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ABSTRACT

Epidermal growth factor (EGF), at concentrations ranging from 0.83
to 4.98 UM, markedly inhibited the proliferation of RL95-2 cells that
were seeded at low plating densities (4.7 x 1(1' cells/cm2). Under the

same incubation conditions, 16.6 pM EGF enhanced cell proliferation. At
high plating densities (2.5 x Id4 cells/cm2) 0.83 UMEGF also stimulated

cell proliferation. Both the inhibitory and stimulatory effects of EGF
were mimicked by transforming growth factor-a (TGF-a). However, the
inhibitory action of TGF-a was always greater than that of EGF. Binding
studies with 12!I-labeled TGF-a indicated that maximal cell surface
binding of TGF-a occurred at IS min, whereas maximal intemalization
occurred at 45 min. Both cell surface and internalized radioactivity
declined sharply thereafter. Analysis of radioactivity released into the
incubation medium during pulse-chase experiments indicated that RL95-
2 cells extensively degraded both TGF-a and EGF. The lysosomotropic
compound methylamine arrested the generation of low-molecular-weight
degradation products of EGF, but not of TGF-a. In contrast to EGF and
TGF-a, transforming growth factor-/; ( 1( ,!â€¢-/f) inhibited the proliferation
of RL95-2 cells that were seeded at either low or high plating densities.
Further, transforming growth factor-/? induced the appearance of large
cuboidal cells that were readily distinguished from cells treated with
either EGF or TGF-a. These findings point to complex regulatory actions
of growth factors on the proliferation of RL95-2 cells and suggest that
the processing of TGF-a following EGF receptor activation is distinct
from the processing of EGF.

INTRODUCTION

EGF3 is a heat-stable mitogenic polypeptide that participates

in the regulation of a variety of cellular processes (1). The EGF
receptor is a glycosylated phosphoprotein with intrinsic kinase
activity that leads to autophosphorylation at tyrosine residues
(2). Because tyrosine phosphorylation is also activated by other
growth-promoting polypeptides (3) and by the products of
certain oncogenes (4), it has been suggested that this reaction
is important in the regulation of cell growth (5).

The effects of EGF may either be mimicked or modulated by
transforming growth factors. These polypeptides have the abil
ity to confer on certain normal cells a number of phenotypic
changes that are usually associated with transformation (6, 7).
TGF-Â« is structurally similar to EGF (8) and can bind and
activate the EGF receptor (9,10). Because there does not appear
to be a distinct TGF-a receptor, it is generally accepted that
the actions of TGF-a are mediated through the EGF receptor
(11). In contrast to TGF-a, TGF-/3 binds to a distinct cell
surface receptor and does not bind to the EGF receptor (12,
13).

We have recently reported that EGF inhibits the proliferation

Received 1/20/87; revised 5/13/87; accepted 6/24/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1This investigation was supported by USPHS Grant CA-40162 awarded by

the National Cancer Institute, Department of Health and Human Services.
2To whom requests for reprints should be addressed, at Endocrine Section,

Room 6411, Arizona Health Sciences Center, 1501 North Campbell Avenue,
Tucson, AZ 85724.

3The abbreviations used are: EGF, epidermal growth factor; TGF-a, trans
forming growth factor-o; TGF-/3, transforming growth factor-/3; DMEM, Dulbec-
co's modified Eagle's medium; FBS, fetal bovine serum; BM, binding medium;

BSA, bovine serum albumin; MIS, Mullerian inhibiting substance.

of RL95-2 human endometrial carcinoma cells when these cells
are plated at low seeding densities (14). In the present study we
sought to determine whether this effect is cell density depend
ent, and whether TGF-a mimics the effect of EGF on cell
proliferation. In addition, we compared the effects of these
growth factors with the actions of TGF-ÃŸ.We now report that
TGF-a exerts a more potent inhibitory effect on the prolifera
tion of RL95-2 cells than EGF, and that the inhibitory actions
of both EGF and TGF-a, but not TGF-,3, are completely
reversed at high plating densities.

MATERIALS AND METHODS

Cell Culture. RL95-2 cells were originally derived from an endome
trial curettage of a poorly differentiated adenosquamous carcinoma of
the endometrium (15). The present study was started after approxi
mately 250 passages. Cells were grown in monolayer culture in 75-cm2

tissue culture flasks, in DMEM supplemented with 2% FBS and
antibiotics (100 units/ml penicillin; 100 jig/ml streptomycin). Cells
were incubated at 37Â°Cin a humidified atmosphere of 95% air and 5%

C02.
For the individual experiments, rapidly growing cultures were har

vested by rinsing the cells once with calcium- and magnesium-free
Dulbecco's phosphate-buffered saline, and once with 0.25% trypsin and
0.02% EDTA. Cells were then incubated for 5 min at 37"C. The cells

then were resuspended in DMEM supplemented with 10% FBS to stop
the action of trypsin. Cells were seeded in triplicate for each experi
mental condition, in either 12-well or 6 well Costar plates. Plating was
done at the indicated densities in DMEM supplemented with 10% FBS.
In all experiments cells were allowed to settle for 24 h. Medium was
then changed to DMEM with 2% FBS, prior to making the indicated
additions. Cell counts were performed with a hemocytometer because
the growth factors altered the size and shape of RL95-2 cells. The
intraassay variability of the cell counts was 2% or less.

Biologically active EGF was prepared from mouse submaxillary
glands by the method of Savage and Cohen (16) and used in both
biological activity and binding studies. Rat TGF-a (Peninsula Labora
tories, Belmont, CA) and porcine TGF-/3 (R and D Systems, Minne
apolis, MN) were used in biological activity studies. The batches of
EGF and TGF-a used in the present study were equipotent in displacing
I25I-EGF in a radioreceptor assay.

EGF Binding. To measure binding, mouse EGF and human TGF-a
were iodinated by a modification of the chloramine-T method to a
specific activity of 120 and 150 nCi/pg, respectively (17). The TGF-a
was a gift from Dr. R. Derynck at Genentech (South San Francisco,
CA). Human TGF-a was used in binding studies because attempts to
iodinate rat TGF-a by the chloramine-T method were not successful.
To perform binding studies, cells were grown in monolayer culture in
either 35-mm or 22.6-mm multiwell culture plates. Cells that were
approximately 75% confluent were washed once in DMEM supple
mented with 20 HIM 4-(2-hydroxyl)-l-piperazineethanesulfonic acid,
pH 7.4, containing 0.1 % BSA (BM). Cells were then incubated in BM
in the presence of labeled ligand. Nonspecific binding, determined in
the presence of 1000-fold excess of unlabeled EGF, never exceeded 8%
of total binding for either ligand. Incubations were stopped by washing
cells 6 times in Hanks' balanced salt solution containing 0.1% BSA.

To monitor ligand intemalization, cultured cells were washed as for
binding studies and incubated for 4 min at 4*C with 500 HIMNaCl that

was titrated to pH 2.5 with acetic acid (18). Radioactivity removed by
acid treatment (surface bound) and acid-resistant (internalized) radio
activity were then determined separately.
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To study the degradation of radiolabeled EGF and TGF-Â«,cells were
labeled for 30 min at 37Â°Cwith the respective ligands. Cells then were

washed twice in BM and resuspended in fresh BM supplemented with
200 ng/ml unlabeled EGF to prevent ligand rebinding. Dissociated
radioactivity was analyzed by Sephadex G-25 column chromatography.

RESULTS

We have previously reported that the inhibitory effect of EGF
on the proliferation of RL95-2 cells is gradually attenuated, but
is not completely abolished, as the seeding density is increased
from 2.5 to 17.5 x IO3 cells/cm2 (14). In 3 experiments (Fig.

1), EGF (0.83 HM) inhibited the proliferation of these cells by
32 Â±2% (P < 0.01) when seeded at low plating densities (4.7
x 10' cells/cm2). However, at high seeding densities (2.5 x 10"
cells/cm2), the same concentration of EGF stimulated prolif

eration by 28 Â±4% (SE; P < 0.01). When the effects of various
concentrations of EGF on cells plated at low seeding density
were studied (Fig. 2), a very low concentration of EGF (16.6
PM) also enhanced cell proliferation. However, this stimulatory
effect was significant only after 9 days from the initial plating
of the cells, at which point the cell density in the control wells
was approximately 1 x IO6 cells/cm2. In 3 experiments this

stimulatory effect increased proliferation by 17 Â±3% (Table 1;
P < 0.05). In the same series of experiments (Fig. 2), 0.83 nM
EGF again inhibited cell proliferation. Higher concentrations
of EGF (4.98 nM) did not exert an additional inhibitory effect.

TGF-a (0.83 HM) also inhibited the proliferation of RL95-2
cells that were seeded at a low plating density (Figs. 2 and 3;
Table 1). The inhibitory effect of 0.83 nM TGF-a was signifi
cantly greater than that of a maximally inhibitory concentration
of EGF (Table 1). In 4 experiments, 0.83 nM TGF-a inhibited

10Â«

Time (Days)
Fig. 1. Cell density dependence of EGF action. RL95-2 cells were seeded at

indicated densities in 35-mm multiwell plates in DMEM supplemented with 10%
FBS. Medium was changed to DMEM supplemented with 2% FBS 24 h after
seeding. EGF (0.83 nM, O) was added 24 h after seeding and daily thereafter.
Points, mean (n = 3) from one of three experiments; bars, SD. inset, effect of
EGF (0.83 nM) on cell number. Cell counts were carried out 6 days after the
initial addition of EGF. Columns, mean from 3 experiments; bars, SE. The
percentage of decrease was 32 Â±2 for cells plated at low seeding densities, and
the percentage of increase was 28 Â±4 for cells plated at high seeding densities. *,
P < 0.01, when compared with the respective control.

3 6
Time (Days)

Fig. 2. Effects of varying concentrations of EGF and of TGF-a on cell
proliferation. RL95-2 cells were seeded at 45,000 cells per 35-mm multiwell in
DMEM supplemented with 10% FBS. Medium was changed 24 h later to DMEM
supplemented with 2% FBS. EGF and TGF-a were added 24 h after seeding and
daily thereafter. Control (â€¢),16.6 PM EGF (O), 166 pM EGF (A), 0.83 nM EGF
(A) 4.98 HMEGF (â€¢).0.83 nM TGF-a (D). Points, (n = 3) from a representative
(of 3) experiment; bars, SD.

Table 1 Dose-response effects of EGF and TGF-a
RL95-2 cells were seeded at a density of 4700 cells/cm2 in 35-mm multiwell

plates. The indicated additions were made 24 h after seeding and daily thereafter.
Medium was changed 24 and 96 h after seeding. Cell counts were carried out 6
days after the initial addition of growth factors.

AdditionEGF

16.6 pM
166 pM
0.83nMTGF-a

16.6 pM
166 pM
0.83 nMCell

count
(% ofcontrol)117Â±3fl'*(3)c

75 Â±ld (3)
56 Â±9'(6)101

Â±7 (3)
62Â±4Â¿(3)
10 Â±3e/(4)

" Mean Â±SE.
* P < 0.05.
' Numbers in parentheses, number of experiments.
* P < 0.02.
' P< 0.001 when compared with respective control.
1P < 0.002 when compared with the corresponding value in the presence of

0.83 nM EGF.

cell proliferation by 90 Â±3% (P < 0.001). The concomitant
addition of EGF and TGF-a did not produce a greater inhibi
tory effect than TGF-a alone (data not shown). In contrast to
EGF, 16.6 pM TGF-a did not enhance cell growth (Table 1).
However, 0.83 nM TGF-a enhanced cell growth when RL95-2
cells were seeded at high plating densities (data not shown). In
three experiments, this concentration of TGF-a enhanced cell
proliferation by 59 Â±22% (P < 0.05).

TGF-/ÃŽinhibited the proliferation of RL95-2 cells that were
plated at either low or high seeding densities (Fig. 3; Table 2).
When seeded at low plating densities, a marked inhibitory effect
was already evident at the lowest concentration tested in the
present study (16.6 PM). Maximal inhibition occurred at a
concentration of 0.22 HMTGF-/3 (Fig. 3). In three experiments,
0.22 HM TGF-/3 inhibited cell proliferation by 82 Â±2% (P <
0.005). This concentration of TGF-/3 exerted a similar effect on
cells that were plated at high seeding density (Table 2), inhib
iting proliferation by 75 Â±2% (P < 0.005).
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Fig. 3. Effects of varying concentrations of TGF-/3 on cell proliferation. RL95-
2 cells were seeded at 45,000 cells per 35-mm multiwell in DMEM supplemented
with 10% FBS. Medium was changed to DMEM supplemented with 2% FBS 24
h after seeding. The indicated additions were made 24 h after seeding and daily
thereafter. Cell counts were carried out 8 days after the initial addition of growth
factors. Columns, (n = 3) from a representative (of 3) experiment; bars, SD.

Table 2 Effect of TGF-ÃŸon inhibition of cell proliferation
RL95-2 cells were seeded at either low (4,700 cells/cm2) or high densities

(21,000 cells/cm2) in 22.6-mm multiwell plates. The indicated additions were
made 24 h after seeding and daily thereafter. Medium was changed 24, 72, and
144 h after seeding. Cell counts were carried out 7 days after the initial addition
ofTGF-0.

AdditionNone

TGF-/3(166pM)Low

seeding density
(cell count x10"*)6.

19 Â±0.60Â°

1.01 Â±0.10High

seeding density
(cell count x10~5)49.90

Â±4.70
10.90 Â±0.30

" Mean Â±SD (n = 3) from a representative (of 3) experiment.

EGF, even at a concentration of 16.6 pM, tended to induce
the appearance of fusiform cells. TGF-a exerted similar mor
phological changes, but also induced the appearance of giant
cells (data not shown). Neither growth factor markedly altered
the morphology of RL95-2 cells that were plated at high seeding
density (Fig. 4). In contrast to EGF and TGF-a, TGF-/3caused
the cells to appear more cuboidal and induced the appearance
of large polymorphic cells (Fig. 4). These effects were observed
irrespective of the plating density. EGF did not completely
reverse either the TGF-/3-mediated changes (Fig. 4D) or the
inhibitory action of TGF-/S on cells plated at high seeding
densities (data not shown). None of the growth factors altered
the ability of the cells to exclude trypan blue.

We have previously reported that RL95-2 cells avidly bind
and internalize I25I-EGF(14). We therefore sought to determine
the characteristics of l25I-TGF-abinding in these cells. We first
determined that unlabeled EGF and TGF-a, but not TGF-/3,
readily inhibited the binding of 125I-TGF-a(data not shown).
As in the case of EGF, I25I-TGF-a readily bound to RL95-2

cells at 37Â°C(Fig. 5). The bound radioactivity distributed into
a cell surface (acid-sensitive) compartment and an internalized
(acid-resistant) compartment. Maximal cell surface binding oc
curred at IS min and declined thereafter. In contrast, the
amount of internalized '"I-TGF-a radioactivity continued to

increase for 45 min and then declined sharply. To determine
whether the decline in intracellular radioactivity was associated
with degradation of the ligand, pulse-chase experiments were
performed, and the radioactivity dissociating from the cells
during the chase period was analyzed by Sephadex G-25 column
chromatography (Fig. 6A). Unlabeled EGF was used during
the chase period to prevent the rebinding of 125I-TGF-athat

was released into the incubation medium (19). Ten min follow
ing initiation of the chase, the majority of the radioactivity was
in a high-molecular-weight peak migrating in the same region
as intact TGF-a. However, at 180 min, the majority of the
radioactivity was found in several low-molecular-weight peaks,
as well as in a peak comigrating with free I25I.A similar pattern
was observed with '"I-EGF (Fig. 1A).

When RL95-2 cells were preincubated with the lysosomo-
tropic compound methylamine (10 HIM)for 30 min prior to the
addition of either 125I-TGF-oor I25I-EGF,there was a tendency
for the amount of cell-associated radioactivity to increase (Table
3). Methylamine also decreased the amount of radioactivity
released into the incubation medium during the subsequent
180-min chase period. This effect was always greater with 125I-
EGF than with l25I-TGF-a (Table 3). Although methylamine
did not alter the I25I-TGF-Â«postincubation profile (Fig. dB), it
completely blocked the appearance of low-molecular-weight
peaks in the case of I25I-EGF(Fig. IB).

DISCUSSION

Endometrial carcinoma is an important health problem in
Western societies (20). Recent epidemiolÃ³gica!studies indicate
that the incidence of this carcinoma has been increasing steadily
during the past 20 yr, thereby superceding cervical cancer as
the most common malignancy of the female genital tract (21).
It has been estimated that in 1986 there were approximately
36,000 new cases of endometrial cancer, compared with 14,000
new cases of invasive cervical cancer (20). The reasons for this
increasing incidence are not known. However, it is generally
accepted that a number of risk factors may be contributing to
make this cancer an increasingly serious health problem. These
factors include infertility, obesity, dysfunctional uterine bleed
ing, failure of ovulation, prolonged estrogen therapy, improved
nutrition, and an aging population (21). The mechanisms by
which any of these risk factors may contribute to altering the
propensity for malignant transformation of the normal endo-
metrium are not known.

Several lines of evidence suggest that growth factors may
participate in the regulation of endometrial proliferation. EGF
receptors are present in normal human endometrium (22),
human endometrial carcinoma cells (14), cultured guinea pig
endometrial cells (23), and rat uterine membranes (24). EGF
enhances the growth of cultured guinea pig endometrial cells
(23). The mouse uterus contains EGF (25), and the sheep uterus
contains a growth factor (26) that enhances the growth of rat
uterine cells (24). Further, estrogen treatment results in in
creased levels of EGF in the mouse uterus (25) and increased
EGF receptor number in rat uterus (27).

In the present study we have determined that the proliferation
of RL95-2 endometrial carcinoma cells is modulated in a com
plex manner by two growth factors that activate the EGF
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Fig. 4. Morphological changes in RL95-2
cells that were seeded at high plating density.
RL95-2 cells were seeded at 200,000 cells per
35-mm multiwell, and additions were made as
indicated in the legend to Fig. 3. Cells were
cultured for 6 days in the absence III or pres
ence of 0.83 nM EGF (A). 0.22 nMTGF-/3(C),
and both 0.83 nM EGF and 0.22 nM TGF-0
(l>>. All figures are phase-contrast micro
graphs of unstained RL95-2 cells at x 200
magnification.
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Fig. 5. Time course of TGF-a binding and internalization. RL95-2 cells were
incubated at 37"C with 1 ng/ml '"I-TGF-a. â€¢,acid-sensitive radioactivity, as

determined by elution into 0.5 M NaCl, titrated to pH 2.5 with acetic acid; O,
internalized radioactivity, as determined by solubilization of cells in 0.5 N NaOH
following removal of surface-bound radioactivity. Points, mean (n = 3) from a
representative (of 3) experiment; SDs were smaller than the size of the symbols.

receptor. Thus, both EGF and TGF-a inhibited the prolifera
tion of cells that were plated at low seeding densities, but
enhanced the proliferation of cells that were plated at high
seeding densities. Although EGF is widely recognized as a
mitogenic polypeptide, there are several other instances in
which EGF has been reported to inhibit cell proliferation. Thus,
EGF inhibits the growth of A431 human vulvar carcinoma cells
(28, 29), certain human mammary (30) and squamous (31)
carcinoma cells, a human hepatoma cell line (32), and (ill., as
well as GH3D6 rat pituitary tumor cells (33, 34). The cell density
dependence of the inhibitory effect of EGF in these cell lines is
not known. However, EGF has been recently reported to inhibit
the growth of RIE-1 rat intestinal cells that were plated at a
low seeding density and to enhance their growth at a high

10 20

FRACTION
Fig. 6. Elution profiles of '"I-TGF-a supernatant radioactivity. RL95-2 cells

were incubated for 30 min at 37Â°Cin the absence (A) or presence (lÃ¬)of 10 HIM
methylamine, followed by the addition of 1 ng/ml 125I-TGF-a for 30 min. Cells

were then washed twice and placed in medium supplemented with 200 ng/ml
EGF for a second incubation period in the absence (. I ) or presence (A) of 10 HIM
methylamine. Medium was collected 10 min (â€¢)and 180 min (O) later and
analyzed by Sephadex G-25 chromatography.

seeding density (35). It has been suggested that the inhibitory
action of EGF may be due to the presence of a large number of
EGF receptors (36) or to EGF-induced changes in the cyto-
skeleton that interfere with the mitotic process (37). However,
RL95-2 cells have only 150,000 surface EGF receptors per cell
(14). Further, EGF can induce marked morphological changes
in a clonal line of A431 cells without inhibiting the growth of
these cells (38). It is likely, therefore, that EGF also acts via
other mechanisms to inhibit cell proliferation.

The present findings are the first to indicate that TGF-a is a
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Fig. 7. Elution profiles of '"I-EGF supernatant radioactivity. RL95-2 cells
were incubated for 30 min at 37*C in the absence (A) or presence (H) of 10 HIM
methylamine, followed by the addition of 1 ng/ml '"I-EGF for 30 min. Cells

were then washed twice and placed in medium supplemented with 200 ng/ml
EGF for a second incubation period in the absence (A) or presence (B) of 10 HIM
methylamine. Medium was collected 10 min (â€¢)and ISO min (O) later and
analyzed by Sephadex G-25 chromatography.

Table 3 Effect of methylamine on the distribution of labeled ligands
RL9S-2 cells were incubated in 35-mm multiwell plates as in Fig. 8, in the

presence or absence of methylamine, '"I-EGF (100,000 cpm/ml), and '"I-TGF-

a (100,000 cpm/ml). Intracellular radioactivity was determined by solubili/minii
of cells in 0.5 N NaOH following removal of surface-bound radioactivity with 0.5
M NaCl (pH 2.5). Values are means of duplicate determinations from a repre
sentative (of 3) experiment.

'"I radioactivity

(cpm)Cell

surface
Intracellular
Released
TotalNo

methylamineEGF2492,805

31,252
34,306TGF-a100

1,310
27,058
28,468Methylamine

(10
HIM)EGF18126,357

9,217
35,755TGF-a172

11,320
23,020
34,512

more potent inhibitor of cell proliferation than EGF. The
reasons for this phenomenon are not clear. It has been previ
ously reported that TGF-a exerts a greater stimulatory effect
than EGF on calcium mobilization from fetal rat long bones
(39), on angiogenesis in the hamster cheek pouch model (40),
and on the induction of cell ruffling (41). These observations
suggest that, in addition to activating the EGF receptor, TGF-
a may either activate another receptor or postreceptor pathways
and second messengers that are not regulated by EGF. In the
present study we have determined that the processing of TGF-
a to low-molecular-weight products is not readily blocked by
methylamine, whereas the processing of EGF is completely
blocked by the same concentration of methylamine. At the
concentration used in the present study (10 IHM),methylamine
readily blocks lysosomal enzyme activity (42). It is possible,
therefore, that lysosomal regulation of the complex formed
between TGF-a and the EGF receptor is distinct from the
regulation of the EGF-EGF receptor complex. Alternatively, it
is possible that TGF-a degradation products are generated that
are distinct from those generated by EGF, and that these
products then activate certain cellular processes. Our data do
not allow us to differentiate between these various possibilities.

A very low concentration of EGF (16.6 pM) enhanced cell
proliferation when RL95-2 cells were plated at low seeding

density. However, this effect was significant only when the cells
reached a confluency that was comparable to that observed
upon plating of cells at a high seeding density. At this higher
seeding density, the inhibitory effects of high concentrations of
either EGF or TGF-a were completely reversed. Taken to
gether, these observations raise the possibility that the growth-
inhibitory actions of EGF are mediated by low affinity receptors
that are not activated whenever the ratio of EGF to EGF
receptor number is low. In contrast, the stimulatory effects of
EGF and TGF-a may be mediated by a small group of high
affinity EGF receptors. A similar hypothesis has been proposed
in A431 cells, in which low concentrations of EGF (3 to 100
PM) enhance cell growth (43).

TGF-/3 inhibited the proliferation of RL95-2 cells irrespective
of the plating density. TGF-/3 does not bind to the EGF recep
tor, but binds to a distinct and specific TGF-/3 receptor (12,
13). Although TGF-0 is known to enhance the proliferation of
a number of different cell types (44), it also inhibits the growth
of many other cells (44). Further, in 3T3 fibroblasts transfected
with a cellular myc gene, TGF-0 enhances colony formation in
the presence of platelet-derived growth factor but inhibits col
ony formation in the presence of EGF (45). These observations
support the hypothesis that the growth-regulating properties of
TGF-/3 are frequently modulated by other growth factors, and
that TGF-jS is a bifunctional regulator of cell growth.

The physiological significance of the inhibitory actions of
EGF and TGF-j8 on cell proliferation is not known. It has been
suggested, however, that these polypeptides may act as differ
entiation inducing agents, thereby indirectly inhibiting cell
growth (7, 38,44, 45). It has also been proposed that EGF may
promote epithelial wound healing by stimulating the growth of
epithelial cells at the periphery of the wound where the cell
density is high (35). The concomitant inhibition of epithelial
cell growth at the center of the wound where the cell density is
low would then theoretically allow for the rapidly proliferating
cells in the periphery to migrate into the wound, thereby accel
erating the healing process (35). Similarly, the inhibition of
endothelial regeneration by TGF-0 may allow for the migration
of smooth muscle cells into the site of injury (46).

Recent studies indicate that TGF-/3 exhibits some sequence
homology with the MIS, a compound that induces the regres
sion of the Mullerian duct in the male mammalian embryo (47).
It has therefore been suggested that the growth of tumors of
Mullerian duct origin may be arrested by MIS. Indeed, MIS
has been shown to inhibit the growth of HOC-21 human ovarian
carcinoma cells (48). Further, an MIS-like substance inhibits
the growth of HEC-1 human endometrial carcinoma cells (49).
Although both ovarian and endometrial carcinomas can be
considered as arising from the Mullerian duct anlÃ¤ge,it remains
to be determined whether TGF-/3 may exert specific effects on
the growth of these tumors.
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