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Abstract
Endometriosis is a common, chronic and painful disease in women, whose pathogenesis remains not entirely clear. Long 
non-coding RNA (lncRNA) MALAT1 participates in the development of endometriosis. This study further investigated the 
regulation of MALAT1-miR-126-5p-CREB1 axis in the pathological process of endometriosis. MALAT1, miR-126-5p, 
and CREB1 levels in human endometrial stromal cells (HESCs) were detected by quantitative reverse transcription poly-
merase chain reaction (RT-qPCR). Protein levels were determined by Western blotting. Cell viability and apoptosis was 
assessed by MTT assay and annexin V-FITC staining, respectively. The interactivity between miR-126-5p and MALAT1 (or 
CREB1) was assessed by dual luciferase reporter system. Knockdown of MALAT1 or CREB1 restrained proliferation and 
induced apoptosis as confirmed by upregulating cleaved caspase-3 and Bax, and down-regulating Bcl-2 in HESCs, while 
inhibition of miR-126-5p presented the opposite results. Moreover, silencing of MALAT1 triggered apoptosis of HESCs 
via targeting miR-126-5p. In addition, miR-126-5p directly regulated CREB1 expression via binding to its 3′ non-coding 
region. Finally, miR-126-5p inhibitor-mediated apoptosis inhibition was restrained by CREB1 silencing via inactivation of 
PI3K-AKT pathway in HESCs. Taken together, our study firstly demonstrates that MALAT1 regulates apoptosis of HESCs 
through miR-126-5p/CREB1 axis mediated PI3K/AKT pathway. Our findings explained the pathogenesis of endometriosis 
and offered promising therapeutic option for endometriosis.
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Abbreviations
HESCs	� Human endometrial stromal cells
lncRNAs	� Long non-coding RNAs
miRNA	� MicroRNA
CREB1	� Cyclic AMP response element-binding protein 

1
DMSO	� Dimethylsulfoxide
WT	� Wild type
MUT	� Mutant
UTR​	� Untranslated regions
RT-qPCR	� Quantitative reverse transcription polymerase 

chain reaction

Introduction

Endometriosis is a common benign disease and has similar 
biological features to malignant tumor, including malignant 
proliferation, apoptosis inhibition, invasiveness, easy to 
recurrence and malignant transformation, etc. [1, 2]. Endo-
metriosis means that the endometrial glands and stroma 
infiltrate in other place outside the uterus. The morbidity 
of endometriosis is 10–15% in bearing aged women, and 
20–40% in sterility women [3]. This disease may cause 
dysmenorrhea, chronic pelvic pain, or infertility, which not 
only impairs life quality of patients, but also aggravates their 
psychology burden. However, the pathogenic mechanisms 
of endometriosis are still ambiguity. Growing evidence has 
indicated that inducing apoptosis of human endometrial stro-
mal cells (HESCs) is an effective therapeutic approach for 
endometriosis [4, 5].

Long non-coding RNAs (lncRNAs), composed of over 
200 nucleotides without encoding for proteins, possess mul-
tiple biological functions. At present there are few investiga-
tions about lncRNAs in endometriosis. A previous research 
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suggested that lncRNA-H19 facilitated the growth and 
migration of ectopic endometrial cells via regulating miR-
124-3p-ITGB3 axis [6]. Besides, lncRNA AC002454.1 was 
verified to be upregulated in endometriosis and facilitated 
the development of endometriosis via enhancing prolifera-
tive and invasive abilities of eutopic endometrial cells [7]. 
Furthermore, recent research demonstrated that lncRNA 
metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) expression was increased in ectopic endometrial 
tissues and participated in the progression of endometriosis 
[8, 9]. However, the detailed mechanisms of MALAT1 in 
regulating endometriosis still need to be deeply expounded.

LncRNA is well recognized as a sponger of microRNA 
(miRNA) to indirectly regulate gene expression. There 
is mounting evidence to prove that miRNAs regulate the 
occurrence and progression of endometriosis. For exam-
ple, the course of endometriosis was slowed down by miR-
205-5p via targeting ANGPT2 [10]. Besides, a recent study 
indicated that miR-488 affected the biological function of 
endometrial glandular endometrial cells, and inhibited the 
development of endometriosis [11]. MiR-126-5p expression 
was demonstrated to be declined in endometriosis, which 
enhanced the migration and invasion of endometrial cells 
through regulating BCAR3 expression [12]. Nevertheless, 
the biological function and regulatory mechanisms of miR-
126-5p in endometriosis remain unclear.

Cyclic AMP response element-binding protein 1 
(CREB1) is an oncogene and takes part in the malignant 
progression of various cancers. Knockdown of CREB1 
restrained growth and induced apoptosis of acute lympho-
blastic leukemia cells [13]. Li et al. indicated that CREB1 
was overexpressed in renal cancer and promoted the tumo-
rigenesis of renal cell carcinoma [14]. More importantly, the 
expression of CREB1 was found to be increased in eutopic 
endometrial tissues of endometriosis patients [15]. There-
fore, we speculated that CREB1 might regulate the biologi-
cal function of HESCs. In addition, bioinformatics analysis 
suggested that miR-126-5p might bind to MALAT1 and 
CREB1, so MALAT1 may affected the growth and apoptosis 
of HESCs via regulating miR-126-5p-CREB1 axis.

In this study, the effect of MALAT1 on apoptosis and 
growth of HESCs via miR-126-5p-CREB1 axis was inves-
tigated for the first time, which uncovered the underlying 
mechanisms of MALAT1-miR-126-5p-CREB1 axis in endo-
metriosis progression.

Materials and methods

Tissue collection

Human endometrium was collected from patients with endo-
metriosis at the Second Affiliated Hospital of Nanchang 

University. All patients signed written informed consent and 
the experiment was carried out in accordance with the Dec-
laration of Helsinki Principals and approved by the Ethics 
Committee of the Second Affiliated Hospital of Nanchang 
University.

Isolation of HESCs and treatment

Primary HESCs were isolated by reference to a study [16]. 
In short, the endometrium tissues were cut into about 1 mm3, 
added with 0.1% type II collagenase, and incubated for 1 h 
to digest. Afterward, the tissue fragments were eliminated 
by filtration with 100-μm and 40-μm nylon mesh, and then 
centrifuged at 500 g for 5 min. After resuspension, the cells 
were cultured with Ham’s F12/DMEM (1:1) containing 10% 
fetal bovine serum (Gibco,) and 1 × penicillin–streptomy-
cin–Fungizone (Lonza, Walkersville, MD, USA), at 37℃ 
and 5% CO2 in an incubator.

Cell transfection

The small interfering RNA (siRNA) for lncRNA MALAT1 
(si-MALAT1), si-CREB1, negative control siRNA (si-NC), 
miR-126-5p mimics, NC mimics, miR-126-5p inhibitor, and 
NC inhibitor were obtained from RIBOBIO (Guangzhou, 
China). The lncRNA MALAT1 cDNA was inserted into 
pcDNA3.1 vector to establish lncRNA MALAT1 expression 
plasmid. The HESCs at 70–80% confluence were transfected 
with the above segments using Lipofectamine 2000 (Thermo 
Fisher, Waltham, MA, USA).

Quantitative reverse transcription polymerase chain 
reaction (RT‑qPCR)

RNAsimple Total RNA Kit (TIANGEN, Beijing, China) was 
applied for total RNA isolation from HESCs. After reverse 
transcription to cDNA with ReverTra Ace® qPCR RT 
Master Mix (Root biological technology limited company, 
Shanghai, China), the expression of lncRNA MALAT1 
and CREB1 was detected by Realtime PCR Master Mix 
(TOYOBO, Osaka, Japan) and normalized to glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). MiR-126-5p 
level was assessed by A TaqMan miRNA assay kit (Thermo 
Fisher) and normalized to U6 small RNA. 2−ΔΔCt method 
was performed to calculate the target gene expression. The 
primer sequences are listed in Table s1.

Western blotting

The HESCs were lysed in RIPA buffer (Beyotime) added 
with 1 × protease inhibitor cocktail (Roche, Mannheim, Ger-
many) to extract total proteins. After quantification, equiva-
lent amounts of proteins were resolved by sodium dodecyl 
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sulfate polyacrylamide gel electrophoresis and transferred to 
nitrocellulose membranes (Sigma, Saint Louis, MO, USA). 
Then, 5% skim milk was adopted for blocking. Afterword, 
the membranes were reacted with primary antibodies against 
cleaved caspase-3 (1:1000, bsm-33199 M, Bioss, Beijing, 
China), Bax (1:1000, bsm-33283M, Bioss), CREB1 (1:500, 
12208-1-AP, Proteintech, Rosemont, IL, USA), Bcl-2 
(1:1000, 26593-1-AP, Proteintech), p-AKT (1:500, bs-
0876R, Bioss), AKT (1:1000, bsm-33282 M, Bioss), p-PI3K 
(1:1000, bs-5587R, Bioss), PI3K (1:1000, 67017-1-Ig, Pro-
teintech), and GAPDH (1:1000, 10494-1-AP, Proteintech), 
at 4 ℃ overnight. Subsequently, the matched secondary anti-
body was added to the membranes. The protein bands were 
developed using a BeyoECL Plus kit (Beyotime).

3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazo‑
lium bromide (MTT) assay

Briefly, HESCs were seeded in 96-well plate (2000 cells 
per well). After incubation at 37 °C for various time points, 
HESCs were reacted with 100 μL MTT solution. Finally, 
100 μL dimethylsulfoxide (DMSO) was added after reacting 
for 4 h. The optical absorbance was detected at 490 nm by a 
plate reader (Eppendorf, Hamburg, Germany).

Apoptosis analysis by flow cytometry

The apoptosis of HESCs was evaluated by Annexin V-FITC/
PI apoptosis kit (MultiSciences, Hangzhou, China). Briefly, 
the collected HESCs were resuspended in binding buffer 
and added with Annexin V-PI solution. Then, the HESCs 
were incubated for 15 min without light. The percentage 
of apoptotic cells was then immediately detected on a flow 
cytometry (Thermo Fisher Scientific).

Dual luciferase reporter system

The sequences of MALAT1 containing the predictive or the 
mutant miR-126-5p binding sites were inserted into dual 
luciferase vector to construct wild type (WT)-MALAT1 
or mutant (MUT)-MALAT1 dual luciferase reporter plas-
mid. Similarly, the WT or MUT fragments of CREB1 3′ 
untranslated regions (UTR) were inserted to construct WT-
CREB1 or MUT-CREB1 dual luciferase reporter plasmid. 
Then the constructed dual luciferase reporter plasmids, 
and miR-126-5p mimics, or miR-126-5p inhibitor, were 
co-transfected into HESCs using Lipofectamine 2000. The 
relative luciferase activity was determine at 48 h after the 
transfection.

Statistical analysis

The experimental data are expressed as mean ± standard 
deviation and anlalyzed by GraphPad Prism 8 software. 
One-way analysis of variance followed by Tukey’s test was 
used to compare data among multiple groups. P value less 
than 0.05 was considered to be statistically significant.

Results

Knockdown of lncRNA MALAT1 promotes apoptosis 
of HESCs

To evaluate the functional roles of lncRNA MALAT1 in 
HESCs, we knocked down MALAT1 by transfection with 
si-MALAT1. As illustrated in Fig. 1a, MALAT1 level was 
down-regulated by nearly 60% in HESCs transfected with 
si-MALAT1. Silencing of MALAT1 led to proliferation 
inhibition of HESCs as assessed by MTT assay (Fig. 1b). 
As presented in Fig. 1c, knockdown of MALAT1 increased 
apoptotic rate by about 14% in HESCs. Additionally, cleaved 
caspase-3 and Bax levels were upregulated, whereas Bcl-2 
level was downregulated by MALAT1 knockdown (Fig. 1d). 
These results suggested that silencing of MALAT1 induces 
apoptosis of HESCs.

LncRNA MALAT1 directly interacts with miR‑126‑5p 
in HESCs

Next, the interaction between lncRNA MALAT1 and 
miR-126-5p was determined. The predicted binding sites 
for MALAT1 and miR-126-5p were illustrated in Fig. 2a. 
Afterward, the HESCs were co-transfected with WT or 
MUT MALAT1 and miR-126-5p mimics, or miR-126-5p 
inhibitor. As shown in Fig. 2b, the relative luciferase activity 
in WT MALAT1 group was obviously reduced by enhanc-
ing miR-126-5p expression, while enhanced by silencing 

Table 1   Oligonucleotide primer sets for real-time PCR

MALAT1, metastasis associated lung adenocarcinoma transcript 1; 
CREB1, cyclic AMP response element-binding protein 1; GAPDH, 
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase

Name Sequence (5′–3′) Length

MALAT1 F CCA​CAT​CAC​GGC​TGT​TCT​TGTA​ 22
MALAT1 R GCA​TTG​TGT​CGG​CTG​GTA​ATT​ 21
CREB1 F CCC​AGC​CAT​CAG​TTA​TTC​AG 20
CREB1 R GAG​TTG​GCA​CCG​TTA​CAG​TG 20
GAPDH F AGT​ACC​AGT​CTG​TTG​CTG​G 19
GAPDH R TAA​TAG​ACC​CGG​ATG​TCT​GGT​ 21
miR-126-5p F CTC​AAC​TGG​TGT​CGT​GGA​GTC​GGC​

AAT​TCA​GTT​GAG​CGC​GTA​
42

miR-126-5p R ACA​CTC​CAG​CTG​GGC​ATT​ATT​ACT​TTT​
GGT​A

31

U6 F CTC​GCT​TCG​GCA​GCACA​ 17
U6 R AAC​GCT​TCA​CGA​ATT​TGC​GT 20
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Fig. 1   Knockdown of lncRNA MALAT1 promotes apoptosis of 
HESCs. ESCs were transfected with si-NC or si-MALAT1. a The 
level of MALAT1 in HESCs was assessed by RT-qPCR. b The via-
bility of HESCs was assessed using MTT assay. c HESC apoptosis 

was detected by AnnexinV/PI staining using flow cytometry. d The 
levels of apoptosis-related proteins in HESCs were determined by 
western blotting. All results were shown as mean ± standard deviation 
(n = 3). **P < 0.01 versus designated group

Fig. 2   LncRNA MALAT1 directly interacts with miR-126-5p in 
HESCs. a The binding sequences for miR-126-5p in MALAT1 were 
shown. b Dual luciferase reporter system was adopted to evaluate the 
interaction ability between miR-126-5p and MALAT1. MALAT1 

(c) and miR-126-5p (d) expression was evaluated by RT-qPCR. All 
results were shown as mean ± standard deviation (n = 3). *P < 0.05, 
**P < 0.01 versus designated group
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miR-126-5p expression. Whereas, the above changes were 
not found in MUT MALAT1-transfected cells. In addition, 
the effect of lncRNA MALAT1 on miR-126-5p expres-
sion was presented in Fig. 2c. Overexpression or silence of 
MALAT1 in HESCs was verified by RT-qPCR. Knockdown 
of MALAT1 resulted in increased miR-126-5p level, while 
enforced MALAT1 expression remarkably decreased miR-
126-5p expression (Fig. 2d). The above findings indicated 
that MALAT1 binds to miR-126-5p and negative regulates 
its expression in HESCs.

LncRNA MALAT1 silencing induces HESC apoptosis 
via regulating miR‑126‑5p

Next, we explored whether MALAT1 affected the apopto-
sis of HESCs via regulating miR-126-5p. As illustrated in 
Fig. 3a, overexpression of miR-126-6p inhibited the pro-
liferation of HESCs, while miR-126-5p inhibitor facili-
tated the proliferation and reversed si-MALAT1-induced 
anti-proliferation in HESCs. Moreover, the percentage 
of apoptotic HESCs was lessened by miR-126-5p inhibi-
tor and MALAT1 silencing-induced apoptosis was sup-
pressed by miR-126-5p knockdown, whereas the apoptosis 
of HESCs was promoted by miR-126-5p mimics (Fig. 3b). 
Similarly, the increased cleaved caspase-3 and Bax levels, 
and decreased Bcl-2 level induced by si-MALAT1 were all 
counteracted by miR-126-5p inhibitor (Fig. 3c). Therefore, 
miR-126-5p was involved in the regulation of apoptosis by 
MALAT1 in HESCs.

miR‑126‑5p directly regulates CREB1 expression 
in HESCs

The interaction between miR-126-5p and CREB1 in HESCs 
was further studied. The binding sequences for CREB1 and 
miR-126-5p were illustrated in Fig. 4a. In addition, miR-
126-5p mimics lowered the relative luciferase activity of WT 
CREB1, whereas miR-126-5p inhibitor augmented that of 
WT CREB1. We did not found differences in MUT CREB1 
groups (Fig. 4b). Furthermore, overexpression or knock-
down of miR-126-5p in HESCs was confirmed (Fig. 4c). 
As we expected, CREB1 expression was repressed by miR-
126-5p overexpression, while reinforced by miR-126-5p 
inhibition in HESCs (Fig. 4d). Thus, CREB1 expression was 
directly regulated by miR-126-5p in HESCs.

miR‑126‑5p regulates apoptosis of HESCs 
though CREB1‑mediated PI3K/AKT pathway

Furthermore, we determined whether miR-126-5p affected 
HESC apoptosis via regulating CREB1 expression. 
The MTT results indicated that knockdown of CREB1 
repressed cell proliferation, and counteracted miR-126-5p 

inhibitor-induced proliferation promotion effect on HESCs 
(Fig. 5a). Silencing of CREB1 enhanced the apoptotic rate, 
and suppressed miR-126-5p inhibitor-mediated anti-apop-
totic effect (Fig. 5b). Additionally, si-CREB1 transfection 
raised cleaved-caspase-3 and Bax levels, but reduced Bcl-2 
level, which was reversed by treatment with miR-126-5p 
inhibitor (Fig. 5c). We further investigated whether PI3K/
AKT pathway involved in miR-126-5p/CREB1 axis-medi-
ated apoptosis in HESCs. Silencing of miR-126-5p activated 
p-PI3K and p-AKT, which was abrogated by knockdown 
of CREB1. Nevertheless, IGF-1-mediated PI3K/AKT path-
way activation rescued the inhibitory effect of si-CREB1 on 
the phosphorylation of PI3K and AKT (Fig. 5d). Besides, 
administration with IGF-1 was found to offset the anti-pro-
liferative and pro-apoptotic effect of si-CREB1 (Fig. 5a–c). 
Collectively, all these results suggested that silencing of 
CREB1 restrained miR-126-5p inhibitor-induced apoptosis 
inhibition via activating PI3K-AKT pathway in HESCs.

Discussion

Endometriosis is a commonly encountered disease that may 
lead to paramenia, painful menstruation, infertility, and even 
ovarian carcinoma [17]. Therefore, expounding the patho-
genesis of endometriosis is significant for diagnosis and 
treatment. The biological properties of endometriosis are 
considered to be similar to malignant neoplasm [18]. The 
apoptosis resistance and increased proliferation of endome-
trial stromal cells confer on the occurrence and development 
of endometriosis [19]. This study indicated that silencing 
of MALAT1 restrained growth and enhanced apoptosis 
of HESCs via regulating miR-126-5p/CREB1 axis. PI3K/
AKT pathway implicated in the regulatory mechanisms of 
MALAT1 in HESCs.

The pathological mechanism of endometriosis is quite 
complex. More recent investigations have supported that 
lncRNAs may be implicated in pathological progress of 
endometriosis [20, 21]. Of these, lncRNA MALAT1 has 
been documented to overexpress in multiple malignant 
tumors, and serves as an oncogene to promote growth and 
metastasis of cancer cells [22]. Importantly, MALAT1 
expression was verified to be increased in ovarian endome-
triosis tissues, and loss of MALAT1 suppressed growth and 
migration of HESCs [23]. Our results were consistent with 
the above study and showed that MALAT1 down-regulation 
induced apoptosis and decreased viability of HESCs.

It has been recognized that lncRNA may function as 
sponger to reduce its target miRNA expression. For example, 
MALAT1 regulated biological functions of renal cell carci-
noma cells via decreasing miR-203 expression [24]. Fang 
et al. showed that hypoxic-ischemic injury-induced apop-
tosis of hippocampal neurons was modulated by MALAT1 
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via sponging miR-429 [25]. A declined expression of MiR-
126-5p in endometriosis patients stimulated the migration 
of endometrial epithelial and stromal cells [12]. More inter-
estingly, a recent study indicated that MALAT1 accelerated 
angiogenesis in colorectal cancer via targeting miR-126-5p 
[26]. Our data also demonstrated that MALAT1 targeting 

modulated miR-126-5p expression in HESCs. Additionally, 
miR-126-5p inhibitor promoted growth and restrained apop-
tosis, and even counteracted si-MALAT1-induced apoptosis 
and proliferation inhibition in HESCs. These results sug-
gested that silencing of MALAT1 inhibited growth and 
induced apoptosis of HESCs via regulating miR-126-5p.

Fig. 3   LncRNA MALAT1 silencing induces HESC apoptosis via 
regulating miR-126-5p. HESCs were transfected with miR-126-5p 
mimics, si-MALAT1 or miR-126-5p inhibitor. a The viability of 
HESCs receiving different transfections was determined by MTT. b 
Apoptosis after transfection with si-MALAT1, miR-126-5p inhibi-

tor or combination of both was assessed by AnnexinV/PI stain-
ing using flow cytometry. c The levels of apoptosis-related proteins 
in HESCs were evaluated by western blotting. All results were 
shown as mean ± standard deviation (n = 3). *P < 0.05, **P < 0.01, 
***P < 0.001 versus designated group



191Molecular and Cellular Biochemistry (2020) 475:185–194	

1 3

It’s widely recognized that miRNA silences the target 
gene expression via binding to its 3′ non-coding region. 
For instance, Lima et  al. found that miR-126-5p influ-
enced the progression of non-small cell lung carcinomas 
via direct binding to the 3′ non-coding region of Malate 
Dehydrogenase 1 and suppressing its activity [27]. miR-
126-5p represses the apoptosis by targeting SetD5 during 
retinal vasculature development [28]. According to our 
results, miR-126-5p negatively regulated CREB1 expres-
sion through binding to its 3′ non-coding region in HESCs.

CREB1 is considered as a potent oncogene that plays 
crucial roles in the malignant behavior of tumor cells [29]. 
The up-regulation of CREB1 closely relates to the progres-
sion and prognosis of tumors. For example, higher expres-
sion of CREB1 indicated a poor prognosis of patients with 
colorectal cancer, and accelerated the malignant progress of 
colorectal cancer cells [30]. A study by Kong et al. suggested 
that increased CREB1 expression facilitated the growth of 
gastric adenocarcinoma cells [31]. In addition, the enhanced 
expression of CREB1 has been shown to be implicated with 
the bad outcome of breast cancer [32]. Recently, the expres-
sion of CREB1 has been found to be increased in the eutopic 
endometrial tissues, as compared with normal endometrial 
tissues [15]. Therefore, we speculate that CREB1 might 

regulate the development of endometriosis. According to 
our results, silencing of CREB1 induced apoptosis and sup-
pressed proliferation, and reversed miR-126-5p inhibitor-
mediated apoptosis inhibition in HESCs. A great deal of 
evidence indicates that the PI3K/AKT pathway participates 
in the malignant progression in various tumors [33, 34]. A 
previous study indicated that silencing of CREB1 inhib-
ited the epithelial-mesenchymal transition via repressing 
the phosphorylation of AKT in bladder cancer cells [35]. 
Interestingly, AKT can also induce the phosphorylation 
of CREB1 to mediate its activation [36]. In this study, we 
found that si-CREB1 restrained the phosphorylation of PI3K 
and AKT, and treatment with PI3K-AKT pathway activator 
IGF-1 reversed CREB1 knockdown-induced apoptosis and 
growth suppression in HESCs. Taken together, miR-126-5p-
CREB1-PI3K-AKT axis participated in MALAT1-mediated 
regulation of proliferation and apoptosis in HESCs.

Our study uncovered the clinical significance of 
MALAT1 in contributing to the development of endome-
triosis. RNA interference has the great application poten-
tial in clinical treatment. In the future, MALAT1 may be 
used as a molecular target to benefit diagnose, prognosis, 
or even therapeutics and complement existing treatments.

Fig. 4   MiR-126-5p directly regulates CREB1 expression in HESCs. 
a The binding sites for miR-126-5p in CREB1 were shown. b 
Dual luciferase reporter system for determining the interaction 
ability between miR-126-5p and CREB1. miR-126-5p (c) and 

CREB1 (d) levels were detected by RT-qPCR. All results were 
shown as mean ± standard deviation (n = 3). *P < 0.05, **P < 0.01, 
***P < 0.001 versus designated group
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In conclusion, our results extend previous findings on the 
effect of MALAT1 on endometriosis and indicated that loss 
of MALAT1 promoted apoptosis and suppressed growth 
of HESCs, probably through miR-126-5p-CREB1 axis via 
inactivation of PI3K-AKT pathway. Although these find-
ings need to be further verified and investigated in vivo, 
these data uncover the regulation of MALAT1-miR-126-
5p-CREB1 axis during the progression of endometriosis and 
provide evidence for developing promising therapy against 
endometriosis.
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