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Abstract
Purpose Endometriosis, a gynecological disease, is difficult to be cured. Currently, to identify more potential biomarkers for 
the early diagnosis of endometriosis is urgently needed. Insulin like growth factor 2 (IGF2) has been revealed to correlate 
with endometriosis. This research aimed to further explore the role of IGF2 and its up-stream mechanism in endometriosis.
Methods Primary ectopic endometrial stromal cells (EESCs) were extracted from ectopic endometrial tissues which were 
pathological endometrial tissues resected from three patients with II-III endometriosis. Primary normal endometrial stromal 
cells (NESCs) were extracted from normal endometrial tissues of two patients with grade III cervical dysplasia and one 
patient with uterine leiomyoma III. Four endometriotic cell lines (EEC145T, hEM15A, hEM5B2, and 12Z) and normal human 
endometrial epithelial cells (hEECs) were purchased. Cell proliferation, migration, and invasion were evaluated through 
functional assays. The molecular interaction between RNAs was investigated through mechanistic analyses.
Results We discovered that IGF2 was upregulated in purchased endometriotic cells and primary EESC. Suppression of IGF2 
hampered cell proliferation, migration, and invasion. Furthermore, insulin-like growth factor 2 antisense RNA (IGF2-AS) 
was uncovered to positively regulate IGF2 expression and enhanced proliferative, migratory, and invasive abilities of endo-
metriotic cells. Mechanistically, miR-370-3p was found to bind with IGF2-AS and IGF2. IGF2-AS competitively bind with 
miR-370-3p to upregulate IGF2. Furthermore, IGF2-AS was revealed to activate the PI3K/AKT/mTOR signaling pathway 
through targeting miR-370-3p/IGF2 axis.
Conclusion IGF2-AS promotes endometriotic cell growth via regulating IGF2/miR-370-3p axis and further activating PI3K/
AKT/mTOR signaling pathway.
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shRNA  Short hairpin RNA
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GAPDH  Glyceraldehyde-3-phosphate dehydrogenase
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DMEM  Dulbecco’s modified Eagle’s medium
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NC  Negative control
ANOVA  Analysis of variance
ATCC   American Type Culture Collection
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Introduction

Endometriosis is a frequently diagnosed inflammatory 
disease featured with the existence of endometrium-like 
tissues outside the uterus [1, 2]. The underlying pathologic 
mechanism is associated with abnormally programmed 
endometrial progenitor/stem cells [3, 4]. Endometrio-
sis affects approximately one-tenth of women at repro-
ductive age, leading to pelvic pain, dysmenorrhea, even 
infertility, or ovarian cancer [5]. Medical and surgical 
treatments have been adopted to treat endometriosis [6], 
while increased invasiveness and high metastasis of endo-
metriotic cells made it difficult to be cured [7, 8]. Thus, 
a thorough exploration of pathogenesis and development 
of endometriosis is urgently needed. Kobayashi H et al. 
have pointed out that dysregulation of insulin-like growth 
factor 2 (IGF2) might facilitate endometriosis predisposi-
tion [9]. Kim H et al. have revealed that IGF-II 820G > A 
polymorphism is closely associated with endometriosis 
development in Korean women [10]. Our study targeted at 
exploring the function and underlying mechanism of IGF2 
in endometriotic cells.

Long non-coding RNAs (lncRNAs) are molecules with 
no less than 200 nucleotides which are crucial participa-
tors in various biological processes [11]. Their function 
has a close association with the subcellular location. In 
cell nucleus, lncRNAs affect gene expression at the epi-
genetic and transcriptional levels; in cell cytoplasm, they 
modulate gene expression at the post-transcriptional and 
translational levels. LncRNAs with aberrant expression 
have been confirmed to act as tumor suppressor or pro-
moter and play crucial parts in the development of tumors 
[12, 13]. Moreover, it has been uncovered that lncRNAs 
play a significant role in endometriosis development. 
SNP rs710886 A > G reduces lncRNA PCAT1 expres-
sion, thus decreasing the risk of endometriosis [14]. 
LncRNA MALAT1 mediates endometriosis pathogenesis 
via modulation on MMP-9 expression to facilitate endo-
metrial cell apoptosis [15]. LncRNA CHL1-AS2 level is 
remarkably higher in ectopic endometrium tissues than 
in eutopic endometrium tissues or normal endometrium 
tissues [16]. LncRNA LINC00261 suppresses endometri-
otic cell growth and migration [17]. LncRNA AC002454.1 
is highly expressed in endometriosis and synergistically 
works with CDK6 to promote endometrial cell migration 
and invasion [18]. Exosome-transmitted lncRNA aHIF is 
upregulated in serum of endometriosis patients and pro-
motes angiogenesis in endometriosis [19].

The competitive endogenous RNA (ceRNA) network is 
a typical post-transcriptional mechanism in various bio-
logical processes. Accumulating evidence has suggested 
that lncRNAs are able to serve as the ceRNA to bind to 

microRNAs (miRNAs) to antagonize the suppression of 
miRNAs on mRNAs expression. Xu Z et al. have disclosed 
that lncRNA H19 axis mediates stromal cell invasion and 
migration via sponging miR-216a-5p to elevate ACTA2 
expression in endometriosis [20]. Shi Y et al. have pointed 
out that lncRNA CHL1-AS1 sponges miR-6076 to upregu-
late CHL1 expression, thus promoting cell proliferative 
and migratory capabilities in endometrial cancer [21]. 
Wang Y et al. have revealed that LINC00958 regulates 
DOLPP1 expression via serving as an endogenous sponge 
of miR-761 [22].

In our research, we sought to delve into the detailed 
function of IGF2 in endometriotic cells. Furthermore, the 
regulatory mechanism of IGF2 with other RNAs was also 
deeply explored by a series of mechanism assays. We hope 
that this research could be informative and instructive for 
scholars to understand endometriosis and develop effective 
therapeutic targets.

Materials and methods

Clinical specimens

Ectopic endometrial tissues were pathological endometrial 
tissues resected from three patients with II-III endometriosis. 
The average age was 35, and the menstrual cycle range was 
between 22 and 30 days. Normal endometrial tissues were col-
lected from two patients with grade 3 cervical dysplasia and 
one patient with uterine leiomyoma III via hysterectomy. The 
intermural myomas centered completely within the muscular 
wall of the uterine attached to the mucosa. The average age 
was 30, and the menstrual cycle range was between 28 and 
32 days. The pathological diagnosis was done preoperatively 
through color Doppler ultrasound and verified after the sur-
gery. The stage of endometriosis was determined based on 
lesion size and position, adhesion between ovaries and fallo-
pian tubes, and the closure of rectouterine fossa. Considering 
specific symptoms, these patients who had given birth were 
encouraged to undergo surgical treatment to cure endometrio-
sis, and the surgery was approved by the patients as well as 
their families. All clinical tissue samples were acquired from 
the First People’s Hospital of Wenling. Patients who received 
hormone treatment or suffered from concurrent malignancies 
were excluded from this experiment [23]. Clinical sample 
study was approved by the First People’s Hospital of Wenling.

Isolation procedures of primary endometrial 
stromal cells and cell culture

Isolation procedures of primary normal endometrial stromal 
cells (NESCs) and primary ectopic endometrial stromal cells 
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(EESCs) followed the protocols mentioned in the previous 
study [23]. Briefly, normal or ectopic endometrial tissues 
were first cut up and then treated with phosphate-buffered 
saline (PBS) containing collagenase (1 mg/ml, 15 U/mg) and 
1% penicillin/streptomycin in an orbital shaker for diges-
tion at 37 °C. The acquired suspension of primary NESC 
(1.5 ×  105) and EESC (1.5 ×  105) was set in T25 cell cul-
ture flasks (Corning) and cultivated in Dulbecco’s modified 
Eagle medium (DMEM)/Ham’s F12 (1:1). The medium was 
mixed with 10% fetal bovine serum (FBS; Gibco) and anti-
biotics (1% penicillin/streptomycin). Cell purity was tested 
by immunofluorescence staining utilizing vimentin (ab8978, 
Abcam) and cytokeratin (ab76126, Abcam) antibodies. Two 
primary cell lines (CC cell line and corresponding normal 
cell line) with high purity and good viability were chosen in 
the subsequent experiments.

Cell lines

Endometriotic cells of EEC145T, hEM15A, hEM5B2, and 
12Z were obtained from the American Type Culture Col-
lection (ATCC; Manassas, VA, USA). Human endometrial 
epithelial cells (hEECs) were purchased from Procell com-
pany (Cat No.: CP-H058, China). Endometriotic cells (each 
cell line: 3 ×  106) were cultivated in DMEM with 10% fetal 
calf serum (FCS) (PAA by GE Healthcare Life Sciences, 
Chalfont St Giles, UK), 1% glutamine (2 mM), and 1% peni-
cillin–streptomycin. Meanwhile, 3 ×  106 hEEC cells grew in 
90% EMEM (MEM + NEAA) and 10% FBS at 37 °C with 
95% air and 5%  CO2.

Cell transfection

This assay was done to knock down or overexpress RNAs in 
primary NESC and EESC as well as hEM15A and hEM5B2 
cells. The expression of IGF2 was downregulated by short 
hairpin RNAs (shRNAs) targeting IGF2 (sh-IGF2#1/sh-
IGF2#2) with sh-NC as negative control. Similarly, sh-IGF2-
AS#1/sh-IGF2-AS#2 was utilized for silencing IGF2-AS 
expression. MiR-370-3p mimics were adopted to overex-
press miR-370-3p, with NC mimics as negative control. 
Moreover, miR-370-3p inhibitor was employed to inhibit 
miR-370-3p. All vectors used in our study were bought from 
Sigma Aldrich (Shanghai, China) and transfected into cells 
with Lipofectamine 3000 (Invitrogen, Carlsbad, CA).

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR) analysis

This assay was done to test the expression of RNAs in pri-
mary NESC and EESC as well as five purchased endome-
triotic cell lines (each cell line: 2 ×  106). First, 1 ml Tri-
zol reagent (Invitrogen) was adopted to extract total RNA 

from the ectopic endometrium cells under manufacturer’s 
instruction. In the process of reverse transcription, the first 
strand cDNA was synthesized in a First Strand Synthesis kit 
(Invitrogen, Carlsbad, CA, USA) by utilizing gene specific 
primers. Then, SYBR® Green qPCR Master Mix (Applied 
Biosystems, Foster City, CA, USA) in ABI 7500 Real-Time 
PCR Systems was used for qPCR analysis. The PCR condi-
tions were as follows: denaturation for 30 s at 95 °C, anneal-
ing treatment for 45 s at 55 °C, and amplification for 30 s at 
72 °C. The cycle was repeated 30 times. The microvolume 
spectrophotometer was employed to detect the absorbance at 
260 nm to calculate RNA quantity. RNA purity was evalu-
ated based on the ratio of absorbance at 260 nm/230 nm. 
RNA integrity number (RIN) was between 6 and 8, which 
meant extracted RNAs were in good quality. The  2−ΔΔCt 
method was utilized to measure the expression of target 
genes. GAPDH or U6 acted as the internal controls. The 
experiment was performed in triplicate.

Cell counting kit 8 (CCK‑8) assay

Cell-counting kit 8 (Dojingdo Molecular Technologies, 
Rockville, Japan) was used to test cell proliferation. Primary 
NESC and EESC as well as hEM15A and hEM5B2 cells 
were transfected with different plasmids. Sh-NC acted as 
control. Cell viability was monitored at 0, 24, 48, and 72 h 
after transfection. Then, former medium was replaced by 
10 µl of CCK-8 solution to cultivate 1 ×  105 endometriotic 
cells or 3 ×  103 primary cells for another 4 h. At last, the cell 
proliferative ability was assessed by microplate reader (Bio-
Tek, Winooski, VT) at the length of 450 nm. The experiment 
was performed in triplicate.

5‑Ethynyl‑2′‑deoxyuridine (EdU) assay

EdU assay was applied to evaluate proliferation of hEM15A 
and hEM5B2 cells. Cells were transfected with different 
plasmids. Sh-NC acted as control. To begin with, 2.5 ×  105 
cells were cultured in 100 μl EdU solution for 2 h. Later, 
cells were fixed by means of 4% paraformaldehyde. Finally, 
cells were fixed in 70% ethanol, and then stained by Cell-
Light™ EdU Apollo®488 In Vitro Imaging Kit (RiboBio, 
China). Fluorescence microscopy was utilized to observe 
cell growth. ImageJ software was applied to count the num-
ber of cells stained by EdU/DAPI. The rate of EdU positive 
cells was calculated according to the formula: (EdU posi-
tive cells/DAPI-stained cells) × 100%. The experiment was 
performed in triplicate.

Colony formation assay

This assay was employed to examine cell proliferative abil-
ity. At first, hEM15A and hEM5B2 cells were transfected 
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with different plasmids. Sh-NC acted as control. Then, cell 
samples were planted into 6-well plates (500 cells/each 
well) at 37 °C for 14 days. Colonies were dyed with the 
application of 0.5% crystal violet (0.9 ml) in 4% paraform-
aldehyde, followed by manual observation. The experi-
ment was performed in triplicate.

Wound healing assay

This assay was utilized to assess cell migration. Primary 
NESC and EESC as well as hEM15A and hEM5B2 cells 
(each cell line: 1.2 ×  105) were transfected with differ-
ent plasmids. Sh-NC acted as control. Cells were seeded 
in six-well plates and cultivated. When cell confluence 
reached 70–80%, cell-free lane was obtained by using 
200 μl pipette tip. A straight line was assured using ruler 
as a guide. Culture medium was discarded to remove 
detached cells. Then, 1 ml PBS was used for washing 
cells for 2 times. Subsequently, cells were continuously 
cultured for 24 h at 37 °C with 5%  CO2. ImageJ software 
was employed to capture and analyze the images of wound. 
By comparing the changes of wound width at different 
time points, the speed of cell migration could be evalu-
ated. If the cell migration capability was strong, the gap of 
wound would narrow down within certain time intervals. 
The experiment was performed in triplicate.

Transwell migration and invasion assay

This assay was done to evaluate cell migratory and inva-
sive properties. Cells were transfected with different 
plasmids. Sh-NC acted as control. Before the invasion 
assay, the top insert was covered with Matrigel (Catalog 
No. 356234, EMD Millipore). Apart from this step, the 
migration assays were under the same protocol. The top 
compartment was filled with 0.1 ml single cell suspension. 
The lower compartment was added with medium supple-
mented with 20% FBS. After cells were cultured for 24 h, 
0.5% crystal violet was used to stain membrane for 25 min 
at room temperature. Eventually, a light microscope (mag-
nification, 40 ×) was used to observe invaded and migrated 
cells, and ImageJ software was used for cell counting. 
Cell migratory and invasive capabilities were evaluated 
by observing and comparing the number of cells that 
successfully migrated and invaded into the lower cham-
ber. Primary NESC and EESC as well as hEM15A and 
hEM5B2 cells were involved in transwell invasion assay, 
while hEM15A and hEM5B2 cells were also involved in 
transwell migration assay (each cell line: 1 ×  106). The 
experiment was performed in triplicate.

Western blot assay

This assay was performed to analyze protein levels in pri-
mary NESC and EESC as well as hEM15A and hEM5B2 
cells (each cell line: 2 ×  106). Cells were first dissolved with 
the assistance of RIPA buffer mixed with protease and phos-
phatase inhibitor (Roche, Shanghai China). Next, proteins 
were isolated by 10% SDS-PAGE. Afterwards, proteins 
were moved to PVDF membrane. The membrane sealed by 
5% nonfat milk was cultured with primary antibodies for a 
whole night at 4 °C, and then incubated with secondary anti-
bodies at room temperature. In the end, western blots were 
developed by the ECL luminescent liquid (Thermo Fisher 
Scientific, Rochester, NY). GAPDH acted as internal con-
trol. The experiment was performed in triplicate.

Subcellular fraction assay

This assay was carried out to localize IGF2-AS in cells. The 
cytoplasmic and nuclear RNAs in hEM15A and hEM5B2 
cells (each cell line: 1 ×  107) were acquired and purified as 
per the instruction of Cytoplasmic and Nuclear RNA Puri-
fication Kit (Norgen, Belmont, CA, USA). The extracted 
RNAs (IGF2-AS, GAPDH as reference gene for cytoplasm, 
U6 as reference gene for nucleus) were analyzed by qRT-
PCR. The experiment was performed in triplicate.

Luciferase reporter assay

This assay was applied to verify the binding of miR-370-3p 
and IGF2-AS/IGF2. Wild-type or mutated IGF2 (IGF2 WT/
Mut) or IGF2-AS WT/Mut was sub-cloned into pmirGLO 
dual-luciferase vector (Promega, Madison, WI, USA). These 
constructed plasmids were co-transfected with miR-370-3p 
mimics or their corresponding NC mimics into primary 
NESC and EESC as well as hEM15A and hEM5B2 cells 
(each cell line: 1 ×  104). After incubation for 48 h, lucif-
erase reporter assay system (Promega, Madison WI) was 
employed to measure the relative luciferase activities. 
Renilla luciferase activity was regarded as internal control. 
The experiment was performed in triplicate.

RNA pull down assay

This assay was applied to test the binding of miR-370-3p and 
IGF2-AS. The protein extracts of hEM15A and hEM5B2 cells 
(each cell line: 2 ×  107) were collected from RIPA lysis buffer. 
Then they were mixed with the biotin-tagged probes of IGF2-AS. 
IGF2-AS no biotin probe was used as control. Magnetic beads 
were added after digestion. At last, the RNA–protein mixture 
was treated with proteinase K and then qRT-PCR was utilized for 
analysis. The experiment was performed in triplicate.
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RNA immunoprecipitation (RIP)

This assay was conducted to indirectly detect the binding 
affinity of miR-370-3p and IGF2-AS/IGF2. A Magna RIP™ 
RNA-Binding Protein Immunoprecipitation Kit (Millipore, 
Bedford, MA, USA) was applied to complete RIP assay. At 
first, 2 ×  107 endometriotic cells (primary NESC and EESC 
as well as hEM15A and hEM5B2 cells) were lysed in RIP 
lysis buffer and then precipitated by antibody against Argo-
naute 2 (Ago2), with immunoglobulin G (IgG) as control. 
The final precipitates were eluted and subjected to qRT-
PCR. The experiment was performed in triplicate.

Statistical analysis

Quantitative data was shown as the mean ± standard devia-
tion (SD). Differences among multiple groups or between 
two groups were respectively analyzed by means of the one-
way/two-way analysis of variance (ANOVA) or Student’s 
t-test. SPSS 20.0 software (Chicago, IL, USA) was utilized 
for analyzing statistical data. Each independent experiment 
performed in primary cell lines and purchased endometri-
otic cell lines were repeated in triplicate. P value < 0.05 was 
considered statistically significant. When the results had a 
remarkable difference between the experimental group and 

Fig. 1  The influence of insulin like growth factor 2 (IGF2) knock-
down on biological behaviors of primary normal and ectopic endo-
metrial stromal cells was examined by CCK-8, wound healing, 
and transwell assays. A The expression of IGF2 in primary normal 
endometrial stromal cells (NESC) and primary ectopic endometrial 
stromal cells (EESC) was tested by qRT-PCR. B The knockdown 
efficiency of sh-IGF2#1/2 was examined by qRT-PCR in primary 
NESC and EESC. (sh-IGF2#1 and sh-IGF2#2 were two constructed 

plasmids containing different sequences for IGF2 knockdown, while 
sh-NC served as negative control.) C–E CCK-8, wound healing, and 
transwell assays were performed to evaluate the proliferation, migra-
tion, and invasion capabilities of primary NESC and EESC cells. F 
The levels of invasion-related proteins upon IGF2 downregulation 
in primary NESC and EESC were detected through western blot. 
*P < 0.05, **P < 0.01
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the NC group, or among different experimental groups, the 
bars were marked with asterisks. If P value was less than 
0.05, one asterisk was marked. If P value was less than 0.01, 
two asterisks were marked accordingly.

Results

IGF2 knockdown restricts the proliferative, 
migratory, and invasive capabilities of primary NESC 
and EESC

First, we performed a series of assays in primary NESC and 
EESC. Based on the collected data of qRT-PCR, IGF2 was 
highly expressed in EESC (Fig. 1A). The knockdown effi-
cacy of sh-IGF2#1/2 was proved to be high through qRT-
PCR assay (Fig. 1B). CCK-8 was performed, and the results 
indicated that cell viability was restrained after IGF2 knock-
down (Fig. 1C). As shown in wound healing assays, migra-
tion of NESC and EESC was impeded due to IGF2 knock-
down (Fig. 1D). Data of transwell invasion assays reflected 
that cell invasion was hindered by IGF2 depletion (Fig. 1E). 
Moreover, collected western blots demonstrated that MMP2 
and MMP9 protein levels were reduced by IGF2 downregu-
lation (Fig. 1F). In short, IGF2 accelerated proliferation, 
migration, and invasion of primary NESC and EESC.

IGF2 knockdown inhibits the proliferative, 
migratory, and invasive capabilities of transformed 
endometriotic cells

In this section, we tried to figure out the role of IGF2 in 
endometriotic cells. Expression of IGF2 in transformed 
endometriotic cells (EEC145T, hEM15A, hEM5B2, and 
12Z) and control hEEC cells was first examined. As shown 
in qRT-PCR assay, IGF2 expression in endometriotic cells 
was higher compared to control cells (Fig. S1A). Since 
hEM15A and hEM5B2 cells had the most abundant expres-
sion of IGF2, they were used for the following assays. Next, 
the knockdown of IGF2 by sh-IGF2#1/2 was verified to be 
efficient (Fig. S1B). Furthermore, functional assays were 

performed to explore the influence of IGF2 depletion on 
hEM15A and hEM5B2 cell malignant behaviors. CCK-8 
assay revealed that the OD value was decreased in cells 
transfected with sh-IGF2#1/2, suggesting cell viability was 
inhibited by IGF2 depletion (Fig. S1C). Moreover, EdU 
assay indicated that cell proliferation could be repressed by 
IGF2 knockdown since we observed that the ratio of EdU 
positive cells was significantly reduced after IGF2 was 
silenced (Fig. S1D). In addition, results of colony formation 
assays demonstrated that the number of cell colonies obvi-
ously dropped in sh-IGF2 groups, which further proved that 
cell proliferation could be repressed by IGF2 knockdown 
(Fig. S1E).

As displayed in wound healing assay, wound closure was 
slower in sh-IGF2#1/2 groups, suggesting the cell migra-
tion was inhibited by IGF2 downregulation (Fig. S2A). In 
addition, transwell assays were carried out to further explore 
the function of IGF2 on cell migration and invasion. It was 
shown in Fig. S2B and C that depletion of IGF2 caused a 
decrease in the number of migrated and invaded cells. Fur-
thermore, invasion-associated protein levels (MMP2 and 
MMP9) were evaluated in western blot assay. The results 
demonstrated that MMP2 and MMP9 protein level was 
diminished by IGF2 knockdown (Fig. S2D). Taken together, 
IGF2 depletion restrained proliferation, migration, and inva-
sion of transformed endometriotic cells.

IGF2‑AS positively regulates IGF2 and IGF2‑AS 
knockdown suppresses proliferation, migration, 
and invasion of primary NESC and EESC

Since the nearby antisense RNAs of mRNAs can exert regu-
latory effects on mRNAs [24], we wondered if IGF2-AS 
(insulin-like growth factor 2 antisense RNA) could regu-
late IGF2 to further influence the malignant processes of 
endometriotic cells. Firstly, it was found that knockdown 
efficiency of sh-IGF2-AS#1/2 was high and IGF2-AS deple-
tion diminished IGF2 expression in primary NESC and 
EESC (Fig. 2A). Meanwhile, the successful transfection of 
pcDNA3.1-IGF2-AS led to the contrary results (Fig. 2B). 
Furthermore, the data of CCK-8 indicated that IGF2-AS 
downregulation diminished primary NESC and EESC 
viability (Fig. 2C). Subsequently, wound healing assays 
were conducted in primary NESC and EESC. As shown 
in Fig. 2D, the wound closure was slower after IGF2-AS 
knockdown. In transwell assays, we could notice that the 
invasion ability of primary NESC and EESC was weak-
ened due to IGF2-AS knockdown (Fig. 2E). Moreover, the 
collected western blots demonstrated that IGF2-AS down-
regulation restrained cell migratory and invasive abilities 
(Fig. 2F). Thus, we concluded that IGF2-AS upregulated 
IGF2 and IGF2-AS downregulation restricted the malignant 
behaviors of primary NESC and EESC.

Fig. 2  The influence of insulin like growth factor 2 antisense RNA 
(IGF2-AS) depletion on biological behaviors of primary NESC and 
EESC was examined by CCK-8, wound healing, and transwell assays. 
A IGF2-AS expression in primary NESC and EESC was quanti-
fied by qRT-PCR and the expression of IGF2 was detected before 
and after IGF2-AS depletion. B The overexpression efficiency of 
pcDNA3.1-IGF2-AS was examined by qRT-PCR in primary NESC 
and EESC. C–E Proliferation, migration, and invasion abilities of pri-
mary NESC and EESC in response to IGF2-AS depletion were con-
firmed via CCK-8, wound healing, and transwell assays. F Invasion-
associated protein levels upon IGF2-AS deficiency were measured 
with the help of western blot. *P < 0.05, **P < 0.01

◂
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IGF2‑AS positively regulates IGF2 and IGF2‑AS 
knockdown hampers proliferation, migration, 
and invasion of transformed endometriotic cells

In this part, we firstly downregulated IGF2-AS in hEM15A 
and hEM5B2 cells and the knockdown efficiency was veri-
fied by qRT-PCR. Then, we found that knockdown of IGF2-
AS significantly reduced the expression of IGF2 (Fig. S3A). 
Similarly, IGF2-AS upregulation enhanced IGF2 expression 
(Fig. S3B). Next, loss-of-function assays were conducted to 
examine the function of IGF2-AS in hEM15A and hEM5B2 
cells. As shown in CCK-8 assay, IGF2-AS depletion ham-
pered cell viability (Fig. S3C). EdU assay results suggested 
that cell proliferation was repressed by IGF2-AS depletion 
since the number of EdU positive cells declined in sh-IGF2-
AS-transfected cells (Fig. S3D). Moreover, colony formation 
assays indicated that the number of colonies was reduced by 
down-regulation of IGF2-AS (Fig. S3E). In wound healing 
assays, we observed that the wound closure was slower in 
sh-IGF2-AS#1/2 groups (Fig. S4A). In addition, transwell 
assays indicated that the number of migrated or invaded 
cells significantly declined after IGF2-AS knockdown 
(Fig. S4B and C). Furthermore, it was revealed in west-
ern blot assays that the protein level of MMP2 and MMP9 
was reduced after the transfection of sh-IGF2-AS#1/2 
(Fig. S4D). To summarize, IGF2-AS positively regulates 
IGF2 and IGF2-AS depletion inhibits proliferation, migra-
tion, and invasion of transformed endometriotic cells.

MiR‑370‑3p binds with both IGF2‑AS and IGF2 
in transformed endometriotic cells

In this part, we explored the mechanism for IGF2-AS to regu-
late IGF2. The subcellular location of IGF2-AS was detected 
at first. According to the data from subcellular fraction assay, 
IGF2-AS was predominantly distributed in the cytoplasm of 
hEM15A and hEM5B2 cells (Fig. S5A). The cytoplasmic 
role of IGF2-AS indicated the post-transcriptional regulatory 
mechanism of IGF2-AS. CeRNA pattern is a typical post-tran-
scriptional network that lncRNAs can elevate the expression 
of mRNAs through sponging miRNAs [25]. Hence, we won-
dered if IGF2-AS could compete with IGF2 to bind with certain 

miRNAs to form the ceRNA pattern in hEM15A and hEM5B2 
cells. Based on starBase database [26] (screened by 6 cancer 
types in pan-Cancer), 10 miRNAs which bound to both IGF2-
AS and IGF2 were identified (Fig. S5B). Then, RNA pull down 
assay was conducted to verify the binding of these 10 miRNAs 
and IGF2-AS. The results revealed that miR-491-5p and miR-
370-3p were significantly pulled down by IGF2-AS (Fig. S5C). 
Furthermore, miR-370-3p and miR-491-5p expression was 
enhanced in cells and the overexpression efficiency was verified 
by qRT-PCR assay (Fig. S5D and E). Then we detected IGF2 
expression in cells transfected with miR-491-5p mimics and 
found that IGF2 expression was almost unchanged after miR-
491-5p overexpression (Fig. S5F). However, we detected IGF2 
expression in cells transfected with miR-370-3p mimics and 
noticed that IGF2 expression significantly declined after miR-
370-3p augment. Meanwhile, the protein level of IGF2 was also 
decreased by miR-370-3p overexpression (Fig. S6A). Thus, we 
selected miR-370-3p to conduct further assays. The binding 
sequences of IGF2-AS/IGF2 and miR-370-3p were displayed 
(Fig. S6B). Based on the following luciferase reporter assay, 
luciferase activity of IGF2-AS/IGF2-WT reduced when miR-
370-3p was upregulated, while IGF2-AS/IGF2-MUT was not 
impacted (Fig. S6C). Furthermore, RIP assay results showed 
that IGF2-AS, IGF2, and miR-370-3p were largely enriched 
in anti-Ago2 (Fig. S6D). Based on the data, IGF2-AS could 
regulate IGF2 via binding with miR-370-3p in transformed 
endometriotic cells.

IGF2‑AS exacerbates the malignant behaviors 
of endometriotic cells through binding 
with miR‑370‑3p and upregulating IGF2

After verifying the ceRNA mechanism in endometri-
otic cells, we performed rescue assays in hEM15A and 
hEM5B2 cells to explore the role of IGF2-AS/miR-370-3p/
IGF2 axis in cell biological functions. It was revealed in 
CCK-8, EdU, and colony formation assays that the inhibit-
ing impact of IGF2-AS depletion on cell proliferation was 
completely offset by miR-370-3p inhibitor or pcDNA3.1-
IGF2 (Fig. S7A–C). Furthermore, wound healing, transwell, 
and western blot assays uncovered that miR-370-3p inhi-
bition or IGF2 augment fully counteracted the suppressive 
effects of IGF2-AS knockdown on cell migration and inva-
sion (Fig. S7D–G). To sum up, IGF2-AS bound with miR-
370-3p to upregulate IGF2, finally strengthening prolifera-
tion, migration, and invasion abilities of endometriotic cells.

IGF2‑AS regulates IGF2/miR‑370‑3p axis in primary 
NESC and EESC to promote cell malignant behaviors

We also tested the ceRNA mechanism in primary NESC and 
EESC. At first, data of qRT-PCR and western blot showed 

Fig. 3  Luciferase reporter, RIP, and rescue experiments were per-
formed to confirm the mechanism of IGF2-AS/miR-370-3p/IGF2 
network. A Relative expression of IGF2 upon miR-370-3p overex-
pression in primary NESC and EESC was detected by qRT-PCR and 
western blot. B–C Luciferase activity of wild type and mutant IGF2-
AS/IGF2 upon miR-370-3p overexpression was tested by luciferase 
reporter assays. D The correlation of IGF2-AS, miR-370-3p and IGF2 
was proven by RIP assay. E–G Cell proliferation, migration, and 
invasion of NESC and EESC transfected with indicated plasmids (sh-
NC, sh-IGF2-AS#1, sh-IGF2-AS#1 + miR-370-3p inhibitor, or sh-
IGF2-AS#1 + pcDNA3.1-IGF2) were tested by CCK-8, wound heal-
ing, and western blot assays. **P < 0.01

◂
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IGF2 expression dropped upon miR-370-3p overexpression 
(Fig. 3A). The results of luciferase reporter assay revealed 
that miR-370-3p could bind to IGF2-AS and IGF2 as the 
luciferase activity of IGF2-AS/IGF2-WT was weakened 
due to miR-370-3p augment (Fig. 3B–C). Moreover, we 
conducted RIP assay and further proved the binding affinity 
between miR-370-3p and IGF2-AS/IGF2 (Fig. 3D). Func-
tional assays were then performed in primary NESC and 
EESC. Based on the results of CCK-8 assays, the inhibi-
tory effects of IGF2-AS knockdown on cell proliferation 
were completely offset by miR-370-3p inhibition or IGF2 
upregulation (Fig. 3E). In addition, the wound width and 
western blots displayed in Fig. 3F and G manifested IGF2-
AS depletion restricted cell migration and invasion, while 
miR-370-3p inhibition or IGF2 augment fully reversed the 
results. In summary, IGF2-AS could promote proliferation, 
migration, and invasion of primary NESC and EESC by 
regulating miR-370-3p/IGF2 axis.

IGF2‑AS activates PI3K/AKT/mTOR signaling 
pathway through targeting miR‑370‑3p/IGF2 axis

IGF2 has been reported to activate PI3K/AKT/mTOR signal-
ing pathway in some diseases and cancers [27–29]. Thus, we 
wondered whether IGF2-AS could activate PI3K/AKT/mTOR 
signaling pathway through targeting miR-370-3p/IGF2 axis. 
LY294002 is known as a PI3K inhibitor [30]. By western blot 

assay, we discovered that the protein level of IGF2, phosphoryl-
ated (p)-PI3K, p-AKT, and p-mTOR was inhibited by IGF2-AS 
depletion in hEM15A and hEM5B2 cells, which was recov-
ered totally by the co-transfection of miR-370-3p inhibitor or 
pcDNA3.1-IGF2, while the results were reversed by LY294002 
(Fig. S8A). The similar changes of western blots could be 
observed in primary NESC and EESC (Fig. 4A). These findings 
reflected that IGF2-AS activated PI3K/AKT/mTOR signaling 
pathway through targeting miR-370-3p/IGF2 axis.

Discussion

Endometriosis has similar characteristics of tumors in cell 
proliferation, distant migration, and invasion [31]. The main 
symptoms of endometriosis are dysmenorrhea and inter-
course pain [32]. The morbidity of endometriosis presents a 
rising trend [33]. The current study focused on the role and 
mechanisms of IGF2. We firstly verified that IGF2 expressed 
at a higher level in endometriotic cells relative to the normal 
cells. Then, functional assays revealed that IGF2 exerted the 
pro-proliferation, pro-migration, and pro-invasion effects on 
endometriotic cells.

Previous researchers have demonstrated the regulatory 
network between mRNA and their nearby lncRNAs in human 
diseases. For instance, it is suggested that FOXD3-AS1 might 
promote glioma cell proliferative, migratory, and invasive 

Fig. 4  Western blot assays were 
conducted to measure the key 
protein levels of PI3K/AKT/
mTOR signaling pathway. The 
primary NESC and EESC were 
divided into six groups with 
different treatments, includ-
ing sh-NC, sh-IGF2-AS#1, 
sh-IGF2-AS#1 + miR-370-3p 
inhibitor, and sh-IGF2-
AS#1 + pcDNA3.1-IGF2, 
sh-IGF2-AS#1 + miR-370-3p 
inhibitor + LY294002 and 
sh-IGF2-AS#1 + pcDNA3.1-
IGF2 + LY294002. A The 
protein levels of IGF2, p-PI3K, 
PI3K, p-AKT, AKT, p-mTOR, 
and mTOR were tested by west-
ern blot assays under indicated 
conditions
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abilities via upregulating FOXD3 [34]. TPT1-AS1 induces 
tumor growth and metastasis of epithelial ovarian cancer 
through elevating TPT1 expression [24]. Herein, we found 
that IGF2-AS positively regulated IGF2 expression. IGF2-AS 
has been reported to inhibit apoptosis and neuronal loss in 
damaged mouse neural stem cell derived neurons [35]. Role 
of IGF2-AS in endometriosis has not been studied before. 
Our study firstly uncovered that IGF2-AS contributed to 
proliferation, invasion, and migration of endometriotic cells.

Subsequently, how IGF2-AS modulated IGF2 expression 
was in exploration. SinceAs reported, the subcellular loca-
tion of lncRNAs determines how they play the regulatory 
roles [13], so we detected subcellular location of IGF2-AS. 
The result showed that IGF2-AS was a cytoplasmic lncRNA, 
indicating the ceRNA potential of IGF2-AS. Based on bioin-
formatics analysis and experimental results, IGF2-AS served 
as the sponge of miR-370-3p to elevate IGF2 expression. Hu 
Z et al. have pointed out that miR-370-3p suppresses prolif-
eration of endometriotic cells [36]. Additionally, miR-370-3p 
expression is increased in high responders to resistance train-
ing in breast cancer survivors [37]. MiR-370-3p along with 
5 other miRNAs is differentially expressed in gestational 
trophoblastic neoplasia vs. complete hydatidiform mole [38]. 
Moreover, lncRNA H19 prompts TGF-β-induced EMT via 
functioning as an endogenous sponge of miR-370-3p in ovar-
ian cancer cells [39]. The results of our study demonstrated 
that IGF2-AS regulated miR-370-3p/IGF2 axis to promote 
the malignant processes in endometriotic cells. The ceRNA 
network in endometriosis has been verified in multiple reports. 
Liu S et al. have pointed out that H19 upregulates ITGB3 
through modulating miR-124-3p to promote ectopic endo-
metrial cell proliferation and invasion [40]. Qiu J et al. have 
revealed that H19 relieves endometriosis through regulating 
miR-342-3p/IER3 axis [41]. Furthermore, IGF2 has been 
reported to activate PI3K/AKT/mTOR signaling pathway in 
some diseases and cancers [27–29]. Similarly, we also proved 
that IGF2-AS could activate PI3K/AKT/mTOR signaling 
pathway through miR-370-3p/IGF2 axis.

In summary, our study uncovered a novel ceRNA mecha-
nism of IGF2-AS/miR-370-3p/IGF2 in endometriotic cells. 
IGF2-AS positively regulated IGF2 expression via competi-
tively binding with miR-370-3p to actuate PI3K/AKT/mTOR 
signaling pathway, thus facilitating proliferative, migratory, 
and invasive capabilities of endometriotic cells. This study 
verified the crucial role of IGF2-AS in endometriosis, which 
might contribute to endometriosis diagnosis or treatment.
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