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1 | INTRODUCTION

Endometrial cancer is a common tumour among female in many
countries.! Several important factors are displayed to participate in
endometrial cancer, including post-menopausal condition, long-term

use of oestrogen and hypertension.2 In spite of great advances have
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Abstract

Endometrial cancer is a common gynaecological malignant tumour among women
across the world. Circular RNAs (circRNAs) are a novel kind of non-coding RNAs, and
they can play a crucial role in multiple cancers. Nevertheless, the mechanisms of cir-
cRNAs in regulating gene expression in endometrial cancer are still unclear. Here, our
work sought to focus on the role that circ_0067835 exert in progression and develop-
ment of endometrial cancer cells. We observed circ_0067835 was markedly elevated
in endometrial cancer. Then, changes in endometrial cancer cell (RL95-2 and HEC-1B)
function were determined after circ_0067835 knockdown. Loss-of-functional as-
says revealed that circ_0067835 down-regulation significantly repressed RL95-1
and HEC-1B cell proliferation, migration and invasion. Bioinformatics analysis, lucif-
erase reporter experiment and RNA pull-down assay were employed to predict and
validate circ_0067835 can bind to miR-324-5p. Increase in miR-324-5p remarkably
depressed the proliferation, migration and invasion of endometrial cancer cells via
inhibiting high mobility group A1 (HMGA1). HMGAA1 is identified as a vital prognostic
biomarker in endometrial cancer. Currently, we reported circ_0067835 was positively
correlated with HMGA1 in endometrial cancer. We implied that circ_0067835 was
capable of sponging miR-324-5p and inducing its downstream target HMGA1 in vitro
and in vivo. In conclusion, circ_0067835 can compete with miR-324-5p, resulting in

HMGA1 up-regulation, and therefore induce the development of endometrial cancer.
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been made in endometrial cancer, there is no effective biomarker
for endometrial cancer. Hence, it is important to investigate the de-
tailed mechanisms of endometrial cancer to identify novel treatment
strategies.

In recent years, circRNA, microRNAs and IncRNAs are most

well-studied non-coding RNAs.® CircRNAs have a covalently
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closed loop with poor ability to code protein.* Many researches
have pointed out circRNAs can participate in various processes.””
The biological function of circRNAs in cancers is well explored.?
For instance, circ_102171 can induce thyroid cancer development
via modulating activation of B-catenin signalling.” In gastric cancer,
circ_100269 is decreased and it can inhibit tumour progression via
sponging miR-630.1° In addition, hsa_circ_100395 is able to repress
lung cancer progression through regulating miR-1228 and TCF21.1
circ_0067835 has been reported to promote colorectal cancer.!? Up
to now, the roles of circ_0067835 are not clearly elucidated in endo-
metrial carcinoma development.

microRNAs are famous small non-coding RNAs that can directly
modulate the levels of most mRNAs.*3 |t has been suggested that
microRNAs are aberrantly expressed in endometrial carcinoma.*>*¢
Recently, circRNAs were proved that they can act as sponges of
various microRNAs.”” Nevertheless, the roles of circRNAs serving
as microRNA sponges are not clearly elucidated in endometrial
carcinoma. Emerging evidence has indicated that miR-324-5p par-
ticipates in physiological and pathological processes of various can-
cers.’®2% However, its role in endometrial carcinoma remains not
clear. In addition, HMGA1 was predicted as a downstream target
for miR-324-5p in endometrial carcinoma. The function of HMGA1
has been exhibited in multiple cancers, including endometrial
carcinoma.?*%

In this work, it was identified by us that circ_0067835 was highly
increased in endometrial carcinoma. In addition, it was indicated that
loss of circ_0067835 decreased proliferation, migration and invasion
of endometrial carcinoma cells through sponging miR-324-5p to in-
hibit expression of HMGA1.

2 | MATERIALS AND METHODS
2.1 | Clinical tissue samples

Endometrial cancer tissues were obtained from 10 female patients
with surgical resection at Beijing Friendship Hospital Affiliated
to Capital Medical University between May 2016 and May 2018.
Meanwhile, 10 normal endometrial specimens were collected from
non-menopausal patient undergoing hysterectomy. No patients
were given any chemotherapy or radiation therapy before opera-
tion. This work was approved by the Ethics Committee of Beijing
Friendship Hospital Affiliated to Capital Medical University offi-
cially. Patients provided the written informed consent.

2.2 | Cell culture

Endometrial carcinoma cells (Ishikawa, HEC1-B and RL95-2 cells) and
the immortalized endometrial fibroblast cell hRESCs were purchased
from ATCC. We maintained the cells in RPMI-1640 medium with
10% FBS, 1% penicillin and 1% streptomycin. Cells were placed in a
5% CO,, 37°C incubator.

2.3 | Transfection assays

Lipofectamine® 3000 (Gibco; Thermo Fisher Scientific) was uti-
lized to conduct the transfection. Short hairpin RNAs (shRNAs)
for circ_0067835 knockdown were constructed (Invitrogen). miR-
324-5p mimics, miR-324-5p inhibitors and their corresponding neg-
ative controls were obtained from Sangon Biotech. circ_0067835
siRNA and pcDNA3.0-HMGA1 were obtained from RiboBio.

2.4 | CCK-8 assay

CCK-8 (Beyotime) assay was used. 3 x 10° cells were distributed into 96-
well plates. Meanwhile, 200 pL culture media was used to culture the cells.
The assay included two groups, negative control group and circ_0067835
siRNA experimental group. Measurements were carried out at various
time-points. At indicated time-point, 10 uL CCK-8 solution was added.
We incubate the cells at 37°C for 2 hours. A spectrophotometer (BioTek
Instruments) was carried out to test the OD values at 450 nm.

2.5 | EdU assay

To conduct EdU assay, 50 nmol/L EdU (RiboBio) was used to incubate the
cells for 2 hours and cells were fixed using 4% formaldehyde. Afterwards,
the cells were treated with 1 mL Cell LightTM EdU Apollo® 488 (RiboBio).
The nuclear staining was carried out using DAPI for half an hour. Finally,

the fluorescence intensity was tested using an inverted microscope.

2.6 | Flow cytometry of apoptosis assays

Atotal of 10* cells were added to a 6-well plate overnight. After trans-
fected for 48 hours, cells were washed twice using PBS and harvested
by trypsin with no EDTA. After the supernatant was discarded, 50 pL
1 x binding solution was added. Afterwards, 5 pL annexin V-FITC and
5 pL Pl were added for 15 minutes. Subsequently, 400 pL 1 x binding
buffer was used. Apoptosis was determined using flow cytometry.

2.7 | Colony formation

Cells were grown into 60-mm dishes and incubated for 2 weeks. After
fixed using methanol for 15 minutes, cells were stained using 0.1% crystal

violet for half an hour. We counted the colonies using a light microscope.

2.8 | Scratch assay

Cells were seeded into 6-well plates for a whole night. In the middle part
of the well, a sterile pipette tip was employed to make a scratch. We meas-
ured the migration of cells at 48 hours. A light microscope was utilized, and

the migration was examined by a calliper via evaluating scratch distance.
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TABLE 1 Primers used for real-time

PCR Genes

GAPDH
Circ_0067835
miR-324-5p
ué

HMGA1

2.9 | Transwell assay

An 8.0-um pore insert in a 24-well Transwell chamber plate was used
to conduct invasion assay. 3 x 10° cells were grown to the upper
chamber coated with Matrigel. Next, the lower chamber was added
with 500 puL RPMI-1640 with 10% FBS. Forty-eight hours later, we
stained the cells migrating to the bottom of the filter using 0.1%
crystal violet for 10 minutes. Finally, we counted the cells staying on

the lower side using a light microscope.

2.10 | Western blot assay

Cell extracts were carried out using cell lysis reagent. Total protein
was quantified by a bicinchoninic acid assay. Thirty microgram pro-
tein was loaded on 10% SDS-PAGE and transferred to PVDF mem-
branes. Then, the membranes were blocked using 10% goat serum
for an hour. Afterwards, primary antibodies were used. The primary
antibodies included E-cadherin antibody, N-cadherin, HMGA1, BAX,
Bcl-2 and GAPDH (1:1000 dilution; Abcam). Next day, incubation
with secondary antibodies (1:2000 dilution; Abcam) was followed at
37°C for 1 hour. Finally, the protein bands were visualized using the

enhanced chemiluminescence reagent.

2.11 | gRT-PCR

TRIzol reagent was carried out to isolate total RNA. A First Strand
cDNA Synthesis Kit (Takara) was carried to obtain cDNA. Real-time
quantitative PCR was conducted using a SYBR Premix Ex Tag™ Il Kit
(Takara) using Bio-Rad CFX96 System. Gene expression was calcu-

lated using 2-22C:, Primers are displayed in Table 1.

FIGURE 1 Circ_0067835 was up-

Forward (5’-3') Reverse (5'-3')

GCACCGTCAAGGCTGAGAAC TGGTG AAGACGCCAGTGGA
GCATCCCATTACTTCAGTTGCC CAGTAGTCCAGCCCACACAG
GAGGCCAAGCCCTGGTATG CGGGCCGATTGATCTCAGC
GCTTCGGCAGCACATATACT AACGCTTCACGAATTTGCGT
AAGACCCGGAAAACCACCAC GCCCTCCTCTTCCTCCTTCT

2.12 | Dual-luciferase reporter assay

To detect luciferase activity, Dual-Glo Luciferase Assay System
(Promega) was carried out. Lipofectamine® 3000 was employed to
transfect cloned circ_0067835/HMGA1 wild-type 3'UTR or mutant
3'UTR purchased from Shanghai GeneChem with miR-324-5p mim-

ics, inhibitors or negative control.

2.13 | Pull-down experiment with biotinylated
circ_0067835 probe

Briefly, 1 x 107 cells were collected. Circ_0067835 probe (RiboBio)
was indicated with C-1 magnetic beads for 2 hours. Then, cell lysates
were incubated with circ_0067835 probe or oligo probe for a whole
night. RNA complexes binding with the beads were extracted using
RNeasy Mini Kit for real-time PCR.

2.14 | Pull-down experiment with
biotinylated microRNA

In brief, cells were transfected using biotinylated microRNA mimics
or mutant. Forty-eight hours later, cells were harvested. Cell lysates
were incubated with C-1 magnetic beads for 3 hours and washed

using wash buffer. Bound RNAs were purified by RNeasy Mini Kit.

2.15 | Xenograft assays in vivo

The animal study was approved by the Animal Experimentation

Ethics Committee of Beijing Friendship Hospital Affiliated to Capital
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FIGURE 2 Effects of circ_0067835 siRNA on endometrial carcinoma cell proliferation and apoptosis. A, B, Effects of circ_0067835
siRNA on RL95-2 and HEC-1B cell survival. CCK-8 assay was used to detect cell viability. RL95-2 and HEC-1B cells were treated with or
without circ_0067835 siRNA. C, D, Effects of circ_0067835 siRNA on RL95-2 and HEC-1B cell proliferation. EdU assay was utilized to
test cell proliferation. E, F, Effects of circ_0067835 siRNA on RL95-2 and HEC-1B cell apoptosis. Flow cytometry assay was carried out to
detect cell apoptosis. Error bars stand for the mean + SD of at least triplicate assays. *P < .05, ***P < .001

Medical University. We made great efforts to reduce the pain of
the mice. Twelve 6-week-old female nude mice were obtained from
Shanghai Animal Laboratory Center. Mice were randomly assigned to
the control or shRNA group. HEC-1B cells infected with NC or shRNA
(6 x 10% were subcutaneously injected into the mice. Six mice were
used in each group. We isolated the xenograft tumours and weighed
them. Our research was under the Guide for the Care and Use of
Laboratory Animals of the NIH.

2.16 | Immunohistochemistry

The specimens were fixed using 10% formaldehyde. We embed-
ded the species in paraffin, sectioned them into 5-um thick and

A
RLE5-2

siRNA control Circ_0067835 siRNA

Wound closed area

deparaffinized. To make antigen retrieval, a 96°C water bath was
utilized. Afterwards, the sections were treated with 5 mmol/L
citrate buffer and 3% H,0,. Then, 5% goat serum was used to
block sections and treated with a Ki-67 antibody (1:200 dilution;
Abcam). A secondary antibody was used to incubate the sections
at 37°C for half an hour.

2.17 | Statistical analysis

Analysis was carried out using SPSS v.22.0 software. To compare
between two groups, Student's t test was used. A two-way ANOVA
was used to compare between three or more groups. P < .05 was
considered to be statistically significant.
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FIGURE 3 Effects of circ_0067835 siRNA on endometrial carcinoma cell migration and invasion. A, B, Effects of circ_0067835 siRNA
on RL95-2 and HEC-1B cell migration. Wound-healing assay was carried out to detect cell migration capacity. C, D, Effects of circ_0067835
siRNA on RL95-2 and HEC-1B cell invasion. Transwell invasion assay was employed to detect cell invasion capacity. E, F E-cadherin and
N-cadherin protein expression level in RL95-2 and HEC-1B cells. Error bars stand for the mean + SD of at least triplicate assays. *P < .05
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FIGURE 4 Circ_0067835 sponged
miR-324-5p in RL95-2 and HEC-1B cells.
A, B, The relative level of six miRNA
candidates in RL95-2 and HEC-1B cell
lysates was detected by real-time PCR.
Multiple miRNAs were pulled down

by circ_0067835, and miR-324-5p was
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3 | RESULTS

3.1 | Circ_0067835 was overexpressed in
endometrial carcinoma

Circ_0067835 expression was assessed using qRT-PCR in 10
normal endometrial tissues and 10 endometrial carcinoma

pGL3-circ_0067835-WT pGL3-circ_0067835-MUT

tissues. Circ_0067835 was greatly elevated in endometrial
carcinoma tissues (Figure 1A). Then, we tested the expression
of circ_0067835 in hESCs and endometrial cancer cell lines
RL95-2, Ishikawa and HEC-1B. As exhibited, the expression of
circ_0067835 in endometrial cancer cells was increased than in
hESCs (Figure 1B).
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FIGURE 5 miR-324-5p induced enhancement of RL95-2 and HEC-1B cell proliferation, migration and invasion via targeting HMGA1.
A, The expression of miR-324-5p was detected by real-time PCR in 10 pairs of endometrial carcinoma and normal endometrial tissues. B,
The expression level of miR-324-5p in endometrial carcinoma cells (Ishikawa, HEC-1B, and RL95-2) and normal endometrial cells (hnESCs).
C, The expression of miR-324-5p in RL95-2 and HEC-1B cells treated with or without circ_0067835 siRNA. D, E, RL95-2 and HEC-1B cell
colony formation. F, G, RL95-2 and HEC-1B cell invasion capacity. H, The putative binding sites between miR-324-5p and HMGA1 and the
mutant sites in HMGA1-MUT reporter were displayed. |, Luciferase activity was evaluated in RL95-2 cells cotransfected with HMGA1-
WT or HMGA1-MUT reporter and miR-324-5p inhibitors or its scramble control (NC). J, Luciferase activity was evaluated in HEC-1B cells
cotransfected with HMGA1-WT or HMGA1-MUT reporter and miR-324-5p mimics or its scramble control (NC). Error bars stand for the

mean + SD of at least triplicate assays. *P < .05, **P < .01

3.2 | Decrease in circ_0067835 reduced
proliferation and induced apoptosis of endometrial
cancer cells

Circ_0067835 siRNA was transfected into RL95-2 and HEC-1B cells,
and we found that circ_0067835 siRNA was able to repress endo-
metrial cancer cell survival in Figure 2A,B. Meanwhile, EdU assay
indicated that endometrial cancer cell proliferation was also reduced
by circ_0067835 siRNA (Figure 2C,D). Apoptosis assays proved that
decrease in circ_0067835 induced cell apoptosis (Figure 2E,F).

3.3 | Knockdown of circ_0067835 restrained
endometrial cancer cell migration and invasion

Through performing scratch assays and Transwell invasion as-
says, we proved cell migration and invasion were repressed after
circ_0067835 was down-regulated for 48 hours (Figure 3A-D).
In addition, we reported that E-cadherin protein expression was
increased by circ_0067835 siRNA whereas N-cadherin protein
level was suppressed by loss of circ_0067835 as demonstrated in
Figure 3E,F.
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Relative expression of Circ_0067835

3.4 | Circ_0067835 abundantly sponged miR-324-
5p in endometrial cancer cells

In order to find out whether circ_0067835 sponged microRNAs in
endometrial cancer cells, a biotin-labelled circ_0067835 probe was
designed. Then, https://circinteractome.nia.nih.gov/ was used to
select miR-324-5p as the microRNA candidates for circ_0067835.
In Figure 4A,B, miR-324-5p was most abundantly pulled down by
circ_0067835 in vitro. In addition, an increased enrichment of
circ_0067835 in the captured fraction of wild-type miR-324-5p
was observed (Figure 4C,D). Then, dual-luciferase reporter gene
data suggested that circ_0067835 was capable of sponging miR-
324-5p. Luciferase reporter plasmids of WT-circ_0067835 and
MUT-circ_0067835 binding sites were indicated in Figure 4E.
Cotransfection of the WT-circ_0067835 with miR-324-5p inhibitors
increased the reporter activity in RL95-2 cells (Figure 4F). In addi-
tion, cotransfection of WT-circ_0067835 with miR-324-5p mimics
reduced the reporter activity in HEC-1B cells (Figure 4G).

3.5 | miR-324-5p was decreased in endometrial
cancer and restrained cell growth and invasion
through targeting HMGA1

We observed miR-324-5p was reduced in endometrial cancer tissues
and cells as shown in Figure 5A,B. miR-324-5p was greatly induced
by circ_0067835 siRNA in vitro. (Figure 5C) Then, colony forma-
tion assay displayed that miR-324-5p mimics greatly repressed cell
colony numbers as shown in Figure 5D,E. Additionally, miR-324-5p
overexpression reduced RL95-2 and HEC-1B cell invasion capac-

ity as demonstrated in Figure 5F,G. Luciferase reporter plasmids

b2y P<0.05, R square = 0.7789 -
@ 6 3
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I d = % %
5 I S .
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2 . 58101
o D . g 2
g 2] 5
3 £ 05
g | ° b
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0.0 0.5 1.0 15 e 0.0 RLO5-2

HEC-1B

of WT-HMGA1 and MUT-HMGAA1 binding sites were manifested
in Figure 5H. Cotransfection of WT-HMGA1 with miR-324-5p in-
hibitors enhanced the reporter activity in RL95-2 cells (Figure 5I).
Cotransfection of WT-HMGA1 with miR-324-5p mimics reduced the
reporter activity in HEC-1B cells (Figure 5J).

3.6 | A positive correlation between
circ_0067835 and HMGA1

Then, we found HMGA1 was also increased in endometrial cancer
tissues and cell lines in Figure 6A,B. A positive correlation between
circ_0067835 and HMGA1 in endometrial cancer tissues was ana-
lysed using Spearmen's correlation (Figure 6C). It was confirmed that
HMGA1 was decreased after knockdown of circ_0067835 in RL95-2
cells, which was reversed by the increased HMGA1 in endometrial
cancer cells (Figure 6D).

3.7 | Down-regulated expression of circ_0067835
suppressed the growth of endometrial cancer in vivo

Next, we studied the effects of low expression of circ_0067835 on
tumour growth in vivo. HEC-1B cells transfected with circ_0067835
shRNA or control vector were injected into BALB/c nude mice sub-
cutaneously. In Figure 7A,B, the decreased tumour volume and
tumour weight were exhibited in circ_0067835 shRNA group. In
Figure 7C, immunohistochemical staining implied that the expres-
sion of Ki-67 was inhibited by circ_0067835 shRNA (Figure 6D).
Finally, we revealed that circ_0067835 inhibition was able to repress

HMGAT1 protein expression via sponging miR-324-5p (Figure 6E-G).
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Meanwhile, apoptosis marker Bax was increased whereas Bcl-2
expression was decreased by circ_0067835 shRNA in Figure 6F,G.
EMT-associated marker E-cadherin protein level was induced and
N-cadherin was reduced by loss of circ_0067835 (Figure 6F,G).

4 | DISCUSSION

It is widely recognized that circRNAs can play crucial functions in
regulating genes.z“’25 Recently, circRNAs are shown to be dysregu-
lated in a variety of cancers.?® Therefore, the biological functions
of circRNAs are becoming a hot topic. For instance, Circ_BCRC-3
can repress bladder cancer growth via regulating miR-182-5p and
p27.%7 Circ_NEK6 promotes thyroid cancer through sponging miR-
370-3p and regulating Wnt.?® In addition, circRNAs have been

implicated in endometrial cancer.2”*° For example, circ_PUM1 can
contribute to endometrial cancer through targeting miR-136 and
NOTCH3.3

CircRNA-0067835 can regulate liver fibrosis development
via acting as miR-155 sponge and increasing FOXO3a levels.®? It
has been revealed that circ-0067835 and miR-155 are involved in
temporal lobe epilepsy.®® Currently, we found that circ_0067835
was obviously enhanced in endometrial cancer tissues and cells
relative to normal ones. To study the role of circ_0067835 in en-
dometrial cancer, loss of circ_0067835 was designed. RL95-2 and
HEC-1B cells were transfected with circ_0067835 to evaluate its
effects on cell progression. Cells down-regulating circ_0067835
displayed an obviously reduced proliferation, increased apoptosis
and repressed migration and invasion ability. HEC-1B cells with

circ_0067835 shRNA were injected subcutaneously into nude
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mice. As shown, the tumour volume and tumour weight were
remarkably smaller. These data suggested that circ_0067835 ex-
hibited an important role in endometrial cancer. Many research-
ers have reported that circRNAs can serve as ceRNAs during
carcinogenesis and cancer progression. The roles of circRNAs in
modulating microRNAs are becoming a focus recently. Currently,
miR-324-5p was predicted as a target of circ_0067835. miR-
324-5p can inhibit hepatocellular carcinoma cell progression via
post-transcriptionally decreasing ETS1 and SP1.34 miR-324-5p
can repress glioma cell proliferation through targeting GLI1.%°
The close interaction between miR-324-5p and circ_0067835 was
proved in endometrial carcinoma cells. Additionally, increase in
miR-324-5p suppressed endometrial carcinoma cell colony forma-
tion and invasion capacity.

HMGA1 is an architectural transcription factor, and it is in-
volved in a number of tumour processes. For instance, HMGA1
can promote cervical cancer tumour growth via targeting miR-
221/222.%% microRNA-758 reduces the osteosarcoma malignant
phenotypes through targeting HMGA1 and Wnt signalling.3” miR-
4458 can restrain migration and EMT through targeting HMGA1
in lung cancer.®® In addition, in endometrial cancer, increase in
HMGA1 can function as an effective prognostic factor.?® Based on
these data, we examined HMGA1 expression in endometrial car-
cinoma tissues and cells. A positive correlation between HMGA1
and circ_0067835 was indicated. Loss of circ_0067835 repressed
HMGA1 expression greatly in RL95-2 and HEC-1B cells. miR-
324-5p could directly interact with HMGA1 through binding with
its 3'UTR sites. It has been shown that circRNAs act as miRNA
sponges to modulate the expression of tumour regulatory genes
through circRNA-miRNA-mRNA axis. In our study, we displayed
that circ_0067835 functions as a sponge absorbing miR-324-5p to
modulate HMGA1 expression in endometrial carcinoma. Moreover,
some circRNAs can gather in the nucleus and bind to the linear
transcripts of their parental genes to regulate mRNA translation.®’
In addition, some circRNAs are translated into proteins to exert
their crucial biological function.*® Further functional mechanism
of circ_0067835 in endometrial carcinoma should be focused on
and additional future research will be needed to address this. In
addition, more endometrial carcinoma clinical samples and cells
can be included. Some other certain circRNAs and the detailed
mechanism in endometrial carcinoma should be well explored. To
conclude, we displayed circ_0067835 was increased in endometrial
carcinoma and it sponged miR-324-5p to induce HMGAL1. Loss of
circ_0067835 could significantly inhibit progression of endometrial
carcinoma cells via targeting miR-324-5p/HMGA1 axis. Our data

pointed out a novel therapeutic target for endometrial carcinoma.
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