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MicroRNA-142-3p suppresses endometriosis by regulating KLF9-mediated
autophagy in vitro and in vivo
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ABSTRACT
The detailed pathogenesis of endometriosis remains largely unclear despite decades of research. Recent
studies have demonstrated that miRNAs plays an important role in endometriosis. The expression of
miR-142-3p was decreased in ectopic endometrial tissues, while KLF9 and VEGFA expression levels were
increased. Overexpression of miR-142-3p or knockdown of KLF9 significantly suppressed CRL-7566 cell
proliferation and metastasis, induced cell apoptosis, and decreased both cell autophagy and vascular-
ization. Additionally, KLF9 was confirmed to be a direct target of miR-142-3p and to directly bind to the
promoter of the VEGFA gene, regulating its expression. Finally, intraperitoneal injection of miR-142-3p
lentivirus significantly attenuated ectopic endometriotic lesions in vivo.miR-142-3p directly targeted
KLF9, regulated VEGFA expression, and was protective against the growth of ectopic endometriotic
lesions. Therefore, the miR-142-3p/KLF9/VEGFA signalling pathway may be a potential target in endo-
metriosis treatment.
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Introduction

Endometriosis is a benign gynaecological disease and is
characterized by ectopic growth of functional endometrial
glands [1]. It is an estrogen-dependent chronic condition
and results in infertility over 25% of women; about 30%-
50% of women with endometriosis are born with pain and
infertility [2–4]. The global incidence rate of endometriosis
is approximately 2.5 ‰ per year [5]. Histopathological
diagnosis and laparoscopic visual examination are the gold
standard methods for the diagnosis of endometriosis [6],
which may be developed into endometrioid and ovarian
cancer [7,8]. Genetic predisposition, hormonal aberrations,
environmental factors, abnormal immune responses and
individual anatomy may be risk factors for the development
of endometriosis [9–11]. Although a number of studies
have been performed to understand the aetiology of endo-
metriosis, the details and underlying mechanisms in the
pathogenesis of endometriosis have not yet been fully
elucidated.

MicroRNAs (miRNAs) are a group of non-coding single-
stranded RNAs with 18 to 25 nucleotides, which play
important roles in regulating post-transcriptional gene
expression [12]. miRNAs usually exhibits imperfect binding
to the 3ʹ-untranslated regions (3ʹUTR) of their target
mRNA, resulting in degradation or suppressed translation
of mRNA [13,14]. Many studies have detailed the critical
role of miRNAs in a wide variety of cellular processes,
including cell differentiation, cell proliferation, apoptosis,
autophagy and vascularization [15–18]. Dysregulation of
miRNAs contributes to cancer, acute respiratory distress

syndrome (ARDS), stroke, depression, endometriosis, and
other diseases [15,19–21]. Wang et al. found that miR-7 is
downregulated in endometriosis and IL-4 receptor and IL-6
receptor are target genes of miR-7, and suggesting miR-7
and IL-4 may be potential biomarkers for the detection of
endometriosis [22]. Yang et al. found that miR-543 is sig-
nificantly decreased in endometrial samples with endome-
triosis and is associated with endometrial receptivity;
downregulation of miR-543 may contribute to endometrio-
sis-related infertility [23]. miR-142-3p is located at chromo-
some 17q22. Recently studies have reported that miR-142-
3p regulates cell proliferation, apoptosis, and migration in
different human cancers [24,25] and increases the popula-
tion of cancer stem cells (CSCs) through the bone marrow-
derived mesenchymal stem (BM-MSCs) derived exosomal
miR-142-3p [26]. Additional, miR-142-3p also increases
chemosensitivity by inhibition of high mobility group box
1 (HMGB1)-mediated autophagy in human non-small-cell
lung cancer (NSCLC) and acute myelogenous leukaemia
[27,28]. Microarray analyses show downregulation of miR-
142-3p in human ectopic endometrial tissues compared
with eutopic endometrial tissues, while functional analysis
suggested the involvement of CREB-binding protein, c-Jun,
Akt, and cyclin D1signaling pathway in human endome-
triosis [29].

Although miR-142-3p is decreased in human ectopic endome-
trial tissues, the contribution of miR-142-3p to human endome-
triosis is not known, and the underlyingmolecularmechanisms of
miR-142-3p in the regulation of endometriosis remain unclear.
Our study describes novel protective roles for miR-142-3p against
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the development and progression of endometriosis. In the present
study, we confirmed that miR-142-3p is decreased in human
ectopic endometrial tissues, and overexpression suppresses CRL-
7566 cell growth and migration. Furthermore, we found Krüppel-
like factor 9 (KLF9) is a target gene of miR-142-3p, and miR-142-
3p induces apoptosis by promoting KLF9-mediated autophagy.
Moreover, KLF9 also promotes angiogenesis by regulating vascu-
lar endothelial growth factor A (VEGFA) expression directly.
According to these findings, themiR-142-3p/KLF9/VEGFA sig-
nalling pathway may be a potential target for endometriosis
treatment.

Results

Mir-142-3p is decreased in human ectopic endometrial
tissues and negatively correlated with KLF9 and VEGFA
expression

To investigate the function of miR-142-3p in human endome-
triosis, we analysed the expression level of miR-142-3p in
ectopic endometrial tissues. Firstly, H&E staining revealed
small interstitial cells, glandular epithelial vacuolar degenera-
tion, and reduction of ectopic endometrium (Figure 1(a)).
Furthermore, qRT-PCR indicated that the expression of

Figure 1. Decreased miR-142-3p level and increased KLF9 and VEGFA levels in human ectopic endometrial tissues. (a) H&E-stained sections of human ectopic and
eutopic endometrial tissues. (b) FISH analysis of the expression of miR-142-3p in human ectopic and eutopic endometrial tissues. (c) miR-142-3p expression in human
ectopic endometrial tissues is lower than in eutopic tissue, *** P< 0.001. (d) IHC for KLF9 in human ectopic and eutopic endometrial tissues. (e) IHC examination for
VEGFA in human ectopic and eutopic endometrial tissues. (f) Western blot analysis of KLF9 and VEGFA protein expression in human ectopic and eutopic endometrial
tissues. (g, h) qRT-PCR analysis of KLF9 and VEGFA protein expression in human ectopic and eutopic endometrial tissues, respectively (n = 20), ** P< 0.01, *** P<
0.001. (i) KLF9 protein expression levels were negatively correlated with miR-142-3p expression levels (P= 0.001, R = −0.667). (j) VEGFA protein expression levels were
positively correlated with KLF9 protein expression levels (P = 0.019, R = 0.520).
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miR-142-3p was decreased in human ectopic endometrial
tissues compared with eutopic endometrial tissues, and FISH
demonstrated cytoplasmic localization of miR-142-3p (Figure
1(b,c). In addition, qPCR, Western blot and IHC showed that
the mRNA and protein expression of KLF9 and VEGFA were
increased in ectopic endometrial tissues compared with euto-
pic endometrial tissues (Figure 1(d-h). Moreover, KLF9
expression levels were negatively associated with miR-miR
-142-3p expression levels in 20 ectopic endometrial tissue
samples (p = 0.001, R = −0.667, Figure 1(i)), while VEGFA
expression levels were positively correlated with KLF9 expres-
sion levels (P = 0.019, R = 0.520, Figure 1(j)). Altogether,
these findings suggest that downregulation of miR-142-3p and
upregulation of KLF9 may contribute to the progression of
human endometriosis.

Overexpression of mir-142-3p inhibits endometrial cell
proliferation

To investigate the role of miR-142-3p in endometrial cell pro-
liferation, the growth ability of endometrial cell was analysed
after manipulation of miR-142-3p. Firstly, the expression of
miR-142-3p was lower in ECSCs and CRL-7566 cells than in
NESCs and hEM15A, respectively (Figure 2(a)). Analysis of
qRT-PCR and Western blot assays showed increased levels of
KLF9 and VEGFA in ECSCs and CRL-7566 cells (Figure 2(b–d).
Furthermore, the expression of miR-142-3p was modified by
miR-142-3p mimics and transfection inhibitor transfection
(Figure 2(e)). EdU staining and CCK-8 assay indicated that cell
proliferation viability was inhibited after miR-142-3p mimics
transfection (Figure 2(f,g). Moreover, flow cytometry revealed

Figure 2. Overexpression of miR-142-3p inhibited endometrial cell proliferation. (a) qRT-PCR analysis of the expression of miR-142-3p in ECSCs, NESCs, CRL-7566 and
hEM15A cells, *** P < 0.001. (b-d) qRT-PCR and Western blot analysis of the mRNA and protein of KLF9 and VEGFA expression levels in ECSCs, NESCs, CRL-7566 and
hEM15A cells, *** P < 0.001. (e) The expression of miR-142-3p was altered by miR-142-3p mimics and transfection inhibitor, ** P < 0.01, *** P < 0.001. (f) CCK-8 assay
to analyse the effect of miR-142-3p on CRL-7566 cell proliferation, ** P < 0.01. (g) EdU assay to evaluate the proliferation of CRL-7566 cells treated with miR-142-3p
mimics and inhibitor, ** P < 0.01. (h, i) Flow cytometry to measure the contribution of miR-142-3p to the cell cycle, *** P < 0.001.
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that upregulation of miR-142-3p in CRL-7566 cells decrease the
proportion of cells in S phase and increase the proportion in G1
phase, while downregulation of miR-142-3p decrease the pro-
portion in G phase and increase the proportion in S phase
(Figure 2(h,i). These findings demonstrated miR-142-3p altera-
tion of the cell cycle, supporting its role in endometrial cell
proliferation.

Overexpression of mir-142-3p inhibits endometrial cell
metastasis and vascular endothelial cell tube formation

Transwell migration and invasion assay and scratch wound
healing assay were performed to determine the effects of miR-

142-3p on cell migration and invasion. The transwell migra-
tion and invasion assay showed that miR-142-3p mimics
transfection inhibited the migratory and invasive viability of
CRL-7566 cells, while miR-142-3p inhibitor transfection pro-
moted the migratory and invasive viability of CRL-7566 cells
(Figure 3a–c). Following 48hs of culture, cell wound scratch
assay results showed that CRL-7566 cells travelled longer in
miR-142-3p mimics-transfected group, whereas travelled
shorter in miR-142-3p inhibitor-transfected group compared
with the control group. (Figure 3(d) and e). Furthermore, the
expression of VEGFA was decreased in CRL-7566 cells trans-
fected with miR-142-3p mimics and increased in those trans-
fected with miR-142-3p inhibitor (Figure 3(f–h)), Similar

Figure 3. Overexpression of miR-142-3p inhibited endometrial cell metastasis and vascular endothelial cell tube formation. (a-c) Transwell migration and invasion
assays to evaluate the metastasis of CRL-7566 cells treated with miR-142-3p mimics and inhibitor, *** P < 0.001. (d, e) Cell wound scratch assay to evaluate the
migration of CRL-7566 cells transfected with miR-142-3p mimics and inhibitor, *** P < 0.001. (f-h) qRT-PCR, IF and Western blot analysis of VEGFA expression in CRL-
7566 cells transfected with miR-142-3p mimics and inhibitor, *** P < 0.001. (I) ELISA analysis of VEGFA concentration in the culture medium of treated CRL-7566 cells,
*** P < 0.001. (j, k) Tube formation assay to evaluate the culture medium gathered from treated CRL-7566 cell on the vascularization viability of HUVEC, * P < 0.05, **
P < 0.01.
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alteration of VEGFA protein in culture medium was observed
(Figure 3(i)). The CRL-7566 cell culture medium was col-
lected and used for HUVEC culture. The tube formation
assay showed that the medium from miR-142-3p mimics-
transfected CRL-7566 cells inhibited vascularization, and the
medium from miR-142-3p inhibitor-transfected CRL-7566
cells enhanced vascularization (Figure 3(j) and k). Thus,
miR-142-3p regulates endometrial cell migration and invasion
and reduces VEGFA expression, resulting in the inhibition of
vascularization.

Overexpression of mir-142-3p inhibits autophagy and
induces cell apoptosis

To investigate the role of miR-142-3p in cell apoptosis, miR-
142-3p mimics or inhibitor was transfected into CRL-7566
cells. Flow cytometry showed a significant increase in the
apoptosis rate in CRL-7566 cells transfected with miR-142-
3p mimics and a decrease in those transfected with miR-142-
3p inhibitor (Figure 4(a)). Similarly, Hoechst 33,258 staining
showed the number of cells with condensed and fragmented

nuclei indicative of apoptosis was significantly increased in
miR-142-3p mimics-transfected CRL-7566 cells (Figure 4(b)).
Transmission electron microscopy showed that the number of
autophagosomes was decreased in miR-142-3p mimics-
transfected cells (Figure 4(f)). As expected, KLF9 expression
was suppressed in miR-142-3p overexpressing cells, according
to qPCR, Western blot and IF analysis (Figure 4(c-e)). In
addition, Western blot analysis showed that upregulation of
miR-142-3p in CRL-7566 cells induces the expression of Bax
and p62 and inhibit the expression of Bcl-2 and LC3B (Figure
4(g)). The findings suggested that miR-142-3p might regulate
cell apoptosis by targeting KLF9-mediated autophagy.

KLF9 is a target gene of mir-142-3p

Our above results showed a negative correlation between
KLF9 expression and miR-142-3p expression. To demonstrate
the direct interaction between KLF9 and miR-142-3p, the first
step was miRNA-target prediction using the TargetScan data-
base (www.targetscan.org). As expected, miR-142-3p has one
predicted target site in the human KLF9-3ʹ-UTR (Figure 5(a)).

Figure 4. Overexpression of miR-142-3p inhibited autophagy and induced cell apoptosis. (a, b) Flow cytometry and Hoechst 33,258 staining were performed to
analysis apoptosis of CRL-7566 cells transfected with of miR-142-3p mimics or inhibitor, *** P < 0.001. (c-e) qRT-PCR, IF and Western blot analysis of the expression of
KLF9 in miR-142-3p mimics or inhibitor-transfected CRL-7566 cells, *** P < 0.001. (f) Transmission electron microscopy to evaluate the autophagy of CRL-7566 cells
treated with miR-142-3p mimics and inhibitor. The autophagosome was indicated with an arrowhead. (g) Western blot analysis of Bcl-2, Bax, LC3B and p62
expression in the CRL-7566 cells transfected with miR-142-3p mimics or inhibitor.
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Dual-luciferase reporter assay showed that the luciferase activ-
ity of the reported was downregulated by miR-142-3p mimics,
but the luciferase activity of mutant KLF9-3ʹ-UTR was not
regulated by miR-142-3p (Figure 5(b)). These findings indi-
cated that KLF9 is a direct target gene of miR-142-3p.

Knockdown of KLF9 suppresses cell proliferation

To investigate the role of KLF9 in endometrial cell prolifera-
tion, the growth ability of endometrial cells was analysed after
knockdown of KLF9. Firstly, the mRNA and protein expres-
sion levels of KLF9 were decreased by KLF9-siRNA transfec-
tion (Figure 5(c-e)). CCK-8 assay and EdU staining indicated
that cell proliferation viability was reduced after KLF9-siRNA
transfection (Figure 5(f-h)). Moreover, flow cytometry indi-
cated that knockdown of KLF9 increases G1 phase and
decreases S phase (Figure 5(i)). Thus, our findings suggested

that KLF9 alters the cell cycle to regulate endometrial cell
proliferation.

Knockdown of KLF9 inhibits endometrial cell metastasis
and vascular endothelial cell tube formation

The transwell migration and invasion assay and scratch
wound healing assay were performed to determine the effects
of KLF9 on cell migration and invasion. The transwell migra-
tion and invasion assay showed that knockdown of KLF9
inhibited the migratory and invasive viability of CRL-7566
cells(Figure 6(a-c)). Following 48hs of culturing, the distance
travelled by KLF9-siRNA transfected CRL-7566 cells were
significantly longer than the control group (Figure 6(d) and
e). Furthermore, the expression of VEGFA was decreased in
CRL-7566 cells after KLF9-siRNA transfection (Figure 6(g-i)),
and VEGFA protein released into the culture medium was
also decreased (Figure 6(f)). The CRL-7566 cell culture

Figure 5. KLF9 is a target gene of miR-142-3p, and knockdown of KLF9 suppresses cell proliferation. (a) Schematic representation of wild type and mutant psi-
CHECK2-KLF90-3ʹUTR miRNA expression vectors used in luciferase reporter assays. (b) Relative luciferase activities in 293T cells corresponding to the binding site, ***
P < 0.001. (c-e) qRT-PCR, Western blot and IF analysis of the expression of KLF9 in CRL-7566 cells treated with KLF9-siRNA. (f) CCK-8 assay to evaluate the effect of
KLF9-siRNA on CRL-7566 cell proliferation, ** P < 0.01. (g, h) EdU assay to assess the proliferation of CRL-7566 cells treated with KLF9-siRNA, *** P < 0.001. (i) Flow
cytometry to measure the contribution of KLF9-siRNA to the cell cycle, *** P < 0.001.

1738 L. MA ET AL.



medium was collected and used for culturing HUVEC. The
tube formation assay showed that the medium from KLF9-
siRNA transfected CRL-7566 cells inhibited vascularization
(Figure 6(j) and k). These findings demonstrated that KLF9
regulates endometrial cell migration and invasion and reduce
VEGFA expression, resulting vascularization inhibition.

Knockdown of KLF9 inhibits autophagy and induces cell
apoptosis

Flow cytometry and Hoechst 33,258 staining were performed
to analyse the effect of KLF9 on cell autophagy and apoptosis.
Flow cytometry showed that the apoptosis rate was signifi-
cantly induced in CRL-7566 cells transfected with KLF9-
siRNA (Figure 7(a) and b). Furthermore, the number of
cells with condensed and fragmented nuclei was significantly
increased in KLF9-siRNA-transfected CRL-7566 cells (Figure
7(a)). Transmission electron microscopy showed that the
number of autophagosome was decreased in CRL-7566 cells
after knockdown of KLF9 (Figure 7(c)). In addition, Western
blot and IF showed that knockdown of KLF9 induced the
expression of Bax and p62 and decreased the expression of
Bcl-2 and LC3B in CRL-7566 cells ()). Finally, the online tool

(www.genomatix.de) was used to identify putative KLF9 bind-
ing sites in the genomic sequence adjacent to the transcription
start site(TSS) of the VEGFA gene, regulating its transcription.
We found a potential KLF9 binding site in the −1140 to −1127
genomic region relative to the 5ʹ initiation site of VEGFA,
which was designated as +1 (Figure 8(a)). Data from the dual-
luciferase reporter assay, ChIP PCR and EMSA-supershift
assay confirmed that KLF9 directly bound to the VEGFA
promoter in the −1140 to −1127 genomic region (Figure 8
(b)-d). Altogether, these findings suggested that KLF9 might
regulate cell apoptosis through autophagy and directly regu-
late the expression VEGFA at the transcriptional level.

Knockdown of KLF9 ameliorated the mir-142-3p
inhibitor-mediated cell proliferation and metastasis
promotion, and apoptosis inhibition

KLF9 expressions were significantly decreased in si-KLF9-
transfected CRL-7566 cells, as shown by qRT-PCR, Western Blot
and IF (Figure 9a-c), indicating that si-KLF9 was successfully
transfected and resulted in KLF9 knockdown. Furthermore,
knockdown of KLF9 in miR-142-3p inhibitor-transfected CRL-
7566 cells significantly decreased the ability of miR-142-3p

Figure 6. Knockdown of KLF9 inhibited endometrial cell metastasis and vascular endothelial cell tube formation. (a-c) Transwell migration and invasion assays to
evaluate the metastasis of CRL-7566 cells treated with KLF9-siRNA, *** P < 0.001. (d, e) Cell wound scratch assay to evaluate the migration of CRL-7566 cells
transfected with KLF9-siRNA, *** P < 0.001. (f) ELISA analysis of VEGFA concentration in the culture medium of treated CRL-7566 cells, ** P < 0.01. (g-i) qRT-PCR, IF
and Western blot analysis of the VEGFA expression in CRL-7566 cells transfected with KLF9-siRNA, *** P < 0.001. (j, k) Tube formation assay to evaluate the effects of
culture medium gathered from treated CRL-7566 cells on vascularization in HUVEC, *** P < 0.001.
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inhibitor to promote CRL-7566 cell proliferation and metastasis
(Figure 9(d)-g, Figure 10(a-c). Knockdown of KLF9 in miR-142-
3p inhibitor-transfectedCRL-7566 cells significantly decreased the

inhibitory effect of miR-142-3p inhibitor on CRL-7566 cell apop-
tosis (Figure 9(h-j)). In addition, the expression of VEGFA was
significantly decreased in miR-142-3p inhibitor-transfected CRL-

Figure 7. Knockdown of KLF9 inhibited autophagy and induced cell apoptosis. (a, b) Flow cytometry and Hoechst 33,258 staining methods to analyse apoptosis of
KLF9-siRNA transfected CRL-7566 cells, *** P< 0.001. (c) Transmission electron microscopy to evaluate autophagy in CRL-7566 cells treated with LKF9-siRNA. The
autophagosome was indicated with arrowhead. (d) Western blot analysis of Bcl-2, Bax, LC3B and p62 expression after transfection of CRL-7566 cell with KLF9-siRNA.

Figure 8. KLF9 directly binds to the VEGFA promoter. (a) Consensus sequence of the KLF9 binding site. (b) Relative luciferase activities in 293T cell corresponding to
binding site, *** P < 0.001. (c) ChIP analysis of the binding of KLF9 to the endogenous VEGFA promoter. (d) EMSA analysis of the binding of KLF9 to the endogenous
VEGFA promoter.
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7566 cells after KLF9-siRNA transfection (Figure 10(d-f)). The
tube formation viability was decreased in HUVEC that were
cultured in the medium gathered from CRL-7566 cells co-
transfected with KLF9-siRNA and miR-142-3p inhibitor (Figure
10(g)).

Mir-142-3p suppresses of the growth of endometriotic
lesions in vivo

To investigate whether miR-142-3p is a critical for the pro-
gression of endometriosis and determine the effect of miR-
142-3p in vivo, a rat model of endometriosis was established.
The body weight in the model group was significantly
decreased compared with the control group and was signifi-
cantly increased in the miR-142-3p treatment group at the
end of the experiment (Figure 11(a)). Additionally, the con-
centrations of VEGFA and MDA in rat serum were increased
in the model group compared with the control group, and
miR-142-3p inhibits the expression of VEGFA and MDA
Figure 11(b and d)). The concentrations of SOD and CAT
in rat serum were decreased in the model group compared
with the control group, and miR-142-3p induced the expres-
sion of SOD and CAT (Figure 11(c and e)). Furthermore, the
expression of miR-142-3p was significantly decreased in the
model group and was increased in the miR-142-3p treatment

group (Figure 11(f)). We also found that the expression levels
of KLF9 and VEGFA were negatively correlated with miR-
142-3p expression (Figure 11(g and h)). Pathology analysis
revealed small interstitial cells, degeneration of glandular
epithelial vacuolar and reduction of ectopic endometrium
and increasing apoptosis in the model group; overexpression
of miR-142-3p ameliorates endometriosis (Figure 11(i)).
Finally, Western blot analysis in the model group showed
increased expression of VEGFA, LCB3, KLF9 and Bcl-2 and
decreased expression of p62 and Bax; overexpression of miR-
142-3p can ameliorate this endometriosis-mediated protein
expression pattern (Figure 11(j)). Therefore, miR-142-3p
exerts a therapeutic effect in a rat endometriosis model.

Discussion

A growing number of studies indicate that miRNAs play
critical roles in a wide range of cellular processes [30] and
dysregulation of miRNAs contributes to the development and
progression of human diseases [31]. In the present study, we
found that miR-142-3p was significantly decreased in human
ectopic endometrial tissues compared with eutopic endome-
trial tissues. In addition, overexpression of miR-142-3p sup-
pressed CRL-7566 cell proliferation, migration and invasion
and induced cell apoptosis. Furthermore, overexpression of

Figure 9. Knockdown of KLF9 ameliorated the miR-142-3p inhibitor-mediated cell proliferation promotion and apoptosis inhibition. (a-c) qRT-PCR, Western blot and
IF analysis of the expression of KLF9 in miR-142-3p inhibitor transfected CRL-7566 cells after KLF9-siRNA transfection, *** P < 0.001. (d, g) EdU staining analyse the
cell proliferation viability of miR-142-3p inhibitor transfected CRL-7566 cell transfected with KLF9-siRNA, *** P < 0.001. (e, f) Flow cytometry to measure the effect of
KLF9-siRNA on cell cycle in miR-142-3p inhibitor transfected CRL-7566 cells, *** P< 0.001. (h,i) Flow cytometry and Hoechst 33,258 staining methods were performed
to analyse the effect of KLF9-siRNA on cell apoptosis in miR-142-3p inhibitor transfected CRL-7566 cells, ** P < 0.01. (j) Western blot analysis of VEGFA, Bcl-2, Bax,
LC3B and p62 expression in miR-142-3p inhibitor transfected CRL-7566 cells after KLF9-siRNA transfection.
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miR-142-3p inhibited cell autophagy and vascularization of
HUVEC. Treatment with miR-142-3p led to an increase in
body weight and ameliorated endometriosis in our rat model
of endometriosis.

The KLF family is composed of 17 members with diverse
regulatory functions [32]. The Krüppel-like factor 9 (KLF9) is
a member of the KLFs family and is also known as BTE-B1
(basic transcription element-binding protein 1). KLF9 has
been played a major role in aberrant estrogen receptor
(ESR) and progesterone receptor (PGR) mediated reproduc-
tive dysfunctional states, including infertility, endometrial
cancer, endometriosis and uterine hypoplasia [33–35]. KLF9
may be a coregulator of PRGand a regulator of ESR1 signal-
ling, contributing to reproductive dysfunction [36,37].
Previous studies showed that knockdown of KLF9 and PRG
in human endometrial stromal cells resulted in blocking of
Wnt, cytokine, and IGF signalling in vitro, all of which are
PGR- and ESR1-regulated pathways [33]. In the current study,
KLF9 expression was increased in human ectopic endometrial
tissues compared with eutopic endometrial tissues, and was
negatively correlated with miR-142-3p expression. The

luciferase reporter assay confirmed that KLF9 is a target
gene of miR-142-3p. The attenuated expression of KLF9
inhibited CRL-7566 cell proliferation, migration and invasion,
and promoted cell apoptosis in vitro. Furthermore, knock-
down of KLF9 induced cell autophagy and inhibited vascular-
ization of HUVEC.

Autophagy is an evolutionarily conserved pathway of
non-apoptotic programmed cell death, contributing to the
degradation of cytoplasmic components in eukaryotic cells,
including cytoplasmic organelles, long-lived proteins and
other macromolecules [38,39]. Cellular components can be
degraded in lysosomes, and bioenergetic metabolites can be
recycled through the autophagy pathway [40,41]. The
microtubule-associated protein light chain 3 beta (LC3) is
a mammalian homolog of yeast autophagy-related gene 8
(Atg8), which is present on autophagosomes, and the con-
version of LC3 I to LC3 II is widely used as an indicator of
autophagy [42]. Extensive activation of autophagy contri-
butes to cellular homeostasis [39,43] and plays an impor-
tant role in inhibiting cell apoptosis in some normal cells
and cancer cells [44,45] Interestingly, autophagy was

Figure 10. Knockdown of KLF9 ameliorated miR-142-3p inhibitor-mediated increase in metastasis. (a-c) Transwell migration and invasion assays to evaluate the
metastasis of miR-142-3p transfected CRL-7566 cells treated with KLF9-siRNA, *** P < 0.001. (d, e) qRT-PCR, IF and Western blot analysis of the VEGFA expression in
miR-142-3p transfected CRL-7566 cells treated with KLF9-siRNA *** P < 0.001. (f) ELISA analysis of VEGFA concentration in the culture medium of treated CRL-7566
cells, ** P < 0.01. (g) Tube formation assay to evaluate effects of the culture medium gathered from treated CRL-7566 cells on vascularization viability of HUVEC, *** P
< 0.001.
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observed in ectopic endometrium tissues from ovarian
endometriosis patients [46]. Here, we found that overex-
pression of miR-142-3p or knockdown of KLF9 inhibited
CRL-7566 cell autophagy and promoted cell apoptosis
in vitro. Our rat endometriosis model showed increased
expression rate of LC3 II/LC3 I and decreased p62 expres-
sion levels in transplanted ectopic endometrial tissues, indi-
cating that autophagy was increased in the model group.
When treated with miR-142-3p, the expression of LC3 II/
LC3 I and p62 were altered. These findings, suggest that
autophagy may play an important role in endometriosis
and possibly contribute to the decreased death of endome-
triotic cells.

The dense web of blood vessels is one of the distinct
features of endometriotic lesions, and angiogenesis is essential
for eutopic endometrium. However, the expression of angio-
genic growth factors, particularly vascular endothelial growth
factor (VEGF) was increased in ectopic endometrium tissues
compared with normal tissues. Previous studies had demon-
strated that inhibition of angiogenesis by blocking VEGF
decreased the growth of endometriotic lesions in vivo. In the
present study, we found that the expression of VEGFA was
increased in human ectopic endometrium tissues compared
with normal tissues. Overexpression of miR-142-3p or knock-
down of KLF9 suppressed the expression VEGFA and inhib-
ited vascular endothelial cell tube formation. In addition, we
confirmed that KLF9 directly targeted the promoter of
VEGFA. Therefore, miR-142-3p may regulate KLF9-

mediated VEGFA expression, which affects the development
of eutopic endometrium.

In conclusion, our results indicated that in ectopic endo-
metrial tissues, miR-142-3p expression level was decreased
while KLF9 and VEGFA expression levels were increased.
The current study also confirmed that KLF9 is a direct target
gene of miR-142-3p and that KLF9 protein can bind to the
promoter of the VEGFA gene. Overexpression of miR-142-3p
or knockdown of KLF9 suppressed cell proliferation, migra-
tion and invasion, inhibited cell autophagy, and promoted cell
apoptosis. Overexpression of miR-142-3p or knockdown of
KLF9 also promoted the vascularization viability of HUVEC.
Therefore, the miR-142-3p-KLF9-VEGFA signalling pathway
may be a potential target for endometriosis treatment.

Materials and methods

Tissue collection

Twenty ectopic endometrial tissue samples were collected
from women with AFS stage II–IV endometriosis during
laparoscopic surgical procedures. For the control group, 20
eutopic endometrial tissues were obtained from women with
infertility related to fallopian tube pathology. All of the
women were not taking any medication and had regular
menstrual cycles. All the procedures were approved by the
human ethics committee of The Seventh Affiliated Hospital,
Sun Yat-sen University. Written informed consent was

Figure 11. miR-142-3p suppressed endometriotic lesions in vivo. (a) The bodyweight of rats was assessed in control, model and miR-142-3p treated groups, * P <
0.05, ** P < 0.01, *** P < 0.001. (b-e) ELISA analysis of VEGFA, SOD, MDA and CAT concentrations in rat sera from different treatment groups, * P < 0.05, ** P < 0.01,
*** P < 0.001. (f-h) qRT-PCR analysis of miR-142-3p, KLF9 and VEGFA expression in endometrial tissues from control, model and miR-142-3p treated groups, * P <
0.05, ** P< 0.01, *** P < 0.001. (I) H&E-stained and Tunel-stained sections of the endometrial tissues from control, model and miR-142-3p treated groups. (J) Western
blot analysis of VEGFA, Bcl-2, Bax, LC3B, p62 and KLF9 expression in endometrial tissues from control, model and miR-142-3p treated groups.
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obtained from all of the volunteers. All tissues were collected
and fixed with 4% paraformaldehyde or stored at −80°C.

Cell culture

The endometrial cell line CRL-7566 and hEM15A were pur-
chased from the American Type Culture Collection (ATCC,
Manassas, Virginia, USA). Fresh human ectopic endometrial
tissues (ECSCs) and eutopic endometrial tissues (NESCs)
were processed for cell isolation, as previously described
[47,48]. The cells were cultured in high-glucose complete
Dulbecco’s modified Eagle medium (DMEM; Invitrogen, San
Diego, USA) containing 10% fetal bovine serum (FBS;
Invitrogen, San Diego, USA) and 1% penicillin–streptomycin
(100 U/mL penicillin and 100 μg/mL streptomycin). The cells
were maintained in a humidified incubator with an atmo-
sphere comprising 5% CO2 at 37°C.

Quantitative real-time PCR (qrt-PCR)

Total RNA was extracted from tissues or cells using TRIzol
reagent (Thermo Fisher Scientific, Waltham, MA, USA), fol-
lowed by quantification using the Nanodrop 2000 (Thermo
Fisher Scientific, Waltham, MA, USA). A total of 2 μg of total
RNA was used for cDNA synthesis using a Bestar qPCR RT
Kit (DBI® Bioscience, Shanghai, China). DBI Bestar®
SybrGreen qPCR Master Mix (DBI® Bioscience, Shanghai,
China) was used for real-time PCR according to the manu-
facturer’s protocol. Amplification and detection were per-
formed using a Stratagene Real-time PCR Detection System
(Mx3000P, Agilent, Santa Clara, CA, USA) for 40 cycles, each
cycle consisting of denaturation at 94°C for 2 min, heating at
94°C for 20 s, annealing at 58°C for 20 s, and extension at 72°
C for 20 s. The value of relative mRNA or miRNA expression
was normalized to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) or U6, respectively. The 2−△△Ct method was used to
quantify resulting data. Primers were constructed for VEGFA:
5ʹ-ATCTTCAAGCCATCCTGTGTG-3ʹ (forward), 5ʹ-
ACCAACGTACACGCTCCA-3ʹ (reverse); for KLF9: 5ʹ-
AGAGTGCATACAGGTGAACGG-3ʹ (forward), 5ʹ-AGTGT-
GGGTCCGGTAGTGG-3ʹ (reverse); for GAPDH: 5ʹ-TGTTC-
GTCATGGGTGTGAAC −3ʹ (forward), 5ʹ-ATGGCATGG-
ACTGTGGTCAT-3ʹ (reverse); for miR-142-3p: 5ʹ-ACACT-
CCAGCTGGGTGTAGTGTTTCCTACTTT-3ʹ (forward), 5ʹ-
CTCAACTGGTGTCGTGGA-3ʹ (reverse); and for U6: 5ʹ-
CTCGCTTCGGCAGCACA-3ʹ (forward), 5ʹ- AACGCTT-
CACGAATTTGCGT-3ʹ (reverse).

Western blot assay

Total proteins were extracted from tissues and cells using
a sodium dodecyl sulfate (SDS) lysis buffer (Beyotime,
Shanghai, China), and the concentrations of total protein
were determined usingNanodrop 2000 (Thermo Fisher
Scientific, Waltham, MA, USA). 20 μg of total protein
were separated in 10% sodium dodecyl sulfate polyacryla-
mide gels (SDS-PAGE) and electrophoretically transferred
to polyvinylidene difluoride (PVDF) membranes (Roche,
Mannheim, Germany). The membranes were blocked in

Tris-buffered saline containing 5% bull serum albumin
(BAS) for 2 h at room temperature and then incubated
with primary antibody (anti-KLF9 (1: 2000), anti-VEGFA
(1: 1000), anti-LC3B(1: 1000), anti-p62 (1: 1000), anti-Bax
(1: 1000) and anti-Bcl-2 (1: 1000)) at 37°C for 1 h. The
membranes were subsequently incubated with goat anti-
rabbit IgG conjugated to horse radish peroxidase (HRP)
secondary antibody (1: 5000) and visualized by chemilumi-
nescence. All antibodies were purchased from Abcam
(abcam, Cambridge, UK).

Plasmid construction

The 3ʹ-untranslated region (3ʹ-UTR) of KLF9 gene containing
putative binding sites for miR-142-5p was amplified and
cloned into psi-CHECK2 vectors (Promega, Madison, WI,
USA). The resulting plasmid was named KLF9-3ʹUTR-WT.
KLF9 gene mutant 3ʹ-UTR recombinant plasmid, expressed as
KLF9-3ʹUTR-MUT, was generated using the TaKaRa
MutanBEST Kit (TaKaTa, Beijing, China) with the 8-bp
mutation, AACACUAA to UGGUAACG, in the predicted
miR-142-5p binding site.

The KLF9 gene overexpression vector was obtained by
cloning the amplified cDNA into pcDNA3.1 vectors
(V79020, Invitrogen, San Diego, USA) and was verified by
DNA sequencing (BGI, Shenzhen, China).

The promoter of VEGFA gene containing putative binding
sites for KLF9 protein was amplified and cloned into pGL3
vectors (Promega, Madison, WI, USA). The resulting plasmid
was named as VEGFA-promoter-WT. VEGFA gene promoter
mutant recombinant plasmid was generated using the TaKaRa
MutanBEST Kit (TaKaTa, Beijing, China), containing the 13-
bp mutation, CCCCCCACCCCCT to GATGAGTGAGGTC,
in the predicted KLF9 binding site. The resulting plasmid was
named VEGFA-promoter-WT.

Cell transfection

The miR-142-3p mimics (chemically modified double-
stranded small RNAs), inhibitor (chemically modified single-
stranded small RNA molecules), scrambled sequence RNA
(NC) and small interfering RNA (siRNA) targeting the KLF9
gene were purchased from GenePharma (Suzhou, China).
About 100 μL (1 × 105 cells/ml) cells were seeded into each
well of 96-well plates. The cells were incubated for 24 h and
then transfected with RNAs (100 nM) or plasmids (20 μM)
using Lipofectamine 2000 (11,668,019, Invitrogen, San Diego,
USA) in serum-free medium in accordance with the manu-
facturer’s instructions.

Dual-luciferase reporter assay

For miRNA-target gene dual-luciferase reporter assay, 1 × 105

293T cells were seeded into 24-well plates and cultured for 24
h, and then co-transfected with 100 ng KLF9-3ʹUTR-WT or -
MUT vectors and 100 nM miR-142-3p mimics or NC using
Lipofectamine 2000. After 48 h of transfection, luciferase activ-
ities were measured using Dual-Luciferase Reporter Assay
System (Promega, USA) according to the manufacturer’s
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instructions. Renilla luciferase activity was normalized to
Firefly luciferase activity.

For transcriptional factors (TF) promoter dual-luciferase
reporter assay, 1 × 105 293T cells were seeded into 24-well
plates and cultured for 24 h, and then co-transfected with 100
ng VEGFA-promoter-WT or -MUT vectors and 100 ng
pcDNA3.1-KLF9 or pcDNA3.1 As the internal control,
empty vectors were co-transfected using Lipofectamine 2000,
also pRL-TK vectors (Promega, USA) in each cell group. After
48 h of transfection, luciferase activities were measured using
Dual-Luciferase Reporter Assay System (Promega, USA)
according to manufacturer’s instructions. Firefly luciferase
activity was normalized to Renilla luciferase activity.

Chromatin immunoprecipitation (chip)

The ChIP assay was performed using a Magna ChIP™ A Kit
(Millpore, Burlington, MA, USA) according to the manufac-
turer’s protocol.Briefly, 1 × 106 cells were crosslinked with 1%
formaldehyde at room temperature for 10 min. After washing
with cold PBS, 5 μL of Protease Inhibitor Cocktail II was
added. Subsequently, 2 mL of 10× Glycine was added at
room temperature for 5 min to quench unreacted formalde-
hyde. The cells were washed with cold PBS, collected into
a separate microfuge tube, and pelleted at 800 × g at 4°C for 5
min. The lysate was resuspended in 0.5 ml of cell Lysis Buffer
containing 1× Protease Inhibitor Cocktail II and incubated on
ice for 15 min. The cell lysate was centrifuged at 800 × g at 4°
C for 5 min, and the cell pellet was resuspended in 0.5 ml of
Nuclear Lysis Buffer. Chromatin was sheared to ~150–900
base pairs in length using a ultrasonic cell disruptor (JY99-
IIDN, scientz, Zhejiang, China) with 20% power, 20 cycles, 15
s on and 10 s off on ice (Figure S1). Then, the chromatin
solution was incubated with the indicated antibody overnight
at 4°C with rotation. Beads were with ChIP wash buffer.
Immunocomplexes were eluted from beads using ChIP elu-
tion buffer and then incubated overnight at 62°C to reverse
cross-linking. DNA was purified and analysed by PCR. The
primer sequences used for ChIP PCR analysis were 5ʹ-
GAAGCAACTCCAGTCCCAAAT-3ʹ (forward), 5ʹ-GCAC-
ACACTCACTCACCCAC-3ʹ (reverse).

Electrophoretic mobility shift assay (EMSA)

The EMSA was performed using a LightShift® Chemiluminescent
EMSA Kit (Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s protocol. Briefly, 1 μg/μL Poly
(dI•dC) and probes were incubated with 3 μL nuclear extract in 20
μL binding buffer for 20 min at 25°C. Anti-KLF9 antibody or
specific mutant competitors were pre-incubated with the nuclear
extract. Samples (20 μL) were separated by polyacrylamide gel
electrophoresis (PAGE) on a 6% gel for 3 h at 100 V. Then the
probes were transferred to a soak nylon membrane at 380 mA for
30min and crosslinked at a distance of approximately 0.5 cm from
the membrane for 5–10 min with a hand-held UV lamp equipped
with 254 nm bulbs. The biotin-labelled DNA was detected by
chemiluminescence. The probes used for were purchased from
GenePharma (Suzhou, China).

Cell proliferation assay

The cell proliferation ability was performed using Cell
Counting Kit 8 (CCK-8; Dojindo Laboratories, Kumamoto,
Japan) assay and EdU stain assay. For CCK-8 assay, the cells
were treated in different conditions for 24 and 48 h. Then, cell
proliferation was determined in accordance with the manu-
facturer’s instructions. For EdU staining, the cells were treated
in different conditions for 48 h. The cells were then fixed with
formaldehyde and stained as previously described [49]. The
ratio of EdU-positive cells was calculated as EdU-stained cells/
Hoechst 33,342-stained cells. All experiments were performed
in triplicate.

Cell migration and invasion assays

The 24-well transwell chambers were used for the cell migra-
tion and invasion assay in accordance with the manufacturer’s
protocol. The details have been described previously [50]. All
experiments were performed in triplicate.

Cell wound scratch assay

After transfection of RNAs or plasmids for 48 h, the wound
healing assay was performed to analyse cell migration ability,
as described previously [51]. The cells were counted manually
at 0 h and after 48 h post-scratch from at least six images.

Flow cytometry

Cell apoptosis and cell cycle were determined using anAnnexin-V
fluorescein isothiocyanate/propidium iodid (FITC/PI) apoptosis
detection kit (Life Technologies, Waltham, MA, USA) and cell
cycle staining kit (MultiSciences, Shanghai, China) with flow cyto-
metry in accordance with the manufacturer’s instruction. For
apoptosis detection, cell samples were analysed using a FACScan
(BD, Biosciences, UK). Annexin-V(+)/PI(−) represented the cells
in early apoptosis andAnnexin-V(+)/PI(+) represented the cells in
late apoptosis. For cell cycle, the cells were stained with propidium
iodide solution for 30min and then analysed by flow cytometry on
a FFACScan (BD, Biosciences, UK).

Hoechst 33,258 stain

The treated cells were stained using Hoechst 33,258 (Sigma-
Aldrich, Burlington, MA, USA) as recommended by the man-
ufacturer. Briefly, the cells were treated for 48 h and har-
vested. Then, the cells were fixed and stained with 100 μL
Hoechst33258 solution for 5 min at room temperature. The
morphology of the cell nuclei was observed using
a fluorescence microscope (Olympus Corporation, Japan).

Enzyme-linked immunosorbent assay (ELISA)

Concentrations of VEGFA in the culture medium were measured
using a human VEGFA ELISA kit (Elabscience, Wuhan, China)
following the manufacturer’s instructions. Concentrations of
VEGFA, superoxide dismutase (SOD), malondialdehyde (MDA)
and catalase (CAT) in rat serumwere measured using a rat ELISA

RNA BIOLOGY 1745



kit for the respective proteins (Elabscience, Wuhan, China), fol-
lowing the manufacturer’s instructions. The ELISA plates were
read with a microplate reader (Thermo Scientific, Shanghai,
China) and VEGFA, SOD, MDA and CAT concentrations were
derived from standard curve.

Tube formation assay

Tube formation assay was performed as previously described
[52]. The parent or transfected CRL-7566 cells were cultured
for 48 h, and then the medium was collected and centrifuged
at 1000 × g for 5 min at 4°C. The collected media were used
for human umbilical vein endothelial cells (HUVEC) culture.
After culturing for 4 h, images were taken using an Olympus
microscope (Olympus Corporation, Japan) with the 10×
objective lens. Total tube length of each group was quantified
using Image J software.

Hematoxylin-eosin (H&E) staining

Tissues were stored in 10% formalin buffer and embedded in
paraffin. Sections (4 μm) were cut and stained with H&E.
These sections were examined under a light microscope
(Olympus, Tokyo, Japan) at 40x magnification.

Transmission electron microscopy

The treated CRL-7566 cells were harvested and then fixed with
3% glutaraldehyde and 2% paraformaldehyde in 0.1 M PBS
buffer for 30 min at room temperature. The cells were post-
fixed with 1% osmium tetroxide for 2 h and then stained with
3% aqueous uranyl acetate for 1 h at 37°C. The cells were
dehydrated and then cut into ultrathin sections using an ultra-
microtome. Cells were observed with a Zeiss transmission elec-
tron microscope (Zeiss Inc., Thornwood, NY, USA).

Immunohistochemistry (IHC)

IHC was used to examine protein expression in tissues.
Tissues were fixed with 4% paraformaldehyde solution and
embedded in paraffin, and 4-μm sections were cut and immu-
nostained. Slides were immersed in xylene and ethanol for
dehydration, incubated with 3% H2O2 in the dark for 25 min,
and then blocked with 3% bovine serum albumin (BSA) for 30
min at 25°C. The slides were incubated with primary antibody
KLF9 (1:100) and VEGFE (1:150) for 1 h at 37°C. The slides
were washed and incubated with HRP-conjugated secondary
antibodies for 60 min at room temperature. Followed, nuclear
counterstained with hematoxylin for 5 min. Images were
collected under a microscope (Olympus, Tokyo, Japan) at
a magnification of 40× .

Terminal-deoxynucleoitidyl transferase-mediated nick
end labelling (TUNEL) staining

The sections prepared as mentioned above were used for
TUNEL staining. In brief, the sections were incubated with
proteinase K (2 mg/mL) and permeabilized with 0.1% Triton
X-100 in phosphate-buffered saline (PBS). Cell apoptosis was

determined by TUNEL assay kit (Roche, IN, USA) following
the manufacturer’s instructions, and the nuclei were counter-
stained with hematoxylin. The images were captured with
a light microscope (Olympus) at a magnification of 40 × .

Immunofluorescence (IF)

Treated cells were fixed and permeabilized. Cells were incu-
bated with IgG control (Rabbit IgG – Isotype Control (Alexa
Fluor® 647) at 1/500 dilution (ab199093) or Rabbit IgG
Isotype Control (FITC) at 1/100 dilution (ab223339)), Anti-
KLF9 and anti-VEGFA primary antibodies overnight at 4°C,
followed by incubation with FITC-tagged/Alexa Fluor® 647-
tagged secondary antibodies for 1 h at room temperature in
the dark. Afterwards, cells were washed and nuclei were
counterstained with 4′,6-diamidino-2-phenylindole (DAPI).
Cells were analysed with a fluorescence microscope
(Olympus Corporation, Japan). In the IgG control group,
only the cell nucleus was stained with DAPI (Figure S2).

Fluorescence in situ hybridization (FISH)

Cy5-labelled locked nucleic acid miR-142-3p probes were
obtained from RiboBio (Guangzhou, China), and the FISH
assay was performed as previously described [11]. All data
were captured using a fluorescence microscope (Olympus
Corporation, Japan).

Establishment of the endometriosis rat model

The rat endometriosis model was established by autotrans-
plantation of endometrial tissues, as previously reported [12].
Thirty six-week-old female Sprague–Dawley (SD) rats
(200–210 g) were obtained from the Beijing Vital River
Laboratory Animal Technology Co., Ltd. (Beijing, China).
Briefly, 30 rats were anaesthetized with 10% chloral hydrate
(m/v) at a dose of 0.4 ml/100 g body weight, and then the
abdominal skin was disinfected opened. The uterine vessel
was ligated, and the right uterine horn was removed to pre-
pare two squares of 5 × 5 mm open uterus. Each endome-
trium segment was placed in the peritoneal side of the
bilateral abdominal wall. Subsequently, the abdominal muscle
and skin was closed. The sham group underwent surgery
without autotransplantation of endometrial tissues. The rats
were intraperitoneally injected with cephalosporin for 3 day.
For miR-142-3p treatment, 10 endometriosis model rats were
intraperitoneally injected with miR-142-3p lentivirus for 4
weeks. After a period of 28 days, the bodyweight of the rat
was measured and autografts were collected for further study.

Statistical analysis

All experiments were performed at least three times and the
data are presented as the mean ± standard deviation (SD). All
statistical analyses were performed using SPSS 20.0 (IBM
Corp, Armonk, NY, USA). Unpaired Student’s t-test or one-
way analysis of variance (ANOVA) was used to analyse the
statistical significance differences between groups. P values
<0.05 were considered statistically significant.
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