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Abstract

Placental cells of mesenchymal origin were used to study the
regulation of fetal growth at the cellular level. A significant
difference in the in vitro growth rates of placental fibroblasts
was observed as a function of gestational age. Cells derived
from 10-19-wk placentae exhibited proliferative rates two to
three times greater than cells derived from 7-9-wk placentae
(16-30 h vs. 30-60 h, P < 0.001). The proliferation rate re-
mained stable throughout multiple passages in culture. Addi-
tionally, these two groups of cell strains exhibited marked dif-
ferences in their responsiveness to mitogenic stimuli. Using
maximal effective concentrations, insulin-like growth factor I
interacted synergistically with epidermal growth factor and fi-
broblast growth factor to stimulate DNAsynthesis in cells de-
rived from 10-19-wk placentae. By contrast, the interaction of
insulin-like growth factor 1 with epidermal growth factor and
fibroblast growth factor exhibited significantly less synergy in
7-9-wk cells. These findings argue that the accelerated growth
rate of human fetal cells results primarily from developmental
events intrinsic to the cells and is associated with enhanced
responsiveness to the mitogenic action of peptide growth fac-
tors. (J. Clin. Invest. 1991. 88:1697-1702.) Key words: pla-
centa * growth * mitosis

Introduction

Normal fetal growth results from the normal progression of
discrete developmental events that occur throughout gestation.
The degree to which fetal growth results from a developmental
"program" intrinsic to the fetus or is regulated by maternal or
other external factors is not known. This is understandable
since the cellular mechanisms comprising normal embryonic
and fetal development are not fully understood. A major devel-
opmental event occurs at -10 wk gestation when an accelera-
tion in fetal growth velocity takes place (1). This acceleration
represents not only total fetal weight but is due primarily to
cellular hyperplasia in fetal organs (2). While the molecular
basis for this accelerated growth is unknown, possible regula-
tory roles for tissue growth factors and cellular oncogenes dur-
ing fetal development have been postulated (3-5).
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The placenta is a logical source of fetal cells to study the
cellular mechanisms regulating fetal growth. It is the only fetal
organ whose sole function is to maintain an optimal milieu for
fetal development. Consequently, fetal growth is dependent
upon placental well-being. Like other fetal tissues the placenta
undergoes a specific sequence of growth and differentiation
over a short time period (6). Specifically, the placenta under-
goes a similar acceleration in growth rate at the end of the first
trimester (7). Since tissue-specific mesenchymal cells are essen-
tial for normal organ development (8) placental fibroblasts
were used as a model system to begin studying the cellular
mechanisms regulating human placental growth.

Materials

Sources of material. Term placental tissue was obtained from normal,
nonlabored pregnant women undergoing repeat caesarean section at
38-41 wk gestation. Preterm placental tissue was obtained from elec-
tive therapeutic abortions between 7 and 19 wk gestation. Placentae
were obtained in accordance with a protocol and consent form ap-
proved by the Institutional Review Board of the University of Texas,
Southwestern Medical Center, Dallas, Texas. Dulbecco's modified Ea-
gle's medium, penicillin, streptomycin, fetal calf serum, nystatin, and
all plastic culture dishes were purchased from Gibco Laboratories,
Grand Island, NY. BSA-RIA grade was obtained from Sigma Chemical
Co., St. Louis, MO. Epidermal growth factor (EGF)1 and fibroblast
growth factor (FGF) were obtained from Collaborative Research, Inc.,
Waltham, MA. Synthetic, human insulin-like growth factor I (IGF-I)
was purchased from Bachem, Inc., Torrance, CA. Carrier-free [12sI]_
Na, [1251]-EGF (2,200 Ci/mmol), and [3H]-thymidine were purchased
from DuPont NewEngland Nuclear Corp., Boston, MA. Peroxidase-
antiperoxidase immunohistochemical staining kits for vimentin, des-
min, and a human chorionic gonadotropin (HCG) were obtained from
Accurate Chemical Scientific Corp., Westbury, NY. Peroxidase-anti-
peroxidase immunohistochemistry kits for factor VIII antigen and cy-
tokeratin were obtained from Dako Corp., Santa Barbara, CA.

Placental fibroblast culture. Placental tissue, dissected free of de-
cidua and membranes, was subjected to enzymatic digestion for 30 min
at 370C by 0.1% collagenase, 0.1% hyaluronidase, and 0.01% DNase in
DMEM(5 ml/gm). The dispersed cells were filtered through a 15-ym
nylon mesh. The cells were centrifuged (100 g), resuspended in 10 ml
DMEMcontaining 10%FCS, penicillin (100 U/ml), streptomycin (100
,og/ml), and seeded into T-25 culture flasks. The cells were allowed to
attach overnight. The media were changed the next day and every 3-4
d thereafter. The fibroblastoid cells proliferated while the trophoblasts
tended to degenerate during the second week of culture. When con-
fluent the cells were passaged in a 1:4 split ratio. By the second passage
an apparently homogeneous population of fibroblastoid cells re-
mained. The fibroblasts were grown in T-75 flasks in DMEM, 10%
FCS, in a humidified incubator containing 5%CO2. The medium was
harvested every 3-4 d. The cells were removed by trypsinization and
replated every week (1:4 passage dilution).

Characterization of cell strains. Mesenchymal cells were isolated
from the chorionic villi of human placentae at 7-19 wk gestation. Ges-

1. Abbreviations used in this paper: EGF, epidermal growth factor,
FGF, fibroblast growth factor, GF, growth factor, HCG, human chori-
onic gonadotropin.
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tational age was determined by maternal dates and confirmed by foot
length measurements (9) when possible. The cells were grown in
DMEMsupplemented with 10%FCSfrom identical lots in most cases.
Otherwise, only lots that performed similarly in growth-promoting as-
says were used. Cells were used for growth studies between the third
and seventh passages. The cells were characterized by immunohisto-
chemical techniques as described later. The fibroblastoid character of
cells derived from 9- and 19-wk placentae was confirmed by the posi-
tive staining of vimentin along with negative staining for desmin, factor
VIII antigen, keratin, and a-HCG. This screen effectively ruled out the
presence of differentiated vascular smooth muscle cells, endothelial
cells, and trophoblasts (10-12). Additionally, each cell strain was
karyotyped. Only cell strains with normal chromosomes by karyotype
analysis were included in these studies.

Cellular binding of ['25I]-IGF-I and ['25I]-EGF. IGF-I was iodin-
ated to a sp act of 200-300 uCi/zg by a modification of the chloramine-
T procedure of Hunter and Greenwood (13), as described by Rechler et
al. (14). Fibroblasts of 15 wk gestation were grown to confluence in
1.6-cm wells as described. The medium was changed to serum-free
medium and incubated further for 48 h. After 48 h the cells were
washed with serum-free medium and incubated with IGF-I (100 ng/
ml), EGF(10 ng/ml), or control medium for 4 h. The cells were then
washed three times with Earle's balanced salt solution, pH 7.4. Radio-
labelled IGF-I or EGF (20,000-30,000 cpm) and various concentra-
tions of unlabelled, homologous peptide were added to each well in
triplicate to a final volume of 1.0 ml Earle's balanced salt solution, pH
7.4. The cells were incubated for 16-20 h at 40C, washed, solubilized
with 1 NNaOH, and counted. Specific binding was determined by the
difference in binding in the presence and absence of 100 ng unlabelled
homologous ligand. Binding to the cells was analyzed by Scatchard
analysis.

Receptor crosslinking. Placental fibroblasts were grown to con-
fluence in 24-well plates in DMEM, 10% FCS. The cells were then
washed and incubated in the presence or absence of EGF(10 ng/ml) or
FGF(100 ng/ml) for 4 h at 37°C. The cells were washed twice with ice
cold phosphate buffered saline and incubated 16 h at 4°C in 0.5 ml
binding buffer (0.1 MHepes, 0.12 MNaCl, 5 mMMgSO4, 8 mM
glucose, 5 mg/ml BSA, pH 8.0) containing 500,000 cpm [1251I]-IGF-I.
At that time 0.4 ml disuccinimidyl suberate was added at a concentra-
tion of 0.200 mMand incubated for 15 min at room temperature. The
reaction was quenched with 1.2 ml ice cold 10 mMTris/l mMEDTA.
The cells were solubilized in 75 gl 2% SDS, 100 mMdithiothreitol.
Lysates from three wells were pooled, transferred to 1.5-ml microfuge
tubes, and boiled for 3 min. The lysates were subjected to 10% SDS-
PAGE. The gels were dried and subjected to autoradiography in the
presence of Dupont intensifying screens at -80°C.

Thymidine incorporation. Confluent monolayers of placental cells
(passage 4-6) were placed in serum-free medium (SFM), 0.1% BSA, for
48 h in 24-well plates. The quiescent cells were then washed and refed
with SFM, 0.1% BSA plus test hormones. The cells were incubated
further for 24 h. Time course experiments in 9-wk and 19-wk fibro-
blasts revealed maximum DNAsynthesis at 20-28 h. Within that time
0.5 ,uCi [3H]-thymidine was added to each well and incubated further
for 4 h. The cells were then washed, extracted with 10% TCA, solubi-
lized in 1 M NaOH, and counted. Data are represented as the
mean±SEM(n = 3).

Doubling times. Placental cells were seeded at a density of 100,000
cells/60-mm dish in DMEMcontaining 10% FCS. After overnight at-
tachment the cells of three dishes were washed, trypsinized, and
counted using a hemocytometer. In three tandem dishes the media
were replaced with DMEM,10% FCS. After 48 h further incubation,
the cells in each dish were counted and averaged. The doubling time
was estimated from the increase in cell number during that 48-h period.
Preliminary experiments revealed that the doubling time determined
between days 1 and 3 was identical to that obtained between days 3 and
5. Therefore all subsequent determinations were derived from cell
counts on days 1 and 3. Doubling times from at least three passages
between the third and seventh passage were determined and averaged.

The data are expressed as the mean±SEM(n = single determinations
over three to four passages).

Immunohistochemical staining. Placental cells were plated onto
glass cover slips. The cells were grown for 2-4 d and fixed in Bouin's
solution for 30 min. After fixation, the cells were rinsed and stored at
4VC in PBS for 2-5 d before staining. The cells were stained using
commercially available kits according to instructions. Keratin, factor
VIII antigen, and desmin kits were obtained from Dako Corp. Kits for
vimentin and a-HCGwere obtained from Accurate Chemical & Scien-
tific Co. Paraffin sections of 1 3-wk placental tissue were used as control
references for identifying cell types.

Cell cycle analysis. Placental fibroblasts were grown as described
above. Confluent cells were trypsinized and replated at a low density of
1,000 cells/cm2 in DMEM,10% FCS. The cells were allowed to attach
overnight and the media were changed. The cells were then allowed to
grow in DMEM,10%FCS, for 48 additional hours to allow the cells to
achieve exponential growth and a random distribution throughout the
cell cycle. They were then rinsed and fixed with 70% ethanol for 30
min. The cells were further incubated with 100 Ag/ml mithramycin in
50 mMTris/20 mMMgCI2, pH 7.4 for an additional 30 min at 220C
essentially as described (15). The stained, attached cells were scanned
with an Interactive Laser Cytometer (ACAS 570; Meridian Instru-
ments, Inc., Okemos, MI) with a wavelength of 457 nmand the X20
microscope objective. Fluorescence emission at 530 nmwas collected
by a photomultiplier tube and digitized by a 16-bit microcomputer.
Pseudocolor fluorescence intensity maps of the stained nuclei were

displayed and DNAfluorescence histograms were obtained. The per-
cent of cells in GI, 5, and G2/M were estimated by assuming normal
distributions for the GI and G2/M peaks as described (16). At least
1,000 cells were counted per cell strain for analysis. Absolute phase
times were calculated from the phase distribution based upon the fol-
lowing relationships:

1. TG1ITc =-l/ln 2 X ln (1 - FG1/2)
2. TsI~c = -lI/In 2 X In (I1-FGI/2- Fs/2) -TGl/TC
3. TGJTC= 1 - TSITC - TG1/TC-

This model assumes that the cells are in steady state, asynchronous,
exponential growth (16). Tc represents the time required to traverse the
complete cell cycle and was taken from the doubling time calculated
from direct cell counts as described above during the same passage as

the cell cycle analysis.
Statistical analysis. Differences between groups were analyzed us-

ing Student's t test.

Results

Doubling times ofplacentalfibroblasts. Growth patterns of the
placental cells were studied by measuring their doubling time
under uniform culture conditions. As seen in Fig. 1 A, the
doubling times of cells derived from 10- 19-wk placentae
(21.6±1.7 h) were much shorter than those exhibited by the
7-9-wk gestation cells (53.4±1.4 h). The increased rate of prolif-
eration was observed to occur at 10 wk gestation. Whenthe cell
strains derived from placentae of 7-9 wk gestation were com-

pared to those derived from 10-19-wk placentae, the difference
in their doubling times was significantly different (Fig. 1 B, P
< 0.001). Additionally, the increased growth rate was "remem-
bered" throughout multiple passages in culture (Fig. 2). Be-
cause these studies were done using identical or similar lots of
fetal bovine serum, the increased proliferative rate appeared to
be an intrinsic quality of the cells that was expressed from one

generation to the next. Each cell strain was chromosomally
normal by karyotype analysis. While this doesn't rule out all
potential genetic lesions, it does point to developmental age as

the most likely variable related to the observed change in prolif-
erative rate.
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Figure 1. (A) Doubling times of placental fibroblasts at various gesta-
tional ages. Doubling times from at least three passages between the
third and seventh passage were determined and averaged for one cell
strain at each gestational age. The data are expressed as the
mean±SEM(n = 3-4). (B) Average doubling times of placental fi-
broblasts shown in A were grouped according to gestational age range
(7-9 wk and 10-19 wk) and averaged. The difference between the
means of the two groups is statistically significant (P < 0.001).

Cell cycle analysis performed on mithramycin-stained cells
revealed that rapidly growing cells (15 and 19 wk) exhibited
much shorter G1 phases than the more slowly growing cells at 7
and 8 wk gestation (10-13 h vs. 40-47 h, Table I). The G2/M
phase was also somewhat shorter suggesting the presence of a
G2 restriction point in these cells. It appears, however, that the
major difference in cycling time for these two groups of cells
resides in the length of GI.

Cellular responsiveness to growth factors. To determine if
the enhanced proliferative rates of the cell strains could be ex-
plained, in part, by altered responsiveness to specific peptide
growth factors (GF), the abilities of IGF-I, EGF, and FGF to
stimulate DNAsynthesis in these cells were tested. Each GF
alone was capable of stimulating DNAsynthesis in a dose-de-
pendent manner. While the dose response curve for each GF
was the same in both groups of cells, the cells derived from
10-19-wk placentae tended to have a greater maximum re-
sponse than the cells studied at earlier gestations. It was diffi-
cult to quantify this difference, however, because of the signifi-
cant variation exhibited by individual cell strains between ex-
periments. The basal activity was similar in both groups of
cells. Whenvarious combinations of GFs were tested at maxi-
mal stimulating doses, however, a major difference was noted
between the two groups of cells. The combinations of IGF-I
+ EGFand IGF-I + FGFresulted in apparent additive stimula-
tion of DNAsynthesis in cells derived from an 8-wk placenta
(Fig. 3 A). The same combinations of GFs, by contrast, inter-
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Figure 2. Proliferative
rate of placental fibro-
blasts during serial pas-
sage in culture. Dou-
bling times were deter-
mined during successive
passage in culture on
cells derived from one
placenta each of 8, 9,
15, and 19 wk gestation.
Data represent the
mean±SEM.

Table I. Cell Cycle Phase Duration* of Placental Fibroblasts

Cell strain TC TG1 T. TG2M

7 wk 58.9 46.6 (0.85) 4.1 (0.05) 8.2 (0.10)
8 wk 55.9 41.5 (0.81) 4.9 (0.07) 9.5 (0.12)
15 wk 19.0 11.0 (0.66) 6.0 (0.26) 2.0 (0.13)
l9 wk 21.5 12.2 (0.65) 6.0 (0.24) 3.3 (0.11)

* Data expressed in hours. Number in parentheses is the fraction of
cells in phase.

acted synergistically in cells derived from a 19-wk placenta
(Fig. 3 B). Whenthe combination of IGF-I and EGFwas tested
in the other cell strains, a much stronger interaction was consis-
tently observed in cells derived from 10-19-wk placentae com-
pared to the responses observed in cells derived from 7-9-wk
placentae (Fig. 4 A). Whenthe 7-9-wk cells were compared to
the 10-19-wk cells the difference in their responsiveness was
statistically significant (Fig. 4 B). Similar gestational age-de-
pendent differences in the cellular responsiveness were seen
with the combination of IGF-I and FGFas well (Fig. 5, A and
B). By contrast, the combination of EGFand FGFresulted in
additive stimulation of DNAsynthesis suggesting that their
mitogenic signals proceed along distinct, noninteracting path-
ways (data not shown).

While the doubling times exhibited by the cells were signifi-
cantly different, -the time course for thymidine incorporation
was similar for both groups (22-32 h). This time course is inter-
mediate to the lengths of Gl exhibited by the two groups of
cells (10-13 h and 40-47 h). It has been previously shown that
the ability of cells to be "rescued" from GO, reenter G1, and
progress to S phase frequently requires a longer period of time
than it takes to traverse GI in sparse, exponentially growing
cells (17). Moreover, the amount of time necessary to leave GO
and reenter Gl varies with the length of time the cells are quies-
cent. This suggests that cellular quiescence resulting from den-
sity inhibition and serum starvation occurs at similar points in
GI before S phase in both groups of placental fibroblasts. The
population of cells responsive to GFstimulation would there-
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Figure 3. Effect of IGF-I (100 ng/ml), EGF(10 ng/ml), and FGF(100
ng/ml) on DNAsynthesis in placental fibroblasts derived from: (A)
8-wk placental tissue; and (B) 19-wk placental tissue. Placental fibro-
blasts were grown and incubated with the indicated GFs and GF
combinations as previously described. Data represent the average of
three wells per treatment group±SEM.
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Figure 4. Potentiation of DNAsynthesis by IGF-I/EGF interactions.
Fibroblasts from different gestational ages were maintained in culture
as previously described. Three wells were incubated with IGF-I (100
ng/ml) and EGF(10 ng/ml) alone. Three tandem wells were treated
with IGF-I and EGFsimultaneously. DNAsysthesis resulting from
the simultaneous addition of IGF-I and EGFwas divided by the sum
of the individual effects of IGF-I and EGF. This value is expressed
as a single ratio. Purely additive effects would result in a ratio of 1
whereas synergistic effects would result in ratios > 1. (A) Representa-
tive ratios from fibroblasts of different gestational ages. (B) Ratios
shown in A were placed into two groups (7-9 wk, 10-19 wk) and
averaged. The data represent the mean±SEM. The difference between
the means of the two groups is statistically significant (P < 0.05).

fore reenter G1 at similar times relative to S phase and result in
similar time courses of thymidine incorporation.

To determine the time during the cell cycle that the mito-
genic pathways for IGF-I, FGF, and EGFinteract, sequential
addition experiments were performed on cells of 19 wk gesta-
tion. WhenIGF-I was added to the cells up to 8 h after FGFor
EGF, maximal stimulation of DNAsynthesis is observed. By
contrast, if FGFor EGFis added after IGF-I, much less poten-
tiation is observed (Fig. 6, A and B). These data suggested that
FGFand EGFact at a time early in the cell cycle to enhance the
cellular responsiveness to IGF-I. This is consistent with the
competence/progression model of cell cycle regulation previ-
ously put forth (18).

Cellular binding of ['25IJ-IGF-I and ['25I]-EGF. Cellular
binding studies were performed to determine if the mitogenic
pathways of IGF-I and EGF interact at the receptor binding
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Figure 5, A and B. Potentiation of DNAsynthesis by IGF/FGF in-
teractions. Placental fibroblasts were exposed to conditions identical
to those described above, except FGF(100 ng/ml) was used instead
of EGF. The difference between the means of the two groups is sta-
tistically significant (P < 0.05).
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Figure 6. Effect of sequential addition of GFs on DNAsynthesis.
Placental fibroblasts of 19 wk gestation were grown and preincubated
as previously described. (A) At time Oh IGF-I (100 ng/ml) and EGF
(10 ng/ml) were added simultaneously to three wells. IGF-I and EGF
each were added alone to tandem wells. At 4 h or 8 h IGF-I was added
to the wells containing EGFwithout media change. Likewise, EGF
was added to the wells containing IGF-I alone at 4 h or 8 h. [3H]-thy-
midine was then added at 26 h to all wells and the cells processed as
described. Maximum stimulation was defined as the average thymi-
dine uptake stimulated by the simultaneous addition of IGF-I and
EGFat time 0 h (-- -). The data represent mean±SEMof three de-
terminations. (B) Identical experimental conditions described in A,
except FGF(100 ng/ml) was substituted for EGF.

level. The cellular binding of ['23I]-IGF-I and ['25I]-EGF to 19-
wk cells was unaltered by the heterologous peptide during the
course of these experiments (Table II). Additionally, dose-re-
sponse analysis revealed no change in the ED50of EGF(0. 1-1 .0
ng/ml) or FGF (5-15 ng/ml) in the presence or absence of
IGF-I. Likewise, the ED50 of IGF-I (20-30 ng/ml) was unal-
tered by the presence of EGFor FGF(data not shown).

[1251]-IGF-I was covalently crosslinked to 10- and 15-wk
placental fibroblasts and subjected to SDS-PAGE(Fig. 7). Au-
toradiography revealed no increase in labelling ofthe a-subunit
of the IGF-I receptor in the presence of EGF(10 ng/ml) or EGF
(100 ng/ml). These data argue that the potentiation of GFin-
teractions observed in these cells cannot be explained by the
simple heterologous regulation of cellular binding capacity or
affinity.

Discussion

The data presented in this report suggest that mesenchymal
cells derived from human placental tissue undergo a develop-
mental change resulting in an increased rate of proliferation,

Table I. Cellular Binding of ['251]-IGF-I and ['25I]-EGF to
Placental Fibroblast Monolayers

Radioligand K B.

IGF-I (control) 3.3 X 10-10 M 2.6 X l0-" M
IGF-I (EGF treated) 3.8 X 10-1' M 2.6 X 10-" M
EGF(control) 4.1 X 10-1 M 5.7 X 10-2 M
EGF(IGF treated) 4.9 X 10-'° M 5.4 X 10-12 M

1700 M. E. Fant



1 0 weeks 15 weeks

130kD

ABCD ABCD
Figure 7. The effect of EGFand FGFon ['23I]-IGF-I binding. Pla-
cental fibroblasts (10 and 15 wk gestation) were grown to confluence.
The cells were exposed to EGF(10 ng/ml) or FGF(100 ng/ml) for
4 h. [125I]-IGF-I was covalently crosslinked to cell surface receptors as

described and subjected to SDS-PAGEunder reducing conditions.
The gels were dried and exposed to x-ray film for 4 d. (A) Control
binding to untreated cells. (B) Nonspecific binding in the presence of
200 ng/ml IGF-I. (C) Binding to cells treated with EGF. (D) Binding
to cells treated with FGF.

and is associated with an enhanced responsiveness to specific
mitogenic signals. Interestingly, the appearance of this cellular
phenotype, in vitro, is temporally related to the acceleration in
fetal and placental growth that occurs at 10 wk gestation (1).

This acceleration in fetal growth occurs in several fetal organs

including the placenta, and is due primarily to increased cell
proliferation (2, 7). It is tempting to speculate, therefore, that
the molecular basis of the phenotypic change in the placental
fibroblasts represents a general and fundamentally important
event in the progression of normal fetal development. If true,
the stability of this phenotype in culture provides a unique
opportunity to study the developmental regulation of the mito-
genic response in the human.

Very little is now known regarding the mechanisms regu-
lating fetal growth. Available evidence points to important
roles for peptide growth factors during this period of rapid or-

gan growth. Many fetal tissues have been shown to produce
peptide GFs and GFreceptors that may act locally to regulate
cell growth and metabolism. We(5), and others (19), have re-

ported that the human placenta produces IGFs (predominantly
IGF-II) in mesenchymal cells that can act by autocrine or para-

crine mechanisms to regulate placental function. Han et al.
(20), provided further support for an autocrine/paracrine role
for IGFs by demonstrating the general predominance of
mRNAfor both IGF-I and II in the mesenchyme of many fetal
organs. Additionally, we have shown that the human placental
mesenchyme produces IGF-specific binding proteins in a devel-
opmentally regulated manner (2 1). IGF binding proteins may
act to modulate IGF bioactivity at the cellular level (22-23). It
is likely, therefore, that altered expression of IGFs, IGF binding
proteins, or IGF receptors can influence the mitotic activity of
placental cells during gestation. The placenta also produces
other peptide GFs, i.e., transforming growth factor-# and plate-
let-derived growth factor-like peptides (24-25), that may like-
wise influence mitotic activity.

The data reported here support the concept that the ability
of peptide GFs to elicit the mitogenic response is a function not
only of the concentration of GF but also a function of the
intrinsic cellular responsiveness to that specific GFor combina-
tion of GFs. The expression of factors that attenuate or aug-
ment GF signals are, therefore, likely candidates to regulate
mitotic activity. Their altered expression throughout gestation
may significantly alter the cellular response to mitogenic sig-
nals, in vivo. The inability of IGF-I or EGF to influence the
cellular binding of the heterologous peptide suggests that the
mitogenic pathways for each peptide interact at point(s) early
in the cell cycle distal to the receptor binding site. The second
messenger systems involved in mediating the mitogenic signal
ofeach GF, therefore, are likely points of interaction and signal
amplification. Interactions or "crosstalk" between signalling
pathways have been well described in several cell culture sys-
tems (26-29). Additionally, protooncogenes have been closely
linked to the proliferative response of cells and may function as
important components of signalling pathways used by peptide
GFs. Moreover, protooncogene expression occurs throughout
embryonic and fetal development and does so in a tissue-speci-
fic and developmentally regulated manner (3, 4, 25, 30-33).
The second messenger systems used by IGF-I, FGF, and EGF
to elicit the mitogenic response in placental fibroblasts have
not been defined. Characterization of these pathways should
help delineate the molecular basis for the enhanced cellular
response to their combined stimulation.

In summary, the proliferation rates of placental fibroblasts,
in cell culture, bear a striking relationship to developmental
age. Moreover, the appearance of rapidly dividing cells in cul-
ture coincides with the acceleration of fetal growth that begins
at the end of the first trimester. This would suggest that acceler-
ated fetal growth represents, in part, a developmental change
intrinsic to some fetal cells. The cellular responsiveness to mi-
togenic growth factors also appears to be related to developmen-
tal age. While this increased responsiveness may account for
part of the enhanced proliferative rate observed for these cells,
the full complement of cellular mechanisms that determine
this phenotype remain to be defined. The fact that the enhance-
ment in proliferative rate and GFresponsiveness are stable in
cell culture provides an opportunity to define the cellular basis
of this phenotype and, hopefully, delineate important mecha-
nism(s) regulating normal fetal growth.
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