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Abstract. Endometriosis is a common gynecological disease 
and the pathogenesis is not clearly understood. Previous studies 
have demonstrated via microarray techniques that microRNA 
(miR)‑449b was significantly downregulated both in ectopic 
and eutopic endometrium in patients with endometriosis. In 
the present study, the aberrant expression of miR-449b was 
further confirmed by reverse transcription‑quantitative poly-
merase chain reaction. It was demonstrated that miR-449b-3p 
was downregulated in ectopic and eutopic tissues from 
women with endometriosis, and the same expression pattern 
was observed in endometrial stromal cells (ESCs) of eutopic 
endometrium from women with endometriosis and normal 
endometrium from women without endometriosis. Functional 
analysis, including an MTT assay, apoptosis conducted by 
flow cytometry, capillary-like tube formation assay and 
invasion assay, indicated that the upregulated expression of 
miR-449b-3p inhibited the proliferation of ESCs and that the 
supernatants of miR-449b-overexpressing ESCs inhibited 
the formation of tubular structures in human umbilical vein 
endothelial cells, whereas it has no effect on ESC apoptosis 
and invasiveness. These results suggest that the aberrant 
expression of miR-449b-3p was involved in the development 
and progression of endometriosis. 

Introduction

Endometriosis, one of the most prevalent causes of pelvic 
pain, infertility and menstrual disorders, is a common chronic 
gynecological disorder of women at reproductive age. Despite 

intensive research efforts, there is still a lack of in-depth 
knowledge regarding the molecular basis of the disease. 

MicroRNAs (miRs) are RNA transcripts 19-22 nucleo-
tides in length. The mechanism of miRs has been extensively 
studied in various pathological conditions and the expression 
profiles of miRs in a number of diseases, including endome-
triosis, have also been investigated. A single miR can target 
multiple genes, resulting in the regulation of target mRNA 
expression (1,2). Therefore, alterations in the dynamic balance 
between miRs and their target mRNAs may alter the normal 
physiological status of tissues and may initiate pathological 
processes. Emerging data indicate that aberrant miR expres-
sion is associated with endometriosis, possibly mediating the 
development and progression of endometriosis by modulating 
proliferation, apoptosis, migration, invasion and estradiol 
signal transduction in endometriotic cells (3-5).

It is well known that miR-449b can alter the expres-
sion of certain molecule associated with adhesion and 
invasion. Likewise, endometrial stromal cells from endome-
triosis patients also changed in these aspects. Therefore it was 
hypothesised that miR-449b serves an important role in the 
development of endometriosis. The present study aimed to 
identify the expression and function of miR-449b, a differen-
tially expressed miR in ectopic and eutopic tissues. The present 
study was designed to evaluate the role of miR-449b in the 
pathogenesis of endometriosis. Using miR-449b-transfected 
endometrial stromal cells (ESCs), the functional properties of 
miR-449b were observed. The results from these experiments 
will help us to better understand the miR-449b-mediated 
molecular mechanisms in ESCs.

Materials and methods

Tissue acquisition. The present study was approved by the 
ethics committee of Obstetrics and Gynecology Hospital 
(Shanghai, China). Ectopic (endometrioma; n=19), eutopic 
(n=19) and normal (n=35) endometrial tissues from patients 
with or without endometriosis, respectively who had under-
gone the laparoscopy and uterine curettage were obtained at 
the Obstetrics and Gynecology Hospital, Fudan University 
(Shanghai, China) from June 2017 to September 2017. None of 
the patients had received any hormonal treatments for at least 
half a year prior to the operation. The menstrual cycle phases 
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of the patients were all in the proliferative phases, as assessed 
by medical history and a histological evaluation of the endo-
metrium with the assistance of pathologists. The average age 
of the patients in the normal group was 32.7±6.8 years and 
that of the endometriosis group was 34.6±5.2 years. Patients 
consented to tissue donation prior to surgery. Each sample was 
divided into two parts for mRNA extraction and isolation.

Cell culture and treatment. ESCs from endometrium with or 
without endometriosis were cultured by enzymatic digestion 
with collagenase as previously described (6), the deposit was 
re-suspended in DMEM/F-12 (HyClone; GE Healthcare Life 
Sciences, Logan, UT, USA) that contained 10% fetal bovine 
serum (FBS), as well as 100 U/ml penicillin and 100 mg/ml 
streptomycin (both from Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). The ESCs were purified through 
cell passage. After two generations, the purity of ESCs can 
reach >95%, which had been determined by flow cytometry 
with Alexa Fluor 488 anti-human vimentin mAb (clone: RV202; 
BD Biosciences, Franklin Lakes, NJ, USA) according to the 
protocol of the manufacturer (5/100 µl). Following serum star-
vation for 12 h, ESCs without endometriosis (1x105 cells/well) 
were treated with progesterone (P; 10-8 mol/l), 17β-estradiol 
(E2; 10-8 mol/l) or E2 (10-8 mol/l) + P (10-8 mol/l) for 24 h; 
vehicle controls were also assayed (treated with ethanol, 
2x10-5 mol/l, E2 solution).

Fluorescence‑based reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). The TRIzol reagent (Takara 
Bio, Inc., Otsu, Japan) was used to isolate total RNA. Next, cDNA 
was synthesized and amplified using the SYBR® PrimeScript™ 
RT Master Mix kit (Takara Bio, Inc.) and the ABI PRISM 500 
Sequence Detection System (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. The 
thermocycling conditions for reverse transcription was as follows: 
37˚C 15 min, 85˚C 5 sec, and 4˚C for storage. The gene used for 
normalization was Hsa-U6 small nuclear RNA (snRNA). The 
primers used were as follows: 5'‑CGC GCG TGA ATT ACC GAA 
G‑3' (forward) and 5'‑GTG CAG GGT CCG AGG T‑3' (reverse) for 
miR‑449b‑3p; 5'‑CGC GCT ATG GCA CTG GTA G‑3' (forward) 
and 5'‑GTG CAG GGT CCG AGG T‑3' (reverse) for miR‑449b‑5p; 
5'‑GCG CGT CGT GAA GCG TTC‑3' (forward) and 5'‑GTG CAG 
GGT CCG AGG T‑3' (reverse) for Hsa‑U6 snRNA. The condi-
tions for qPCR were determined according to the protocol of 
the SYBR-Green JumpStart Taq ReadyMix kit (Sigma-Aldrich; 
Merck KGaA, Darmstadt, Germany). qPCR was implemented on 
a 7300 Real-Time PCR Detection System (ABI). The incubation 
condition for qPCR was as follows: Stage 1 (95˚C 30 sec); stage 2 
(40 cycle, 95˚C 5 sec; 60˚C 31 sec); stage 3 (95˚C 15 sec; 60˚C 
1 min; 95˚C 15 sec). The results were expressed as arbitrary units 
defined by the 2-ΔΔCt method (7).

miR‑449b lentivirus construction and transduction. The 
precursor of the miR hsa-miR-449b-3p was constructed by 
Genechem Co., Ltd. (Shanghai, China). In the present study, 
the RNA primers used for the amplification of the target gene 
were as follows: 5'‑GAG GAT CCC CGG GTA CCG GGT GAC 
TAT TAA GAT TAG AGT TCT G‑3' and 5'‑CAC ACA TTC CAC 
AGG CTA GGA CAG CAG TTG CAT GTT AGC‑3', which had 
been confirmed by sequencing. The control green fluorescence 

protein-lentivirus, (GFP-LV) and the recombinant lentivirus 
overexpressing miR-449b-3p (miR-449b-LV) were prepared 
and diluted to 1.09 transfection U/ml. Preparation included 
the following four steps: Target gene insertion and plasmid 
construction, packaging processing, purification and ampli-
fication, dilution and storage, which had been conducted 
by Genechem Co., Ltd. (Shanghai, China) according to the 
protocol of the manufacturer (Genechem Co., Ltd.).

The ESCs of the normal group were plated in 6-well 
plates (5x104 cells/well) at 37˚C under 5% CO2 overnight. 
The next day, following discarding the supernatants, 0.2 ml 
fresh complete medium containing lentiviruses and polybrene 
(8 mg/ml) was added to ESCs at 37˚C under 5% CO2 for 
12 h. Then ESCs were incubated in 0.3 ml freshly prepared 
polybrene‑Dulbecco's modified Eagle's medium (DMEM; 
HyClone, GE Healthcare Life Sciences) for another 24 h. 
Finally, following discarding the supernatants and replacing 
with fresh DMEM, the cells were cultured for 3 days. The 
efficiency of lentivirus transduction was investigated by the 
detection of GFP signals using fluorescence microscopy 
(IX71; Olympus Corporation, Tokyo, Japan) at 72 h following 
transduction. The expression of miR-449b-3p in stably trans-
duced ESCs was tested by RT-qPCR. The ESCs transduced 
with miR-449b-LV (miR-449b up) and GFP-LV (NC) were 
cryopreserved for further functional analysis.

Measurement of cell viability by MTT assay. The ESCs 
(control/untransfected cells/NC/miR-449b up) (2.0x103 cells/well) 
were cultured in DMEM supplemented with 10% fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) in 96‑well 
plates (Costar; Corning, Inc., Corning, NY, USA). Following 
incubation for 1-5 days, 10 µl MTT (Sigma-Aldrich; Merck 
KGaA) solution (5 mg/ml in ddH2O) was added to the wells. 
The plates were incubated at 37˚C for 4 h. Intracellular formazan 
crystals were dissolved by adding 100 µl DMSO to each well. 
Cell proliferation was evaluated on a microplate reader (BioTek 
Instruments, Inc., Winooski, VT, USA) set to 490 nm.

Measurement of apoptosis by flow cytometry. According to the 
protocol of the BD Annexin V Staining kit (BD Biosciences, 
Franklin Lakes, NJ, USA), the apoptosis assay was performed as 
previously described (8). Briefly, the ESCs (control/NC/miR-449b 
up) were trypsinized and collected at a concentration of 1x106 
cells/ml. Following incubation in allophycocyanin-Annexin V 
(5 µl/test tube respectively) for 15 min at room temperature in 
the dark, the cells were tested by flow cytometry (Beckman 
Coulter, Inc., Brea, CA, USA) as soon as possible (within 1 h). 
The experimental results were analyzed using FlowJo software 
(X10.0.7; BD Biosciences).

Measurement of angiogenesis by capillary‑like tube forma‑
tion assay. The ESCs transfected with miR-449b-LV, GFP-LV 
and normal ESCs (2.0x105 cells/well) were seeded in 6-well 
plates. Following 24 h incubation, the supernatants were trans-
ferred into 15 ml centrifuge tubes and centrifuged at 500 x g 
at 4˚C for 5 min. Then, the supernatants were collected for 
further experiments. Human umbilical vein endothelial cells 
(HUVECs; American Type Culture Collection, Manassas, 
VA, USA; 2.0x104 cells/well) were seeded on a thin layer of 
Matrigel (BD Biosciences) that had been incubated at 37˚C 
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for 2 h in 24-well plates and cultured in RPMI-1640 medium 
(HyClone; GE Healthcare Life Sciences) supplemented with 
1% FBS containing the abovementioned supernatants (normal 
ESCs/NC/miR-449b up) for 6 h at 37˚C. Following fixa-
tion/permeabilization buffer (BD Biosciences) was added at 
4˚C for 15 min in accordance with the protocol of the manu-
facturer (250 µl/106 cells) and DAPI Staining Solution at 4˚C 
for another 10 min. The cell plates were scanned by Cellomics 
(Thermo Fisher Scientific, Inc.; ArrayScan VT1) and the 
data were analyzed with Cellomics software (6.1.0). Tube 
area, mean tube length and mean tube nodes were calculated 
automatically by the software, to measure the capillary-like 
structures. For rigor, three independent experiments were 
performed in triplicate.

Measurement of invasiveness by invasion (Matrigel) chamber 
assay. The ESCs (normal group/NC/miR-449b up; 2.5x104) 
were seeded on a cell culture Transwell insert that had been 
coated with extracellular matrix (ECM; 8-mm pore size, 
24-well format; Costar; Corning, Inc.) in 2% FBS medium. 
The complete medium (containing 10% FBS) was added into 
the lower chamber. ESCs were incubated at 37˚C under 5% CO2 
for 24 h and then scratched from the upper chamber using a 
cotton swab. Next, the invaded cells were stained on the under-
side of the insert at room temperature with Giemsa staining 
solution. Following rinsing with PBS, images of the undersides 
of the membrane were captured using a light microscope to 
compare the number of invaded cells per insert. The invaded 
cells were scored by randomly counting 10 high‑power fields 
per filter. The counting accuracy was validated by optical 
density 570 nm quantification of the methanol‑solubilized dye, 
which was tested by a microplate reader (BioTek Instruments, 
Inc., Winooski, VT, USA).

Statistical analysis. The data represented the mean ± standard 
deviation of at least 3 independent experiments. Data were 
analyzed using GraphPad Prism 6 (GraphPad Software Inc., 
La Jolla, CA, USA). The difference between two means was 
examined using a Student's t‑test, while comparison of three 
or more groups was determined with one-way analysis of 
variance. P<0.05 was considered to indicate a statistically 

significant difference. If P<0.05, Bonferroni's multiple 
comparisons test was used for the post-hoc test.

Results

Quantification of miR‑449b expression. The eutopic endo-
metrium expressed significantly less miR‑449b‑3p compared 
with the control endometrium (P<0.05), and miR-449b-3p was 
significantly lower in samples of ectopic endometrium than 
in eutopic endometrium (P<0.05), whereas miR-449b-5p did 
not demonstrate significantly different expression among the 
groups (Fig. 1A). The expression of miR-449b in ESCs isolated 
from eutopic and normal endometrium was further tested as 
ESCs are involved in adhesion of endometrial tissues to the peri-
toneal lining in the early stages of endometriosis. The results of 
cell analysis were in accordance with those of the tissue samples 
(P<0.05; Fig. 1B). The treatment of ESCs with ovarian steroids 
(17β-estradiol and progesterone) did not regulate the expression 
of miR-449b-3p in ESCs (P>0.05; data not shown).

Transfection efficiency of recombinant lentivirus. To further 
investigate the roles of miR-449b-3p in ESCs, a lentiviral 
construct experiment for the overexpression of miR-449b-3p 
was prepared. In transfected cells, >80 percent of the cells 
exhibited GFP expression and maintained morphological 
features similar to those of untransfected cells (Fig. 2A). The 
percentages were estimated according to the intensity of green 
fluorescence by flow cytometry. RT‑qPCR revealed that the 
transfection of ESCs with miR‑449b‑LV significantly increased 
miR-449b expression by 117-fold (P<0.0001; Fig. 2B).

miR‑449b induces proliferation, with no effect on apoptosis 
of ESCs. MTT assays were conducted to assess the effect of 
miR‑449b‑3p on cell proliferation. miR‑449b‑3p significantly 
suppressed proliferation of ESCs from day 4-5 compared with 
the negative control (P<0.05; Fig. 3A).

To study whether miR-449b induced apoptosis in ESCs, an 
Annexin V assay was performed to determine cell apoptosis in 
miR-449b-overexpressing cells, the negative control group and 
the control group. There was no difference between the NC and 
miR-449b up group (4.3 vs. 4.14%; P>0.05; Fig. 3B and C). 

Figure 1. Expression of miR-449b was downregulated in endometriosis. (A) Expression of miR-449b-3p and miR-449b-5p in endometrial tissues was tested 
by RT-qPCR. Ectopic and eutopic endometrium from women with endometriosis (n=19) and control endometrium from endometriosis-free women (n=21). 
Values are presented as the mean ± standard deviation, *P<0.05 vs. normal EM (one-way analysis of variance). #P<0.05. Bonferroni's multiple comparisons 
test was used for the post‑hoc test to compare specific groups. (B) Expression of miR‑449b‑3p in ESCs was tested by RT‑qPCR. miR‑449b‑3p expression 
data are presented as the fold-change compared with the normal group. Values indicate the mean ± standard deviation. Normal ESCs, n=21; eutopic ESCs, 
n=19; *P<0.05 vs. normal ESC (two-tailed, unpaired t-test). EM, endometrium; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; 
miR, microRNA; ESCs, endometrial stromal cells.
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This suggested that miR-449b may not directly have an apop-
totic effect on ESCs.

miR‑449b exhibits no effect on the invasive ability of ESCs. 
The effects of miR-449b-3p overexpression in ESCs were also 
examined using an invasion chamber that had been coated 
with ECM-Matrigel. There was no significant difference 
in numbers of cells passing through the matrix between the 
miR-449b-overexpressing group and the negative control 
group (P>0.05; Fig. 4).

Culture supernatants from miR‑449b‑3p‑overexpressing 
ESCs enhance in vitro angiogenesis of HUVECs. To evaluate 
the effect of miR-449b-3p on the angiogenesis of HUVECs, an 
in vitro angiogenesis model was established. HUVECs were 
seeded on a thin layer of Matrigel that had solidified for 2 h 
and were incubated with the supernatants derived from the 
control group ESCs, NC ESCs and miR-449b-overexpressing 
ESCs, followed by a capillary-like tube formation assay. 
At 6 h following seeding, there was reduced formation of 
tubular structures in HUVECs treated with supernatants from 
miR-449b-overexpressing ESCs compared with supernatants 
from the NC group (Fig. 5A). Quantitative analysis revealed 
that compared with GFP-LV group, supernatants from the 
miR-449b-overexpressing ESCs inhibited the tube area (964
37.33±1043.03 vs. 87077.00±2940.59 µm2; P=0.007), mean 
tube length (490.25±53.12 vs. 322.14±85.08 µm; P=0.044) and 
mean tube node (14.61±4.23 vs. 6.21±1.33; P=0.03; Fig. 5B-D). 

Discussion

miR‑449b has been implicated in several malignant, inflam-
matory and premature ovarian insufficiencies (9-11); however, 
its association with the pathogenesis of endometriosis has 
not previously been well described. It is well established that 
ectopic endometrium may have a better capacity to survive 
outside the uterine cavity because of its different functions 
compared with those of normal endometrium in women 
without endometriosis. Both genetic and acquired molecular 
abnormalities may alter the ectopic viability of the endome-
trium, potentially rendering certain women susceptible to 
endometriosis. The findings of the current study indicated that 

miR-449b-3p was in ectopic and eutopic tissues, in accordance 
with the results of a previous study (12).

The cellular composition of ectopic tissues is heteroge-
neous and contains cells from surrounding ovarian tissue, 
inflammatory cells, endometrial stromal and epithelial cells 
in variable proportions. In fact, ectopic tissues may contain 
only a small fraction of endometrium‑specific cells. Therefore, 
the heterogeneity of endometriotic lesion biopsies presents a 
real challenge in the study of endometriosis, as the molecular 
signature of endometrial cells in lesions could be masked by 
the surrounding tissue, leading to inconsistent or wrongly 
interpreted results (13). To overcome this issue, the differences 
in miR-449b levels were examined, focusing on the isolation 
and analysis of ESC. In the present study, it was demonstrated 
that miR-449b-3p expression in eutopic ESCs was decreased 
compared with the control group.

The expression levels of miRs generated either from -5p or 
-3p arms of the precursor may vary not only among various 
tissues/cells but also in various states of health and disease (14). 
miRs can act as regulators of the steroid hormone response 
in the female reproductive tract (15); conversely, a number 
miRs may also be affected by hormone levels (16). To confirm 
whether ovarian steroids have regulatory effects on miR-449b, 
miR-449b-3p expression in ESCs was measured following 
treatment with 17β-estradiol and progesterone by qPCR. 
However, in the present study, estrogen and progesterone have 
no effect on expression of miR-449b-3p.

The attachment and invasion of endometrium fragments is 
considered to be necessary for the formation of endometriosis. 
Simultaneously, the establishment of a blood supply and a 
suboptimal immune response provide favorable conditions 
for the development of endometriosis. Therefore, a number 
of relevant functional effects of ESCs were analyzed using 
in vitro assays.

In previous studies, miR-449b was upregulated in prostate 
cancer and T cells of patients with systemic lupus erythema-
tosus, while it was downregulated in thyroid carcinoma and 
ovarian cancer, suggesting that its roles can vary according 
to the cellular context (17-20). It is involved in a number of 
cellular functions, including cell cycle control and cell differ-
entiation (21). The induction of miR-449 expression can lead 
to cell cycle stagnation and apoptosis by inhibiting cyclin 

Figure 2. The infection of miR‑449b‑3p lentivirus into ESCs and its efficiency validation. (A) Cell morphological alterations were observed by inverted phase 
contrast microscopy (upper) and the transduction efficiency was determined by fluorescence microscopy (lower) following transduction with the recombinant 
lentivirus. Representative images are presented. (B) The expression of miR-449b-3p was tested by reverse transcription-quantitative polymerase chain reaction. 
Values indicate the mean ± standard deviation. n=6, ****P<0.0001, vs. NC. Significance was assessed using a one‑way analysis of variance. CON, control group 
ESCs; NC, negative control GFP-lentivirus infected ESCs; miR-449b up, miR-449b-3p lentivirus infected ESCs; ESCs, endometrial stromal cells; miR, microRNA.
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dependent kinase and cell division cycle 25A. It can also 
protect against the proliferation induced by E2F transcription 
factor 1 as a negative feedback mechanism (22). The present 
study demonstrated the effect of miR-449b on cell growth is 
via the modulation of cell proliferation rather than via apop-
tosis.

The further functional analysis in the present study indi-
cates that miR-449b-3p serves an inhibitory role in promoting 
tubulogenesis of HUVECs, whereas it has no effect on cell 
invasiveness. Similar to tumors, the survival and growth of 
endometrium requires a blood supply. It has been demonstrated 
that eutopic endometrium from patients with endometriosis 
exhibits increased angiogenic potential in comparison with 
disease-free women, potentially contributing to the initiation 
of endometriosis (23). 

The study of miR-449b-3p downstream mechanisms will 
be investigated further. In the present study, the abnormal 
expression of miR-449b-3p in endometriosis was clarified 
and the biological functional alterations brought about by the 

downregulation of miR-449b-3p were further investigated. 
Presently, the present study group is also trying to identify 
the downstream molecular targets of miR-449b-3p and hope 
to further explain the specific molecular mechanisms of 
miR-449b-3p.

In conclusion, it was demonstrated that miR-449b-3p was 
downregulated in ectopic and eutopic tissues, and the same 
expression pattern was also observed in ESCs. Its expression 
is not affected by estrogen or progesterone. The upregulated 
expression of miR-449b-3p inhibited the proliferation of 
ESCs and the supernatants of miR-449b-overexpressing 
ESCs inhibited the formation of tubular structures in 
HUVECs. The present study group is still investigating 
targets of this miR that are associated with cellular func-
tions. The impact of miR-449b on endometriosis in vivo can 
be expected to improve the implantation and establishment 
of ectopic lesions. These results suggest that abnormalities in 
miR-449b expression lead to the development and progres-
sion of endometriosis.

Figure 3. Overexpression of miR-449b-3p facilitated proliferation of ESC, with no effect on apoptosis. (A) Proliferation of ESCs was measured by MTT assay. 
(B) Apoptosis of ESCs was tested by flow cytometry with an APC‑Annexin V kit. Numbers in quadrants indicate the percentage of cells in different conditions. 
(C) Quantifications of the percentages of apoptosis are presented. Values indicate the mean ± standard deviation, n=6. *P<0.05, vs. NC (one-way analysis of 
variance). OD, optical density; CON, control group ESCs; NC, negative control GFP-lentivirus infected ESCs; miR-449b up, miR-449b-3p lentivirus infected 
ESCs; miR, microRNA; ESCs, endometrial stromal cells; GFP, green fluorescence protein; APC, allophycocyanin.
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Figure 5. The supernatant of miR-449b-3p-overexpressing ESCs reduced the angiogenetic capacity of human umbilical vein endothelial cells. (A) Capillary-like 
tube formation was measured by a Cellomics instrument. Representative images are presented. (B) Tube area, (C) mean tube length and (D) mean tube nodes 
were acquired automatically by Cellomics analysis software to measure the capillary-like structures. Values indicate the mean ± standard deviation, n=6. 
*P<0.05, significance was assessed using a one‑way analysis of variance. CON, supernatant of control group ESCs; NC, supernatant of negative control 
lentivirus infected ESCs; miR-449b up, supernatant of miR-449b-3p lentivirus infected ESCs; miR, microRNA; ESCs, endometrial stromal cells.

Figure 4. Overexpression of miR-449b-3p had no effect on the invasiveness of ESCs. (A) Invasiveness of ESCs was observed by a light microscope. The 
invaded cells were scored by randomly counting 10 high‑power fields per filter. Representative images are presented. (B) Quantifications of the invasive cells. 
Values indicate the mean ± standard deviation, n=6, significance was assessed using a one‑way analysis of variance. CON, control group ESCs; NC, negative 
control lentivirus infected ESCs; miR-449b up, miR-449b-3p lentivirus infected ESCs; miR, microRNA; ESCs, endometrial stromal cells.
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