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Abstract: Nonmetastatic gene 23-H1 (NME1, also known as nm23-H1) is a wide-spectrum tumor metastasis sup-
pressor gene that plays an important role in suppressing the proliferation, adhesion and invasion of endometrial
stromal cells (ESCs). The present study is undertaken to explore the mechanism by which NME1 in ESCs from
endometriosis modulates the angiogenesis and herein participates in the pathogenesis of endometriosis. The ex-
pression of NME1 in the primary ESCs from normal endometrium without endometriosis was higher than that from
eutopic endometrium and ectopic lesion with endometriosis. Silencing NME1 stimulated the secretion of angiogenic
factors interleukin-8 (IL-8) and vascular-endothelial growth factor (VEGF) of the eutopic ESCs from women with
endometriosis, and these effects could be abrogated by MAPK/ERK1/2 or AKT inhibitor. In addition, the superna-
tant of NME1-silenced ESCs increased the expression of angiogenesis-relative molecules CD62E and CD105, and
promoted angiogenesis of human umbilical vein endothelial cells (HUVECs). Anti-human IL-8 or VEGF neutralizing
antibody reversed the effect on angiogenesis of HUVECs induced by NME1-silenced ESCs. Our current results sug-
gest that the abnormal lower expression of NME1 in ESCs secrete more IL-8 and VEGF through activation of MAPK/
ERK1/2 and AKT signal pathways, up-regulate the level of CD62E and CD105, and finally lead to numerous angio-
genesis of vascular endothelial cells in the endometriotic milieu, which is beneficial to the origin and development

of endometriosis.
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Introduction

Endometriosis represents a common gyneco-
logical disorder, which is characterized by the
presence and growth of endometriotic lesions
consisting of endometrial glands and stroma
outside the uterine cavity [1]. The mechanisms
contributing to the establishment of endometri-
otic lesions still remains controversial despite
extensive research. In fact, similar to tumors
and their metastases, there is no doubt that
long-term survival and proliferation of these
lesions are crucially dependent on the forma-
tion of new blood vessels, which guarantee oxy-
gen and essential nutrient supply [2-7]. Several
growth factors and cytokines have been recog-
nized as angiogenic factors, such as interleu-
kin-8 (IL-8), vascular endothelial growth factor
(VEGF) [8-11].

The nonmetastatic gene 23 (NME, also known
as nm23) has been identified as a family of
genes encoding different isoforms of nucleo-
side diphosphate kinase (NDPK) [12]. Ten iso-
types of the human NM23 gene have been
identified [13]. Among these, only NME1 and
NME2 have been studied extensively in human
cancers. Based on tumor prognostic and trans-
fection studies, a correlation of increased
NMEZ1 expression to low metastatic potential of
cancer cells has been established in several
malignancies [14-16]. Our previous research
has established that NME1 is also expressed in
human endometrial stromal cells (ESCs) and
plays a significant role in regulating the growth,
adhesion and invasion of ESCs [17]. NME1 is
also expressed in human first-trimester tropho-
blasts and plays a significant part in the regula-
tion of human trophoblast invasion [18, 19].
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Moreover, we have shown that human first-tri-
mester trophoblasts secrete thymic stromal
lymphopoietin (TSLP), which induces the prolif-
eration and invasion of human trophoblasts in
an autocrine manner through down-regulating
the expression of tumor metastasis suppressor
NME1. Che et al have reported that transfec-
tion of NME1 decreases the expression of VEGF
of lung cancer cells [20]. However, there are
still questions whether NME1 of ESCs is invol-
ved in the angiogenesis in the endometriotic
milieu through modulating the expression of
angiogenic factors.

Therefore, the present study is undertaken to
evaluate the expression of NME1 in ESCs from
women with or without endometriosis, and fur-
ther investigate the effect and mechanism of
NME1 in ESCs on the angiogenesis of human
umbilical vein endothelial cells (HUVECs).

Materials and methods
Tissue collection

All tissue samples were obtained with informed
consent in accordance with the requirements
of the Research Ethics Committee in Hospital
of Obstetrics and Gynecology, Fudan University
Shanghai Medical College. Samples of the
endometriotic peritoneal lesion (n=6) were
obtained from women age 29-47 years under-
going laparoscopy for pain or other benign indi-
cations. The endometrial tissues were obtained
from fertile women (age 25-44 years) with
(n=18) or without (n=6) endometriosis as con-
trol. None of the women had received hormonal
medication in the 3 months prior to the surgical
procedure. All the samples were confirmed his-
tologically according to established criteria.

Cell isolation and culture

The endometrial tissue and lesion were collect-
ed under sterile conditions and transported to
the laboratory on ice in DMEM (Dulbecco’s
modified Eagle’s medium)/F-12 (Gibco, USA).
The ESCs were isolated according to the previ-
ous methods [17, 21, 22]. The HUVECs cell line
was maintained as monolayers in Kaighn
Modification of DMEM/F-12 Medium supple-
mented with 10% FCS (Hyclone, Logan, UT,
USA) and 10 ng/ml human EGF (R&D Systems,
Abingdon, UK). These cells were incubated at
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37°C in a humidified atmosphere containing
5% CO,.

Immunocytochemistry

The NME1 protein level in primary ESCs of the
endometriotic and eutopic endometrial tissues
from women with or without endometriosis
were evaluated by immunocytochemical stain-
ing, as previously described [23]. ESCs growing
on coverslips were cultured for 48 h. The cover-
slips were fixed in 4% (vol/vol) paraformalde-
hyde for 20 min at room temperature, washed
in PBS and permeabilized for 10 min with
0.25% (vol/vol) Triton-100 in PBS. The cells
were then incubated with 1% BSA in PBS/
Tween (PBST) for 30 min to block non-specific
binding of antibodies. The anti-human vimentin
monoclonal antibody as markers for ESCs, and
cytokeratin-7 antibodies as markers for glandu-
lar epithelial cells were then added (Golden
Bridge International, Inc., Beijing, China). The
anti-human NME1 monoclonal antibody (SC-
465, 1:100, Santa Cruz Biotechnology, Inc., CA,
USA) was used to evaluate NME1 expression in
three kinds of ESCs. The cells were incubated
with primary antibody or isotypic control over-
night at 4°C, and then incubated with a peroxi-
dase-conjugated secondary antibody (Golden
Bridge International, Inc.) for 60 min at 37°C.
The slides were stained with DAB, and counter-
stained with hematoxylin. The experiments
were repeated five times.

NME1 silence in ESCs

According to the description by our previous
method [17], NME1 in ESCs from eutopic endo-
metrium with endometriosis was effective
silenced by siRNA transfection. These siRNAs
and related non-silencing controls were synthe-
sized by Invitrogen.

Tube formation assay (matrigel assay)

The tube formation was performed as Klein
described [24]. In brief, HUVECs were seeded
on growth factor-reduced Matrigel in normal
growth medium with the supernatant of siRNA
transfected ESCs, and cultured with or without
anti-VEGF or anti-IL.-8 neutralizing antibody
(R&D system). Capillary-like tube formation was
quantified by counting numbers of junctions/
enclosed circles in 5 randomly chosen optical
fields using light microscopy after 16 hours.
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Figure 1. The expression of NME1 is decreased in the eutopic and ectopic ESCs from women with endometriosis.
The expression of NME1 in primary cultured ESCs from women with and without endometriosis was analyzed by
immunocytochemistry. Here normal ESCs: ESCs from women without endometriosis; eutopic ESCs and ectopic
ESC: ESCs of eutopic endometium and endometriotic peritoneal lesion from women with endometriosis. Original

maghnification: x200.

Flow cytometry

After the siRNA-transfected eutopic ESCs were
treated with or without U0126 (30 uM) or
LY294002 (PI3 Kinase Inhibitor) (50 uM) (Cell
Signaling Technology, MA, USA) for another 24
h, with vehicle as control, the supernatant was
collected. Subsequently, we incubated HUVECs
with the supernatant for 48 h, and then digest-
ed with 0.25% trypsin only for 30-50 s, and
blown off gently and washed with phosphate-
buffered saline (PBS). After blocking with 10%
FBS, the recovered cells were mixed with
mouse anti-human CD31-Percp5.5 monoclonal
antibody and CDG62E-Allophycocyanin (APC)
monoclonal antibody or CD105-fluorescein iso-
thiocyanate (FITC) monoclonal antibody (Bio-
legend, USA), meanwhile, the isotypic control
was used. After incubation in darkness for 30
min at room temperature, the cells were ana-
lyzed immediately by a flow cytometer (FACS
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Calibur, BD). The experiments were repeated
five times.

ELISA

The siRNA-transfected eutopic ESCs were treat-
ed with or without U0126 (30 uM) or LY294002
(50 uM) for another 24 h, with vehicle as con-
trol. Then the secretion of VEGF, IL-8, and IL-6
by ESCs were detected by ELISA (R&D system),
according to the manufacturer’s instruction.

Statistics

All values were shown in the meanzSD. Data
were analyzed by using one-way analysis of
variance and least significant difference (equal
variances assumed), or Tamhane’s test (equal
variances not assumed) was used post hoc for
multiple comparisons with Statistical Package
for the Social Sciences software version 11.5.

Int J Clin Exp Pathol 2013;6(10):2030-2038
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Figure 2. Silencing NME1 of eutopic ESCs from women with endometriosis stimulates angiogenesis of HUVECs.
A, B: We collected the ESCs supernatant of transfection for 72 h and added to HUVECs culture system, and then
analyzed the pro-angiogenic activity in NME1-silenced ESCs by tube formation assay. Original magnification: x200.
Ctrl: the nontargeting siRNA oligonucleotides; si-NME1: NME1 is knocked down. Results were highly reproducible in
three independent experiments. Data are mean+SD. “*P<0.01 compared to the negative control.

Differences were considered as statistically
significant at P<0.05.

Results

The expression of NME1 is decreased in the
eutopic and ectopic ESCs from women with
endometriosis

At first, we isolated normal ESCs from healthy
control, eutopic and ectopic ESCs from women
with endometriosis, respectively, and further
compared the expression of NME1 in these
three kinds of ESCs. As shown in Figure 1,
immunocytochemistry showed more than 95%
vimentin-positive and cytokeratin-negative
ESCs (Figure 1). Eutopic and ectopic ESCs were
weak stained for NME1, in contrast to stronger
staining in normal ESCs (Figure 1). However,
there was no difference in NME1 expression
between the eutopic and ectopic ESCs (Figure
1). Collectively, these results suggest that abn-
ormal lower expression of NME1 in the ESCs
from endometriosis may be associated with the
unique biological characteristics of the ESCs in
the endometriotic milieu.

Silencing NME1 of eutopic ESCs from women
with endometriosis stimulates angiogenesis of
HUVECs

Based on the finding by che et al [20], we spec-
ulated that NME1 in ESCs regulated the forma-
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tion of new blood vessels through regulating
the production of VEGF. In order to answer this
question, we incubated HUVECs with the super-
natant of eutopic ESCs transfected with siRNA,
and found that the supernatant of NMEZ1-
silenced ESCs significantly promotes the tube
formation of HUVECs (P<0.01) (Figure 2A and
2B). These data indicated that down-regulation
of NME1 in ESCs might stimulate angiogenesis
of HUVECs, may further participate in the for-
mation of high vascular density in the endome-
triotic lesions.

NME1 silence of ESCs up-regulates the expres-
sion of CD62E and CD105 on HUVECs

Next, we analyzed the effect of NME1 in ESCs
on the expression of endothelial cell-activating
factor CD62E and CD105 on HUVECs. Data
were presented in Figure 3 that the expression
of both CD62E and CD105 on HUVECs are
increased after treatment with the supernatant
of NME1-silenced ESCs (P<0.05) (Figure 3A
and 3B). Because our recent study showed that
NME1 inactivates MAPK/ERK1/2 and AKT sig-
nal pathways, we further investigated whether
the effect of NME1 on CD62E and CD105
expression of HUVECs is dependent of these
signals. As shown, blocking MAPK/ERK1/2 sig-
nal with UO126 rather than AKT signal inhibitor
LY294002 could abrogate the increase of
CD62E on HUVECSs induced by the supernatant

Int J Clin Exp Pathol 2013;6(10):2030-2038
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Figure 4. Silencing NME1 stimulates the secretion of VEGF
and IL-8 of ESCs. We used ELISA to detect the secretion
level of VEGF, IL-6 and IL-8 of siRNA transfected ESCs. Data
are mean+SD. "P<0.05 compared to the negative control.
#P<0.05, #P<0.01 compared to NME1 silence.
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Figure 5. NME1 silence of ESCs stimulates angiogenesis of
HUVECs through promoting the secretion of VEGF and IL-8 of
ESCs. We added the supernatant of siRNA transfected ESCs to
HUVECs culture system, which treated with or without VEGF or
IL-8 neutralizing antibody for 48 h, and analyzed the tube for-
mation of HUVECs by tube formation assay. Data are mean+SD.
*P<0.05, ""P<0.01 compared to the negative control. #P<0.01
compared to NME1 silence. 2P<0.05 compared to the negative
control plus VEGF neutralizing antibody treatment.

Silencing NME1 stimulates the secretion
of VEGF and IL-8 of ESCs

According to the recently reported rele-
vance of NME1 for the angiogenesis-relat-
ed VEGF expression [20], we next investi-
gated whether NME1 modulates the pro-
duction of angiogenic factors (VEGF, IL-6
and IL-8) of ESCs. As shown in Figure 4,
NME1 silence promoted the secretion of
VEGF and IL-8 (P<0.05) (Figure 4), but not
influenced the level of IL-6 of ESCs
(P>0.05) (Figure 4). In addition, the effect
on VEGF and IL-8 could be reversed by
U0126 and LY294002 (Figure 4). There-
fore, it can be concluded that NME1
down-regulates the secretion of VEGF and
IL-8 of ESCs through MAPK/ERK/1/2 and
AKT signal pathway, and possibly further
participates in the regulation of tube for-
mation of HUVECs.

NME1 silence of ESCs stimulates angio-
genesis of HUVECs through promoting
the secretion of VEGF and IL-8 of ESCs

To investigate the mechanism of NME1 on
tube formation of HUVECs, we incubated
HUVECSs with the supernatant of transfect-
ed ESCs, anti-human VEGF and or IL-8
neutralizing antibody. We found that, both
NME1 of ESCs and blocking VEGF or IL-8
with neutralizing antibody reduce the tube
formation of HUVECs (P<0.05 or P<0.01)
(Figure 5). Moreover, anti-human VEGF or
IL-8 neutralizing antibody could abolish
the increase of tube formation of HUVECs
mediated by NME1 silence (Figure 5).
These findings above suggest that NME1
restricts pro-angiogenic activity of human
endometrial stromal cells in the endome-
triotic milieu via AKT and MAPK/ERK1/2
signal pathway, which is dependent on
VEGF and IL-8.

Discussion

of NME1-silenced ESCs (Figure 3A and 3B).
However, neither U0126 nor LY294002 regu-
lated CD105 expression of HUVECs mediated
by NME1 (Figure 3A and 3B). The results above
suggest that NME1 silence-mediated up-regu-
lation of CD62E and CD105 on HUVECs is
dependent on different signaling pathways.
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The most widely accepted theory for the devel-
opment of peritoneal endometriotic lesions is
the implantation theory of Sampson [25], pos-
tulating that endometrial fragments reach the
peritoneal cavity by retrograde menstruation.
During the last years, numerous studies dem-
onstrated that the establishment and survival

Int J Clin Exp Pathol 2013;6(10):2030-2038
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of these lesions is crucially dependent on the
formation of blood vessels, which guarantee
their oxygen supply [2-5]. Thus, endometriosis
is an angiogenesis-dependent disorder [6, 7,
26, 27]. A typical clinical feature of endometri-
otic lesions is dense vascularization [26]. The
development of new blood vessels occurs via
two principal processes, angiogenesis and vas-
culogenesis. Angiogenesis is defined as the for-
mation of new microvessels from pre-existing
ones and occurs by sprouting angiogenesis and
intussusception. Sprouting angiogenesis is a
tightly regulated multi-step process with the
release of pro-angiogenic growth factors,
matrix degradation by proteases, endothelial
cell migration and proliferation, sprout and net-
work formation as well as vessel maturation
[28, 29].

Our previous research has confirmed that TSLP
induces the proliferation and invasion of human
trophoblasts through decreasing the expres-
sion of NME1 expression [19]. TSLP secreted
by cervical carcinomas cells is involved in the
angiogenesis of cervical cancer in a paracrine
manner [11]. Recently, Urata et al had reported
that TSLP concentrations in the serum and PF
were both higher in women with endometriosis
compared with those without endometriosis,
and positive immunostaining of TSLP was
observed in the stroma of endometrioma tis-
sue. Moreover, IL-1B stimulates the expression
of TSLP from ESCs [30]. Therefore, as a down-
stream molecule of TSLP, whether NME1 regu-
lates the angiogenesis in the endometriotic
milieu was an urgent question to answer.

The key finding of the present study is that
down-regulation of NME1 can promote pro-
angiogenic activity of ESCs. In addition, we
have found that these effects are mediated by
the elevated expression of downstream mole-
cules, such as angiogenic factor VEGF, IL-8,
endothelial cell-activating factor CD62E and
CD105 in MAPK/ERK1/2 and AKT signal depe-
ndent or independent manners. These findings
suggest that NME1 may play an important role
in inhibiting the development and progression
of endometriosis through regulating the forma-
tion of new blood vessel.

Endometriotic lesions express several angio-
genic growth factors and release them into the
peritoneal fluid of patients with endometriosis
[26]. Increasing evidence indicates that VEGF is
involved in both the development and mainte-
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nance of peritoneal endometriosis [31, 32].
Highly active red endometriotic lesions contain
the highest VEGF concentrations when com-
pared with other lesion types [33]. In addition,
peritoneal fluid concentrations of VEGF corre-
late significantly with the stage of endometrio-
sis [34]. Our previous work has shown that IL-8
can promote the growth and restrict the apop-
tosis of ESCs in an autocrine dependent man-
ner. In the present study, silencing NME1
directly stimulated the secretion of VEGF and
IL-8 of ESCs through MAPK/ERK1/2 and AKT
signal pathways, and further promoted the tube
formation of HUVECs. However, the regulatory
mechanism of NME1 on the expression of VEGF
and IL-8 need further research.

Endoglin, or CD105 is a type | transmembrane
protein that functions as a co-receptor for
transforming growth factor-B1 (TGF-B1) to mod-
ulate its signaling by binding to the TGF-f3 recep-
tors [35]. Endoglin is expressed mainly on pro-
liferating endothelial cells and tumor-associat-
ed endothelium and is involved in numerous
diseases with vascular abnormalities [36].
Up-regulation of endoglin expression is found in
tumor vasculature and proliferating cells, sug-
gesting that endoglin is a biomarker for endo-
thelial proliferation or angiogenesis [37, 38]. In
addition, endoglin staining was found in the
microvessels of eutopic endometrium from
endometriosis cases [39] but was only incr-
eased significantly in the late secretory phase
[40]. It suggested that endoglin and TGF-3 may
be involved in the vascular remodelling in endo-
metriotic angiogenesis and thus maintain
growth of endometriotic implants in the perito-
neum. Angiogenesis-relative molecule CD62E,
is also known as E-selectin and endothelial leu-
kocyte adhesion molecule-1 (ELAM-1). CD62E
is found to mediate the adhesion of tumor cells
to endothelial cells, by binding to CD62E
ligands, which also play a role in cancer metas-
tasis [41]. Our current results showed that
NMEZ1 suppression up-regulates the expres-
sion of angiogenesis-relative molecule CD62E
and CD105 on HUVECs in MAPK/ERK1/2 and
AKT dependent or independent manner. There-
fore, the abnormal lower expression of NME1 in
the eutopic ESCs can also promote the ectopic
survival through stimulating angiogenesis in
the endometriotic milieu. These results further
add to our understanding on the biological
function and role manner of NMEZ1 in non-tumor
cells.

Int J Clin Exp Pathol 2013;6(10):2030-2038
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In conclusion, our findings suggest that down-
regulated NME1 is responsible for the up-regu-
lation of angiogenesis in abdominal cavity and
that abnormal level of NME1 gives rise to the
formation of endometriotic lesions by MAPK/
Erk, Akt and other unknown signaling. Our data
bring new insight into the regulation and effec-
tive mechanisms of NME1 in pathogenesis of
endometriosis.
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