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Background: Endometrial cancer (EC) is one of the most common gynecological malig-
nancies. Circular RNAs (circRNAs) play crucial roles in the occurrence and development of 
tumors. This research aimed to explore the function and potential mechanism of human 
serum albumin (hsa)_circ_0109046 in EC.
Materials and Methods: The abundance of circ_0109046, microRNA-136 (miR-136) and 
high-mobility group AT-hook 2 (HMGA2) was detected by quantitative real-time polymerase 
chain reaction or Western blot. Cell counting kit-8 (CCK-8) and colony formation assays 
were employed to assess cell proliferation. Transwell assay was used to measure cell 
migration and invasion. The levels of E-cadherin, Vimentin and N-cadherin were examined 
by Western blot. The binding association among circ_0109046, miR-136 and HMGA2 was 
verified by dual-luciferase reporter assay, RNA pull-down assay and RNA immunoprecipita-
tion assay. Xenograft assay was performed to test tumor growth in vivo.
Results: Circ_0109046 and HMGA2 were up-regulated, and miR-136 was down-regulated 
in EC tissues and cells. Knockdown of circ_0109046 impeded the proliferation, migration, 
invasion and epithelial-mesenchymal transition (EMT) of EC cells. Moreover, miR-136 
knockdown reversed the suppression of circ_0109046 silencing on EC development. 
HMGA2 overexpression abolished the inhibition of miR-136 on EC progression. Besides, 
depletion of circ_0109046 inhibited EC growth in vivo.
Conclusion: Circ_0109046 accelerated EC progression via modulating miR-136/HMGA2 
axis, indicating that circ_0109046 might be a promising therapeutic target for EC.
Keywords: circ_0109046, miR-136, HMGA2, endometrial cancer

Introduction
Endometrial cancer (EC) is a common gynecological tumor, especially in developed 
countries.1 The incidence of EC is increasing year by year, and the 5-year overall 
survival rate of patients without metastatic EC is 74~91%.2 In contrast, the 5-year 
overall survival rate for recurrent or metastatic EC is only 10~20%.3 Despite 
significant progress in the research of EC, proper early screening methods are 
still lacking. Hence, exploring EC pathogenesis to seek new biomarkers for diag-
nosis and treatment is urgent.

Circular RNAs (circRNAs) are endogenous molecules with covalently closed loops 
without 5ʹ to 3ʹ polarity.4,5 Mounting evidence has confirmed that circRNAs exert 
significant effects on various diseases.6 Synchronously, more and more studies have 
corroborated that dysregulated circRNAs can mediate the occurrence and development 
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of tumors in gynecological cancers by regulating a range of 
biological functions.7 For instance, hsa_circ_0000520 sup-
pressed cell growth and mobility and induced apoptosis in 
cervical cancer by absorbing microRNA-146b-3p.8 Also, 
hsa_circ_0009910 triggered cell proliferation and motor phe-
notypes in ovarian cancer via targeting microRNA-145.9 

Furthermore, many circRNAs participated in EC progres-
sion, including hsa_circ_0061140,10 circ_PUM111 and 
hsa_circ_0002577.12 Xu et al revealed that hsa_-
circ_0109046 was prominently increased in EC by using 
RNA-seq analysis.13 Nevertheless, the exact role and mole-
cular basis of circ_0109046 in EC are unknown.

Emerging evidence has demonstrated that circRNAs 
can sponge microRNAs (miRNAs) and regulate gene 
expression by competitively combining with miRNA bind-
ing sites.14 Besides, numerous studies have verified that 
aberrantly expressed miRNAs are strongly related to EC 
development.15 For example, miR-21-5p facilitated epithe-
lial-mesenchymal transition (EMT) in EC cells through 
inhibiting SOX17.16 In addition, miR-214-3p suppressed 
EC cell metastasis via binding to TWIST1.17 Moreover, 
up-regulation of miR-320a hindered cell proliferation in 
EC by negatively modulating IGF-1R.18 A previous 
research unveiled that miR-136 was overtly down- 
regulated in EC and affected EC progression by combining 
with circ_PUM1.11 However, the association between 
circ_0109046 and miR-136 has not been studied.

In this research, we ascertained the effect of circ_0109046 
in EC development. Meanwhile, we investigated the potential 
relationship between circ_0109046 and miR-136/high- 
mobility group AT-hook 2 (HMGA2) regulatory axis in EC, 
which might provide a new biomarker for EC therapy.

Materials and Methods
Clinical Specimens
All EC tissues (n=44) and adjacent normal tissues (n=44) 
were obtained from EC patients recruited at Henan 
Provincial People’s Hospital. None of patients received 
any radiotherapy or chemotherapy before resection. All 
participants signed written informed consent. The protocol 
was ratified by the Ethics Committee of Henan Provincial 
People’s Hospital. Some clinical pathological features of 
patients are listed in Table 1.

Cell Culture
Human normal endometrial epithelial cells (HEECs) and 
three EC cells (HEC1-A, KLE and Ishikawa) were 

purchased from Tongpai Biotech (Shanghai, China) and 
incubated in RPMI-1640 medium (Hyclone, Logan, UT, 
USA) supplemented with 10% fetal bovine serum (FBS; 
Hyclone). The other two EC cells (HEC1-B and AN3CA) 
were bought from American Type Culture Collection 
(ATCC, Manassas, VA, USA) and cultured in Dulbecco’s 
Modified Eagle Medium (DMEM; Hyclone, Logan, UT, 
USA) containing 10% FBS. All cells were maintained in 
an incubator with 5% CO2 at 37°C.

Cell Transfection
Short hairpin RNA (shRNA) against circ_0109046 (sh- 
circ#1, sh-circ#2 and sh-circ#3) and the control (sh-NC), 
miR-136 mimics (miR-136) and negative control (miR- 
NC), miR-136 inhibitor (anti-miR-136) and negative 
control (anti-NC), HMGA2 overexpression vector 
(HMGA2) and the empty pcDNA3.1 (vector) were 
bought from Genechem (Shanghai, China). The oligo-
nucleotides or vectors were introduced into HEC1-A 
and Ishikawa cells via Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA).

Table 1 Correlation Between Circ_0109046 Expression and the 
Clinical Pathological Features of 44 Endometrial Cancer Patients

Characteristic All 
Cases

Circ_0109046 
Expression

P-value

High 
(n = 22)

Low 
(n = 22)

Age (years) 0.517

< 55 30 16 14
≥55 14 6 8

Myometrial invasion 0.033*
< 1/2 19 6 13

≥1/2 25 16 9

Pathological type 0.498

Endometrioid 32 15 17

Non-endometrioid 12 7 5

Lymphatic metastasis 0.021*

No 13 10 3
Yes 31 12 19

FIGO stage 0.014*
I-II 26 9 17

III-IV 18 13 5

Histological grade 0.015*

G1 20 6 14
G2+G3 24 16 8

Note: *P <0.05.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 10994

Shi et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
After isolating RNA using Trizol reagent (Solarbio, 
Beijing, China), the specific reverse transcription kit 
(Vazyme, Nanjing, China) was utilized to obtain comple-
mentary DNA. Then, the RNA levels were monitored via 
SYBR Green PCR Master Mix (Vazyme) and quantified 
using the 2−ΔΔCt method. Glyceraldehyde 3-phosphate 
dehydrogenase (GADPH) or U6 was taken as an internal 
control. The primer sequences were shown in Table 2.

Cell Counting Kit-8 (CCK-8) Assay
Transfected HEC1-A and Ishikawa cells were injected into 
96-well plates. After incubating for 24 h, 48 h or 72 h, the 
fresh medium containing 10% CCK-8 solution (Beyotime, 
Shanghai, China) was added, followed by culture for 4 
h. Finally, the optical density was measured using 
a Microplate Reader (BioTek, Burlington, VT, USA).

Colony Formation Assay
Transfected HEC1-A and Ishikawa cells (3×103) were 
grown in six-well plates and maintained for 2 weeks at 
37°C. After fixing with methanol and staining with crystal 
violet (Solarbio), the colonies were calculated under 
a microscope in three independent replicates.

Transwell Assay
For cell migration test, HEC1-A and Ishikawa cells were 
plated into the upper chamber (Corning, Corning, NY, USA). 
Synchronously, the lower chamber was filled with fresh 
medium harboring 10% FBS. After culturing for 24 h, the 
cells were fixed with methanol and stained with crystal violet 
(Solarbio). Subsequently, the migrated cells were photo-
graphed and counted under a microscope at 100× 

magnification. Additionally, the difference is that Transwell 
used in cell invasion assay is pre-coated with Matrigel 
(Corning).

Western Blot Assay
Protein samples extracted with RIPA buffer (Solarbio) were 
separated by polyacrylamide gel electrophoresis and trans-
ferred onto polyvinylidene fluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA). After sealing with 5% 
skimmed milk, the membranes were incubated with primary 
antibodies against E-cadherin (ab15148, 1:500, Abcam, 
Cambridge, UK), Vimentin (ab137321, 1:2000, Abcam), 
N-cadherin (ab76057, 1:1000, Abcam), HMGA2 (ab97276, 
1:3000, Abcam) or GAPDH (ab9485, 1:2500, Abcam) at 
4°C. Afterwards, the membranes were probed with 
a secondary antibody (ab205718, 1:20,000, Abcam). The 
signal intensity was examined with ECL reagent (Millipore).

Nuclear and Cytoplasmic Fraction Assay
The subcellular localization of circ_0109046 was evalu-
ated via mirVanaTM PARIS Kit (Invitrogen). U6 and 
GAPDH were regarded as positive controls for nuclear 
and cytoplasmic fractions, respectively.

Dual-Luciferase Reporter Assay
The sequences of circ_0109046 or HMGA2-3ʹUTR con-
taining the predicted miR-136 binding site and the mutant 
sequence were inserted into the pmirGLO vector (LMAI 
Bio, Shanghai, China) to form circ_0109046-WT, 
circ_0109046-MUT, HMGA2-3ʹUTR-WT or HMGA2- 
3ʹUTR-MUT. Subsequently, the constructed reporter and 
miR-136 or miR-NC were co-transfected into HEC1-A 
and Ishikawa cells. The luciferase intensity was deter-
mined using Dual-Lucy Assay Kit (Solarbio).

RNA Pull-Down Assay
Biotinylated miR-136 (Bio-miR-136) and the control (Bio- 
NC) were purchased from Genechem. HEC1-A and 
Ishikawa cells were lysed and then incubated with strepta-
vidin-coated magnetic beads (Invitrogen). Afterwards, 
qRT-PCR was used to measure the abundance of 
circ_0109046 and HMGA2 in the isolated RNA.

RNA Immunoprecipitation (RIP) Assay
RIP analysis was conducted using EZ-Magna RIP Kit 
(Millipore). HEC1-A and Ishikawa cells were lysed in 
RIP lysis buffer, and then cell lysates were incubated 
with magnetic beads conjugated with Ago2 antibody or 

Table 2 Quantitative Real-Time PCR Primer

Primer Name Sequence

circ_0109046-F TTCAACGGCATGGAAGGGTT

circ_0109046-R GCATCTGAAGGTTTGAGGCAG
miR-136-F ACACTCCAGCTGGGACTCCATTTGTTTT

miR-136-R CCAGTGCAGGGTCCGAGGT

HMGA2-F ACCCAGGGGAAGACCCAAA
HMGA2-R CCTCTTGGCCGTTTTTCTCCA

GAPDH-F GGTCTCCTCTGACTTCAACA

GAPDH-R GTGAGGGTCTCTCTCTTCCT
U6-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT
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IgG antibody (Abcam). Finally, the precipitated RNAs 
were purified and measured using qRT-PCR.

Xenograft Assay
Ishikawa cells (5×106) stably transfected with sh-NC or sh- 
circ#1 were subcutaneously injected into the right-back of 
five-week-old BALB/c female nude mice (Vital River 
Laboratory, Beijing, China; n=5 per group). Then, tumor 
volume was monitored every 7 days. At 35 days, the xeno-
graft tumors were weighed after the mice were killed. 
Additionally, the levels of circ_0109046, miR-136, 
HMGA2 and EMT-related markers were examined in xeno-
graft tissues by qRT-PCR or Western blot. The experiment 
was approved by the Animal Ethics Committee of Henan 
Provincial People’s Hospital. Animal studies were per-
formed in compliance with the ARRIVE guidelines and the 
Basel Declaration. All animals received humane care accord-
ing to the National Institutes of Health (USA) guidelines.

Statistical Analysis
All data were displayed as mean ± standard deviation by 
Graphpad Prism 7.0 software (GraphPad, San Diego, CA, 
USA). The relationship between circ_0109046 level and 
overall survival was tested using Kaplan-Meier survival 
analysis. Student’s t-test and one-way analysis of variance 
were utilized to assess the differences. P <0.05 was con-
sidered statistically significant.

Results
Circ_0109046 is Up-Regulated in EC 
Tissues and Cells
To evaluate the role of circ_0109046 in EC, we first detected 
circ_0109046 expression in EC tissues (n=44) and adjacent 
normal tissues (n=44) using qRT-PCR. The results showed 
that circ_0109046 level in EC tissues was remarkably 
increased compared with normal tissues (Figure 1A). 

Additionally, circ_0109046 expression in EC cells (HEC1- 
A, HEC1-B, KLE, AN3CA and Ishikawa) was significantly 
higher than that in normal endometrial epithelial cells 
(HEECs) (Figure 1B). Besides, EC patients were divided 
into circ_0109046 high expression group (n=22) and 
circ_0109046 low expression group (n=22) according to 
the median of circ_0109046 expression level in EC tissues. 
As illustrated in Figure 1C, circ_0109046 high expression 
was closely related to poor overall survival. We also studied 
some clinical pathological features of EC patients. The data 
suggested that circ_0109046 expression was not related to 
age and pathological type, but was associated with myome-
trial invasion, lymphatic metastasis, FIGO stage and histo-
logical grade (Table 1). These data hinted that circ_0109046 
might play a carcinogenic role in EC.

Circ_0109046 Silencing Inhibits the 
Proliferation, Migration, Invasion and EMT 
of EC Cells
Next, we performed loss-of-function experiments by trans-
fecting circ_0109046 shRNA to HEC1-A and Ishikawa 
cells. Firstly, transfection with sh-circ_0109046 (sh-circ#1, 
sh-circ#2 and sh-circ#3) markedly reduced circ_0109046 
level compared to the sh-NC group, and sh-circ#1 had the 
highest knockdown efficiency (Figure 2A). CCK-8 and col-
ony formation assays suggested that down-regulation of 
circ_0109046 decreased the viability (Figure 2B and C) 
and colony number (Figure 2D) of HEC1-A and Ishikawa 
cells. Transwell analysis showed that silencing of 
circ_0109046 reduced the migration and invasion of 
HEC1-A and Ishikawa cells (Figure 2E and F). In addition, 
knockdown of circ_0109046 led to a marked elevation in 
E-cadherin level and significant decreases in Vimentin and 
N-cadherin levels (Figure 2G). Collectively, these data indi-
cated that circ_0109046 depletion suppressed EC cell 
progression.

Figure 1 Circ_0109046 is up-regulated in EC tissues and cells. (A) Circ_0109046 expression was examined using qRT-PCR in EC tissues (n=44) and adjacent normal tissues 
(NC; n=44). (B) Circ_0109046 level was measured in HEECs and EC cells (HEC1-A, HEC1-B, KLE, AN3CA and Ishikawa). (C) Kaplan-Meier survival analysis was used to 
examine the relationship between circ_0109046 level and overall survival. ***P < 0.001.
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Circ_0109046 Directly Targets miR-136
To determine circ_0109046 distribution in EC cells, 
nuclear and cytoplasmic fraction assay was carried out. 
The results showed that circ_0109046 was mainly distrib-
uted in cytoplasm (Figure 3A). Subsequently, the circinter-
actome online database illustrated that circ_0109046 and 
miR-136 had a putative binding site (Figure 3B). As dis-
played in Figure 3C, miR-136 was strikingly up-regulated 
in HEC1-A and Ishikawa cells after transfection with miR- 
136. Next, dual-luciferase reporter assay was conducted to 
verify the binding relationship, and the results suggested 
that miR-136 mimics remarkably reduced the luciferase 
activity of circ_0109046-WT reporter (Figure 3D). 
Moreover, RNA pull-down assay revealed that 
circ_0109046 was pulled down by Bio-miR-136 (Figure 
3E). Meanwhile, RIP analysis showed that circ_0109046 
and miR-136 were enriched in anti-Ago2 group instead of 
anti-lgG group (Figure 3F). In addition, qRT-PCR showed 
that circ_0109046 silencing promoted miR-136 expression 
(Figure 3G). Also, miR-136 level was overtly decreased in 
EC tissues and cells relative to the control group (Figure 

3H and I). These results evidenced that circ_0109046 
negatively regulated miR-136 in EC cells.

Inhibition of miR-136 Alleviates the Effect 
of Circ_0109046 Knockdown on EC Cells
To illuminate whether circ_0109046 affected EC develop-
ment by modulating miR-136, sh-circ#1 and anti-miR-136 
were simultaneously transfected into EC cells. First of all, 
qRT-PCR revealed that miR-136 knockdown efficiency 
was significant (Figure 4A). Next, CCK-8 and colony 
formation assays showed that circ_0109046 knockdown 
suppressed cell proliferation in HEC1-A and Ishikawa 
cells, while this change was abolished by down- 
regulating miR-136 (Figure 4B and C). Simultaneously, 
co-transfection of sh-circ#1 and anti-miR-136 reversed the 
inhibitory effect of circ_0109046 depletion on cell migra-
tion and invasion (Figure 4D and E). Additionally, 
Western blot assay showed that down-regulation of 
circ_0109046 inhibited EMT in HEC1-A and Ishikawa 
cells, whereas this impact was abrogated after introduction 
of anti-miR-136 (Figure 4F). Overall, these data indicated 

Figure 2 Circ_0109046 silencing inhibits the proliferation, migration, invasion and EMT of EC cells. (A) After sh-circ_0109046 transfection, circ_0109046 expression was 
detected in HEC1-A and Ishikawa cells. (B–G) sh-NC or sh-circ#1 was transfected into HEC1-A and Ishikawa cells. (B and C) Cell viability was assessed using CCK-8 assay. 
(D) Colony number was measured by colony formation assay. (E and F) Cell migration and invasion abilities were determined by transwell assay. (G) The levels of EMT- 
related proteins (E-cadherin, Vimentin and N-cadherin) were examined using Western blot. **P < 0.01, ***P < 0.001.
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that circ_0109046 facilitated EC development by sponging 
miR-136.

HMGA2 is a Target of miR-136
Moreover, starBase prediction software revealed that miR- 
136 had a putative binding site in HMGA2-3ʹUTR (Figure 
5A). As shown in Figure 5B, miR-136 mimics markedly 
decreased the luciferase activity of HMGA2-3ʹUTR-WT 
reporter. Next, RNA pull-down and RIP assays were per-
formed to validate the binding relationship between miR-136 
and HMGA2. The results suggested that HMGA2 was pulled 
down by Bio-miR-136 (Figure 5C). Synchronously, HMGA2 

and miR-136 were enriched in anti-Ago2 group (Figure 5D). 
Furthermore, miR-136 overexpression suppressed HMGA2 
protein expression, and miR-136 knockdown induced 
HMGA2 protein expression (Figure 5E). To clarify the inter-
action between circ_0109046 and miR-136/HMGA2 axis, 
HMGA2 protein level was examined in HEC1-A and 
Ishikawa cells transfected with sh-NC, sh-circ#1, sh-circ#1 
+anti-NC or sh-circ#1+anti-miR-136. The results indicated 
that introduction of anti-miR-136 mitigated the reduction of 
HMGA2 protein level caused by circ_0109046 silencing 
(Figure 5F). These data evidenced that circ_0109046 regu-
lated HMGA2 expression by targeting miR-136.

Figure 3 Circ_0109046 directly targets miR-136. (A) The levels of circ_0109046, U6 and GAPDH were detected in nuclear and cytoplasmic fractions. (B) The predicted 
miR-136 binding site in circ_0109046 was shown. (C) The overexpression efficiency of miR-136 was evaluated by qRT-PCR. (D) Luciferase activity was detected in HEC1-A 
and Ishikawa cells co-transfected with circ_0109046-WT or circ_0109046-MUT and miR-136 or miR-NC. (E and F) The relationship between circ_0109046 and miR-136 
was verified by RNA pull-down and RIP assays. (G) MiR-136 level was examined in HEC1-A and Ishikawa cells transfected with sh-NC or sh-circ#1. (H and I) MiR-136 
expression was determined by qRT-PCR in EC tissues and cells. ***P < 0.001.
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HMGA2 Overexpression Attenuates the 
Effect of miR-136 on EC Cells
To investigate the role of miR-136/HMGA2 axis in EC 
progression, HEC1-A and Ishikawa cells were introduced 
with miR-NC, miR-136, miR-136+vector or miR-136 
+HMGA2 to perform rescue experiments. Firstly, Western 

blot showed that HMGA2 overexpression efficiency was 
significant (Figure 6A). Then, rescue experiments revealed 
that up-regulation of miR-136 resulted in marked inhibition 
of proliferation (Figure 6B–D), migration (Figure 6E), inva-
sion (Figure 6F) and EMT (Figure 6G) in HEC1-A 
and Ishikawa cells, while these effects were abolished after 

Figure 4 Inhibition of miR-136 alleviates the effect of circ_0109046 knockdown on EC cells. (A) The inhibition efficiency of anti-miR-136 was confirmed by qRT-PCR. After HEC1- 
A and Ishikawa cells were introduced with sh-NC, sh-circ#1, sh-circ#1+anti-NC or sh-circ#1+anti-miR-136, cell viability (B), colony number (C), cell migration and invasion (D and 
E), and EMT-related protein levels (F) were measured by CCK-8, colony formation assay, transwell analysis and Western blot, respectively. **P < 0.01, ***P < 0.001.
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co-transfection with miR-136 and HMGA2. These data evi-
denced that miR-136 hindered EC cell progression via bind-
ing to HMGA2.

Knockdown of Circ_0109046 Inhibits EC 
Growth in vivo
To explore the role of circ_0109046 in tumorigenesis, we 
constructed xenograft models by injecting transfected 
Ishikawa cells into the nude mice. The results showed that 
tumor volume and weight were strikingly decreased in the 
sh-circ#1 group compared to the sh-NC group (Figure 7A 
and B). Next, qRT-PCR and Western blot were performed in 
xenograft tissues. As displayed in Figure 7C, knockdown of 
circ_0109046 overtly decreased circ_0109046 and HMGA2 
levels and elevated miR-136 level. In addition, Western blot 
analysis showed that silence of circ_0109046 led to 
a marked decrease in HMGA2, Vimentin and N-cadherin 
levels, while an increase in E-cadherin level (Figure 7D). 
These data unveiled that circ_0109046 knockdown blocked 
tumor growth in vivo.

Discussion
The competing endogenous RNA (ceRNA) hypothesis has 
received widespread attention, indicating that transcripts 

containing miRNA binding sites compete for post- 
transcriptional regulation.19 Compelling evidence has 
highlighted that circRNAs play critical roles in tumorigen-
esis and development via serving as ceRNAs or miRNA 
sponges.20 In the present research, we selected 
circ_0109046 as the research candidate based on the pre-
vious high-throughput sequencing results.13 We validated 
that circ_0109046 was remarkably up-regulated in EC. In 
addition, loss-of-function experiments revealed that 
circ_0109046 down-regulation suppressed EC cell growth 
and metastasis, suggesting that circ_0109046 might be 
a potential biomarker for EC treatment.

In terms of mechanism, we first confirmed that miR- 
136 combined with circ_0109046 and HMGA2, and 
circ_0109046 indirectly elevated HMGA2 expression via 
modulating miR-136, indicating that circ_0109046 
sponged miR-136 to regulate HMGA2 through the 
ceRNA mechanism. Furthermore, recent investigations 
have manifested that circRNAs mediate EC progression 
via intervening ceRNA network. For instance, hsa_-
circ_0002577 expedited the proliferation and metastasis 
of EC cells via sponging miR-197 to up-regulate 
CTNND1.12 Liu et al disclosed that circWHSC1 
aggravated the malignant behaviors of EC by absorbing 

Figure 5 HMGA2 is a target of miR-136. (A) The putative binding site between miR-136 and HMGA2-3ʹUTR was exhibited. (B) Luciferase activity was tested in HEC1-A 
and Ishikawa cells co-transfected with HMGA2-3ʹUTR-WT or HMGA2-3ʹUTR-MUT and miR-136 or miR-NC. (C and D) RNA pull-down and RIP assays were used to 
validate the binding relationship between miR-136 and HMGA2. (E) HMGA2 protein level was measured in HEC1-A and Ishikawa cells transfected with miR-NC, miR-136, 
anti-NC or anti-miR-136. (F) HMGA2 protein expression was detected in HEC1-A and Ishikawa cells transfected with sh-NC, sh-circ#1, sh-circ#1+anti-NC or sh-circ#1 
+anti-miR-136. ***P < 0.001.
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miR-646 and increasing NPM1 expression.21 Moreover, 
hsa_circ_0061140 contributed to EC development through 
functioning as a ceRNA for miR-149-5p to activate 
STAT3.10 This research discovered a new ceRNA regula-
tory mechanism.

EMT confers malignant properties to cancer cells, 
including migration and invasion.22 EMT is characterized 
by down-regulation of E-cadherin and up-regulation of 
N-cadherin and Vimentin.23 In this report, we chose 
miR-136 as a possible target for circ_0109046 based on 
its anti-tumor effect. In triple-negative breast cancer, miR- 

136 up-regulation restrained tumor metastasis via combin-
ing with RASAL2.24 Additionally, augmentation of miR- 
136 reduced cancer stem cell activity and sensitized pacli-
taxel-resistant ovarian cancer cells in ovarian cancer by 
repressing Notch3.25 MiR-136 overexpression decelerated 
cell proliferation and increased radiosensitivity in cervical 
carcinoma via inhibiting E2F1 and inactivating NF-κB 
pathway.26 Besides, Zong et al unveiled that miR-136 
was an anti-proliferative and anti-metastatic microRNA 
in EC.11 In the current research, miR-136 level was dra-
matically declined in EC. More importantly, miR-136 

Figure 6 HMGA2 overexpression attenuates the effect of miR-136 on EC cells. (A) Western blot assay was used to determine the overexpression efficiency of HMGA2. 
Cell viability (B and C), colony number (D), cell migration and invasion (E and F), and EMT-related protein levels (G) in HEC1-A and Ishikawa cells transfected with miR-NC, 
miR-136, miR-136+vector or miR-136+HMGA2 were examined using appropriate methods. **P < 0.01, ***P < 0.001.
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knockdown abrogated the effect of circ_0109046 depletion 
on EC development.

Moreover, mounting evidence has demonstrated that 
miRNAs facilitate post-transcriptional silencing of genes 
via base-pairing with 3ʹUTR of mRNAs.27 Our research 
discovered that miR-136 directly targeted HMGA2. 
HMGA2 is a common oncogenic factor and participates in 
various cellular processes, including cell proliferation, apop-
tosis and differentiation.28 Meanwhile, HMGA2 accelerates 
tumor progression in gynecological cancers, including cervi-
cal carcinoma,29 breast cancer30 and ovarian cancer.31 Ma 
et al suggested that HMGA2 mediated by miR-302a-5p/367- 
3p promoted the malignancy of EC cells.32 In this research, 
HMGA2 was identified as a target for miR-136. Importantly, 
augmentation of HMGA2 abolished the inhibition of miR- 
136 mimics on EC development.

In short, our findings revealed that circ_0109046 
sponged miR-136 to up-regulate HMGA2 through the 
ceRNA mechanism. Furthermore, circ_0109046 facilitated 
EC progression via regulating miR-136/HMGA2 signaling 
(Figure S1), indicating that circ_0109046 might be 
a promising therapeutic marker for EC.
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