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Abstract. Accumulating evidence has demonstrated that
endometrial stromal cells (ESCs) are responsible for the pathogenesis of endometriosis (Ems), which is characterized by the
presence of functional endometrial‑like tissues outside the
uterine cavity. Abnormal expression of microRNAs (miRNAs)
in ESCs may be implicated in the etiology of Ems; however,
the exact mechanisms have yet to be fully elucidated. The aim
of the present study was to investigate the effects of miRNAs
on ESCs and the underlying mechanisms. Using a microarray
assay, microRNA‑16 (miR‑16) was found to be significantly
downregulated in the ectopic endometrial tissues in patients
with Ems, compared with that in eutopic endometrial tissues.
Overexpression of miR‑16 significantly suppressed the
migration and invasion of ESCs, whereas miR‑16 inhibition
exerted the opposite effects. Furthermore, dual luciferase
reporter assay demonstrated that miR‑16 directly targeted the
inhibitor of nuclear factor (NF)‑κ B kinase subunit β (IKKβ)
and suppressed its translation. It was observed that the expression of IKKβ was upregulated and inversely correlated with
miR‑16 levels in the ectopic endometrial tissues in patients
with Ems. Additionally, knockdown of IKKβ by si‑IKKβ
mimicked the effects of miR‑16 overexpression on ESCs,
while the promoting effects of IKKβ overexpression on the
migration and invasion of ESCs were attenuated by miR‑16
overexpression. Finally, miR‑16 inhibited the activation of the
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NF‑κ B pathway by targeting IKKβ. Collectively, these results
demonstrated that miR‑16 may suppress Ems by inhibiting
the IKKβ/NF‑κ B pathway, suggesting that miR‑16 may be a
useful target in the treatment of Ems.
Introduction
Endometriosis (Ems) is a common gynecological disease
that manifests in ~5‑20% of women experiencing pelvic pain,
20‑50% of infertile women and 6‑10% of women of reproductive age (1). Despite major developments in the treatment of
Ems over the past decades (2), such as laparoscopic surgery,
the recurrence rate remains high. The presence of functional
endometrial‑like tissues outside the uterine cavity is the main
pathological characteristic of this disease, and the major reason
for its formation is the excessive invasiveness of endometrial
stromal cells (ESCs) (3). Therefore, therapeutic strategies that
inhibit the invasion of ESCs may be beneficial in Ems.
MicroRNAs (miRNAs) are single‑stranded non‑coding
RNAs that bind to the target mRNAs and interfere with
the translation process (4). Aberrantly expressed miRNAs
have been found in endometriotic tissues from patients with
Ems, suggesting that miRNAs may play important roles
in the development of Ems (5,6). For example, Liang et al
demonstrated that miR‑200c was downregulated in ectopic
endometrial tissues, and overexpression of miR‑200c
suppressed the growth of endometriotic lesions in a rat model
of Ems (7). Notably, several studies have demonstrated that the
proliferative and invasive abilities of ESCs are regulated by
miRNAs. Meng et al observed that inhibition of miR‑126‑5p
enhanced the migration and invasion of ESCs by promoting
the expression of breast cancer anti‑estrogen resistance
protein 3 (8). Zhang et al reported that miR‑141‑3p overexpression suppressed the proliferation and migration, and promoted
the apoptosis of ESCs via targeting Krüppel‑like factor 12 (9);
however, the effects of miRNAs on the invasiveness of ESCs
remain elusive.
A large number of studies have demonstrated the involvement of the nuclear factor (NF)‑κ B signaling pathway in the
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modulation of the invasion of ESCs in Ems (10,11). Inhibitor
of NF‑κ B kinase subunit β (IKKβ) is an important regulator
of the NF‑κ B pathway, in which IKK‑mediated phosphorylation of Iκ B may facilitate NF‑κ B entering the nucleus and
activating the expression of specific genes (12). It has been
previously reported that miRNAs are key regulators of ESC
function through the NF‑κ B signaling pathway. For example,
Zhang et al demonstrated that miR‑138 expression affected the
growth of ESCs through the NF‑κ B signaling pathway (13).
However, whether miRNAs affect the invasive ability of ESCs
through the IKKβ/NF‑κ B pathway remains largely unknown.
In the present study, the miRNA expression profile was
examined in endometriotic tissues from patients with Ems. The
functions of miR‑16 in suppressing the invasiveness of ESCs
were determined, and the potential underlying mechanism was
investigated. Taken together, these findings may provide theoretical evidence for the development of new treatment methods
targeting miRNAs for Ems treatment.
Materials and methods
Patients and samples. A total of 20 eutopic and ectopic endometrial tissues were collected from patients who underwent
laparoscopic surgery or hysterectomy at the Department of
Gynecology of the Maternal and Child Care Service Center of
Dongguan City Guangdong Province between October 2016
and October 2017. Control endometrium was obtained from
20 patients without Ems. All participants were legally considered adults, and no minors were included in the present study.
Written informed consent was obtained from each patient and
the protocol of the present study was approved by the Ethics
Committee of the Maternal and Child Care Service Center of
Dongguan City Guangdong Province.
Cell culture and transfection. Primary endometrial stromal
cells were isolated using three eutopic endometrial tissues,
as previously described (14). The cells were maintained in
DMEM/F12 supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) in a 5% CO2 incubator at 37˚C.
When cells in 6‑well plates had grown to ~80% confluence,
miR‑16 mimics (20 nmol/l), miR‑16 inhibitor (20 nmol/l),
si‑IKKβ (30 nM) or 2 µg pcDNA‑IKKβ were transfected into
cells at 37˚C for 48 h, using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). The miR‑16 mimics, mimics
negative control (NC), miR‑16 inhibitor and inhibitor NC were
obtained from RiBoBio Co., Ltd. IKKβ overexpressing vector
pcDNA‑IKKβ and pcDNA vector were constructed by Qiagen,
Inc. In addition, IKKβ siRNA‑1, ‑2, ‑3 and corresponding
negative control siRNA (si‑Scramble) were purchased from
RiboBio Co., Ltd.
miRNA microarray. Total RNA was extracted from three
eutopic and three ectopic endometrium tissues by miRNeasy
isolation kit (Qiagen, Inc.) according to the manufacturer's
protocol. Total RNA (200 ng) was labeled with fluorescence dye
Hy3 or Hy5 using the miRCURY Hy3/Hy5 Power Labeling kit
(Exiqon). After hybridization on the miRCURY™ LNA Array
(v.18.0, Exiqon), data obtained from Axon GenePix 4000B
microarray scanner (Axon Instruments; Molecular Devices,
LLC) were imported into the GenePix Pro 6.0 program (Axon
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Instruments; Molecular Devices, LLC) for analysis (15). The
bioinformatics analysis was performed by RiboBio Co., Ltd.
Finally, the heatmap of miRNAs with the most marked differences was created using hierarchical clustering in GeneSpring
GX software, version 7.3 (Agilent Technologies, Inc.).
Reverse transcription‑quantitative PCR (RT‑qPCR) analysis.
Total RNA was extracted from endometrial tissues and
cells using the TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Reverse transcription of miR‑16 and IKKβ
was performed using the PrimeScript RT reagent kit (Takara
Bio, Inc.) and a reverse transcription kit (Invitrogen; Thermo
Fisher Scientific, Inc.), respectively, at 42˚C for 1 h. miR‑16
and IKKβ expressions were measured using the Exiqon SYBR
Green Master Mix (Exiqon) on a LightCycler 480 instrument
(Roche Diagnostics). The primers used were as follows: miR‑16
F: 5'‑TAGCAGCACGTAA ATATTG GCG‑3' and R: 5'‑TGC
GTGTCGTGGAGTC‑3'; U6 F: 5'‑TGCGGGTGCTCGCTT
CGCAGC‑3' and R: 5'‑CCAGTGCAGG GTCCGAGGT‑3';
IKK β F: 5'‑TGTCAG T GG A AGCCCGGATAG‑3' and R:
5'-AGGT TATGTG CTTCAGCCACCAG‑3'; and GAPDH F:
5'‑AGGTCGGTGTGAACGGATT TG‑3' and R: 5'‑TGTAGA
CCATGTAGTTGAG GTCA‑3'. The reaction mixtures were
denatured at 95˚C for 3 min, followed by 40 two‑step cycles of
95˚C for 10 sec and 60˚C for 30 sec. The expression of miR‑16
and IKKβ in the tissues was normalized to the expression
of U6 and GAPDH, respectively. The RT‑qPCR assays were
performed in triplicate and the relative expression levels were
calculated based on the 2‑ΔΔCq method (16).
Cell invasion. Transwell chambers (8‑µm pore; BD
Biosciences) coated with Matrigel (BD Biosciences) were
used for the invasion assay. Briefly, primary ESC suspension
containing 8x10 4 cells was added in the top chamber with
DMEM/F12, while DMEM/F12 containing 20% FBS was
added to the lower chamber. After 24 h of incubation, the cells
were stained with 0.1% crystal violet solution for 10 min at
room temperature and photographed with an inverted microscope (IX71, Olympus Corporation) at a magnification of
x200.
Wound healing assay. After achieving 90% confluence, the
transfected primary ESC layer was scratched using a 10‑µl
pipette tip and the cells were cultured for another 24 h in
DMEM/F12. Subsequently, the wound area was captured at 0
and 24 h, and the distance between the edges of the scratch
was calculated using ImageJ software, version 1.46 (Rawak
Software, Inc.).
Bioinformatics analysis and dual luciferase reporter assay.
miRNA target prediction tools, including TargetScan 7.0
(http://targetscan.org/) and miRanda (http://miranda.org)
were used to search for the putative targets of miR‑16. A
sequence containing miR‑16 predicted target within the
IKK β 3'‑untranslated region (UTR) CUCUUUU UAU UU
CACUGCUGCUA or a mutant sequence lacking any complementarity with the miR‑16 seed sequence CUCUUUU UA
UUUCACACAG CAGA were inserted into pGL3 control
vector (Promega Corporation) to generate the reporter vector
pGL3‑IKKβ 3'‑UTR wild‑type (wt) and pGL3‑IKKβ 3'‑UTR
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Figure 1. The expression of miR‑16 was downregulated in ectopic endometrial tissues from patients with Ems. (A) Heatmap of normalized expression levels
of miRNAs in 3 paired eutopic and ectopic endometrial tissues from patients with endometriosis. (B) Reverse transcription‑quantitative PCR was performed
to determine the expression levels of miR‑16 in 20 paired eutopic endometrial and ectopic endometrial from patients with Ems and in 20 endometrial tissues
from women without Ems (control endometrium). Data represent the mean ± standard deviation of three independent experiments. One‑way ANOVA (Tukey's
post hoc test); **P<0.01 vs. control endometrium group; ##P<0.01 vs. eutopic endometrial tissues. Ems, endometriosis.

mutant (mut). When ESCs reached 60‑70% conf1uence in a
24‑well plate, 100 ng of Luciferase plasmid was co‑transfected
with 50 ng of Renilla plasmid (Ambion) and 650 ng of miR‑16
mimics or mimics NC using Lipofectamine 2000. At 48 h
post‑transfection, the luciferase activities were analyzed
using the Dual Luciferase Reporter Assay system (Promega
Corporation).
Western blot analysis. Western blotting was performed as previously described (17). Briefly, 40 µg extracted protein samples
were separated by 12% SDS‑PAGE (w/v) and transferred
onto a PVDF membrane (EMD Millipore). Subsequently, the
membranes were blocked with 5% skimmed milk for 2 h at
room temperature, followed by incubation with primary antibodies against IKKβ (cat. no. ab178870; 1:500, Abcam), IκB‑α
(cat. no. sc‑373893; 1:1,000, Santa Cruz Biotechnology, Inc.),
p‑Iκ B‑α (cat. no. 2859; 1:1,000, Cell Signaling Technologies,
Inc.), anti‑nuclear p‑p65 (cat. no. 3033; 1:1,000, Cell Signaling
Technologies, Inc.), anti‑histone H3 (cat. no. sc‑8654; 1:1,000,
Santa Cruz Biotechnology, Inc.) and β ‑actin antibody
(cat. no. 4970; 1:1,000, Cell Signaling Technologies, Inc.) at 4˚C
overnight, followed by HRP‑conjugated goat anti‑rabbit IgG
(cat. no. 205718; 1:10,000, Abcam). The protein bands were
developed using an ECL kit (Cytiva) and blot bands were quantified with ImageJ software, version 1.46 (Rawak Software, Inc.).

Statistical analysis. Statistical analysis was performed using
GraphPad Prism, version 5.0 (GraphPad Software, Inc.). Data
are presented as means ± standard deviation. When only
two groups were compared, Wilcoxon test was conducted.
Differences between multiple groups were analyzed using
one‑way ANOVA followed by Tukey's post hoc test. To
determine the correlation between the expression of miR‑16
and IKKβ, the data were analyzed using Spearman's analysis.
P<0.05 was considered to indicate statistically significant
differences.
Results
miR‑16 is downregulated in ectopic endometrium. A number
of studies have confirmed the aberrant expression patterns
of miRNAs in ectopic as well as eutopic endometrial tissues
from patients with Ems, which are different compared with
those of healthy individuals (18,19). Therefore, using a microarray assay, we analyzed the differentially expressed miRNAs
between eutopic and ectopic endometrial tissues from patients
with Ems. The results demonstrated that 24 miRNAs were
downregulated and 35 miRNAs were upregulated in ectopic
endometrial tissues compared with eutopic endometrial
tissues (Fig. 1A). Interestingly, some miRNAs, including
miR‑16, miR‑199a, miR‑20a and miR‑17‑5p, have also been
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Figure 2. miR‑16 inhibited the invasion and migration of ESCs. ESCs were transfected with miR‑16 mimics or miR‑16 inhibitor for 24 h, and were then
harvested for subsequent experiments. (A) The transfection efficiency of miR‑16 was detected by reverse transcription‑quantitative PCR analysis in ESCs
at 24 h post‑transfection. (B and C) Cell invasion and wound healing assay were used to determine the invasiveness of ESCs at 48 h post‑transfection. Data
represent the mean ± standard deviation of three independent experiments. One‑way ANOVA (Tukey' post hoc test); **P<0.01 vs. mimics NC group, ##P<0.01
vs. inhibitor NC group. ESCs, endometrial stromal cells; NC, negative control.

found to be downregulated in previous studies, consistently
with our results (20‑22). In the present study, miR‑16 was
selected for further investigation as its expression level was the
lowest in the ectopic endometrium. Moreover, previous studies
indicated that miR‑16 participates in the regulation of cancer
cell invasiveness (23‑25); however, the effect of miR‑16 on the
invasiveness of ESCs remains unknown.
Next, RT‑qPCR was performed to verify the results of the
miRNA microarray assay in 20 paired eutopic and ectopic endometrial tissues from patients with Ems. As shown in Fig. 1B,
miR‑16 was also found to be downregulated in eutopic and
ectopic endometrial tissues from patients with Ems compared
with the control endometrium group. In addition, miR‑16 was
found to be significantly lower in ectopic endometrial tissues
compared with eutopic endometrial tissues. All data suggest
that miR‑16 may play a key role in the pathogenesis of Ems.
miR‑16 inhibits the invasion and migration of ESCs. Previous
studies have reported that the invasion of ESCs is a major factor
leading to the formation of endometriotic lesions (26,27). To
investigate the role of miR‑16 in the invasiveness of ESCs,

miR‑16 mimics and miR‑16 inhibitor were added to primary
ESCs, and RT‑qPCR was performed to evaluate the transfection efficiency. As shown in Fig. 2A, the levels of miR‑16
were markedly increased following miR‑16 mimics transfection, and decreased following miR‑16 inhibitor transfection.
Subsequently, Transwell and wound healing assays were
performed to assess the changes in the invasive and migratory
abilities of ESCs. It was observed that miR‑16 overexpression
markedly suppressed the invasive and migratory abilities of
ESCs. By contrast, inhibition of miR‑16 enhanced the migration and invasion of ESCs (Fig. 2B and C). Collectively, these
findings indicate that miR‑16 upregulation suppresses the
invasiveness of ESCs.
IKKβ is a direct target of miR‑16. Through bioinformatics
prediction using TargetScan 7.0 (http://targetscan.org/) and
miRanda (http://miranda.org), a putative target site of miR‑16
was found in the 3'-UTR of IKKβ mRNA (Fig. 3A and B).
To determine whether miR‑16 targets IKK β, a luciferase
reporter assay was performed. The results revealed that
miR‑16 mimics markedly inhibited the luciferase activity in
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Figure 3. IKKβ is a direct target of miR‑16. (A and B) Predicted miR‑16 binding sites on IKKβ. (C) Luciferase assay of ESCs co‑transfected with firefly luciferase
constructs containing the IKKβ wild‑type or mutated 3'‑UTRs and miR‑16 mimics, mimic NC, miR‑16 inhibitor or inhibitor NC, as indicated (n=3). (D) The
protein levels of IKKβ were detected by western blotting after miR‑16 mimics and miR‑16 inhibitor transfection. β‑actin was used as loading control. Data
represent the mean ± standard deviation of three independent experiments. One‑way ANOVA (Tukey' post hoc test); **P<0.01 vs. mimics NC group; ##P<0.01
vs. inhibitor NC group. (E) Reverse transcription‑quantitative PCR was performed to determine the expression levels of IKKβ in 20 paired eutopic and ectopic
endometrial tissues from patients with Ems and in 20 endometrial tissues from women without Ems (control endometrium). Data represent the mean ± standard
deviation of three independent experiments. One‑way ANOVA (Tukey' post hoc test); **P<0.01 vs. control endometrium group; ##P<0.01 vs. eutopic endometrial
tissues. (F) Spearman's analyses were used for correlation analysis between miR‑16 and IKKβ expression levels in ectopic endometrial tissues (r: ‑0.5472, P<0.01).
Ems, endometriosis; ESCs, endometrial stromal cells; IKKβ, inhibitor of nuclear factor‑κ B kinase subunit β; UTR, untranslated region; NC, negative control.
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Figure 4. Knockdown of IKKβ suppressed ESC migration and invasion. ESCs were transfected with si‑IKKβ or si‑Scramble for 48 h, and were then harvested
for subsequent experiments. (A) The transfection efficiency of si‑IKKβ‑1, si‑IKKβ‑2 and si‑IKKβ‑3 was detected by reverse transcription‑quantitative PCR
analysis in ESCs at 24 h post‑transfection. (B-D) Cell invasion and wound healing assay were used to determine the invasiveness of ESCs at 24 h post‑transfection. Data represent the mean ± standard deviation of three independent experiments. One‑way ANOVA (Tukey' post hoc test); **P<0.01 vs. si‑Scramble group.
ESCs, endometrial stromal cells; IKKβ, inhibitor of nuclear factor‑κ B kinase subunit β.

the IKKβ ‑3'UTR‑wt reporter, and miR‑16 inhibitor caused
increased luciferase activity; however, no change was observed
in cells with co‑transfection of IKKβ 3'‑UTR‑mut with miR‑16
(Fig. 3C). To determine whether IKKβ is regulated by miR‑16,
the protein level of IKKβ was measured by western blotting.
As shown in Fig. 3D, IKKβ was markedly decreased following
miR‑16 mimics transfection, while its expression was increased
by miR‑16 inhibitor in primary ESCs. In addition, compared
with control endometrial tissues, the mRNA level of IKKβ
was significantly increased in eutopic and ectopic endometrial
tissues (Fig. 3E). In addition, IKKβ was found to be significantly higher in ectopic endometrial tissues compared with its
expression in eutopic endometrial tissues. Spearman's analyses
were used for correlation analysis and the results indicated
that miR‑16 expression was inversely correlated with IKKβ
expression in ectopic endometrial tissues (r=‑0.5472, P<0.01;
Fig. 3F). These data indicate that miR‑16 directly targets IKKβ
and suppresses its translation in primary ESCs.
Knockdown of IKKβ suppresses ESC migration and invasion.
Next, to determine the effect of IKK β on ESC migration
and invasion, si‑IKKβ was transfected into primary ESCs to
downregulate the expression of IKKβ. As shown in Fig. 4A,
IKKβ protein expression was notably decreased following
si‑IKKβ transfection. si‑IKKβ‑3 was selected in subsequent

assays for its more effective inhibition. It was observed that
inhibition of IKKβ markedly suppressed the invasive and
migratory abilities of ESCs, similar to the effects of miR‑16
mimics (Fig. 4B-D). Collectively, these findings indicate that
knockdown of IKKβ inhibits ESC migration and invasion.
miR‑16 inhibits the invasion and migration of ESCs by
targeting IKKβ. As mentioned above, IKKβ knockdown inhibited ESC migration and invasion; however, whether miR‑16
inhibited ESC invasion and migration via inhibiting IKKβ
remained unclear. To this end, the IKKβ overexpression vector
pcDNA‑IKKβ and miR‑16 mimics were co‑transfected into
primary ESCs and incubated for 48 h. The results of western
blotting demonstrated that IKKβ was significantly upregulated in the miR‑16 mimics + pcDNA‑IKKβ group compared
with the miR‑16 mimics group, whereas the expression level
of IKKβ in the pcDNA‑IKKβ group was markedly higher
compared with that in the miR‑16 mimics + pcDNA‑IKKβ
group (Fig. 5A). These results demonstrated that IKKβ overexpression reversed the inhibitory effects of miR‑16 mimics
on cell migration and invasion (Fig. 5B‑D).
Furthermore, the effect of IKK β overexpression on
the migration and invasion of ESCs was evaluated. It was
observed that the invasion and migration of ESCs was markedly enhanced in the pcDNA‑IKKβ alone group (Fig. 5B‑D).
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Figure 5. miR‑16 inhibited the invasion and migration of ESCs by targeting IKKβ. ESCs were co‑transfected with miR‑16 mimics and pcDNA‑IKKβ for
48 h, and were then harvested for subsequent experiments. (A) The transfection efficiency of pcDNA‑IKKβ was detected by western blotting in ESCs at 24 h
post‑transfection. β‑actin was used as the loading control. (B) The number of attached cells was counted at 24 h post‑transfection under a microscope at x200
magnification. (C and D) Cell invasion and wound healing assay were used to determine the invasiveness of ESCs at 24 h post‑transfection. Data represent the
mean ± standard deviation of three independent experiments. One‑way ANOVA (Tukey' post hoc test); *P<0.05, **P<0.01 vs. control group, ##P<0.01 vs. miR‑16
mimics group; &&P<0.01 vs. pcDNA-IKKβ. ESCs, endometrial stromal cells; IKKβ, inhibitor of nuclear factor‑κ B kinase subunit β.

However, following miR‑16 mimics co‑transfection, the
promoting effects of pcDNA‑IKKβ on cell migration and invasion were notably reversed. These data suggest that miR‑16
may inhibit ESC invasion and migration by suppressing IKKβ
expression.
miR‑16 blocks the activation of the NF‑ κ B pathway via
suppression of IKKβ. It is well known that IKKβ is an important regulator of the NF‑κ B pathway, and activation of NF‑κ B
signaling is implicated in ESC function, including cell invasion

and proliferation (28‑30). To determine whether miR‑16 affects
the activation of the NF‑κ B pathway in primary ESCs, the
expressions of key proteins in this pathway, namely nuclear
p‑p65, p‑Iκ B‑α and Iκ B‑α, were detected by western blotting.
The results demonstrated that miR‑16 mimics significantly
reduced the expression levels of p‑Iκ B‑α and nuclear p‑p65,
whereas IKKβ overexpression reversed the suppressive effects
of miR‑16 on this pathway (Fig. 6A and B). These data indicate
that miR‑16 inhibits NF‑κ B pathway activation by suppressing
IKKβ.
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Figure 6. miR‑16 blocked the activation of NF‑κ B pathway via suppression of IKKβ. ESCs were co‑transfected with miR‑16 mimics and pcDNA‑IKKβ for 48 h,
and were then harvested for subsequent experiments. (A) The protein expressions of p‑Iκ B‑α, Iκ B‑α and nuclear p‑p65 were determined by western blot analysis.
β‑actin was used as the loading control. (B) The bands were semi‑quantitatively analyzed using Image J software, and normalized to total Iκ B‑α or Histone 3
density. Data represent the mean ± standard deviation of three independent experiments. One‑way ANOVA (Tukey' post hoc test); *P<0.05, **P<0.01 vs. control
group, ##P<0.01 vs. miR‑16 mimics group. ESCs, endometrial stromal cells; IKKβ, inhibitor of nuclear factor‑κ B kinase subunit β; NF‑κ B, nuclear factor‑κ B.

Discussion
The present study demonstrated that miR‑16 is downregulated
in eutopic and ectopic endometrial tissues from patients with
Ems compared with the endometrium of healthy individuals.
Moreover, miR‑16 overexpression attenuated ESC adhesion,
migration and invasion in vitro. Notably, our data demonstrated that the upregulation of miR‑16 exerted anti‑invasive
effects by suppressing the IKKβ/NF‑κ B pathway in primary
ESCs (Fig. 7). These findings suggest that miR‑16 may serve
as a potential therapeutic target for the management of Ems.
Several miRNAs have been previously identified to
contribute to the development of Ems (31‑33). For example,
Jia et al reported that miR‑17‑5p, miR‑20a and miR‑22 are
downregulated in plasma samples from patients with Ems,
and investigated their prognostic value (20). Ma et al observed

that injection of miR‑142‑3p significantly attenuated ectopic
endometriotic lesions in vivo (34). Li et al also found that
miR‑451a inhibition reduced established Ems lesions in
a murine model (35). Zhu et al demonstrated that miR‑488
plays a protective role in mice with artificial Ems by targeting
Frizzled-7 (36). All these findings outline a potential molecular
target for Ems treatment. In the present study, using a miRNA
microarray, a number of miRNAs were found to be markedly
deregulated. In particular, we focused on miR‑16, the expression of which was the most notably decreased in endometriotic
tissues, which was in agreement with a previous study (22),
indicating that miR‑16 may be involved in the initiation and
progression of Ems.
It has been demonstrated that increased adhesion and
invasion of ESCs are the major causes of the formation of
endometriotic lesions (37,38). Accumulating evidence has
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Figure 7. Schematic diagrams showing that miR‑16 is downregulated in
ectopic endometrium from patients with Ems, and that miR‑16 suppressed the
expression of IKKβ, subsequently blocked the activation of NF‑κ B pathway,
thereby inhibiting the invasion and migration of ESCs. Ems, endometriosis;
ESCs, endometrial stromal cells; IKKβ, inhibitor of nuclear factor‑κ B kinase
subunit β; NF‑κ B, nuclear factor‑κ B.

demonstrated that miR‑16 expression is downregulated in
various types of human cancer, and the invasion and migration of cancer cells were suppressed by the upregulation of
miR‑16. For example, Li et al observed that miR‑16 overexpression exerts an anti‑invasive effect on ovarian cancer via
the regulation of the Wnt/β‑catenin pathway (23). Jiao et al
demonstrated that miR‑16 overexpression in osteosarcoma
cells suppressed their migration and invasion by targeting
RAB23 (25). However, the effects of miR‑16 on the migration
and invasion of ESCs were not extensively investigated. The
present study demonstrated that miR‑16 upregulation markedly suppressed the migration and invasion of primary ESCs.
However, the precise mechanism remains unclear.
IKKβ, one of the catalytic subunits of the IKK complex,
has been reported to be a critical regulator of the activation
of NF‑κ B signaling pathway (39). It has previously been
demonstrated that downregulating IKKβ activity may inhibit
the activation of NF‑κ B signaling and attenuate ESC migration and invasion (21). Although IKKβ was shown to be a
target of miR‑16 in nasal epithelial cells (40), it has not been
determined whether IKKβ is also a direct target of miR‑16 in
ESCs. In the present study, IKKβ was proven to be a target

of miR‑16, and its translation was suppressed by miR‑16 in
ESCs. Additionally, it was observed that the levels of IKKβ
were upregulated and inversely correlated with miR‑16 levels
in ectopic endometrial tissues. Furthermore, the knockdown of
IKKβ mimicked the effects of miR‑16 overexpression on the
migration and invasion of ESCs, whereas overexpression of
IKKβ markedly reversed these effects, indicating that miR‑16
may exert its anti‑invasive effects by suppressing IKK β
expression in ESCs. Numerous in vitro and in vivo studies have
suggested that NF‑κ B plays an important role in regulating
key cell processes in Ems, such as cell migration, invasion
and angiogenesis (41,42). Constitutive activation of the NF‑κ B
pathway has been found in peritoneal endometriotic lesions
and inhibition of NF‑κ B may reduce Ems development and
persistence (11,43). Given the association between IKKβ and
the NF‑κB pathway, it is possible that miR‑16 attenuates ESC
invasiveness partly through IKKβ/NF‑κ B pathway inhibition.
Indeed, it was observed that miR‑16 overexpression decreased
Iκ B‑α phosphorylation and lowered NF‑κ B nuclear translocation, which suggests that miR‑16 may block NF‑κ B pathway
activation through downregulating IKKβ protein expression;
this may be the underlying basis of miR‑16‑mediated suppression of ESC invasiveness.
It is generally accepted that the establishment and development of Ems require retrograde menstruation or endometrial
fragments, which contain aberrantly activated of eutopic
ESCs. This is followed by the migration, invasion, implantation and proliferation of these ESCs on the surface or inner
part of pelvic tissues or organs, which occurs simultaneously
with a controlled local inflammatory response and angiogenesis (44). Multiple studies have suggested that ESCs in
patients with Ems possess different properties compared with
the ESCs of healthy controls (45,46). Ectopic ESCs exhibit
increased invasive capacity compared with that of their
eutopic counterparts from patients with Ems and those from
non‑endometriotic controls (47,48). Therefore, identification
of the underlying mechanisms that alter the invasiveness of
ESCs may be a major step toward better understanding the
pathogenesis of Ems. In the present study, it should be noted
that miR‑16 overexpression inhibited the migration and invasion of ESCs, which are dependent on the downregulation of
the downstream molecule IKKβ. The adhesion ability of ESCs
in the pathological process of Ems does not appear to be as
important as their invasive capacity (8). Therefore, the ESC
adhesion ability was not evaluated in the present study.
There were certain limitations to the present study:
i) The sample size was relatively small; ii) whether other
signaling pathways are also regulated by miR‑16 remains to
be determined in future studies; and iii) the exact mechanism
underlying the effect of miR‑16 in ESC invasion remains to be
fully elucidated. Thus, further research is required to address
these issues.
In conclusion, we herein demonstrated that miR‑16 is downregulated in endometriotic tissues, and miR‑16 overexpression
inhibited primary ESC migration and invasion through regulation of the IKKβ/NF‑κ B pathway. These findings may help
with the development of novel strategies targeting the miR‑16/
IKKβ/NF‑κ B signaling pathway in the prophylaxis of Ems.
In the future, we aim to investigate the role of miR‑16 in the
prevention and treatment of Ems in vivo.
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