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HGF and c-Met in pathogenesis of endometrial carcinoma
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.ABSTRACT

= NOOANWN=

Hepatocyte growth factor (HGF) regulates
cell growth, motility, and morphogenesis of various
types of cells via its receptor c-Met. In the growth
of endometrium, HGF/c-Met signaling promotes
the proliferation of both endometrial epithelial cells
and stromal cells. In the onset and development
of several cancers, HGF/c-Met signaling drives
carcinogenesis and cancer invasion and metastasis.
In endometrial carcinoma (EC), accounting for a
majority of cancer-related morbidity and mortality
among women, the increased expression of HGF
and c-Met signaling is associated with a poor
prognosis of EC patients. Thus, we will discuss the
role of HGF and c-Met in the EC pathogenesis in
this review.

2. INTRODUCTION

Hepatocyte growth factor (HGF) is
a multifunctional cytokine that elicits diverse
responses in different cells and tissues, which
is originally identified as a mitogen for primary
hepatocytes (1). HGF is produced as a one-chain
inactive pro-protein, later cleaved into a two chain
(alpha, beta) biologically active form by enzymes
such as HGF activator (HGFA). Other enzymes
such as thrombin, type Il transmembrane enzyme
matriptase, hepsin and uPAR also cleave pro-HGF
into HGF (2). HGF regulates cell growth, motility,
and morphogenesis of various types of cells via
HGF receptor tyrosine kinase, namely c-Met (3).
Met is encoded by MET gene. MET mutation and
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amplification are well described in solid tumors,
and c-Met is the target of numerous clinical trials
aiming to personalize treatment for various types
of cancers (4-8). Much evidence now points to
the driving of carcinogenesis and cancer invasion
and metastasis by HGF/c-Met signaling, including
ovarian carcinoma, hepatocellular carcinoma,
breast cancer, lung cancer and salivary gland
carcinoma (9-14).

In endometrial carcinoma (EC), which is
one of major causes of cancer-related morbidity and
mortality among women (15), both HGF and c-Met
are closely correlated with patients’ prognosis. HGF
expression was associated with surgical stage Il
and IV, while c-Met was significantly correlated
with surgical stage Il and 1V, histologic Grade 3,
and shorter survival (16). Recently, Bishop and
colleagues (17) observed that total expression of
HGF and c-Met was increased in patients with EC
compared with patients with atrophic endometrium,
but no difference in p-c-Met expression. They also
found that the higher c-Met and HGF expression
in EC patients is, the lower overall survival they
have (17). Patients with expression of HGF as
well as fibroblast growth factor have a higher risk
of recurrence compared with those without these
expressions (18). Since the closely association
between both HGF and c-Met and EC prognosis,
we will discuss the role of HGF and c-Met in the EC
pathogenesis in this review.
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3. HGF AND c-Met IN ENDOMETRIAL
STROMAL CELLS

The endometrial stromal cells can produce
HGF, which stimulates the invasion of EC cells
in vitro (19). Through in vitro study found that HGF
doesn’t support clonogenicity of stromal cell from
ovulating women undergoing hysterectomy for
fibroids or adenomyosis (20), exogenous stimulation
with HGF alone can significantly enhance the cell
proliferation of endometrial stroma from women with
endometriosis (21). Considering the relationship
between HGF and endometrial stromal cells,
knowledge on the HGF/c-Met in endometrial stromal
cells may provide better understanding the role of
HGF and c-Met in EC.

The expression of estrogen receptors and
progesterone receptors are associated with EC
pathogenesis and patients’ prognosis (22,23). HGF
and Met expression and function can be regulated
by both estrogen and progesterone. Both the protein
and mRNA expressions of HGF and Met in mouse
uterus were high at proestrus, drastically decreased
at estrus, remained low at metestrus, and increased
again at diestrus stage, which were regulated by
estrogen and progesterone in mice uterus, suggesting
that HGF plays a role in cyclic endometrial remodeling
by promoting cell proliferation via autocrine/paracrine
mechanisms (24).

In the study on endometriosis with women,
both endogenous and exogenous HGF can stimulate
the Met receptor expressed in endometrial stromal
cells, and promote invasion of stromal cells. The
stromal cell invasion stimulated by HGF was partly
due to the induction of urokinase-type plasminogen
activator, a member of the extracellular proteolysis
system (25). These findings suggesting a positive
feedback that endometrial stromal cells produce
HGF, which stimulates proliferation and invasion
of stromal cells via an autocrine pathway. And the
invasion is partly stimulated by urokinase-type
plasminogen activator.

In the upstream of HGF/c-Met signaling,
hormones or inflammatory factors can regulate this
signaling. In the study also on endometriosis, the
production of HGF by endometrial stromal cells can
be regulated by interleukin (IL)-6 and tumor necrosis
factor alpha (TNF-alpha) (26). In endometrium of
the ovine uterus, through HGF mRNA expression
wasn't regulated, Met mRNA expression was
up-regulated by progesterone (27). In addition,
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human heat-shock protein 70 can stimulated the
production of HGF by macrophages derived from
women with endometriosis, and can enhance the
growth of endometrial stromal cells (28).

When bovine endometrial stromal cells
(BESCs) were treated with HGF and IL-1alpha at
the same time, the production of metalloproteinase
(TIMP)-2 was up-regulated (29). Through TIMP-2
mRNA was not augmented by HGF singly, HGF
can induce mRNA expression of membrane type-1
matrix metalloproteinase (MMPs) (29). When
stimulated with HGF, bovine trophoblast cell line
BT-1 produced an increased level of both proMMP-9
and TIMP-1 (29). In EC, the protein expressions of
TIMP-2 and MMP-9 are higher in grade Ill carcinoma
cells than those in grade Il or in grade I, and the
MMP-9 expression is also correlated with invasion/
metastasis trend (30). Thus, HGF, which is produced
from endometrial stromal cells, plays a key role in
the EC development.

The endometrial stromal cells have a
diverse role in regulating endometrial epithelial cells.
Endometrial stromal cells regulate gap-junction
function in normal human endometrial epithelial cells
but notin endometrial carcinoma cells (31). Moreover,
HGF is potentially involved in endometrial epithelial-
stromal interactions and chorioallantoic stromal-
trophectodermal interactions (32). These findings
suggest a diverse role of endometrial stromal cells in
regulating function of endometrial epithelial cells. In
addition to endometrial stromal cells, HGF produced
from endometrial stromal cells can promote the
proliferation and migration of endometrial epithelial
cells (33). The receptors of HGF were found to
express in endometrial epithelia (24), especially
c-Met (35). The role of endometrial stromal cells in
endometrial epithelial cells may contribute to further
understanding on the function of endometrial stromal
cells in EU via secreting factors such as HGF.

Though knowledge on HGF and c-Met
in endometrial stromal cells mostly bases on
benign lesion such as endometriosis, it may
provide information on the role of HGF and c-Met
in hyperplastic lesions, even hysterocarcinoma in
uterus.

4. HGF AND c-Met IN ENDOMETRIAL
CARCINOMA

In EC, several genes have been found to be
related with the susceptibility (36-39). HGF is involved
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into EC at the gene level. In human EC RL95-2 cells,
the mouse HGF gene promoter containing 70 base
pairs of the 5-flanking sequences were active by
transient transfecting chimeric plasmids (40). By
such transient transfection of chimeric plasmids
into RL95-2 cells, mouse HGF gene was found to
have two putative estrogen responsive elements
(ERE) respectively reside at -872 in the 5-flanking
region and at +511 in the first intron, suggesting
that ERE elements of the mouse HGF gene can
confer estrogen action to either homologous or
heterologous promoters (41).

In human EC cell lines from endometrium,
HGF can significantly influence the steady-state
levels of the 8 kb c-Met mRNA, and the 8 kb c-Met
mRNA undergoes rapid degradation with a half-
life of less than 30 minutes, suggesting that the
expression of the c-Met proto-oncogene resembles
that of an immediate early response gene (42). In
rat tissues of 10 endometrial adenocarcinomas
and 1 endometrial squamous cell carcinoma, the
Met gene is located in the core of each amplified
region and was amplified most recurrently at a
great high level (43). And moreover, the amplified
sequences of Met and co-expression of Met and
the normally silent HGF gene was found in that
tumor tissue (43).

The HGF secreted from endometrial
stromal cells can influence the biological behaviors
of EC that itinduces invasion of EC cell lines in vitro
by targeting HGF receptor Met expressed in EC
cell (19). When the exon encoding the ATP-binding
site of MET was deleted from the genome of EC
cells, these derivative isogenic cells expressed a
kinase-inactive Met (MET-KD) and were completely
unresponsive to HGF, but the tumorigenic potential
of MET-KD cells can be partially restored by HGF
in vivo, further confirming the HGF/Met signaling
in EC (44). Moreover, during the process of
EC invasion, HGF can induce invasion of all
endometrial stromal and EC cell lines (HEC-1
A, HEC-IB, or KLE) in a 3D co-culture through
inducing MMP-9 mRNA expression in stromal cells
and/or increased activation of MMP-2 and MMP-9
by proteolytic digestion (45). Though stromal cell-
derived HGF leads to invasive growth of EC cells,
the EC cells don’t produce HGF instead of an HGF
inducer, namely basic fibroblast growth factor,
indicating a positive feedback in EC invasion (46).
In addition, EC cells induce HGF production from
stromal cells by TNF-alpha, which is stimulated by
estrogen (47).
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5. DOWNSTREAM OF HGF/c-Met
SIGNALING IN ENDOMETRIAL
CARCINOMA

In addition to EC, HGF/c-Met signaling
is involved into pathogenesis of another women
specifically cancer, breast cancer (48), in which
Akt is involved the metastasis of the disease as
downstream (49). Both EC and breast cancer are
estrogen-related cancers, so is there any similar with
them? Studies on EC have revealed the effect of
Akt as a downstream of HGF/c-Met signaling in EC
biological behaviors. In EC cell lines RL95-2 cells,
HGF can induce anoikis resistance through
phosphatidylinositol 3-kinase (PI3K) /Akt pathway-
dependent up-regulation of cyclooxygenase-2
(COX-2) expression (50), which may contribute to
EC cells anti-apoptosis. Recent study confirmed this
effect of HGF/c-Met/PI3K/Akt signaling, and further
demonstrates the function to induce invasion and
migration in RL95-2 cells via this signaling (51). In
summary, HGF/c-Met/Akt signaling participates
in anti-apoptosis, invasion and migration in EC,
suggesting a promising target in EC therapy.

Moreover, in EC cell lines RL95-2, HGF
could induce a cDNA Mig-7 before migration, but
not in normal primary endometrial epithelial cells,
suggesting HGF may be involved into cell-cell
contacts, which leads to cell spread (52). As far as
known, Mig-7 is the only cDNA induced by HGF in
EC, but further knowledge on it is still not enough.
Previous study on metastasis of lung cancer revealed
that Mig-7 was inhibited by partly down-regulated
integrin/PI3K/Akt signaling (53), suggesting the role
of Mig-7 as a downstream of PI3K/Akt signaling. So
whether Mig-7 plays the similar role in HGF/c-Met/
Akt signaling of EC is need to investigate in future,
which may contribute more understanding on EC
metastasis. Moreover, also in lung cancer, Mig-7
can control COX-2/prostaglandin E2 -mediated
metastasis (54), which could provide a thinking on
whether Mig-7 is involved into PI3K/Akt signaling via
COX-2 regulation in EC.

6. CONCLUSIONS

In the growth of endometrium, HGF/c-
Met signaling promotes the proliferation of both
endometrial epithelial cells and stromal cells. HGF
stimulates proliferation and invasion of stromal
cells via an autocrine pathway, while it promotes
proliferation and migration of epithelial cells via
c-Met. The similar effect of HGF/c-Met signaling
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Figure 1. The positive feedback to promote proliferation and invasion of endometrial stromal cells. The endometrial stromal cells produce
hepatocyte growth factor (HGF), which stimulates proliferation and invasion of stromal cells via an autocrine pathway. And the invasion can
be stimulated by urokinase-type plasminogen activator.
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Figure 2. The endometrial carcinoma (EC) cells induce HGF production. The endometrial stromal cells secret hepatocyte growth factor
(HGF), which leads to invasive growth of EC cells via binding to c-Met. In turn, EC cells produce basic fibroblast growth factor to induce the
HGF secretion. In addition, EC cells induce HGF production from stromal cells by TNF-alpha, which is stimulated by estrogen.

in EC cell lines has been observed, which can be invasion and migration in EC. However, recently
stimulate by inflammatory factors or estrogen. In knowledge about HGF/c-Met in EC pathogenesis
the downstream of HGF/c-Met signaling, PI3K/ remains many questions. For instance, is there
Akt is a significant one in the anti-apoptosis, any other factors regulating HGF/c-Met signaling
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in proliferation and migration of EC cell? Which
factors regulate HGF/c-Met/PI3K/Akt in EC
pathogenesis? During the cancer cells invasion
and migration, whether HGF/c-Met is involved
into cancer cells colonization or angiogenesis?
Answer those questions may contribute further
understanding on the role of HGF/c-Met signaling
in EC, and therefore the EC pathogenesis. Further
understanding on HGF/c-Met in EC may provide
more knowledge on EC pathogenesis and a
promising therapeutic target in EC.
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