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Purpose: CircRNA CircRIMS has been characterized as an oncogenic circRNA in gastric
cancer, while its role in other cancers is unknown. This study aimed to explore the role of
CircRIMS in esophageal squamous cell carcinoma (ESCC).

Patients and Methods: Tissues collected from 60 ESCC patients were subjected to
extractions of total RNA and RT-qPCRs to analyze the differential expression of
CircRIMS and miR-613. The 60 ESCC patients were followed up for 5 years to analyze
the prognostic value of CircRIMS for ESCC. The interaction between CircRIMS and
miR-613 was showed by luciferase activity assay and fluorescence in situ hybridization.
The role of CircRIMS in regulating miR-613 expression and methylation was analyzed
by overexpression experiments, RT-qPCRs and Western blot assay. The role of
CircRIMS and miR-613 in regulating cell proliferation was analyzed using the BrdU
assay. ESCC xenograft model was used to demonstrate the role of CircRIMS and miR-
613 in vivo.

Results: We found that CircRIMS was overexpressed in ESCC and predicted poor survival.
In addition, miR-613 was under expressed in ESCC and inversely correlated with CircRIMS.
In ESCC cells, CircRIMS overexpression decreased the expression of miR-613 and increased
the methylation of miR-613 gene. Cell proliferation assay showed that CircRIMS over-
expression reduced the inhibitory effects of miR-613 overexpression on cell proliferation.
Animal experience finally illustrated that CircRNA CircRIMS downregulated miR-613
through methylation to promote tumor growth.

Conclusion: Therefore, CircRIMS may downregulate miR-613 through methylation to
increase cell proliferation in ESCC.

Keywords: esophageal squamous cell carcinoma, CircRIMS, miR-613, proliferation,
methylation

Introduction

Esophageal cancer is one of the most common types of cancer among males.'
Esophageal squamous cell carcinoma (ESCC) as the most common subtype of
esophageal cancer accounts for about 95% of all cases.'? With the development
of anti-ESCC approaches, the survival of patients with resectable tumors, such as
localized tumors, has been significantly improved by neoadjuvant chemoradiother-
apy in combination with surgery.>* Nevertheless, the 5-year survival rate for ESCC
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patients was less than 20%.>® Therefore, it is necessary to
explore new biomarkers of ESCC to develop the effective
treatment of ESCC.

With the increased understanding of cancer biology,
molecularly targeted therapy, which can be applied to
treat cancers by regulating cancer-related gene expression,
has been developed.” ® In effect, certain molecular players,
such as NRF2 signaling, HER2 gene and FGFR2 gene,
have been proven to be potential targets for targeted ESCC
therapy.'™'" However, the molecularly targeted therapy for
ESCC is still under research and more targets are needed.
Circular RNAs (circRNAs) are covalently closed single-
strand RNA transcripts that participate in cancer biology
by regulating gene expression rather than coding proteins,
suggesting their potential role as targets for cancer
treatment.'>!3 However, the function of most circRAs in
cancer biology remains to be analyzed. Evidence has been
approved that the critical role of circular RNAs in ovarian
cancer and CircRNA CircRIMS has been characterized as
an oncogenic circRNA in gastric cancer,'* while its role in
other cancers is unknown. MicroRNAs (miRNAs) are
a class of small non-coding RNAs with about 21-25
nucleotides that can regulate the expression of post-
transcriptional target genes (b, c, f). A number of
miRNAs play important roles in biological and pathologi-
cal processes in ESCC. In ESCC, miR-613 has been iden-
tified as a diagnostic and prognostic biomarker for patients
(h) and could suppress cell migration and invasion.

This study was performed to analyze the relationships
between CircRIMS andmiR-613 in ESCC.

Patients and Methods

Patients and Follow-Up

A total of 60 ESCC patients (37 males and 23 females;
62.4 + 5.6 years) who were diagnosed as ESCC through
May 2015
August 2015 were enrolled in this study. This study was

histopathological exam between and
conducted in accordance with the Declaration of Helsinki
and approved by the Ethics Committee of General
Hospital of Eastern Theater Command. All patients were
diagnosed for the first time. This study excluded the fac-
tors that can potentially affect the expression of the target
gene of the present study, such as initiated therapy within
3 months prior to admission, other clinical disorders and
history of malignancies, from the 60 ESCC patients. All
patients signed informed consent. The 60 patients were
grouped into stage I or II (n=32), and III or IV (n=28).

All patients were followed up for 5 years from the day of
admission to record survival. Follow-up was performed
through a monthly manner and all patients completed the
follow-up or died of ESCC during follow-up.

ESCC Tissue Acquisition and ESCC Cells
The 60 ESCC patients were subjected to a collection of ESCC
and adjacent (within an area of 3 cm around the tumors) paired
non-tumor tissue samples through fine needle aspiration. All
tissue samples were confirmed by a histopathological exam.
Tissue samples were kept in liquid nitrogen prior to the sub-
sequent assays. ESCC cell model used in this study was
KYSE450 human ESCC cell line (Laboratory of Birth
Defects and Reproductive Health, China) and approved by
the Ethics Committee of General Hospital of Eastern Theater
Command. Cells were cultivated in a medium composed of
10% FBS and 90% RPMI-1640 medium under the conditions
of 5% CO,, 37 °C and 95% humidity to reach about 80%
confluence prior to the subsequent assays.

Cell Transfections

CircRIMS and miR-613 were overexpressed in KYSE450
cells by transfecting KYSE450 cells (10°) with either 1pg
CircRIMS expression vector or 50 nM miR-613 mimic.
Mimic of miR-613 and negative control (NC) miRNA
were provided by Genecopoeia (Guangzhou, China). The
expression vector of CircRIMS was constructed with
pcDNA3.1 expression vector provided by Invitrogen
(Shanghai, China). NC experiments were performed by
transfecting empty vector or NC miRNA into the same
number of cells. In all transfections untransfected cells
were control (C) cells. The transfected cells were kept for
48h in fresh medium to perform the following experiments.

RNA Preparations

Total RNA isolation from tissues and cells was carried out
using Ribozol (VWR), followed by digestion with DNase
I (Invitrogen) until OD 260/280 ratio reached about 2.0,
which indicated pure RNA. RNA integrity analysis was
performed through 5% urea-PAGE gel electrophoresis.

RT-gPCR Assay

StaRT Reverse Transcription kit (AnyGenes) was used to
prepare cDNA samples through reverse transcriptions (RTs)
using RNA samples as template. PowerTrack SYBR Green
Master Mix (Rhenium) was used to perform qPCRs to analyze
the expression of CircRIMS. The endogenous control of
CircRIMS was 18S RNA. Expression of mature miR-613
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was analyzed using All-in-One™ miRNA gRT-PCR
Detection Kit (Genecopoeia) by adding poly (A), followed
by RTs and qPCRs with poly (T) as reverse primer. U6 was
used as the internal standard for normalizing gene expression
of miR-613. Ct values of target genes were normalized to
endogenous controls using 2 **“T method.

The primer sequences were listed as follows: CircRIMS
forward: 5'- —3' TACAGTTGGAGCAGGTGGAAAG;
reverse: 5'- =3’ CGATGCCCCCAAACTACATTCAT. 18S
RNA forward: 5'-CTTTCGATGGTAGGTAGTGGCCT-3';
reverse: 5'-CAATGATCCTTCCGCAGGTTCACCTAC-3'".
miR-613 forward: 5-AGGAATGTTCCTTCT-3'; reverse:
5-GTGCAGGGTCCGAGGT-3'. U6 forward: 5'-CTC
GCTTCGGCAGCACA-3'; 5'-AACGCTTCAC
GAATTTGCGT-3'.

Ireverse:

Luciferase Activity Assay

The wild-type or mutant seed sequence at the predicted
region of CircRIMS was synthesized and cloned into the
pGL3 Luciferase Reporter vectors (Promega). Cells were
co-transfected with miR-613 mimics, or mimic control,
together with pGL3 vectors, which contained the wild
type (WT) or mutation (Mut) binding region of
CircRIMS. Dual-Luciferase Assay was used to harvest
the cells for
(Promega) at 48 hours following the transfection.

detecting the activity of luciferase

Fluorescence in situ Hybridization (FISH)
Alexa Fluor 488-labeled miR-613 probes and Alexa Fluor
555-1abeled CircRIMS probes were designed and synthesized
by RiboBio (Guangzhou, China). The FISH experiment was
carried out by a fluorescent in situ Hybridization Kit
(RiboBio). A total of 1x105 cells were seeded onto autoclaved
glass slides and cultured for a period of 24 hours. Cells was
fixed by 4% paraformaldehyde, then permeabilized by 0.5%
Triton X-100, and cultured overnight at a temperature of 37
C. Finally, the slides were incubated with DAPI and observed
under a fluorescence microscope (Leica)

Methylation-Specific PCR (MSP)

Quick Genomic DNA Extraction Kit (Clinisciences) was used
to isolate genomic DNA from KYSE450 cells with transfec-
tions. EZ DNA Methylation-Gold™ Kit (ZYMO
RESEARCH) was used to convert genomic DNA samples.
The methylation of miR-613 was analyzed through routine
PCRs and MSPs, which were all performed using 2x Taq mix
(Invitrogen).

BrdU Assay

Cells with transfections were cultivated in a 96-well plate
with 4000 cells in a 0.1 mL medium per well. Cells were
cultivated under the aforementioned conditions for 48h,
followed by incubation with BrdU (10 mM) for 48h. After
that, cells were fixed and incubated with peroxidase-
coupled anti-BrdU-antibody (Sigma—Aldrich) for 48h.
After washing, peroxidase substrate was used to incubate
the cells for 2h. Cell proliferation was analyzed by mea-
suring OD values at 450 nm.

Establishing Xenografts in Mice

Twenty BALB/c nude mice (6 weeks old, Beijing Vital
River Laboratory Animal Technology Co. Ltd) were ran-
domly divided into four groups (n = 5/group): C: subcu-
taneously injected with KYSE450 cells in the dorsal
region;  CircRIMS: injected  with
circRIMS overexpression KYSE450 cells in the dorsal
region; miR-613: subcutaneously injected with miR-613

subcutaneously

overexpression KYSE450 cells in the dorsal region;
CircRIMS + miR-613: subcutaneously injected with
circRIMS and miR-613 overexpression KYSE450 cells
in the dorsal region. The volume of xenografts was
recorded. Mice were euthanized 4 weeks after cell injec-
tion, and the tumor was collected and further analyzed. All
experiments involving animals were approved by the
Ethics Committee of the General Hospital of Eastern
Theater Command and followed by Guidelines for the
ethical review of laboratory animal welfare People
s Republic of China National Standard GB/T 35892 2018.

Western Blotting

Protease inhibitor cocktail was added to radioimmunopre-
cipitation assay (RIPA) lysate (Beyotime); cells and tumor
tissues are lysed with this mixed solution. Proteins were
separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), then transferred to the poly-
vinylidene fluoride (PVDF) membrane, sealed with
Blocking Buffer (Beyotime), and detected with primary
anti-DNMT1 (Abcam) and ki67 (Abcam). GAPDH
(Abcam) was used as an internal control of the same
membrane. The blots were incubated in horseradish per-
oxidase conjugated secondary antibody (Cell Signaling
Technology) for a duration of 2 hours, and the immune
response signal was visualized by the ECL detection sys-
tem (Beyotime).
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Statistical Analysis

Heml 1.0 software was used to plot heatmaps to present the
differential expression of CircRIMS and miR-613 in paired
tissue samples. ANOVA Tukey’s test was used to compare
independent cell transfection groups. Correlations were ana-
lyzed by Pearson’s correlation coefficient. The expression
levels of CircRIMS in ESCC tissues were detected by RT-
qPCR assay. With the median expression level of CircRIMS
in ESCC tissues as a cutoff value, the 64 ESCC patients
were grouped into high and low (n=32) level groups.
Survival curves of both groups were plotted and compared
by Log rank test. P<0.05 was statistical significant.

Results
Poor Prognosis of ESCC Patients Was
Correlated with the High Expression

Level of CircRIMS in ESCC Tissues

ESCC and paired non-tumor tissue samples were subjected
to RNA isolation and RT-qPCR to determine the differen-
tial expression of CircRIMS in ESCC, which is expressed
as a heatmap plotted using Heml 1.0 software. Compared
to non-tumor tissues, ESCC tissues exhibited higher
expression levels of CircRIMS (Figure 1A). Survival ana-
lysis showed that patients in high CircRIMS level groups
experience worse overall survival compared to patients in
low CircRIMS level group (Figure 1B).

MiR-613 Was Under-Expressed in ESCC
and Inversely Correlated with CircRIMS

The expression of miR-613 in paired ESCC and non-tumor
tissues from the 64 ESCC patients was also analyzed by

ESCC

A Nontumor

ESCC patients (n=60)

RNA isolation and RT-qPCR. Heatmap analysis showed
that expression levels of miR-613 were lower in ESCC
tissues compared to non-tumor tissues (Figure 2A).
Pearson’s correlation coefficient analysis showed that
CircRIMS and miR-613 were inversely and significantly
correlated across ESCC tissue samples (Figure 2B,
p<0.05), but not non-tumor tissues (Figure 2C).

CircRIMS Overexpression Decreased the
Expression of miR-613 in KYSE450 Cells
Through Methylation

Luciferase activity assay in KYSE450 cells was carried out
to demonstrate the reaction between CircRIMS and miR-
613. The findings indicated that miR-613 evidently down-
regulated the luciferase activity co-transfected with pGL3- 3
UTR of CircRIMS; however, it does not include the pGL3-3
UTR-mut (Figure 3A). Moreover, the FISH experiment was
used to detect the location of CircRIMS and miR-613. As
illustrated in Figure 3B, co-location of circNELL2 and miR-
127-5p in cytoplasm was observed.

To study the crosstalk between CircRIMS and miR-613,
KYSEA450 cells were transfected with either CircRIMS
expression vector or miR-613 mimic, followed by the con-
firmation of the overexpression of CircRIMS and miR-613 by
RT-qPCR every 24h until 96h. It was observed that CircRIMS
and miR-613 were significantly overexpressed between 24h
and 96h post-transfection (Figure 4A, p<0.05). In addition,
CircRIMS overexpression significantly decreased the expres-
sion of miR-613 (Figure 4B), while overexpression of miR-
613 failed to significantly affect the expression of CircRIMS
(Figure 4C). MSP was performed to analyze the role of
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Figure | Poor prognosis of ESCC patients was correlated with the high expression level of CircRIMS in ESCC tissues. ESCC and paired non-tumor tissue samples were
subjected to RNA isolation and RT-qPCR to determine the differential expression of CircRIMS in ESCC, which is expressed as a heatmap plotted using Heml 1.0 software
(A). With the median expression level of CircRIMS in ESCC tissues as a cutoff value, the 64 ESCC patients were grouped into high and low (n=32) level groups (B).
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Figure 2 MiR-613 was under-expressed in ESCC and inversely correlated with CircRIMS. ESCC and paired non-tumor tissue samples were subjected to RNA isolation and
RT-qPCR to determine the differential expression of miR-613 in ESCC, which is expressed as a heatmap plotted using Heml 1.0 software (A). Pearson’s correlation
coefficient analysis was performed to analyze the correlations between CircRIMS and miR-613 ESCC tissue samples (B) and non-tumor tissues (C).

CircRIMS in regulating the methylation of miR-613 gene.
Compared to cells transfected with empty pcDNA3.1 vector,
cells transfected with CircRIMS expression vector exhibited
increased methylation of miR-613 (Figure 4D).

CircRIMS Overexpression Reduced the
Inhibitory Effects of miR-613

Overexpression on Cell Proliferation

The role of CircRIMS and miR-613 in regulating the pro-
liferation of KYSE450 cells was analyzed using the BrdU
assay. CircRIMS overexpression significantly increased
cell proliferation, while miR-613 overexpression signifi-
cantly decreased cell proliferation. Moreover, CircRIMS
overexpression reduced the inhibitory effects of miR-613
overexpression on cell proliferation (Figure 5, p<0.05).

CircRIMS Overexpression Reduced the
Tumor Inhibitory Effects of miR-613 on

Cell Proliferation in vivo

To further investigate the role of CircRIMS in ESCC, we
used a xenograft animal model. After 28 d of monitoring,
we found that the growth rate of tumor volume was
remarkably promoted in the CircRIMS group while miR-
613 group showed restrained tumor growth (Figure 6A).
To determine the role and relationship of circLPAR3 and
miR-613, we performed Western blot assay to test
DNMT1 and Ki67 expression. The results showed that
CircRIMS expression obviously promoted DNMT1 and
Ki67 levels in tumors (Figure 6B) while miR-613
reversed. Importantly, we found that the expression of
DNMT1 also improved in CircRIMS + miR-613group
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Figure 3 CircRIMS directly targets miR-613. Luciferase activities were used to investigate the targeting of circNELL2 and miR-127-5p (A). FISH experiment using the probe
of miR-613 and CircRIMS were carried out to evaluate the co-location of them (B). *p<0.05.
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Figure 4 CircRIMS overexpression decreased the expression of miR-613 in KYSE450 cells through methylation. To study the crosstalk between CircRIMS and miR-613,
KYSE450 cells were transfected with either CircRIMS expression vector or miR-613 mimic, followed by the confirmation of the overexpression of CircRIMS and miR-613 by
RT-qPCR every 24h until 96h (A). The effects of CircRIMS overexpression on the expression of miR-613 (B), and the effects of miR-613 overexpression on the expression
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DNMTI (E) and Ki67 (F) was detected by Western blot assay. M, methylated PCR products; U, un-methylated PCR products; *p<0.05.
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compared with C group, indicating that circLPAR3 might
downregulate miR-613 through methylation thereby

increasing the tumor growth of ESCC.

Discussion

The present study explored the role of CircRIMS in ESCC
and analyzed its crosstalk with miR-613, which is a critical
player in ESCC."> We found that CircRIMS was upregu-
lated in ESCC and it could downregulate miR-613 through
methylation to increase cell proliferation both in vitro and
in vivo.

Clinical treatment of ESCC is challenged by the poor
prognosis, which is mainly caused by the low early diag-
nostic rate.'® Due to the lack of sensitive biomarkers, the
early diagnosis of ESCC is unlikely to be significantly
improved in the near future. In this study, we showed
that the expression levels of CircRIMS were closely cor-
related with the poor survival of ESCC patients, suggest-
ing that CircRIMS may serve as a potential prognostic
biomarker for ESCC. Therefore, monitoring the expression
of CircRIMS may guide the determination of treatment
approaches for ESCC, thereby improving the survival of
patients. However, clinical trials are needed to further test
our hypothesis.

A previous study reported that CircRIMS played an
oncogenic role in gastric cancer.'* CircRIMS is overex-
pressed in gastric cancer and overexpression of CircRIMS
promotes the in vitro metastasis of gastric tumors by
sponging hsa-miR-148a-5p and hsa-miR-218-5p."* It has
also been reported that miR-613 is under-expressed in
ESCC and overexpression of miR-613 targets G6PD to
suppress the invasion and migration of ESCC cells."”
Based on our understanding, the role of CircRIMS in
other types of cancers is unknown, as well as the possible
relationship between CircRIMS and miR-613.

In this study, we reported the overexpression of
CircRIMS in ESCC. Moreover, CircRIMS overexpression
significantly increased the proliferation of ESCC cells both
in vivo and in vitro. Therefore, CircRIMS may play onco-
genic roles by increasing cell proliferation. Moreover, our
study showed that overexpression of miR-613 decreased
tumor growth by inhibiting cell proliferation. We also iden-
tified the reaction between CircRIMS and miR-613 by luci-
ferase activity assay and FISH experiment and further found
that miR-613 could reverse the effect of CircRIMS in pro-
moting cell proliferation and tumor growth.

As a member of the DNA methyltransferases (DNMTs),
DNMTI plays an important role in mediating gene

expression and chromatin structure, by preserving existing
DNA methylation during DNA replication. MSP was per-
formed to illustrate that CircRIMS overexpression exhibited
increased methylation of miR-613. We then found that
CircRIMS significantly improved the expression of
DNMT1 both in vivo and in vitro. We therefore speculated
that CircRIMS may downregulate miR-613 through methy-
lation in ESCC, thereby inhibiting cell proliferation.

Conclusion

In conclusion, CircRIMS is overexpressed in ESCC and it
may downregulate miR-613 through methylation to pro-
mote cancer cell proliferation.
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