Suppressed apoptotic susceptibility in human endometrial
epithelial cells pretreated with hepatocyte growth factor

T. Tanaka, K. Mizuno, N. Umesaki, S. Ogita

Department of Obstyetrics & Gynecology, Osaka City University Medical School, Osaka (Japan)

Summary

Hepatocyte growth factor (HGF) and its receptor are strongly expressed perimenstrually in human endometrial epithelium, but
their functions remain unknown. In this study the effects of HGF on Fas-mediated apoptosis in the human endometrial epithelial
cell line HHUA were investigated. It was found that HGF inhibited Fas-mediated growth suppression and DNA fragmentation in
the cells without any increase in Fas antigen expression on the cells. This results suggests that HGF inhibits Fas-mediated apopto-
tic signals in the endometrium, and possibly plays a role in reshaping the endometrium during menstruation.
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Introduction

A recent paper has suggested that human menstruation
involves an apoptotic phenomenon in endometrial tissues
[1]. Apoptotic cells have been found in normal human
endometrial epithelium, and reportedly increase in
number especially during the secretory phase [2, 3] and
perimenstruation period [1]. Moreover, an apoptotic
cytokine receptor Fas (CD95) antigen is constitutively
expressed in the endometrial epithelium [3-5]. Expression
of the bcl-2 product, which is a major apoptosis suppres-
ser, was found to increase in the proliferative epithelium
and decrease dramatically in the secretory epithelium [3,
4, 6, 7]. The underexpression of bcl-2 in the secretory
endometrial epithelium may result in increased apoptotic
susceptibility in the secretory epithelium and thus might
be a trigger for menstruation, although the regulatory
mechanism of endometrial apoptotic susceptibility is not
yet fully understood.

Hepatocyte growth factor (HGF) is expressed constitu-
tively in normal human endometrial epithelium [8, 9].
Expressions of HGF mRNA in the endometrium and
serum HGF levels vary throughout the menstrual cycle
and reach their peak during the perimenstrual period [8,
9]. Because HGF stimulates cell proliferation of and
causes morphological changes in endometrial epithelial
cells, HGF may play an important role in the repair of
endometrial tissue after menstrual shedding of endome-
trium [8].

The normal human endometrial epithelium constituti-
vely expresses HGF receptor (c-met) which is a tyrosine
kinase type cytokine receptor and whose expression levels
are menstrual cycle dependent [8]. Little is known about
the biological functions of the cyclic expression of endo-
metrial c-met, although recent reports have shown that
HGF can modulate some aspects of apoptosis in hepa-
tocytic cells [10-13]. These reports also indicated that the
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possible modulatory effects of HGF on apoptosis were
specific to either the differentiation stage or the apoptotic
cell lineage. Shen and Novak [14] have recently reported
that a receptor type tyrosine kinase c-met is associated
with Fas antigen. According to their findings, the Fas-
mediated apoptotic signal activates tyrosine phosphoryla-
tion of c-met without any addition of HGF. The report
hypothesizes that Fas-signalling and c-met activation are
related to and modulated by each other. To examine the
modulatory effects of HGF on Fas-mediated endometrial
apoptosis, we carried out the present study by using a
human endometrial epithelial cell line susceptible to Fas-
mediated apoptosis.

Materials and Methods

Cell Line and Cell Culture

In this study, a highly-differentiated human endometrial ade-
nocarcinoma cell line, HHUA [15] was used. HHUA cells were
obtained from Riken Cell Bank (Tsukuba, Japan) and cultured
in OPTI-MEM (GIBCO-BRL, Gaithersburg. MD, USA) /5%
fetal calf serum (FCS) (GIBCO-BRL) / Penicillin (PC) (100
U/ml) (GIBCO-BRL) / Streptomycin (100 mg/ml) (SM)
(GIBCO-BRL).

Cell Proliferation Assay

Cell proliferation was assayed with the Non-RI Colourime-
tric Assay Kit, XTT (Boehringer-Mannheim, Mannheim,
Germany). The stimulatory effect of anti-Fas IgM or HGF on
the cell growth of HHUA cells was assayed as follows. On day
1, HHUA cells in the log phase were detached in 0.25% trypsin
/ 1mM EDTA (GIBCO-BRL) and cultured overnight in 96 well-
culture plates (5,000 cells/well) containing OPTI-MEM/5%
FCS/PC/SM. On day 2, anti-Fas IgM (clone CH-11) (MBL,
Nagoya, Japan) or recombinant human HGF (rhHGF) (R&D
Systems, Minneapolis, MN, USA) was added to the cells. On
day 4, viable cells were counted. In order to examine the modu-
latory effect of HGF, HHUA cells were treated first with rhHGF
(1 ng/ml) for 2 days. Then anti-Fas IgM was added to the cells
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Figure 1. — Cell proliferation effects of HGF on HHUA cells.
Relative cell numbers are expressed as absorbance at 450 nm by
the cell proliferation assay kit and represent the mean + SEM of
5 experiments (the error bars of some of the points lie within the
size of the symbols).

followed by a 2-day culture. On day 5, cell growth was evalua-
ted using the kit. More than three assays were performed for
each experiment to verify the results. Statistical analyses were
performed by Student”s t-test or ANOVA depending on the pro-
tocol. Significance was set at p<0.05. Figures represent means
+ SEM of 5 experiments.

DNA Fragmentation Assay

HHUA cells in the log phase were detached in trypsin/EDTA,
cultured overnight in culture dishes (3 x 10° cells/dish) contai-
ning OPTI-MEM/5% FCS/PC/SM, and rhHGF (1 ng/ml) was
added to the cells on the second day. On day 3, anti-Fas [gM
was added, and on the fifth day genomic DNAs were extracted
from all the cells, including dead ones, with a DNA extraction
kit, SepaGene (Sankyo-Junyaku Co., Ltd., Tokyo, Japan), and
treated with 100 pg/ml of RNaseA (Sigma, St. Louis, MO,
USA) in TE (10 mM Tris, 2 mM EDTA, pHS8.0) for 90 minutes
at 37°C to remove any RNA contamination. The genomic DNA
from approximately 5 x 10° cells was then electrophoresed in
1.5% agarose gel at 50 volts for about 2 hours, stained with 5
pug/ml of ethidium bromide, and visualized by UV fluore-
scence.

Flowcytometric Assay

HHUA cells stimulated with 1 ng/ml of rhHGF for 2 days
were detached from the culture flask by phosphate buffered
saline (PBS)/3 mM EDTA, and stained according to the fol-
lowing procedure: 3 x 10° cells were incubated with an excess
dose of anti-Fas IgG (clone UB2) (MBL, Nagoya, Japan) for
20 minutes at 4°C, and then washed twice with washing buffer
(PBS/2% FCS/0.1% NaN,). Next, the cells reacted with FITC-
conjugated goat anti-mouse IgG (H+L) (GIBCO-BRL) for 20
minutes at 4°C, were washed twice, and finally suspended in
200 ul of the washing buffer for analysis with a Coulter-Epics
Flowcytometer.
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Figure 2. — Inhibition by HGF of Fas-mediated cell growth sup-
pression in HHUA cells. Relative cell numbers are expressed as
absorbance at 450 nm by the cell proliferation assay kit and re-
present the mean + SEM of 5 experiments (the error bars of so-
me of the points lie within the size of the symbols). This experi-
ment was repeated three separate times.

Results

HHUA expresses functional estrogen receptors, func-
tional progesterone receptors [15], Fas (CD95) [16] and
EGF-receptors (Fig. 4). Anti-Fas IgM treatment of
HHUA demonstrated dose-dependent suppression of cell
growth (Fig. 2) and induced DNA fragmentation in the
cells (Fig. 3) in a dose-dependent fashion. The fragmen-
tation was accompanied by reduction in cell size and
nuclear pyknosis [16]. Northern blot analysis revealed a
moderate expression of c-met mRNA and a very low
expression of bc1-2 mRNA (data not shown). These
results indicate that HHUA cells are phenotypically
similar to secretory epithelial cells.

HHUA cell proliferation was slightly stimulated by
rhHGF alone (Fig. 1). However, pretreatment of the cells
with a low concentration of rhHGF (1 ng/ml) strongly
inhibited the Fas-mediated growth suppression in HHUA
cells in a reproducible fashion (Fig. 2). Next, the effects
of rhHGF pretreatment on DNA fragmentation were exa-
mined in order to determine whether Fas-mediated
growth suppression inhibited by rhHGF pretreatment was
caused by inhibition of apoptosis. As shown in Fig. 3,
pretreating HHUA cells with rhHGF reduced DNA frag-
mentation in the anti-Fas IgM-treated cells. This indica-
tes that pretreatment of the cells with thHGF inhibited
Fas-mediated apoptotic signals.

Next, we examined whether inhibition of the Fas-
mediated apoptosis by rhHGF was associated with a
decrease in Fas expression on the cell surface and for this
purpose carried out a flow cytometric analysis of HHUA
cells that were stimulated with thHGF. Expression levels
of Fas on the cells were not affected by rhHGF (Fig. 4).
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Figure 3. — Inhibition by HGF of Fas-mediated DNA fragmen-
tation in HHUA cells. This assay was repeated three times. A ty-
pical electrophoretic pattern is shown.

Discussion

It has remained unclear what inhibits or enhances
apoptosis in endometrial epithelial cells. Although HGF
by itself is reported to stimulate endometrial epithelial
cell growth [8], a finding supported by our results, pre-
treatment of HHUA cells with HGF strongly inhibited
Fas-mediated growth suppression without any decrease
in Fas expression on the cell surface. We therefore con-
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cluded that the inhibition of Fas-mediated apoptosis by
rhHGF was caused by the inhibition of postreceptor
apoptotic signals and the enhancement of cell prolifera-
tion, but not by a decrease in receptor expression. This
means that HGF inhibition of Fas-mediated apoptosis in
HHUA cells was caused partly by reduced susceptibility
to anti-Fas IgM without any decrease in Fas expression.
As some signals can share common signalling pathways
irrespective of which apoptotic stimuli cause the signals
[8], it is possible that HGF may inhibit not only Fas-
mediated apoptotic signals but also other endometrial
apoptotic signals.

Inhibition of endometrial apoptotic susceptibility by
HGF probably takes place in vivo during the perimen-
strual period when serum HGF concentrations increase
[8, 9]. Expression of the HGF receptor is found in the
endometrial epithelium, and overexpression in the peri-
menstrual period [8]. The finding that endometrial HGF
causes epithelial cell proliferation and morphological
changes [8] suggests that HGF plays a crucial role in the
regulation of epithelial apoptosis and regeneration of
endometrial tissues.

HGF has been reported to regulate apoptosis in
hepatic cell lineages: it was found to suppress interferon-
A-induced cytotoxicity in mouse hepatocytes [12] and
apoptosis in rat hepatic ductal cells treated with 2-acety-
laminofluorene [13], and to prevent apoptosis of serum-
free C2.8 mouse embryo hepatocytic cells [10, 11]. It
can thus be concluded that HGF does have an inhibitory
effect on apoptosis in heptocytic cells. Our study is
thought to be the first to show, however, that endometrial
Fas-mediated apoptosis can also be inhibited by HGF.

HGF receptor (c-met) is a tyrosine kinase type cytokine
receptor [18]. Tyrosine phosphorylation has been repor-
ted to be an early event required for Fas signaling in T
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Figure 4. — Flowcytometric analysis of Fas expression on HGF-treated HHUA cells. The thick lines show expression of Fas antigen
(CDY5) or EGF receptor (EGF-R) on the cell surface, while the thin lines show negative controls (secondary antibody alone). HHUA
cells were cultured with 1 ng/ml of thHGF for 2 days before the analysis. Positive Fas antigen expression was seen in 71.1% of the
untreated and 71.3% of the HGF-treated HHUA cells. There was thus no significant difference in Fas expression and EGF-R expres-

sion between treated and untreated cells.
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lymphocytes [19-21], although some contradictory
reports have stated that tyrosine phosphorylation is not
needed for Fas-mediated apoptosis in T cells [22-24].
Recently it was reported that Fas antigen could be co-
immunoprecipitated with src-like tyrosine kinases such
as Fyn [25] and Lyn [21] and with receptor tyrosine
kinases such as c-erbB2 and HGF receptor [14]. The
involvement of Fyn or Lyn in Fas signaling in T cells has
been thoroughly studied. A decrease in Fas-mediated thy-
mocytic death was demonstrated in Fyn-knockout mice
[ 19] while Fas-mediated apoptosis in Ick-deficient T cells
was not affected [26-27]. However, the effects of recep-
tor tyrosine kinase activation on Fas signaling remain
unknown. Our study represents one of the first reports to
show 1) that receptor tyrosine kinase activation can
inhibit Fas-mediated apoptotic signals in endometrial
cells, and 2) that tyrosine phosphorylation is possibly
involved in endometrial Fas signaling. Seen in conjunc-
tion with previous reported results, our findings show
that certain tyrosine phosphorylated molecules may have
an inhibiting effect on apoptosis in the endometrial
epithelium similar to that on apoptosis in hepatocytes.
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