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ABSTRACT

Emerging evidence has exhibited an obvious decreased expression of miR-106a-5p in the ectopic
endometrial tissue of endometriosis (EMS) patients. Thus far, the pathophysiological function of
miR-106a-5p in EMS is unknown. A previous study showed an increased FOXC1 expression in the
ectopic endometrial tissue of patients with EMS. Moreover, we found that there was a binding site
of miR-106a-5p on the 3XUTR of FOXC1 through bioinformatics predictions. Hence, we speculated
that miR-106a-5p might affect the development of EMS via targeting FOXC1. We first showed
a decreased level of miR-106a-5p and an increased level of FOXC1 mRNA in ectopic endometrial
tissues compared with normal tissues. Functionally, we transfected ectopic endometrial stromal
cells (ESCs) with miR-106a-5p mimics or NC mimics and indicated an inhibitory role of miR-106a-
5p on ESC proliferation, invasion, and migration. Mechanistically, FOXC1 was found to be a target
gene of miR-106a-5p. To confirm whether miR-106a-5p exerted an inhibitory activity in ESCs via
targeting FOXC1, miR-106a-5p mimic was co-transfected into ESCs with the FOXC1-plasmid or
vector. We found that FOXC1 overexpression evidently reversed the results caused by a miR-106a-
5p mimic in ESCs. Additionally, our results demonstrated that miR-106a-5p mimic inhibited the
expression of p-Akt and p-PI3K. Collectively, these results revealed that miR-106a-5p inhibited the
proliferative, migratory, and invasive ability of ESCs via directly binding to FOXC1, likely through
the suppression of the PI3K and its downstream signaling pathway, which offered a potential and
novel therapeutic strategy for EMS treatment.

KEYWORDS
miR-106a-5p; FOXC1;
endometriosis; PI3K; Akt;
mTOR

miRNA-106a-5p |,
FOXC14

ectopic endometri

—— downregulated
——> upregulated

1. Introduction 10%-20% among women of reproductive age [2],
rises as much as 30% among infertile patients, and
increases to 45% among patients with chronic
pelvic pain [3]. While the specific etiology of
EMS remains a mystery, the currently recognized
pathogenesis of EMS is the theory of menstrual

blood reflux and endometrial implantation [4]. It

Endometriosis (EMS) is a debilitating disease in
which endometrial glands and stroma are planted
outside the uterus, adversely affecting social, pro-
fessional, and psychological functions [1]. It is
estimated that the incidence of EMS reaches
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is worth noting that the abnormality of the
immune system, the causes of hereditary, and the
unsuitable environment and lifestyle can also
induce the occurrence of EMS besides blood reflux
[5]. Recent research has implicated that the EMS
diagnosis could be an early marker for ovarian
endometrioid carcinoma diagnosis [6]. Studies
have shown that in EMS patients, the proportion
of retrograde cell apoptosis is greatly reduced, and
the sensitivity of surviving ectopic cells to apopto-
sis is reduced, leading to excessive survival of the
ectopic endometrium [7-9]. Moreover, the ectopic
endometrium of EMS patients is more aggressive
and easier to implant in the abdominal cavity [10].
So far, there is no pretty successful method to treat
EMS. Clinical therapies are mainly divided into
two types: one is pharmacological therapy
designed to inhibit the growth of endometriotic
implants, and the other is surgical therapy
attempted to remove or destroy endometriotic
implants [5]. However, these methods have their
shortcomings and limitations [5]. Therefore, find-
ing a more suitable treatment for EMS is the
primary problem.

MicroRNAs (miRNAs) are a type of endogen-
ous single-stranded RNA with a length of about
18-22 nucleotides, which can specifically recognize
seed sequences to inhibit the translation of tar-
geted mRNA or degrade mRNA and participate
in a broad spectrum of cellular processes [11,12].
miR-106a-5p is usually used as a tumor inhibitor
gene to regulate the abnormal proliferation, apop-
tosis, invasion, and migration of a variety of tumor
cells [13-15]. A previous study has indicated that
miR-106a-5p is decreased in the ectopic endome-
trial tissue of patients with EMS [16], but its role
in the pathogenesis of EMS has not been reported
yet. FOXC1 is a member of the FOX (forkhead
box) transcription factor family, which partici-
pated in several biological processes [17]. The dys-
regulation of FOXC1 protein involves various
physiological processes such as proliferation, dif-
ferentiation, invasion, and metastasis [17-19].
Importantly, an increased FOXC1 expression was
found in the ectopic endometrial tissue of patients
with EMS [16]. Through bioinformatics predic-
tions, we also found that there was a binding site
of miR-106a-5p on the 3XUTR of FOXCI.
Therefore, we speculated that miR-106a-5p might

affect the development of EMS via targeting
FOXCI1.

In this study, we screened for the miR-106a-5p
and FOXC1 expression in endometrial tissues
from patients with EMS and identified that miR-
106a-5p was at a declining level while FOXCI1 was
opposite. Then, we conducted a miR-106a-5p
mimic model in ectopic endometrial stromal cells
(ESCs). Functionally, the CCK-8, wound healing
and transwell invasion assay were performed to
explore the function of miR-106a-5p on ESC pro-
liferation, migration and invasion. Moreover, pre-
vious studies have demonstrated that MMP2 and
MMP9 are involved in cell migration, tumor
growth and metastasis [20,21]. Hence, we further
detected the expression of MMP2 and MMP9I.
Mechanistically, we found that miR-106a-5p tar-
geted FOXCI to exert the inhibitory effect in EMS
development, likely via the PI3K/Akt/mTOR sig-
naling pathway.

2. Materials and methods
2.1. Tissue samples

Ectopic endometrium (EC) samples were obtained
from patients (n = 19, aged 23-48 years) with
EMS. As controlled, normal endometrium (NE)
samples were obtained from patients without
EMS (n = 4, aged 33-48 years). In our study,
there were 3 cases with early-stage EMS (stage
II), 16 cases with advanced stage EMS (stage III
or IV), and 4 cases without EMS. Moreover, there
are 16 cases with dysmenorrheal and 7 cases with-
out dysmenorrheal. None of the subjects had
received hormones drugs for the 6 months before
surgery. The level of miR-106a-5p and FOXC1 in
collected EC or NE samples was first detected.
Another collected EC sample was used to isolate
ESCs for subsequent experiments. These endome-
trial specimens were approved by the Ethics
Committee of the General Hospital of Northern
Theater Command.

2.2. Cell culture

ESCs derived from EC tissues of women with EMS
were isolated according to the method described
previously [22,23]. Briefly, the EC tissues were cut



into 0.5-1 mm’ pieces and digested in 5 mL
DMEM/F12 (PM150312, Procell, China) supple-
mented with 0.1% collagenase (2275MG100,
BioFroxx, German) at 37°C for 1 h.
Subsequently, tissue residue was filtered through
a 100-mesh screen and centrifuged at 800 g at 4°C
for 5 min. Then the supernatant was discarded and
ESCs were re-suspended, filtered through a 200-
mesh screen, and centrifuged at 1000 g at 4°C for
10 min. After that, ESCs were collected and sus-
pended in DMEM/F12 containing 10% (v/v) fetal
bovine serum (FBS). The purity of the isolated
ESCs was determined by an Immunofluorescent
staining assay using antibodies for Cytokeratin
(NBP2-29429, Novus, China) and Vimentin
(16396-1-AP, Proteintech, China).

2.3. Cell transfection

Cell transfection was performed as described pre-
viously [24,25]. Briefly, ESCs were seeded in 12-
well plates at 70% confluency and incubated at 37°
C overnight. Subsequently, ESCs were transfected
with miR-106a-5p mimic (JTS scientific, Wuhan,
China), NC mimic, miR-106a-5p inhibitor, NC
inhibitor, mutant FOXC1 3'-UTR, wild-type
FOXC1 3'-UTR wusing Lipofectamine 3000
(Invitrogen) for 48 h.

2.4. Real-time quantitative PCR (RT-qPCR)

RT-qPCR was performed as described before [24].
Briefly, total RNA or miRNA from cultured ESCs
and tissues was extracted by TRIpure (RP1001,
BioTeke, China). Then, total miRNA was reversed
transcribed using the miRNA First Strand cDNA
Synthesis kit (#B532451, Sangon, Shanghai). Total
RNA was converted into first-strand cDNA using
SuperScript  M-MLV  reverse  transcriptase
(PR6502, BioTeke) with ExicyclerTM 96 Real-
Time Quantitative Thermal Block (BIONEER,
Korean). RT-qPCR was used to examine miR-
106a-5p and FOXCI1 expression using an SYBR
Green Master Mix (Solarbio, Beijing). f-actin was
served as an internal control. The relative expres-
sion of miR-106a-5p and FOXC1 was calculated in
a 27%*“T manner. The primer sequences were
exhibited as followed: hsa-miR-106a-5p, forward:
5- AAAAGTGCTTACAGTGCAGGTAG -3}
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FOXC1, forward: 5- ACAGCATCCGCCACA
ACCTC -3', reverse: 5- TGTCCTTCACCGC
GTCCTTC -3'; B-actin, forward: 5- CACTGTG
CCCATCTACGAGG-3', reverse: 5- TAATG
TCACGCACGATTTCC-3".

2.5. Western blot

Western blot assay was performed as described
before [26]. Briefly, total proteins of ESCs were
extracted with RIPA (P0013, Beyotime, China)
containing PMSF (ST506, Beyotime). After the
measurement of protein concentration by the
BCA kit (P0011, Beyotime), proteins were SDS-
PAGE electrophoresed, transferred to PVDF
membranes (IPVH00010, Millipore, USA), incu-
bated for 1 h with 5% skim milk, and incubated
at 4°C overnight with following antibodies:
MMP-9 (1: 500, 10375-2-AP, Proteintech,
China), FOXC1 (1: 500, A2924, ABclonal,
China), PI3K (1: 1000, AF6241, Affinity, China),
p-PI3K (1: 1000, AF3242, Affinity), p-Akt (1:
1000, AF6261, Affinity), Akt (1: 1000, AF0016,
Affinity). After 4 times washing, the membrane
was immune-blotted with secondary antibody for
40 min at 37K. Protein expression was normal-
ized to P-actin (1: 2000, 60008-1-Ig, Proteintech).

2.6. Cell counting kit-8 (CCK-8) assay

ESC cell proliferation was measured by CCK-8
assay [22]. The treated ESCs were inoculated in
a 96-well plate at a density of 3 x 10°cells/well and
further cultured for 24 h for complete cell adher-
ence. CCK-8 kit (96992, Sigma, USA) was
employed to detect cell viability following the
users’ manual. At last, the absorbance value was
measured at 450 nm. The OD value was detected
at 0, 24, 48, 72, and 96 h.

2.7. Wound healing assay

ESC cell proliferation was measured by wound heal-
ing assay [22,23]. ESCs were inoculated in a 6-well
plate and transfected with plasmids (as the method
described in Cell transfection above). When reached
95-100% confluence, ESCs were cultured in
a serum-free medium and then incubated with
1 pg/mL mitomycin C (M0503, Sigma) for 1 h.
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Subsequently, ESCs were scratched with a 200-pL
pipette tip across the center of the well and cultured
in the medium with no serum for another 24 h. ESCs
were visualized at 0 h and 24 h under a microscope.

2.8. Transwell invasion assay

Transwell invasion assays were used to examine the
capacity of ESCs to invade [23,26]. Briefly, the inserts
(3422, Corning, USA) coated with 40 pL the Matrigel
matrix (356234, Corning) were placed in a 24-well
plate and incubated at 37°C for 2 h. After transfection
for 48 h, ESCs were collected and cultured into the
upper Transwell chamber and invaded toward the
lower chamber with 800 uL of mediumcontaining10%
FBS for 24 h. Subsequently, the ESCs were photo-
graphed and counted.

2.9. Immunofluorescence staining

Cytokeratin and Vimentin are regarded as the mar-
kers of ESCs [27]. ESCs were fixed with 4% parafor-
maldehyde and permeabilized with 0.1% Triton X-100
(ST795, Beyotime). Then, ESCs were blocked at room
temperature (RT) for 15 min with goat serum (SL038,
Solarbio). Subsequently, ESCs were incubated at 4°C
overnight with antibodies: Cytokeratin (1: 200) and
Vimentin (1: 200) followed by incubation with sec-
ondary antibody at RT for 1 h. DAPI (D106471,
Aladdin, China) was used to stain cell nuclei.

2.10. Luciferase reporter assay

Luciferase reporter assay was performed as shown
before [23,28]. The FOXC1 sequence with the
miR-106a-5p binding site was cloned into the
pmirGLO vector (Promega, USA) to construct
the binding site wild-type (wt-FOXCl-site) and
mutant-type (mut-FOXCI-site). Then, these plas-
mids were co-transfected into ESCs with miR-
106a-5p mimics or NC mimics according to the
instruction of the luciferase assay kit (E1910,
Promega). After cultured for 48 h, the luciferase
activity was detected.

2.11. Statistical analysis

The data were analyzed with Graphpad Prism 8.0
(San Diego, CA, USA). All data were presented as

mean + standard deviation (SD). The student’s
t-test was used to analyze the differences between
the two groups. One-way ANOVA was applied
when more than two groups. Two-way ANOVA
was applied to analyze cell proliferation. P < 0.05
was identified significant difference.

3. Results

In this study, we conducted a miR-106a-5p mimic
model in ESCs and performed the CCK-8, wound
healing, transwell invasion assay as well as MMP2
and MMP9 detection to explore the function of
miR-106a-5p on ESC proliferation, migration, and
invasion. Moreover, we found that miR-106a-5p
targeted FOXCI to exert the inhibitory effect in
EMS development, likely via the PI3K/Akt/mTOR
signaling pathway.

3.1. The decreased level of miR-106a-5p and
increased expression of FOXC1 in EMS

To evaluate the expression level of miR-106a-5p and
FOXCI1 in EMS, RT-qPCR was performed to evaluate
the level of miR-106a-5p and FOXC1 in both EC and
NE samples. Our results exhibited a significantly
decreased expression level of miR-106a-5p in EC tis-
sues compared with NE tissues (P < 0.01; Figure 1(a)).
By contrast, the expression of FOXC1 was evidently
increased in the EC group compared with the NE
group (P < 0.05; Figure 1(b)). To perform subsequent
experiments, ESCs were isolated from EC samples.
Hence, we detected Cytokeratin and Vimentin expres-
sion via immunofluorescent staining, which deter-
mined the purity of the isolated ESCs (Figure 1(c)).

3.2. miR-106a-5p inhibited ESC proliferation,
migration, and invasion

To evaluate the effect of miR-106a-5p on ESCs, we
transfected ESCs with miR-106a-5p mimic or NC
mimic. RT-qPCR results demonstrated that miR-
106a-5p mimic was successfully transfected into
ESCs (Figure 2(a)). The CCK-8 assay exhibited an
obvious inhibition of cell proliferation in ESCs trans-
fected with miR-106a-5p mimic at 72 h and 96 h
compared with NC mimic (Figure 2(b), p < 0.01).
Moreover, a wound-healing assay of ESCs was car-
ried out to observe the effects of miR-106a-5p in ESC
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Figure 1. miR-106a-5p was decreased and FOXC1 was increased in endometrial tissues. (a) The RT-qPCR assay demonstrated
a decreased level of miR-106a-5p in ectopic endometrial specimens compared with normal endometrial specimens. Student’s t-test,
**p < 0.01. (b) FOXC1T mRNA level was increased in ectopic endometrial specimens compared with normal endometrial specimens.
Student’s t-test, *p < 0.05. (c) An immunofluorescence assay was conducted to detect the expression of Vimentin and Cytokeratin in
ectopic endometrial stromal cells (ESCs). DAPI was used to stain the nucleus (blue). Scale bar: 50 pym.

migration. The results showed that ESCs transfected
with miR-106a-5p mimic suppressed the migration
and invasiveness of ESCs (Figure 2(c,d), P < 0.01).
Meanwhile, we detected the expression of MMP2
and MMP9, which are involved in cell migration
and invasion [20,21]. Western blot results showed
a decreased level of MMP2 and MMP9 with acti-
vated form in ESCs transfected with miR-106a-5p
mimic than that in ESCs transfected with NC mimic
(Figure 2(e,f)). Additionally, ESCs were also trans-
fected with miR-106a-5p inhibitor or NC inhibitor.
The results were opposite to the miR-106a-5p
mimic. As shown in Figure S1A-D, miR-106a-5p
inhibitor exerted a promoting effect on ESC viability,
migration, and invasion. Collectively, our data

indicated that miR-106a-5p inhibited ESC prolifera-
tion, invasion, and migration.

3.3. miR-106a-5p targeted 3XUTR of FOXC1 and
repressed the PI3K/Akt/mTOR signaling pathway

To explore the molecular mechanism of miR-106a-5p
in regulating the proliferative, migratory, and invasive
ability of ESCs, the predicted results from ENCORI
showed that miR-106a-5p might target 3'UTR of
FOXCI1. As shown in Figure 3(a), the sequence align-
ment of FOXC1 bound to miR-106a-5p. The site types
of wt-FOXCl1-site 1 and wt-FOXCl-site 2 were 7mer-
Al and 6mer respectively. Compared to other groups,
a significantly decreased luciferase activity was
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Figure 2. miR-106a-5p repressed ESC proliferation, invasion, and migration. (a) The expression of miR-106a-5p in ESCs with
miR-106a-5p mimic transfected. One-way ANOVA. **p < 0.01, ns: not-significant. (b) The CCK-8 assay was performed to examine the
cell viability of ESCs transfected with miR-106a-5p mimic. Two-way ANOVA. **p < 0.01, ns: not-significant. (¢, d) A wound-healing
assay and the transwell invasion assay were carried out to measure the cell migration and invasion of ESCs transfected with miR-
106a-5p mimic. Scale bar in migration: 200 pum. Scale bar in invasion: 100 pm. (e) The western blot assay was used to detect MMP2
and MMP9 expression in ESC with miR-106a-5p mimic transfected. B-actin was conducted as a loading control. (f) The quantification
of MMP2 and MMP9 protein. One-way ANOVA. **p < 0.01, ns: not-significant.

observed in ESCs with wt-FOXC1 and miR-106a-5p
mimic co-transfected (Figure 3(b), p < 0.01).
Furthermore, RT-qPCR results demonstrated that
miR-106a-5p mimic reduced the level of FOXCI
mRNA in ESCs (Figure 3(c)). Western blot results

exhibited the same trend of FOXCI1 expression as RT-
qPCR results (Figure 3(d)). In addition, we also found
the miR-106a-5p mimic inhibited the expression of
the phosphorylation of PI3K, Akt, and mTOR (Figure
3(e)). Taken together, we showed that miR-106a-5p



directly bound to 3'UTR of FOXC1 and suppressed
the PI3K/Akt/mTOR signaling pathway.

3.4. miR-106a-5p suppressed ESC proliferation,
invasion, and migration by reducing FOXC1
expression

To explore whether miR-106a-5p suppressed
ESC proliferation, invasion, and migration via
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with miR-106a-5p mimic and FOXCI1-plasmid
or vector. Then the ability of ESCs to proliferate,
migrate and invade was detected respectively.
Our results suggested that FOXC1 reversed the
suppression of ESC proliferation, migration, and
invasion activities caused by miR-106a-5p mimic
(Figure 4(a-e)). These data revealed an inhibi-
tory effect of miR-106a-5p in ESC proliferation,
invasion, and migration through reducing the
expression of FOXCI.
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Figure 3. miR-106a-5p downregulated FOXC1 expression via targeting 3XUTR of FOXC1. (a) The sequence alignment of FOXC1

binding to miR-106a-5p. (b) Luciferase reporter assay was performed
5p. One-way ANOVA. **p < 0.01. (c) The FOXC1 expression in ESCs

to evaluate the binding activity between FOXC1 and miR-106a-
with miR-106a-5p mimic transfected was examined using RT-

gPCR. One-way ANOVA. **p < 0.01, ns: not-significant. (d, e) The detection and quantification of FOXC1, the p-PI3K, p-AKT, and
p-mTOR in ESCs with miR-106a-5p mimic transfected using western blot assay. $-actin was conducted as a loading control. One-way

ANOVA. **p < 0.01, ns: not-significant.
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4. Discussion

EMS is associated with pain and infertility, which
manifests during reproductive years [29].
Although pain can be alleviated through pharma-
cological suppression of ovulation and menstrua-
tion or surgery, lesions are not eradicated and the
benefit is often temporary [29]. Hence, it is neces-
sary to explore a novel way to treat EMS. Herein,
we indicated that miR-106a-5p was decreased in
EC samples from patients with EMS and miR-
106a-5p mimic in ESCs might suppress ESC pro-
liferation, invasion, and migration through redu-
cing the expression of FOXCI, likely via the PI3K
and its downstream signaling pathway.

Multiple miRNAs (such as miR-451, miR-125b,
miR-145, miR-194, and miR-199a) are involved in
EMS development and regulation [16,30].
However, no study has yet reported the function
and mechanism of miR-106a-5p in EMS. In the
present work, we demonstrated that decreased
miR-106a-5p levels were observed in the EU
when compared to the NE tissues, which provided
clinical insight into the contribution of miR-106a-
5p to the pathophysiological regulation of EMS.
The more clinical samples, the more representative
they are, including the NE samples. There is
a limitation that we have tried our best but the
sample size is still not satisfactory. But it is worth
noting that a previous study detected the miR-
106a-5p level in 30 paired ectopic endometrium
(EC) (endometriotic lesions) and the eutopic
endometrium (EU) tissues, and the results showed
that miR-106a-5p is down-regulated in EC [16].
Combined with our data, we have reasons to
believe that the reduced miR-106a-5p level is
involved in the pathogenesis of endometriosis.

In the subsequent study, ESC proliferation, inva-
sion, and migration were inhibited by a miR-106a-5p
mimic. Additionally, studies have reported that matrix
metalloproteinases are a miRNA target related to
EMS, and their expression is increased in the EU,
mainly by degrading the extracellular matrix, helping
tissue remodeling and promoting intrauterine mem-
brane migration and invasion [30,31]. Jana S et al.
found that Curcumin could delay the development
of EMS by inhibiting MMP2 activity [32]. Paul.
S et al. suggested that Melatonin could protect against
EMS via downregulation of MMP9 [33]. Consistent

with these results, we also found decreased MMP2 and
MMP9 after treatment with miR-106a-5p mimic,
which further confirmed the inhibitory effect of
miR-106a-5p in ESC proliferation, migration, and
invasion. Interestingly, several studies have reported
the inhibitory effect of miR-106a-5p in cell prolifera-
tion, invasion, and migration [13,14], which further
confirmed our results.

Furthermore, we defined a new mechanism in
this study whereby miR-106a-5p participated in
regulating FOXC1 expression in EMS. Previous
research has observed an upregulated expression
of FOXC1 in the ectopic endometrial tissue of
patients with EMS [16]. Our data exhibited that
the change of miR-106a-5p in ESCs resulted in an
alteration in the amount of FOXC1 protein.
Furthermore, our experimental evidence from
in vitro studies strongly suggested that FOXCl1
could be a functional target of miR-106a-5p and
might mediate its regulation role in ESC prolifera-
tion, migration, and invasion. Consistent with our
results, there is evidence that FOXCI1 overexpres-
sion contributes to an increased capacity for can-
cer cell survival and proliferation [17]. Another
research has indicated FOXC1 can promote color-
ectal cancer cell proliferation by enhancing the
Warburg effect [34]. Zuo et al. has demonstrated
the effect of FOXC1 in mediating the proliferation,
migration, cell cycle, and epithelial-mesenchymal
transition of basal-like breast cancer cells [35].
Some compelling evidence has pointed that ecto-
pic overexpression of FOXC1 in human basal-like
breast cancer cells can contribute to increased
tumor cell proliferation [36].

Interestingly, several studies have indicated that
FOXCI1 regulates cell proliferation, invasion, and
migration via activating the PI3K and its downstream
Akt signaling pathway [37-39]. The PI3K/Akt signal-
ing has been involved in the development of EMS [40-
44]. Recent research has indicated that the inhibition
of the PI3K/Akt/mTOR pathway might be a therapy
for EMS treatment [45]. In the present work, we also
indicated that miR-106a-5p targeted FOXC1 to inhibit
cell proliferation, invasion, and migration by inhibit-
ing the PI3K and its downstream Akt pathway in our
study. Similarly, research has reported that miR-106a-
5p can regulate C2C12 myogenesis via repressing the
PI3K/Akt pathway [46]. It is noteworthy that several
reports have demonstrated that the PI3K/Akt
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Figure 4. miR-106a-5p inhibited ESC proliferation, invasion, and migration via reducing FOXC1 expression. (a) The CCK-8
assay revealed that FOXC1 promoted the proliferation of ESCs which were suppressed by a miR-106a-5p mimic. (b) The down-
regulated migration activity of ESCs caused by the miR-106a-5p mimic was activated by FOXC1. Scale bar: 200 pm. (c) The declined
invasion activity of ESCs caused by the miR-106a-5p mimic was promoted by FOXC1. Scale bar: 100 um. (d-e) The quantitative
analysis of wound healing ratio and invasion cell number. One-way ANOVA. *p < 0.05, **p < 0.01, ns: not-significant.

signaling participated in the regulation of cell prolif-
eration, invasion, and migration in different cancer
cells [47-49], which further provides possible pieces of
evidence for the inhibitory effect of miR-106a-5p in

EMS via the PI3K/Akt/mTOR signaling pathway. In
addition, the main disadvantage of our study is that
there are too few cases in the normal group in the
clinical sample.



2212 (&) X.ZHOU ET AL.

5. Conclusion

Taken together, it is the first time for our study to
provide a new finding that miR-106a-5p suppressed
the proliferative, invasive, and migratory ability of
ESCs in vitro, and up-regulation of miR-106a-5p can
be used for treating EMS in pathological settings.

Research highlights

® miR-106a-5p mimic repressed ESC prolifera-
tion, invasion, and migration

® miR-106a-5p bound to FOXCl1

® miR-106a-5p suppressed the PI3K and its
downstream signaling pathway

® miR-106a-5p inhibited EMS progression via
targeting FOXC1

Data availability statement

The data used to support the findings in this study are
available from the corresponding author upon request

Disclosure statement

The authors have no conflicts of interest to declare.

Funding

This study was supported by the China Postdoctoral Science
Foundation (No. 2018M643882).

References

[1] Falcone T, Flyckt R. Clinical management of
endometriosis. Obstet Gynecol. 2018;131:557-571.

[2] Fukunaga M. Uterus-like mass in the uterine cervix:
superficial cervical endometriosis with florid smooth
muscle metaplasia? Virchows Arch. 2001;438:302-305.

[3] Mounsey AL, Wilgus A, Slawson DC. Diagnosis and
management of endometriosis. Am Fam Physician.
2006;74:594-600.

[4] Halme ], Hammond MG, Hulka JF, et al. Retrograde
menstruation in healthy women and in patients with
endometriosis. Obstet Gynecol. 1984;64:151-154.

[5] Mehedintu C, Plotogea MN, Ionescu S, et al
Endometriosis still a challenge. ] Med Life. 2014;7:349-357.

[6] Gaia-Oltean AI, Pop LA, Cojocneanu RM, et al. The
shifting landscape of genetic alterations separating
endometriosis and ovarian endometrioid carcinoma.
Am ] Cancer Res. 2021;11:1754-1769.

[7]

(8]

[9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

Wang C, Jin A, Huang W, et al. Up-regulation of Bcl-2
by CD147 through ERK activation results in abnormal
cell survival in human endometriosis. ] Clin
Endocrinol Metab. 2015;100:E955-63.

Bilotas M, Meresman G, Buquet R, et al. Effect of
endothelial growth factor and
interleukin-1beta on apoptosis in endometrial cell cul-
tures from patients with endometriosis and controls.
J Reprod Immunol. 2010;84:193-198.

Zhao Q, Ye M, Yang W, et al. Effect of Mst1 on endome-
triosis apoptosis and migration: role of Drpl-Related
mitochondrial fission and parkin-required mitophagy.
Cell Physiol Biochem. 2018;45:1172-1190.

Chung HW, Lee JY, Moon HS, et al. Matrix
metalloproteinase-2, membranous type 1 matrix metal-
loproteinase, and tissue inhibitor of
metalloproteinase-2 expression in ectopic and eutopic
endometrium. Fertil Steril. 2002;78:787-795.

Tutar Y. miRNA and cancer; computational and experi-
mental approaches. Curr Pharm Biotechnol. 2014;15:429.
Saliminejad K, Khorram Khorshid HR, Soleymani
Fard S, et al. An overview of microRNAs: biology,
functions, therapeutics, and analysis methods. J Cell
Physiol. 2019;234:5451-5465.

Pan Y], Wei LL, Wu X]J, et al. MiR-106a-5p inhibits the
cell migration and invasion of renal cell carcinoma
through targeting PAKS. Cell Death Dis. 2017;8:e3155.
He QY, Wang GC, Zhang H, et al. miR-106a-5p sup-
presses the proliferation, migration, and invasion of
osteosarcoma cells by targeting HMGA2. DNA Cell
Biol. 2016;35:506-520.

Zhi F, Zhou G, Shao N, et al. miR-106a-5p inhibits the
proliferation and migration of astrocytoma cells and pro-
motes apoptosis by targeting FASTK. PloS One. 2013;8:
€72390.

Zhao L, Gu C, Ye M, et al. Integration analysis of
microRNA and mRNA paired expression profiling
identifies deregulated microRNA-transcription
factor-gene  regulatory = networks in  ovarian
endometriosis. Reprod Biol Endocrinol. 2018;16:4.
Gilding LN, Somervaille TCP. The diverse conse-
quences of FOXC1 deregulation in cancer. Cancers
(Basel). 2019;11:184.

Lehmann OJ, Sowden JC, Carlsson P, et al. Fox’s in devel-
opment and disease. Trends Genet. 2003;19:339-344.

Han B, Bhowmick N, Qu Y, et al. FOXCI: an emerging
marker and therapeutic target for cancer. Oncogene.
2017;36:3957-3963.

Chin JR, Werb Z. Matrix metalloproteinases regulate
morphogenesis, migration and remodeling of epithe-
lium, tongue skeletal muscle and cartilage in the man-
dibular arch. Development. 1997;124:1519-1530.
Coussens LM, Fingleton B, Matrisian LM. Matrix
metalloproteinase inhibitors and cancer: trials and
tribulations. Science. 2002;295:2387-2392.

Xu YL, Wang DB, Liu QF, et al. Silencing of cofilin-1
gene attenuates biological behaviours of stromal cells

vascular



(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

derived from eutopic endometria of women with
endometriosis. Hum Reprod. 2010;25:2480-2488.
Liang Z, Chen Y, Zhao Y, et al. miR-200c suppresses
endometriosis by targeting MALAT1 in vitro and in
vivo. Stem Cell Res Ther. 2017;8:251.

Zhang Y, Yan ], Pan X. miR-141-3p affects apoptosis
and migration of endometrial stromal cells by targeting
KLF-12. Pflugers Arch. 2019;471:1055-1063.

Sultana S, Kajihara T, Mizuno Y, et al. Overexpression
of microRNA-542-3p attenuates the differentiating
capacity of endometriotic stromal cells. Reprod Med
Biol. 2017;16:170-178.

Yang WW, Hong L, Xu XX, et al. Regulation of miR-33b
on endometriosis and expression of related factors. Eur
Rev Med Pharmacol Sci. 2017;21:2027-2033.

Kobayashi H, Yamashita Y, Iwase A, et al. The fer-
roimmunomodulatory role of ectopic endometriotic
stromal cells in ovarian endometriosis. Fertil Steril.
2012;98:415-22.e1-12.

Li Q, Zhang C, Chen R, et al. Disrupting MALAT1/
miR-200c sponge decreases invasion and migration in
endometrioid endometrial carcinoma. Cancer Lett.
2016;383:28-40.

Vercellini P, Vigano P, Somigliana E, et al
Endometriosis: pathogenesis and treatment. Nat Rev
Endocrinol. 2014;10:261-275.

Bjorkman S, Taylor HS. MicroRNAs in endometriosis:
biological function and emerging biomarker candi-
datest. Biol Reprod. 2019;100:1135-1146.

Young V], Brown JK, Saunders PT, et al. The role of
the peritoneum in the pathogenesis of endometriosis.
Hum Reprod Update. 2013;19:558-569.

Jana S, Rudra DS, Paul S, et al. Curcumin delays
endometriosis development by inhibiting MMP-2
activity. Indian J Biochem Biophys. 2012;49:342-348.
Paul S, Sharma AV, Mahapatra PD, et al. Role of mela-
tonin in regulating matrix metalloproteinase-9 via tissue
inhibitors of metalloproteinase-1 during protection
against endometriosis. ] Pineal Res. 2008;44:439-449.

Li Q, Wei P, Wu J, et al. The FOXC1/FBP1 signaling
axis promotes colorectal cancer proliferation by enhan-
cing the Warburg effect. Oncogene. 2019;38:483-496.
Zuo H, Yang Q. The potential pathway of FOXC1 high
expression in regulating the proliferation, migration,
cell cycle and epithelialmesenchymal transition of
basal-like breast cancer and in vivo imaging. J buon.
2018;23:720-728.

Ray PS, Wang J, Qu Y, et al. FOXC1 is a potential prog-
nostic biomarker with functional significance in
basal-like breast cancer. Cancer Res. 2010;70:3870-3876.
Wang J, Li L, Liu S, et al. FOXCI promotes melanoma
by activating MST1R/PI3K/AKT.  Oncotarget.
2016;7:84375-84387.

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

BIOENGINEERED e 2213

Yu Z, Xu H, Wang H, et al. Foxcl promotes the
proliferation of fibroblast-like synoviocytes in rheuma-
toid arthritis via PI3K/AKT signalling pathway. Tissue
Cell. 2018;53:15-22.

Huang L, Huang Z, Fan Y, et al. FOXC1 promotes
proliferation and epithelial-mesenchymal transition in
cervical carcinoma through the PI3K-AKT signal
pathway. Am ] Transl Res. 2017;9:1297-1306.
Madanes D, Bilotas MA, Bastén JI, et al. PI3K/AKT
pathway is altered in the endometriosis patient’s
endometrium and presents differences according
to severity  stage. Gynecol Endocrinol.
2020;36:436-440.

Samartzis EP, Noske A, Dedes KJ, et al. ARID1A muta-
tions and PI3K/AKT pathway alterations in endome-
triosis and  endometriosis-associated ~ ovarian
carcinomas. Int ] Mol Sci. 2013;14:18824-18849.

Liu Y, Qin X, Lu X, et al. Effects of inhibiting the PI3K/
Akt/mTOR signaling pathway on the pain of sciatic
endometriosis in a rat model. Can ] Physiol
Pharmacol. 2019;97:963-970.

Wang H, Ni C, Xiao W, et al. Role of IncRNA FTX in
invasion, metastasis, and epithelial-mesenchymal tran-
sition of endometrial stromal cells caused by endome-
triosis by regulating the PI3K/Akt signaling pathway.
Ann Transl Med. 2020;8:1504.

Diao R, Wei W, Zhao J, et al. CCL19/CCR7 contributes
to the pathogenesis of endometriosis via PI3K/Akt
pathway by regulating the proliferation and invasion
of ESCs. Am ] Reprod Immunol. 2017;78:78.

Barra F, Ferro Desideri L, Ferrero S. Inhibition of
PI3K/AKT/mTOR pathway for the treatment of
endometriosis. Br ] Pharmacol.
2018;175:3626-3627.

Li X, Zhu Y, Zhang H, et al. MicroRNA-106a-5p
inhibited C2C12 myogenesis via targeting PIK3R1
and modulating the PI3K/AKT signaling. Genes
(Basel). 2018;9:333.

Ding X, Xu X, He XF, et al. Muscleblind-like 1 anti-
sense RNA 1 inhibits cell proliferation, invasion, and
migration of prostate cancer by sponging miR-181a-5p
and regulating PTEN/PI3K/AKT/mTOR signaling.
Bioengineered. 2021;12:803-814.

Xu W, Zhang L, Geng Y, et al. Long noncoding RNA
GAS5 promotes microglial inflammatory response in
Parkinson’s disease by regulating NLRP3 pathway
through sponging miR-223-3p. Int Immunopharmacol.
2020;85:106614.

Liu K, Xue B, Bai G, et al. Downregulation of
Diacylglycerol kinase zeta (DGKZ) suppresses tumor-
igenesis and progression of cervical cancer by facilitat-
ing cell apoptosis and cell cycle arrest. Bioengineered.
2021;12:1517-1529.



	Abstract
	1.  Introduction
	2.  Materials and methods
	2.1.  Tissue samples
	2.2.  Cell culture
	2.3.  Cell transfection
	2.4.  Real-time quantitative PCR (RT-qPCR)
	2.5.  Western blot
	2.6.  Cell counting kit-8 (CCK-8) assay
	2.7.  Wound healing assay
	2.8.  Transwell invasion assay
	2.9.  Immunofluorescence staining
	2.10.  Luciferase reporter assay
	2.11.  Statistical analysis

	3.  Results
	3.1.  The decreased level of miR-106a-5p and increased expression of FOXC1 in EMS
	3.2.  miR-106a-5p inhibited ESC proliferation, migration, and invasion
	3.3.  miR-106a-5p targeted 3ʹUTR of FOXC1 and repressed the PI3K/Akt/mTOR signaling pathway
	3.4.  miR-106a-5p suppressed ESC proliferation, invasion, and migration by reducing FOXC1 expression

	4.  Discussion
	5.  Conclusion
	Research highlights
	Data availability statement
	Disclosure statement
	Funding
	References



