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Endometrial adenocarcinoma is the most common gynecologic
malignancy occurring in the United States. Evidence is accumu-
lating that links peptide growth factors with malignant prolifer-
ation. Epidermal growth factor (EGF) and insulin-like growth
factor I (IGF-I) are known mitogens for endometrial adenocarci-
noma in vitro. However, the biological activity of other growth
factors in this malignancy is unclear. This study was under-
taken to determine the influence of growth factors on the mito-
genic activity of the human endometrial adenocarcinoma cell
lines HEC-1-A and KLE. Incubation with EGF, IGF-1, insulin-
like growth factor II (IGF-II}, or insulin stimulated a time-de-
pendent mitogenic response in both cell lines, with the peak re-
sponse occurring at 24 hr for HEC-1-A and 48 hr for KLE.
After two doubling intervals, the number of HEC-1-A cells was
increased 3.5-fold by EGF (100 ng/ml), 2.7-fold by IGF-I (100
ng/ml), 2.3-fold by IGF-I1 (100 ng/ml), and 2.2-fold by insulin
(1000 ng/ml) when compared to untreated controls (P < 0.05).
The number of KLE cells was increased 2.6-fold by EGF (100
ng/ml), 2.3-fold by IGF-I (100 ng/ml), 2.1-fold by IGF-II (100
ng/ml), and 2.0-fold by insulin (1000 ng/ml) when compared to
untreated controls (P << 0.05). Similar results were obtained
when DNA content was measured. PDGF failed to stimulate
any mitogenic response in either cell line at all concentrations
tested (0.1-100 ng/ml). These findings suggest that EGF, IGF-
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I, IGF-1I, and insulin may play a regulatory role in the prolifer-

ation of endometrial adenocarcinoma. © 1993 Academic Press, Inc.

INTRODUCTION

Adenocarcinoma of the endometrium is the most com-
mon gynecologic malignancy occurring in the United
States, with an estimated 33,000 new cases and 4000
deaths in 1990 [1]. Although an association between un-
opposed estrogen stimulation and the development of
endometrial hyperplasia is well-established [2], the stim-
ulus for malignant transformation is currently unknown.
Evidence is accumulating to link peptide growth factors
with the development and proliferation of human ma-
lignancies. Among the many growth factors characterized
to date, several have properties that indicate that they
may play a role in the growth regulation of endometrial
adenocarcinoma.

Epidermal growth factor (EGF) and insulin-like growth
factor I ({IGF-I) are mitogenic for a variety of human
adenocarcinoma cell lines, including breast [3,4] and en-
dometrium [5]. A recent study demonstrated that EGF
binding to its receptor (EGF-R) undergoes cyclic alter-
ations during the menstrual cycle, with increased binding
during the proliferative phase [6]. Our laboratory dem-
onstrated the presence of EGF-R in endometrial adeno-
carcinoma, with an inverse correlation between receptor
content and histologic grade [7]. In addition, we dem-
onstrated a positive correlation between IGF-I receptor
(IGF-IR) content and histologic grade [8].

However, the biological role of other growth factors,
including insulin-like growth factor II (IGF-II), insulin,
and platelet-derived growth factor (PDGF) in endome-
trial adenocarcinoma is unclear. Insulin is mitogenic for
carcinoma cell lines, many of which are dependent upon
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insulin for proliferation. Recent data have demonstrated
the presence of specific, high-affinity binding sites for
insulin in endometrial adenocarcinoma [9]. Furthermore,
at high concentrations insulin binds to the IGF-IR and
may function in a fashion similar to that of IGF-1 [10].

IGF-I1 is closely related to IGF-I and insulin. It appears
to be important in fetal development [11], but with un-
certain function in the adult. IGF-II messenger RNA
(mRNA) is expressed by several human carcinomas, most
notably breast [12], but also colon [13], liver [14], and
Wilm’s tumor [15]. In addition, IGF-II is mitogenic for
breast adenocarcinoma cells in culture [3,12].

PDGF is felt to have a central role in the regulation
of normal cell growth, as well as mediating proliferation
of neoplastic cells. Numerous human carcinoma cell lines
produce PDGF, including glioblastoma [16] and breast
[17]. Recent evidence indicates that human endometrium
contains PDGF and the PDGF receptor [18].

These findings raise the possibility that EGF, 1GF-1,
IGF-II, insulin, and PDGF may play a regulatory role
in the proliferation of endometrial adenocarcinoma. The
present study was undertaken to determine the influence
of these growth factors on the mitogenic activity of two
established human endometrial adenocarcinoma cell
lines.

MATERIALS AND METHODS

Growth Factors

Human recombinant EGF and platelet-derived growth
factor were purchased from Biosource International (Ca-
marillo, CA). Human recombinant insulin-like growth
factor I and II (IGF-I and IGF-II} were a generous gift
from Eli Lilly Research Laboratories (Indianapolis, IN).
Human recombinant insulin was purchased from Sigma
Chemical Co. (St. Louis, MO).

Reagents and Media

Cell culture media, fatty acid-free bovine serum al-
bumin (BSA), fetal bovine serum (FBS), and trypsin were
purchased from Sigma Chemical Co.

Cell Cultures

Human endometrial adenocarcinoma cell lines HEC-
1-A (HTB-112) and KLE (CRL-1622} were purchased
from the American Type Culture Collection (Rockville,
MD). HEC-1-A and KLE were derived from a mod-
erately differentiated and poorly differentiated endo-
metrial adenocarcinoma, respectively. The cells were
cultured in phenol red-free Dulbecco’s modified Ea-
gle/Ham’s nutrient mixture F12 (DME/F12} supple-
mented with 10% FBS, 50 ug/ml gentamycin, and 2 u/ml
nystatin. The cells were maintained in 75-cm’ tissue cul-
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tute flasks (Corning Glass Works, Corning, NY) under
sterile conditions at 37°C in water-saturated air containing
5% CQ,. For subculturing, the medium was removed and
replaced with fresh trypsin (0.02%)/ethylenediamine-
tetraacetic acid (EDTA) (0.25%) solution. After 2 min
the solution was removed and the flasks maintained at
37°C for approximately 10 min to allow cells to detach.
Fresh medium was added and the cell suspension cen-
trifuged at 150g for 10 min. The supernatant was dis-
carded and the cell pellet resuspended in fresh medium.
The cells were either dispensed into new flasks (subculture
ratio 1:2) or plated onto 24-well Falcon—-Primaria-coated
plates (Becton-Dickinson Co., Lincoln Park, NJ) for
studies. If the cells were to be used for studies, the flasks
were rinsed with PBS twice and incubated for 48 hr prior
to plating in phenol red-free DMEM or DME/F-12 sup-
plemented with 0.3% BSA. The cell cultures were tested
regularly for mycoplasma contamination.

Thymidine Incorporation Assay

[H)-thymidine incorporation studies were performed
in 24-well coated plates using a modification of the tech-
nique described previously [18]. Cells were plated at a
density of 5 x 10* cells (HEC-1-A) or 25 x 10* cells
(KLE) in 500 ul phenol red-free Dulbecco’s modified
Eagle medium (DMEM) supplemented with 0.3% BSA.
These densities were based on initial experiments per-
formed by our laboratory to determine the optimal plating
density for the cell lines (data not shown) and were sub-
sequently used for all studies. After 24 hr for attachment,
the cells were washed twice with phosphate-buffered sa-
line 0.05 M (PBS). The medium was replaced with fresh
DMEM supplemented with 0.3% BSA. The growth fac-
tors were added directly to the wells and the cells in-
cubated for an additional 24 (HEC-1-A) or 48 (KLE) hr.
Four hours prior to completion, 1 wCi [methyl-
*H]thymidine (ICN Radiochemicals, Irvine, CA) was
added to each well. The incubation was terminated by
washing the cells with ice-cold PBS. Ice-cold 5% trichlo-
racetic acid was added to remove the acid-soluble[*H]-
thymidine pool, and the cells were washed again with
PBS. To dissolve the remaining incorporated [*H]-thy-
midine, the cells were treated with 0.2 N sodium hy-
droxide and transferred to scintillation vials. The wells
were washed with PBS, which was added to the vials,
After neutralization with 0.2 N hydrochloric acid, 10 ml
of Biosafe IT scintillation fluid was added to the vials,
and the incorporated counts were quantified using a scin-
tillation counter.

Cell Growth Assay

HEC-1-A and KLE cells were plated in quadruplicate
onto 24-well plates containing 500 ul phenol red-free
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DME/F12 medium supplemented with 0.3 % BSA, with-
out {(control) or with various growth factors. The medium
and supplements were replaced every other day. At the
indicated time, the medium was removed and the cells
were washed with PBS. The cells were harvested by treat-
ment with 500 ul trypsin/EDTA as described above. The
trypsin was neutralized with 500 ul fresh medium. The
cell suspension was aspirated into a vial and centrifuged
at 150g for 5 min. The supernatant was discarded and
the cell pellet resuspended in 1 ml fresh medium. Four
aliquots from each replicate were counted on a Coulter
Counter.

DNA Assay

HEC-1-A and KLE cells were plated in triplicate onto
24-well plates containing 500 gl phenol red-free
DME/F12 medium supplemented with 0.3 % BSA, with-
out (control) or with various growth factors. The medium
and supplements were replaced every other day. The
DNA assay was performed by a modification of the
method previously described [20]. Briefly, at the indicated
time, the medium was removed and the wells washed
twice with PBS. The cells were dissolved by adding 0.5
N sodium hydroxide and incubated at 37°C for 1 hr. High-
salt buffer (2 M sodium chloride, 0.5 M sodium hypo-
phosphate, pH 7.4) and bisbenzimidazole (32 ug/ml)
(Aldrich, Milwaukee, WI) were added. The pH was ad-
justed to 7.2-7.4 by the addition of 0.5 N hydrochloric
acid. DNA standards were prepared using calf thymus
DNA and subjected to similar treatment. Fluorescence
was measured at 356 nm (excitation) and 458 nm (emis-
sion) wavelengths.

Analysis

The data were analyzed by the Student ¢ test or one-
way ANOVA as appropriate. Each experiment was per-
formed at least twice, with a minimum of three replicates
per experiment. The data are expressed as means = SD.
All tests were two-tailed, and P << 0.05 was considered
significant.

RESULTS

Time Course of Growth Factor Stimulation of
Mitogenesis

HEC-1-A and KLE cells were cultured in serum-free
medium with 100 ng/ml of EGF, IGF-I, IGF-II, or
PDGF, or 1000 ng/ml of insulin for 12-72 hr, and
{’H]thymidine incorporation quantified. The results of a
representative experiment are shown in Fig. 1. EGF, IGF-
I, IGF-II, and insulin stimulated incorporation with a
peak at 24 hr for HEC-1-A and 48 hr for KLE. PDGF
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FIG. 1. Time-response curve for the HEC-1-A (top) and KLE
(bottom) cell lines treated with medium {control), EGF, 1GF-I, IGF-
II, insulin, and PDGF.

failed to stimulate incorporation in either HEC-1-A or
KLE.

Dose Response of Growth Factor Stimulation of
Mitogenesis

HEC-1-A and KLE cells were cultured in serum-free
medium with 0-100 ng/ml of EGF, IGF-I, IGF-II, or
PDGF, or 0-1000 ng/ml of insulin for 24 hr (HEC-1-A)
or 48 hr (KLE). The results of a representative exper-
iment are shown in Figs. 2 and 3. EGF, IGF-I, IGF-II,
and insulin stimulated incorporation in a dose-dependent
fashion in both cell lines, while PDGF failed to stimulate
incorporation in either cell line at all concentrations
tested.

Cell Proliferation Following Growth Factor Stimulation

HEC 1-A and KLE cells were cultured in serum-free
medium containing 100 ng/ml of EGF, IGF-1, IGF-II,
or PDGF, or 1000 ng/ml of insulin. The cells were
counted at the initial plating and then harvested and
counted at the indicated times. The results of a repre-
sentative experiment are shown in Fig. 4. At 2.25 days
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FIG. 2. Dose—response curves for the HEC-1-A cell line treated
with EGF and PDGF (top) or IGF-I, IGF-1I, and insulin {(bottom).
(P < 0.05 vs control.)

(one doubling interval), the number of HEC-1-A cells
was increased 1.7-fold by EGF (P << 0.05 vs control).
At 4.5 days (two doubling intervals), the number of HEC-
1-A cells was increased 3.5-fold by EGF, 2.7-fold by IGF-
I, 2.3-fold by IGF-II, and 2.2-fold by insulin (P << 0.05
vs control). PDGF did not have a significant effect. At
9 days (two doubling intervals}, the number of KLE cells
was increased 2.6-fold by EGF, 2.3-fold by IGF-1, 2.1-
fold by IGF-II, and 2.0-fold by insulin (P << 0.05 vs con-
trol). PDGF did not have a significant effect.

DNA Content Following Growth Factor Stimulation

HEC-1-A and KLE cells were cultured in 24-well plates
in parallel with the cultures for cell proliferation in serum-
free medium containing 100 ng/ml of EGF, IGF-I, IGF-
II, or PDGF, or 1000 ng/ml of insulin. The results of
a representative experiment are shown in Fig. 3. The
DNA content per well was measured at the initial plating
and at the indicated times. At 2.25 days (one doubling
interval), the DNA content of HEC-1-A wells was in-
creased 1.8-fold by EGF (P < 0.05 vs control). At 4.5
days (two doubling intervals), the DNA content of HEC-
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1-A wells was increased 3.4-fold by EGF, 2.6-fold by
IGF-1, 2.0-fold by IGF-II, and 2.1-fold by insulin (P <
0.05 vs control). PDGF did not have a significant effect.
At 9 days (two doubling intervais), the DNA content of
KLE wells was increased 2.5-fold by EGF, 2.3-fold by
IGF-1, 2.0-fold by IGF-II, and 1.8-fold by insulin (P <
0.05 vs control). PDGF did not have a significant effect.

DISCUSSION

The present study demonstrates the influence of various
growth factors on the mitogenic activity of human en-
dometrial adenocarcinoma cells in serum-free medium.
Under these conditions, the mitogenic activity of HEC-
1-A and KLE was stimulated by EGF, less effectively
stimulated by IGF-I, IGF-1II, and insulin, and not stim-
ulated by PDGF.

The interval between treatment and mitogenic response
differed significantly for HEC-1-A and KLE. The peak
mitogenic response occurred at 24 hr for HEC-1-A and
48 hr for KLE. These peaks corresponded to the growth
rate of the individual cell line. HEC-1-A grows rapidly,
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FIG. 3. Dose-response curves for the KLE cell line treated with

EGF and PDGF (top) or IGF-I, IGF-II, and insulin (bottom). (P <
0.05 vs control.)
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FIG. 4. Cell number for the HEC-1-A (top) and KLE (bottom)
cell lines treated with medium (control), EGF, IGF-1, IGF-II, insulin,
and PDGF. (P < 0.05 vs control.)

with a doubling interval of 51.6 hr [21]. In contrast, KLE
is more sedate, with a doubling interval of 4.66 days [22].

The mitogenic response to each growth factor varied.
EGF consistently stimulated mitogenic activity in both
HEC-1-A and KLE at a concentration of 10 ng/ml. These
results are comparable to data indicating that 10-30 ng/ml
of EGF was required to effectively stimulate proliferation
of a variety of cultured human cell lines [5,23,24]. As
the normal human plasma EGF concentration is 1 ng/m?
[25], the requirement for higher concentrations in our
study suggests that sufficient EGF may obviate the need
for additional plasma factors, such as hormones or other
growth factors, that interact with EGF to stimulate pro-
liferation in vive [26,27). In particular, these results ap-
pear to indicate that EGF-induced proliferation in HEC-
1-A and KLE is not dependent upon activation by a
competence factor, an observation consistent with pre-
vious studies of epithelial cells [28,29]. An alternative
explanation is that autocrine production in tumor cells
may lead to higher local concentrations of EGF. The
mRNA for EGF has been detected in normal [30,31] and
malignant human endometrium [32], and immunoreactive
EGF has been demonstrated in normal human endo-
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metrium [18]. Our resuits, similar to data from normal
endometrium [18], reveal a low but consistent degree of
['H]thymidine incorporation in untreated cells. Taken to-
gether, these observations suggest that autocrine pro-
duction of growth factors may indeed occur in endo-
metrial cells. A third possible explanation is that the
requirement for higher EGF concentrations may be the
consequence of variation in EGF receptor number. The
EGF receptor is present in malignant [7,32] and normal
endometrium [7,33]. Interestingly, the number of recep-
tors is inversely correlated with the histologic grade of
the endometrium [7]. Although a recent study demon-
strated cyclic EGF binding in normal endometrium, with
increased binding during the proliferative phase {6}, such
a relationship has not been confirmed by subsequent stud-
ies [18,33,34].

IGF-1 was less effective than EGF at stimulating the
mitogenic activity of each cell line, requiring a concen-
tration of 100 ng/m! for consistent stimulation. Similar
concentrations have been reported in human plasma [9],
as well as in other human carcinoma cell lines [23]. There
was no significant difference in IGF-I levels among
women with endometrial cancer and normal controls [9].
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and PDGF. (P < 0.05 vs control.)
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IGF-I mRNA is detectable in human endometrium, with
no apparent difference in expression during the phases
of the menstrual cycle [30]. Similarly, IGF-I is secreted
by breast cancer cells [35] and uterine tissue [30] in re-
sponse to 178-estradiol. In uterine tissue, IGF-I increases
estrogen-stimulated DNA synthesis [30]. These obser-
vations suggest that IGF-I may mediate estrogen-induced
proliferation of endometrium in an autocrine or paracrine
fashion.

The regulation of IGF-I binding in endometrium is
complex. At least three different IGF-I binding proteins
(IGFBPs) have been detected in uterine tissues [36]. The
IGFBPs are thought to modulate the bioavailability of
IGF-I by competing with the IGF-1 receptor [37]. In nor-
mal endometrium, IGF-I receptor and IGFBP-1 levels
increase during the late secretory phase [38]. In malignant
endometrium, the number of IGF-I receptors varies pos-
itively with histologic grade of the tumor [8,9]. Fur-
thermore, endometrial carcinoma cell lines which contain
IGF-I receptors, including those used in the present study,
also secrete IGFBPs [37]. Thus, variation in IGF-I binding
may play an important role in regulating the activity of
IGF-I on the proliferation of endometrial carcinoma.

IGF-II was comparable to IGF-I, consistently stimu-
lating the mitogenic activity of each cell line at a con-
centration of 100 ng/ml. These results agree with those
reported for other human carcinoma cell lines, including
breast [3] and esophagous [23]. There are no previous
reports on the influence of IGF-II on the mitogenic ac-
tivity of endometrium. The stimulatory activity of IGF-
I1 is interesting since, unlike the other growth factor re-
ceptors, IGF-IIR does not possess tyrosine kinase activity
[39]. There is, however, considerable cross-reactivity
among the ligands and receptors in the insulin/insulin-
like growth factor family. Several reports have indicated
that the bilogical activity of IGF-II is mediated primarily
by the IGF-IR [3,12,23,40]. IGF-II mRNA is expressed
by human endometrium [30], as well as by numerous
human carcinoma cell lines [12-15]. In human endo-
metrium, IGF-IT mRNA levels vary during the menstrual
cycle, with the highest levels during the early proliferative
phase {41]. Furthermore, IGF-II expression in hormonally
responsive cells such as human breast adenocarcinoma
and rat uterus is increased by estrogen stimulation [12,30].
Therefore, endometrial IGF-II may function as a local
mediator of estrogen-induced proliferation.

Insulin at low concentrations (less than 1000 ng/ml)
failed to stimulate a mitogenic response in either cell line.
In contrast, at high concentration (1000 ng/ml), there
was a moderate increase in mitogenic activity in both cell
lines. Several studies have reported that insulin at similar
concentration binds to the IGF-I receptor [10,42]. An
association between hyperinsulinemia and endometrial
adenocarcinoma has been reported [43], possibly as a
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consequence of increased conversion of androgens to es-
trogens in endometrial tissue [9]. Recent evidence in-
dicates that normal [44] and malignant [9] endometrium
contain specific receptors for insulin, Unlike EGF and
IGF-1, the insulin receptor number does not vary sig-
nificantly with histologic grade [9]. Thus, the mitogenic
response to insulin in endometrial carcinoma cells may
be mediated by its own receptor or the IGF-I receptor.

Platelet-derived growth factor failed to stimulate mi-
togenic activity in either cell line at any concentration
tested. These findings contrast with previous studies in-
dicating that PDGF produces a mitogenic response in
human endometrium at concentrations ranging from 0.5
to 10 ng/ml [18,45]. However, those studies utilized pri-
mary endometrial stromal cell cultures derived from en-
dometriosis {45] or benign endometrium [18]. The pre-
dominant PDGF receptor in endometrium is the B-type,
and it appears that the mitogenic activity of PDGF is
mediated primarily via this receptor [18]. The B-type re-
ceptor has been localized to stromal cells by immunohis-
tochemical staining in human endometrium [18] and by
in situ hybridization with complementary DNA in porcine
endometrium [46]. Our cell cultures, derived from ma-
lignant endometrial glandular tissue, lack significant
amounts of stromal cells, possibly explaining their failure
to respond to PDGF. Alternatively, malignant transfor-
mation or multiple passages may have led to a loss of
PDGF receptors.

In conclusion, our results have demonstrated for the
first time that IGF-II and insulin stimulate the mitogenic
activity of endometrial cancer cells in culture. In addition,
these results have confirmed previous reports of the mi-
togenic activity of EGF and IGF-I, but have failed to
demonstrate a mitogenic effect of PDGF.
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