
cytotrophoblast cells; however, the proliferative effect of EGF/

mononucleated, proliferating cytotrophoblast cells étial, : .
1996). The data obtained on this cell line therefore reflects tthFG may be modulated by other growth factors, including

possible regulation of cytotrophoblast cell proliferation by Mmembers of the IGF family. IGFs may also regulate cytotropho-

growth factorsn vivo. These growth factors that are :synthesized.bIaSt cell proliferation. IGF-I mRNA (Wanet al, 1988) and

by chorionic or decidual cells may regulate cytotrophoblasfts receptor (Czecht al.1984) are expressed in cytotrophoblast

cell proliferation and differentiation in an autocrine/paracrinece"S.’ an.d I.GF'I has been shown io stimulate NPC cell
fashion proliferation in the present paper. Moreover, IGF-1l was shown

EGF/TGR: may regulate cytotrophoblast cell proliferation to be expressed in proliferating cytotrophqblast cells (Shen
in addition to their known role in regulating the differentiated etal, 1986) and was shown to be able to bind IGF-| receptor

functions of trophoblast cells. Both growth factors are poly-2nd stimulate cell proliferation (Massague, 1982; Ohlsson

peptides and stimulate cell replication in a variety of cell typeset al, 1989).

through a common receptor. Our early report showed that EGF 1 CFP is another growth factor which may regulate cyto-
increased the production of HCG and steroid hormones iffoPhoblast proliferation. This has been shown to possess
primary cultures of highly purified cytotrophoblast cells. It hasProliferative activity in certain cell types but to inhibit the
also been shown that EGF increases HCG and steroid witho@fliferation of other cell types. It has been shown to promote
affecting either cell number or DNA synthesis of transformedCell proliferation in mesenchymal cells but to induce differenti-
trophoblast cell lines and serum-containing trophoblast celption in epithelial cells. In the mouse embryo, TFexpres-
cultures (Bahnet al, 1980; Huotet al, 1981; llekis and Sionis closely associated with the mesenchyme and is believed
Benaviste, 1985; Barnest al, 1990). Based on those observa- o be important for morphogenesis and angiogenesis. In human
tions, EGF was thought to be a differentiation factor forpPlacenta, TGB1 gene was coexpressed with IGF-1l and PDGF-
trophoblast cells. The present finding that EGF/BGstimu- B (Frolik et al, 1983; Ohlsson, 1989). T@was more likely
lated NPC cell proliferation suggests that EGF/TGeould  to be a differentiation factor for trophoblast cells, since B&F
be a potent mitogen for cytotrophoblast cefisvivo. consistently suppressed EGF-stimulated cell proliferation in
The role of EGF/TGH in regulating cytotrophoblast cell NPC and in other trophoblast cell cultures (Grahamal,
proliferation is supported by demonstration of the presence 01992).
specific binding sites for these growth factors. The NPC cell In summary, TGE and/or EGF produced in the trophoblasts
line displayed two classes of EGF receptors, of high affinityor in the decidua are probably the predominant mitogen for
and low affinity. However, only the low affinity binding sites the replicating cytotrophoblast cells. This activity can be
were observed in non-proliferating cytotrophoblast cell primary  further enhanced or suppressed by other autocrine or paracril
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mediators including IGFs or TCBEL Meanwhile TGIBl is trophoblast function by epidermal growth factor: relation of
likelv t b, diff tiati factor for t hoblast cell immunohistochemically detected cellular epidermal growth factor receptor
IKely 10 be a allierentiation 1actor for trophoblast cells. levels.J. Clin. Endocrinol. Metab.64, 744—750.

Massague, J. and Czech, M.P. (1982) The subunit structure of two distinct
receptors for insulin-like growth factor | and 1l and their relationship to the
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