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Abstract. Circular RNA  (circRNA) circ_POLA2 is an 
oncogene in lung and cervical cancers. However, the role of 
circ_POLA2 in other types of cancer is unknown. The present 
study investigated the role of circ_POLA2 in endometrial 
cancer (EC). The mRNA expression levels of circ_POLA2 
and microRNA (miR)‑31 in EC and paired adjacent normal 
tissues were analyzed using reverse transcription‑quantita‑
tive (RT‑qPCR). Overexpression of circ_POLA2 was achieved 
in the EC cell lines, and its effects on miR‑31 mRNA expres‑
sion level and methylation were evaluated using RT‑qPCR 
and methylation‑specific PCR  (MSP), respectively. Cell 
proliferation was assessed using a Cell Counting Kit‑8 assay. 
The results indicated that circ_POLA2 was highly expressed 
in EC tissue and inversely correlated with miR‑31 mRNA 
expression level. MSP analysis showed that circ_POLA2 
overexpression increased miR‑31 methylation and RT‑qPCR 
analysis showed that circ_POLA2 overexpression decreased 
miR‑31 mRNA expression level. Furthermore, circ_POLA2 
overexpression also increased EC cell proliferation, while 
miR‑31 overexpression decreased cell proliferation. Finally, 
circ_POLA2 overexpression reduced the effects of miR‑31 
overexpression. In conclusion, circ_POLA2 may increase 
miR‑31 methylation of miR‑31 in EC cells to promote cancer 
cell proliferation.

Introduction

As the most common type of malignancy originating from 
the gynecological system in developed countries, endometrial 
cancer (EC) primarily affects women >55 years of age (1). EC 
accounted for ~4.8% of all cases of cancer in women between 
1999 and 2006  (2). With advances in the treatment of EC, 
>95% of patients with localized tumors survive for 5 years 
following diagnosis  (3‑5). However, effective treatment for 
metastatic EC remains poor  (6). In addition, distant tumor 
metastasis, such as rectal and bladder metastases, is common in 
patients with EC (6). Once tumors have spread to distant sites, 
<17% of patients with EC survive for 5 years (3‑5). Therefore, the 
development of novel approaches for EC treatment is required.

The main risk factors for EC include obesity, aging, diet, 
type 2 diabetes and a history of breast or ovarian cancer (7). 
However, the exact mechanisms underlying EC remain 
unclear. EC growth and metastasis, as well as the development 
of drug resistance in EC cells, involve molecular compo‑
nents  (8‑10). Progress in the elucidation of the molecular 
pathways involved in EC has resulted in the development of 
novel therapies that aim to treat EC by regulating the mRNA 
expression level of EC‑related genes (8‑10). However, effec‑
tive targets for EC‑targeted therapy are lacking. Circular 
RNAs (circRNAs) have either no or limited protein‑coding 
capacity, but participate in human cancer by regulating tran‑
scription and translation (11,12). Therefore, circRNAs may 
serve as potential targets for EC treatment. A previous study 
described a novel circRNA, circ_POLA2, with congenic func‑
tions in lung and cervical cancers (13,14). Our previous study, 
using deep sequencing analysis revealed altered circ_POLA2 
expression level in EC, with an inverse correlation with 
microRNA (miR)‑31, which has also been associated with 
cancer biology (15). The present study aimed to investigate the 
mechanism of regulation in EC cell proliferation via miR‑31.

Materials and methods

Tissue acquisition. Between April  2018 and April  2020, 
60 patients with EC (all female; 26 cases at stage I or II and 
34 cases at stage III or IV) were admitted to Beilun District 
People's Hospital (Zhejiang, China). Patients with recurrent 
EC were not enrolled into the present study. Patients receiving 
current treatment therapies were also excluded from the study, 
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as were patients with other severe clinical complications, 
such as chronic renal or hepatic disease, chronic obstruc‑
tive pulmonary disease, asthma and congenital diseases. 
The age range of the patients was 52‑68 years, with a mean 
age of 60.7 ± 5.5 years. The present study was approved by 
the Ethics Committee of Beilun District People's Hospital 
(Zhejiang, China) and written informed consent was obtained 
from all patients. Before treatment, specimens of both EC 
and paired adjacent normal (within 5 cm around tumors) 
tissues were collected from each patient using fine‑needle 
aspiration. Histopathological analysis was performed on 
all tissue specimens to confirm that the correct specimens 
were collected, according to the guidelines of the German 
Working Group on Gynecological Oncology (16). The tissue 
specimens were stored at ‑80˚C or in liquid nitrogen before 
the subsequent experiments. Association between miR‑31 
expression level and the clinicopathological parameters (age, 
sex, histopathological grade, depth of myometrial invasion, 
lymphatic metastasis and distant metastasis) in patients with 
EC are shown in Table I.

EC transfection. A total of two human EC cell lines, HEC‑1‑A 
and RL95‑2 (both from American Type Culture Collection) 
were used as the EC cell models. Cell culture was cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.), 
supplemented with 10%  FBS (Invitrogen; Thermo  Fisher 
Scientific, Inc.) at 37˚C in a humidified incubator with 5% CO2 
according to the manufacturer's instructions. Subsequent assays 
were performed using cells at ~85% confluence. The cells were 
transfected with miR‑31 mimics and/or circ_POLA2 overex‑
pression plasmid using Lipofectamine® 3000 (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. The 
cells were cultured as aforementioned for 48 h after transfec‑
tion before subsequent experiments.

A backbone vector expressing circ_POLA2 was constructed 
using the pcDNA3.1(+)  circRNA mini vector (Addgene, 
Inc.). The following primer sequences were used to construct 
circ_POLA2: forward, 5'‑GGA​ATT​CAT​GTC​CGC​ATC​CGC​
C‑3' and reverse 5'‑ATA​AGA​ATT​CAG​ATC​CTG​ACG​ACC‑3'. 
miR‑31 mimics were synthesized by Shanghai GenePharma Co., 
Ltd., and negative control (NC; cat. no. miR1N0000001‑1‑5) 
miRNAs were purchased from Guangzhou RiboBio Co., Ltd. 
The sequence of the miR‑31 mimics and NC miRNA are as 
follows: 5'‑UAG​CAG​CAC​AGA​AAU​AUU​GGC‑3' and 5'‑UUG​
UAC​UAC​ACA​AAA​GUA​CUG‑3', respectively. To overexpress 
circ_POLA2 and miR‑31, the HEC‑1‑A and RL95‑2  cells 
(1x108) were transfected with circ_POLA2 expression vector 
(1 µg) or miR‑31 mimics (40 nM) using Lipofectamine® 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The same 
number of cells were transfected with empty vector or NC miR 
mimics using the same method as the overexpression vector 
and miR‑31 mimics. Empty vector or untreated cells were used 
as the control (C) group. Subsequent assays were performed 
48 h later.

Methylation‑specific PCR (MSP). DNA was extracted from 
the HEC‑1‑A and RL95‑2 cells transfected with circ_POLA2 
overexpression plasmid using a Monarch® Genomic DNA 
Purification kit (New England Biolabs, Inc.). An EZ DNA 
Methylation kit (cat. no. D5001; Zymo Research Corp.) was 

used to convert the genomic DNA into bisulfite modified DNA. 
Firstly, MSP was performed to analyze miR‑31 methylation, 
in which the DNA was modified by sodium bisulfite treatment 
to convert unmethylated cytosine to uracil, while methylated 
cytosine remained intact. Secondly, following the removal of 
bisulfite and completion of the chemical conversion, the modi‑
fied DNA was used as the template for PCR using Taq DNA 
polymerase (Takara Bio, Inc.) The following primer sequences 
were used: Methylation forward, 5'‑TTG​TGT​ATA​ATT​TGG​
GGC​GTC‑3' and reverse, 5'‑CCA​ACT​TAC​CTA​CGA​ATC​
CGA‑3', and unmethylation forward, 5'‑TTG​TGT​ATA​ATT​
TGG​GGT​GTT​GT‑3' and reverse, 5'‑CTC​CCA​ACT​TAC​CTA​
CAA​ATC​CA‑3'. The following thermocycling conditions were 
used: Initial denaturation at 95˚C for 30 sec, then 55˚C for 
30 sec, 72˚C 30 sec. A total of 2 PCRs were performed for 
each DNA sample, one specific for originally methylated DNA 
without methylation for the gene of interest and one specific 
for originally unmethylated DNA with methylation. The PCR 
products were separated using a 6‑8% non‑denaturing poly‑
acrylamide gels and the bands were visualized by staining with 
ethidium bromide. The presence of a band of the appropriate 
molecular weight indicated the presence of unmethylated 
and/or methylated alleles in the original sample.

RNA extraction. Total RNA was isolated from the HEC‑1‑A 
and RL95‑2  cells transfected with circ_POLA2 overex‑
pression plasmid or miR‑31 mimics, as well as paired 
tissue specimens from 60 patients with EC using RNAzol 
(Sigma‑Aldrich; Merck  KGaA). DNase  I (Invitrogen; 
Thermo  Fisher Scientific, Inc.) was used to remove the 
genomic DNA. RNA integrity was analyzed using agarose 
gel electrophoresis.

Reverse transcription‑quantitative PCR (RT‑qPCR). The 
cDNA samples were prepared using a Bio‑Rad cDNA 
Supermix kit (Bio‑Rad Laboratories, Inc.). The following 
temperature protocol was used for RT: Incubation at 50˚C 
for 15 min then 75˚C for 5 min. The following housekeeping 
genes were used as the internal controls: GAPDH and U6. 
The expression level of mature miR‑31 was determined using 
the All‑in‑OneTM miRNA RT‑qPCR Detection kit using 
SYBRGreen  (GeneCopoeia, Inc.) following the manufac‑
turer's instructions. For circ_POLA2, qPCR was performed 
using a LightCycler®  480 SYBR Green  I Master (Roche 
Diagnostics). The following thermocycling conditions were 
used for both miRNA and cir_POLA2: Initial denaturation 
at  95˚C for 30  sec, then 95˚C  for 5  sec, 60˚C  34  sec for 
40 cycles; then 95˚C for 15 sec, 60˚C for l min and 95˚C for 
15 sec. The threshold cycle (Cq) values were analyzed using 
the 2‑ΔΔCq method. Analysis of relative gene expression was 
performed using the 2‑ΔΔCq method (17).

The following primer sequences were used: Circ_
POLA2 forward, 5'‑ATG​TCC​GCA​TCC​GCC‑3' and reverse 
5'‑TCA​GAT​CCT​GAC​GAC​C‑3'; GAPDH forward, 5'‑GCA​
CCG​TCA​AGC​TGA​GAA​C‑3' and reverse 5'‑GGT​GAA​
GAC​GCC​AGT​GGA‑3'; miR‑31 forward, 5'‑AGG​CAA​GAU​
GCU​GGC​AUA​GCU‑3' and reverse 5'‑AAA​GGC​AAG​AUG​
CUG​GCA​UAG‑3'; and U6 forward, 5'‑CTC​GCT​TCG​GCA​
GCA​CA‑3' and reverse 5'‑ACG​CTT​CAC​GAA​TTT​GCG​
TGT​C‑3'.
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Cell Counting Kit‑8 (CCK‑8) assay. CCK‑8 assays were 
performed using a kit from Abcam (cat.  no.  ab228554). 
In a 96‑well cell culture plate, 4,000 cells in 0.1 ml fresh 
RPMI‑1640 cell culture medium, supplemented with 10% FBS 
were added. A total of 3 wells were used for each experiment. 
The cells were cultured at 37˚C. Cell proliferation was assessed 
by measuring the optical density at 450 nm at different time 
points (0.5, 1 and 2 h). The CCK‑8 (Abcam) solution was 
added to each well to a final concentration of 10%, 2 h before 
the samples were measured.

Statistical analysis. The data were analyzed using GraphPad 
Prism v6 (GraphPad Software, Inc.). A total of 3 replicates 
were included in each experiment and the data in all figures 
are presented as the mean ± SD, while the data in Table I is 
presented as the median + IQR. Unpaired t‑tests were used to 
compare 2 groups, while comparisons among multiple groups 
were performed using ANOVA followed by Tukey's post hoc 
test. Correlations were analyzed by linear regression. The 
mRNA expression levels of circ_POLA2 and miR‑31 in EC 
and paired non‑tumor tissues were compared using paired 
t‑tests. The association between the relative mRNA expression 
level of miR‑31 and the clinicopathological data was analyzed 
using either a Mann Whitney U test or Kruskall‑Wallis test for 
2 or >3 groups, respectively. P<0.05 was considered to indicate 
a statistically significant difference.

Results

circ_POLA2 and miR‑31 expression level in EC tissues is 
altered. EC and paired adjacent normal tissue specimens 
were collected from 60  patients with EC. RT‑qPCR was 
then performed to determine the mRNA expression levels of 
circ_POLA2 and miR‑31. Compared with that in the adjacent 
normal tissues, circ_POLA2 was significantly upregulated 
in EC tissues (Fig. 1A). In addition, miR‑31 was significantly 
downregulated in EC tissues compared with that in adjacent 
normal tissues (Fig. 1B). Therefore, circ_POLA2 and miR‑31 
may serve roles in EC. Furthermore, the association between 
the mRNA expression levels of miR‑31 and certain clinico‑
pathological parameters were also analyzed. The median 
tumor/normal tissue miR‑31 expression ratio in EC was 0.034 
in patients with a depth of myometrial invasion (18) of ≤1/2 
and 0.004 in patients with tumor invasion >1/2. The results 
also showed that the miR‑31 expression level was associated 
with the clinical stage. The median tumor/normal tissue 
miR‑31 expression ratio was 0.123 in 16 patients with stage I 
cancer and 0.004 in 34 patients with stage  III/IV cancer. 
These results indicated an association between lower miR‑31 
mRNA expression levels and increasing stage and depth of 
tumor invasion. In addition, the median tumor/normal tissue 
miR‑31 expression ratio was 0.120 in 30 patients with G1 
and G2 histopathological grade and 0.116 in 20 patients with 

Table  I. Association between miR‑31 expression level and the clinicopathological parameters in patients with endometrial 
carcinoma.

Clinicopathological parameter	 Number	 miR‑31 expression levela 	 P‑value

Age, years			   0.059
  <60	 37	 0.013 (0.005‑0.042)	
  ≥60	 23	 0.156 (0. 068‑0.450)	
Stage			   0.0002b 
  I	 16	 0.123 (0.051‑0.279)	
  II	 10	 0.008 (0.006‑0.021)	
  III/IV	 34	 0.004 (0.003‑0.005)	
Histopathological grade			   0.011b

  G1 and G2	 30	 0.120 (0.045‑0.251)	
  G3	 20	 0.116 (0.006‑0.743)	
Depth of myometrial invasion			   0.0001b 
  No infiltration	 20	 0.342 (0.130‑0.632)	
  ≤1/2	 34	 0.014 (0.005‑0.023)	
  >1/2	 6	 0.004 (0.002‑0.022)	
Lymphatic metastasis			   0.431
  Yes	 6	 0.370 (0.006‑0.900)	
  No	 54	 0.028 (0.004‑0.127)	
Distant metastasis			   0.016b

  Yes	 2	 0.178 (0.126‑0.262)	
  No	 58	 0.025 (0.005‑0.226)	

amiR‑31 expression level was calculated as the ratio between tumor and adjacent normal tissues and presented as the median (interquartile 
range). bP<0.05. miR, microRNA.

https://www.spandidos-publications.com/10.3892/ol.2021.13023
https://www.spandidos-publications.com/10.3892/ol.2021.13023
https://www.spandidos-publications.com/10.3892/ol.2021.13023
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G3 histopathological grade. The median tumor/normal tissue 
miR‑31 expression ratio was 0.178 in 2 patients with distant 
metastasis and 0.025 in 58 patients without distant metastasis. 
These results indicated an association between lower miR‑31 
mRNA expression levels and increasing histopathological 
grade and no distant metastasis. miR‑31 expression was not 
associated with other clinicopathological factors, such as 
patient age and lymphatic metastasis (Table I).

circ_POLA2 and miR‑31 expression levels are correlated. 
Linear regression was performed to determine the correlation 
between circ_POLA2 and miR‑31 expression levels in both EC 
(Fig. 2A) and adjacent normal (Fig. 2B) tissues. In EC tissue, 
circ_POLA2 mRNA expression level was inversely correlated 
with miR‑31 mRNA expression level. However, their expres‑
sion levels were not correlated in adjacent normal tissues. 
Therefore, circ_POLA2 and miR‑31 may interact in EC.

circ_ POLA2 overexpression decreases miR‑31 expres-
sion levels in EC cell lines. circ_POLA2 and miR‑31 were 

overexpressed in the HEC‑1‑A and RL95‑2 cell lines (Fig. 3A). 
Overexpression of circ‑POLA2 significantly decreased miR‑31 
mRNA expression level, compared with that in the empty 
vector group (Fig. 3B). However, miR‑31 overexpression did 
not affect circ_POLA2 mRNA expression level, compared 
with that in the NC miRNA group (Fig.  3C). Therefore, 
circ_POLA2 may downregulate miR‑31 expression level in 
the EC cell lines analyzed.

circ_POLA2 overexpression increases miR‑31 methylation 
in the EC cell lines. To investigate the mechanism underlying 
the interaction between circ_POLA2 and miR‑31, MSP was 
performed. The results showed increased methylation of the 
miR‑31 gene in cells transfected with the circ_POLA2 expres‑
sion vector (Fig. 4). Therefore, circ_POLA2 may downregulate 
miR‑31 via methylation.

circ_POLA2 overexpression increases cell proliferation 
via miR‑31. The effects of circ_POLA2 and miR‑31 over‑
expression on the proliferation of the EC cell lines were 

Figure 1. circ_POLA2 and miR‑31 expression level is altered in EC tissues. EC and paired adjacent normal tissues were collected from 60 patients with EC. 
Reverse transcription‑quantitative PCR was performed to determine (A) circ_POLA2 and (B) miR‑31 mRNA expression level. The experiments were repeated 
three times and the data were presented as the mean ± SD. ***P<0.001. EC, endometrial cancer; circ, circular RNA; miR, microRNA.

Figure 2. Correlation between circ_POLA2 and miR‑31 mRNA expression levels. The correlations between circ_POLA2 and miR‑31 in both (A) endometrial 
cancer and (B) adjacent normal tissues were analyzed using Pearson's correlation coefficient. circ, circular RNA; miR, microRNA.
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Figure 3. circ_POLA2 decreases miR‑31 mRNA expression levels in the endometrial cancer cell lines. (A) circ_POLA2 and miR‑31 were overexpressed in 
the HEC‑1‑A and RL95‑2 cell lines. The effects of (B) circ‑POLA2 overexpression on miR‑31 mRNA expression level and (C) miR‑31 overexpression on 
circ_POLA2 mRNA expression level were also analyzed. The experiments were repeated three times and the data were presented as the mean ± SD. *P<0.05. 
C, control; circ, circular RNA; miR, microRNA; NC, negative control.

Figure 4. circ_POLA2 overexpression increases miR‑31 methylation in the endometrial cancer cell lines. To investigate the mechanism underlying the interac‑
tion between circ_POLA2 and miR‑31, methylation‑specific PCR was performed to analyze the effects of circ_POLA2 overexpression on miR‑31 methylation. 
Representative images of the 2 biological replicates are presented. U, unmethylated; M, methylated; circ, circular RNA; miR, microRNA.

https://www.spandidos-publications.com/10.3892/ol.2021.13023
https://www.spandidos-publications.com/10.3892/ol.2021.13023
https://www.spandidos-publications.com/10.3892/ol.2021.13023
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evaluated using CCK‑8 assays. circ_POLA2 overexpression 
increased EC cell proliferation, whereas miR‑31 overexpres‑
sion decreased cell proliferation compared with that in the 
empty vector group and NC miRNA, respectively. In addition, 
circ_POLA2 overexpression suppressed the effect of miR‑31, 
compared with that in the miR‑31 overexpression group 
(Fig. 5).

Discussion

The present study investigated the interaction between the 
expression levels of circ_POLA2 and miR‑31 in EC. It was 
found that circ_POLA2 mRNA expression level was increased 
in EC tissues, and following further analysis using miR‑31 
mimics and circ_POLA2 overexpression in 2 EC cell lines, 
circ_POLA2 may suppress miR‑31 expression via methylation 
to promote EC cell proliferation.

There have been two  recent studies identifying circ_
POLA2 as an oncogenic circRNA in lung and cervical 
cancers (13,14). circ_POLA2 was upregulated in lung cancer 
and it may interact with the miR‑326/GNB1 axis to increase 
cancer cell stemness (13). Moreover, circ_POLA2 upregula‑
tion in cervical cancer, as well as its interaction with the 
miR‑326/GNB1 axis to promote cancer progression (14). To 
the best of our knowledge, the present study is the first to 
report circ_POLA2 upregulation in EC tissues. In addition, 
circ_POLA2 overexpression increased proliferation in the 
two EC cell lines. Therefore, circ_POLA2 may serve an 
oncogenic role in EC by promoting cancer cell proliferation.

miR‑31 serves different roles in different types of 
cancer  (15,19). miR‑31 was downregulated in gastric 
cancer, in which its low expression levels predicted poor 
patient overall survival time, suggesting its role as a tumor 
suppressor  (15). By contrast, miR‑31 was upregulated in 
cervical cancer and promoted cancer cell invasion, migra‑
tion and proliferation (19). Mitamura et al (20) previously 

reported miR‑31 upregulation in EC cell lines, in which it 
suppressed the Hippo tumor suppressor pathway to promote 
cancer development. By contrast, the present study observed 
miR‑31 downregulation in EC  tissues and its inhibitory 
effects on EC cell proliferation following increased expres‑
sion in EC cell lines, suggesting a tumor‑suppressing role. 
These contradictory observations may be explained by the 
fact that in the study by Mitamura et al (20) miR‑31 mRNA 
expression level was only analyzed in EC cell lines, while in 
the present study the expression of miR‑31 was analyzed in 
patients with EC. Additional studies are required to further 
elucidate the function of miR‑31 in EC.

In addition to regulating gene transcription and transla‑
tion, circRNAs may also act as miRNA sponges to exert 
functions in cancer biology  (11,12). In lung and cervical 
cancers, circ_POLA2 sponged miR‑326 to promote cancer 
development (13,14). The results of the present study indicated 
that circ_POLA2 downregulated miR‑31 mRNA expression 
level in the EC  cell lines via methylation. These results 
improved understanding of the interactions between circ_
POLA2 and miRNAs. However, the underlying mechanisms 
remain unclear. It was found that circ_POLA2 and miR‑31 
were not correlated in adjacent normal tissues, suggesting an 
indirect interaction between them. Future studies will utilize 
new experimental approaches, for example, using circRNA 
sequencing or microarrays to investigate the function and 
mechanism of circ‑POLA and miRNAs in EC, and its 
expression distribution in EC cell lines (21).

In conclusion, the present study demonstrated that 
circ_POLA2 was upregulated in EC tissues and may down‑
regulate miR‑31 via methylation to promote cancer cell 
proliferation.
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