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miRNA-34a-5p downregulation of VEGFA in endometrial
stem cells contributes to the pathogenesis of endometriosis
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Abstract. Endometrial-derived stem cells (EnSCs) serve
an important role in the development of endometriosis via
retrograde menstruation. Abnormal expression of miRNAs in
EnSCs is involved in the etiology of endometriosis, however,
the mechanisms remain unclear. The aim of the present
study was to investigate the expression of miR-34a-5p and
VEGFA in endometrial samples from patients with or without
endometriosis, and then examine the underlying mechanism of
microRNA-34a-5p regulation of VEGFA in EnSCs. Endometrial
samples from patients with or without endometriosis were
collected, and miR-34a-5p expression in the two group s was
measured using RT-PCR. Human endometrial-derived stem
cells (hEnSCs) were isolated from these endometrial samples,
and hEnSCs were transfected with the miR-34a-5p mimics or
control miRNAs. qPCR and western blotting were performed to
assess the effects of miR-34a-5p on the expression of VEGFA
in hEnSCs, and cell growth was assessed by an MTT assay.
miR-34a-5p was significantly downregulated in patients with
endometriosis when compared with that of those without
endometriosis. VEGFA expression levels in hEnSCs with
an overexpression of miR-34a-5p were significantly reduced
when compared with those in the negative control (P<0.01). In
addition, the upregulation of miR-34a-5p suppressed EnSCs
proliferation by targeting the 3' untranslated region of VEGFA.
miR-34a-5p provides a novel avenue for the understanding
of the development of endometriosis, and may facilitate the
development of potential therapeutics against endometriosis.

Introduction

Endometriosis is a common, and multifactorial gynaecological
disorder that affects 10-15% of reproductive-age women (1).
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The development of this condition is endometrial tissue grows
outside of the uterine cavity, which can induce varying degrees
of painful symptoms and infertility in infected individuals (2).
Endometriosis also has a propensity to recur and may be asso-
ciated with ovarian cancer (3). The impact of endometriosis is
great, likely exceeding our expectations, as it can dramatically
impair the quality of life.

The pathogenesis of endometriosis was initially defined
as the presence of endometrial tissues in extra-uterine cavity,
including pelvic peritoneum, bladder and ureters (4). There are
several hypotheses have been proposed, including lymphatic
and vascular metastasis, iatrogenic direct implantation,
coelomic metaplasia, embryonic rest and mesenchymal cell
induction (5). Moreover, the development of endometriosis was
also involved in stem cells (6). This theory postulates that the
endometrial stem cells are abnormally shed during menses,
where they gain access to the peritoneal cavity by retrograde
menstruation and ectopic implantation. The presence of
mesenchymal stem cells (MSCs) in stromal cells of ectopic
endometrial tissues was reported (7). These results indicated
that ectopic endometrial stem cells (EnSCs) are regarded as
responsible for the pathogenesis of endometriosis.

Endometriosis has also been defined as an angiogenic
disease, since the ectopic survival of endometrium requires
the formation of new blood vessels. Angiogenesis, therefore,
is a critical step in developing endometriotic lesions (8).
Vascular endothelial growth factor (VEGF) is a member of
VEGFA family, coding by a 28 kb-long gene which is located
on chromosome 6p21.3. It is known as a crucial regulator
of angiogenesis, endothelial cells growth and migration (9).
Several studies have reported that VEGFA play an important
role in the angiogenesis of endometriosis (10). miRNAs such
as miR-126, Let7-f, miR-27b, miR-17-92 cluster and miR-130a
were identified as proangiogenic miRNAs that regulate the
translation of angiogenic factors (VEGF-A) (11). miRNAs
have recently emerged as an important factor in endome-
triosis (12). Toloubeydokhti e al (13) assessed the expression
of miR-17-5p, miR-23a, miR-23b and miR-542-3p, and found
that miR-23b and miR-542-3p are downregulated, whereas
miR-17-5p is upregulated in ectopic endometrium, affecting
the stability of their target genes' expression, and playing
an important role in the pathogenesis of endometriosis.
Moreover, miRNAs are aberrantly expressed in endometriotic
stromal cells play an important role in the pathogenesis of
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endometriosis (14). miR-34a-5p is highly expressed in multiple
types of cancer, which inhibited tumor angiogenesis by
blocking VEGF production by directly inhibiting endothelial
cell functions (15).

In this study, the aim was to investigate the expression
of miR-34a-5p and VEGFA in endometriosis tissues, and
analyzed the function and mechanism of miR-34a on the
endometriosis stem cells (EnSCs).

Materials and methods

Endometriosis tissues. Ten endometriosis patients were diag-
nosed by laparoscopic surgical examination, and undergone
surgical excision of endometriosis tissues. The control tissue
samples were collected from 10 premenopausal patients
without endometriosis. All these patients had not received
any preoperative hormonal therapy or taken any medicine
for at least three months. The resected tissues were minced
and part of samples was stored at -80°C before the total RNA
and protein extraction. Written consent was obtained from
each patient before the study. This study was approved by
the Research Ethics Committee of the Zhujiang Hospital of
Southern Medical University (Guangzhou, China).

Endometrial stem cell isolation, culture and transfection.
Human endometriosis tissue was washed in PBS (Gibco, USA),
minced, and digested in collagenase (1 mg/ml, Gibco, USA) for
30-45 min at 37°C with agitation. Then, resultant cell solutions
were filtered and centrifuged, and mononuclear cells were
separated by Ficoll (Sigma, St. Louis, MO, USA) and washed in
PBS. The isolated cells were cultured in Dulbecco's modified
Eagle's medium (DMEM)/F-12 medium containing 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin antibiotic
(all Gibco, Grand Island, NY, USA) and then incubated at 37°C
in 5% CO,. When the cells were approximately 80% confluent,
they were trypsinized (Gibco) and halved for characterization
by flow cytometry and expansion. EnSCs were seeded into
a 24-well plate and transfected with the miR-34a-5p mimics
or control miRNAs by Lipofectamine® 2000 Transfection
Reagent (Invitrogen, Carlsbad, CA, USA).

Flow cytometry. The EnSCs were characterized by flow
cytometry for cell surface markers. Cells were incubated with
the specific antibody at concentrations recommended by the
respective manufacturers for 1 hand analyzed by flow cytometry.
The antibodies used were: FITC-conjugated anti-CD146
(eBioScience Inc., San Diego, CA, USA; endometrial stem cell
markers), FITC-conjugated anti-CD140b (Abcam, Cambridge,
MA, USA; endometrial stem cell markers), FITC-conjugated
anti-CD34 (Abcam; hemato-poieticmarker), FITC-conjugated
anti-CD31 (Novus Biologicals, Littleton, CO, USA; endothelial
marker).

RNA extraction and real-time PCR. To investigate the
expression level of VEGFA mRNA and miR-34a-5p, we
extracted the total RNA from endometriosis tissues or
EnSCs. Tissues or cells were lysed with the Trizol reagent
(Life Technologies, Grand Island, NY, USA) according to
the manufacturer's specification. mRNAs were dissolved
in RNase-free water and stored at -80°C before utilize. The
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quantitative analysis of RNA was performed by RT-PCR
using One Step SYBR PrimeScript PLUS RT-PCT kit
(Takara, Tokyo, Japan) for each sample according to the
manufacturer's manual. After the reaction, the VEGFA
mRNA level and the miR-34a-5p level was calculated and
presented as the relative level of VEGFA to f-actin (as
control) by AACt method, each sample was measured for
three independent experiments.

Western blot analysis. Western blot analysis was performed
to determine the expression of VEGFA on the protein
level. Harvested the EnSCs post transfecting, and lysed the
cells into cell lysis buffer (Bio-Rad, Hercules, CA, USA).
Centrifuged the samples at 12,000 x g for 15 min at 4°C and
collected the supernatant. Protein extracts were boiled in
SDS/B-mercaptoethanol and separated in a 10% SDS-PAGE
(sodium dodecyl sulphate-polya-crylamide gel electropho-
resis). Then, transferred the protein sample to a nitrocellulose
membrane (Millipore, Bedford, MA, USA), blocked with
5% skimmed milk powder overnight at 4°C. The membrane
was incubated with VEGFA-spe-cific antibody in TBST
(mouse monoclonal antibody, Abcam, Cambridge, UK, 1:500)
at 37°C for 1 h, washed with TBST, next incubated with the
HRP-linked secondary anti-mouse antibody (New England
Biolabs, Ipswich, UK) for 30 min at 37°C. ECL kit (Life
Science, Woodland Hills, CA, USA) was used to carry out the
chemiluminescence reaction. The membrane was scanned by
a Smart Chemi-TM lamp Analysis System (Thermo Scientific,
Rockford, IL, USA) and quantified according to the band
density by Quantity One software with B-actin as loading
control.

Dual luciferase assay. The sequence of 3'UTR of VEGFA
from hs-miR-34a-5p were download from Genebank (NC-BI),
aligned by Megalign (DNASTAR; GATC Biotech, Konstanz,
Germany). The sequence of mutant 3'UTR of VEGFA was
synthesized by Sangon Biotech (Shanghai, China). All the
sequences in this study were amplified by PCR (polymerase
chain reaction) with Phusion polymerase (New England
Biolabs). 3'UTR of VEGFA and the mutant 3'UTR of VEGFA
were cloned into the upstream of firefly luciferase (Fluc) gene
behind the Cytomegalovirus promoter in pmirGLO (Promega,
Madison, WI, USA) with restriction endonuclease and DNA
ligase (New England Biolabs), received VEGFA-Fluc and
mutant-VEGFA-Fluc recombined plasmid. The ESCs seeded
in a 24-well plate were co-transfected with the miR-34a-5p
mimics/miR-Ctrl and VEGFA-Fluc/mutant-VEGFA-Fluc
by Lipofectamine® 2000 Transfection Reagent (Invitrogen).
48 h after transfecting, collected the cells and assayed with
the Dual-Luciferase Assay kit (Promega) used GLOMAX
(Promega) and recorded data, the relative luciferase activity
(%) represented the expression level of VEGFA.

MTT assay. Transfected EnSCs were diluted to a certain
concentration and then were placed over a 96-well plate, at
a density of 5x10° cells/well. Each well was inoculated with
100 pl cell suspension, apart from one blank well (instead
with 100 pl medium containing 10% fetal bovine serum).
Then they were cultured in a 5% CO, incubator at 37°C.
After 0, 12, 24 and 48 h of culture, the proliferation of
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Figure 1. Flow cytometric analysis of isolated EnSCs for EnSCs markers (CD140b, CD146), haemopoietic marker (CD34) and endothelial marker (CD31). As
shown the isolated cells are positive for CD140b, CD146 and are negative for CD31 and CD34. EnSCs, endometrial-derived stem cells.

ESCs was detected by MTT assay. With an addition of 20 pl
3-(4,5-Dimethylthiazol-2-yl)-5-(3-Carboxymethoxyphenyl)-2-
(4-Sulfophenyl)-2H-Tetrazolium, Inner Salt (MTS) reagent
(Promega) to each well, cells were then cultured in an incu-
bator for 1-4 h. After that, the optical density (OD) at 580 nm
of each well was obtained with a microplate reader (Biotek
Instruments, Inc., Vermont, USA). The cell proliferation was
evaluated by OD value. All of these experiments were repeated
three times.

Statistical analysis. All the analyses were performed using
SPSS software, version 17.0 (SPSS Inc., Chicago, IL, USA).
SPSS was used to compare miR-34a-5p expression levels
between samples taken from patients with or without endo-
metriosis. Data are represented as mean + standard deviation
(SD) unless indicated otherwise. Statistical significance was
tested using Student's t-test, and P<0.05 was considered to
indicate a statistically significant difference.

Results

Characterization of isolated human EnSCs. EnSCs isolated
from endometriosis tissue were positive for CD140b, CD146
and negative for CD31 and CD34, as demonstrated by flow
cytometry analysis (Fig. 1).

Expression of miR-34a-5p and VEGFA in endometriosis. To
investigate the expression of VEGFA in endometriosis, we
examined the mRNA level of VEGFA and miR-34a-5p level
by quantitative RT-PCR in 10 eutopic endometrial tissues and
10 ectopic endometrial tissues. We focused on miR-34a-5p
because it was significantly downregulated miRNA in
ectopic endometrial tissues by microarray analysis. It had
shown that the relative mRNA level of VEGFA was signifi-
cantly upregulated in ectopic endometrial tissues than in
eutopic endometrial tissues (P<0.01) (Fig. 2A). The relative
level of miR-34a-5p was significantly lower in endometriosis
tissues than that in eutopic endometrial tissues (P<0.01)
(Fig. 2B). By analyzing the correlation of relative VEGFA
mRNA level with the miR-34a-5p level in ectopic endome-
trial tissues, we found an inverse correlation between them.

The high mRNA level of VEGFA accompanied a low expres-
sion level of miR-34a-5p (Pearson correlation, R2=0.4648,
P=0.0299 (Fig. 2C).

Expression of VEGFA in EnSCs after transfection with
miR-34a-5p mimics. To further determined whether the
expression of VEGFA was downregulated by miR-34a-5p
in EnSCs. We examined the relative level of miR-34a-5p
and the expression of VEGFA in both mRNA and protein
levels after 48 h transfection. The level of miR-34a-5p was
significantly increased after the transfection with miR-34a-5p
mimics (P<0.01), compared with the miR-control group.
However, the VEGFA mRNA was reduced post the transfec-
tion with miR-34a-5p mimics (P<0.01). The expression level
of VEGFA protein was decreased in EnSCs transfected with
miR-34a-5p mimics rather than miR-control group. The band
intensity of VEGFA was downregulated in EnSCs transfected
with miR-34a-5p mimics (P<0.01). Therefore, miR-34a-5p
suppressed the expression of VEGFA in both mRNA and
protein levels in ESCs (Fig. 3).

miR-34a-5p targets the 3'UTR of VEGFA gene. To verify
miR-34a-5p inhibited the expression of VEGFA by targeting
the 3'UTR of VEGFA, miR-34a-5p mimics and miR-control
were transfected into EnSCs which already had been trans-
fected with the 3'UTR of VEGFA linked a luciferase reporter.
The results showed that the relative luciferase activity was
significantly decreased post transfecting miR-34a-5p mimics
(P<0.001). However, there was no significant difference in the
relative luciferase activity between miR-34a-5p mimics and
miR-control in the EnSCs, which were transfected with the
mutant 3'UTR of VEGFA. All these data demonstrates that
miR-34a-5p targets the 3'UTR of VEGFA gene and inhibits
the VEGFA expression effectively (Fig. 4).

Effect of miR-34a-5p mimics on the proliferation of EnSCs.
miR-34a-5p could modulate the level of VEGFA, which is a
regulator of cell growth, so miR-34a-5p may also influence
proliferation of EnSCs. Then, we curved the ESCs number
at 0, 12, 24 and 48 h after transfecting with miR-control and
miR-34a-5p mimics. Fig. 5 showed that the proliferation ability
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Figure 2. The expression of miR-34a-5p and VEGFA in endometriosis. The relative mRNA level of VEGFA was significantly upregulated in ectopic endo-
metrial tissues than in eutopic endometrial tissues (P<0.01) (A); The relative level of miR-34a-5p was reduced in endometriosis tissues (P<0.01) (B); The high
mRNA level of VEGFA accompanied a low expression level of miR-34a-5p (Pearson correlation, R2=0.4648, P=0.0299) (C). “P<0.01 vs. ectopic tissue. miR,
microRNA; VEGFA, Vascular endothelial growth factor A.
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Figure 3. The expression of VEGFA in EnSCs after transfection with miR-34a-5p mimics. The level of miR-34a-5p was significantly increased after the
transfection with miR-34a-5p mimics (P<0.01) (A), compared with the miR-control group; The VEGFA mRNA was reduced post the transfection with
miR-34a-5p mimics (P<0.01) (B); The band intensity of VEGFA was downregulated in EnSCs transfected with miR-34a-5p mimics (P<0.01) (C and D).
“P<0.01 vs. miR-control. VEGFA, Vascular endothelial growth factor A; EnSCs, endometrial-derived stem cells; miR, microRNA.

of EnSCs was significantly reduced post the transfection with ~ that miR-34a-5p expression levels significantly decreased

miR-34a-5p mimics (P<0.01). in endometriosis compared with that in without endome-
triosis patients, but the VEGFA expression levels significantly
Discussion increased in endometriosis compared with without endome-

triosis patients. Negative correlation was observed between
The present study is the first to investigate the expression of  relative VEGFA mRNA level and miR-34a-5p level in ectopic
miR-34a-5p and VEGFA in endometriosis. The results showed  endometrial tissues. Moreover, over-expression of miR-34a-5p
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Figure 4. miR-34a-5p targets the 3'UTR of VEGFA gene. The relative luciferase activity was significantly decreased post transfecting miR-34a-5p mimics
("P<0.01 vs. miR-control); However, there was no significant difference in the relative luciferase activity between miR-34a-5p mimics and miR-control in
the EnSCs, which were transfected with the mutant 3'UTR of VEGFA (P>0.05). miR, microRNA; VEGFA, Vascular endothelial growth factor A; UTR,

untranslated region; EnSCs, endometrial-derived stem cells.
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Figure 5. Effect of miR-34a-5p mimics on the proliferation of ESCs. The
proliferation ability of EnSCs was significantly reduced post the transfection
with miR-34a-5p mimics, compared with miR-control group (P<0.01). miR,
microRNA; ESC, embryonic stem cells; EnSCs, endometrial-derived stem
cells.

can significantly inhibit the expression and proliferation of
VEGFA in EnSCs.

miR-34a belongs to a miRNA family, and its as a strong
antitumor regulator of cell growth in multiple myeloma
was observed (16,17). miR-34a is, to date, one of the most
characterized tumor suppressor miRNAs in a variety of
tumors (18). miR-34a-5p expression has been shown to be
directly regulates the expression of proteins involved in cell
cycle, differentiation, apoptosis, and antagonizes processes,
including cervical, ovarian and testicular cancer (19,20).
Ma et al conducted a series of studies on miR-34a-5p, and were
the first to confirm its pro-apoptotic function (21). Moreover,
miR-34a-5p has been found to inhibit cell proliferation and
invasion in vitro, which suggested that miR-34a-5p might play
a role in inhibiting tumor recurrence (22). miR-34a-5p has
been reported to be a direct transcriptional target of p53 and is
downregulated in various types of tumors (23). We measured
miR-34a-5p expression levels in endometrial tissue and ESCs.
Regardless of the sample types, miR-34a-5p expression levels

were consistently downregulated in patients with endome-
triosis. The results support previous reports that miR-34a-5p
suppresses disease progression, including diseases associated
with the endometrium.

VEGEFA is a dimeric glycoprotein that plays an important
role in vasculogenesis, and its overexpression often occurred
in various cancers (24). VEGF is involved in the pathogenesis
of endometriosis. Blocking VEGF to treat endometriosis
decreases vascular density and cell proliferation and increases
cell apoptosis (25). In this study, we compared the expression
level of VEGFA in eutopic and ectopic endometrial tissues.
The results showed that the VEGFA was overexpressed in
ectopic endometrial tissues compared with eutopic endometrial
tissues. It had reported that miRNAs could regulate the
expression of VEGFA (26). miRNA-34a modulates the
phosphorylation of FAK by negatively regulating VEGF in
colorectal cancer (27). miR-638 expression was inversely
correlated with VEGF expression in human hepatocellular
carcinoma samples (28). In addition, miR-3072-5p inhibited
VEGF expression in ischemic preconditioning was also
observed (29). Here we demonstrated that miR-34a-5p
regulates cell proliferation and angiogenesis by regulating
VEGFA levels in EnSCs, and VEGFA mRNA level was
significantly increased while the level of miR-34a-5p was
markedly decreased in endometriosis tissues. The correlation
analysis showed that the VEGFA mRNA level was inversely
correlated with miR-34a-5p. All these data indicated a potential
role of miR-34a-5p in inhibiting expression of VEGFA in
endometriosis.

Angiogenesis is a crucial determinant in tumor initiation,
progression, and metastasis. Angiogenesis plays an important
role in endometriosis progression (30). VEGFA is thought to
be the primary stimulator of angiogenesis, during the course
of development and in a variety of pathological conditions.
A large number of researches have been done showing that
miRNAs play important roles in vascular development and
angiogenesis (31). It is reported that miRNAs (eg miR-17-5p
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and miR-199a-5p) regulate angiogenesis (32). In addition,
miR-203 suppresses tumor growth and angiogenesis by
targeting VEGFA in cervical cancer (33). We found an inverse
correlation between levels of VEGFA and miR-34a-5p. To our
knowledge, this is the first demonstration that VEGFA is a
functional target of miR-34a-5p. As such, miR-34a-5p regu-
lates cell proliferation and angiogenesis through its effect on
VEGFA.

In summary, VEGFA was overexpressed in endometriosis
tissues, and we identified miR-34a-5p is able to target the
VEGEF gene, preventing the latter to function as an inhibitor
of angiogenesis. These results imply that miR-34a-5p might
regulate VEGFA in ESCs and might contribute to the patho-
genesis of endometriosis. This study may provide a potential
biomarker for endometriosis therapeutics.
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