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Circ_0058063 upregulates GLUT1 expression and promotes
glucose-uptake in esophageal squamous-cell carcinomas

Yinbin Zheng'?, Yi Chen’, Hongjing Jiang', Hongdian Zhang', Hua Wang’, Jun Xu’, Zhentao Yu'

'Department of Esophageal Cancer, Tianjin Medical University Cancer Institute and Hospital, National Clinical Research Center of Cancer, Key
Laboratory of Cancer Prevention and Therapy of Tianjin, Tianjin’s Clinical Research Center for Cancer, Tianjin 300060 China; *Department of
Thoracic Surgery, ‘Department of Stomatology, Nanchong Central Hospital, The Second Clinical Medical College of North Sichuan Medical
College, Nanchong 637000, China

Contributions: (I) Conception and design: Z Yu; (II) Administrative support: Y Chen; (III) Provision of study materials or patients: Y Zheng, Y Chen,
Z Yu; (IV) Collection and assembly of data: Y Zheng, Y Chen, H Jiang, H Zhang, H Wang, ] Xu; (V) Data analysis and interpretation: Y Zheng, Y
Chen, H Jiang, Z Yu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Zhentao Yu. Department of Esophageal Cancer, Tianjin Medical University Cancer Institute and Hospital, National Clinical
Research Center for Cancer, Key Laboratory of Cancer Prevention and Therapy of Tianjin, Tianjin’s Clinical Research Center for Cancer, No. 1
Huanhu West Road, North Sports Yard Road, Hexi District, Tianjin 300060, China. Email: gfzknwaarxx3@163.com.

Background: CirRNA Circ_0058063 has been proven as an oncogene in bladder cancer, while its
involvement in esophageal squamous-cell carcinomas (ESCC) is unknown. This study aimed to investigate
the role of Circ_0058063 in ESCC.

Methods: Paired ESCC and non-tumor tissues were collected from ESCC patients and gene expression
was analyzed by quantitative reverse transcription polymerase chain reaction (RT-qPCR). Gene interactions
were analyzed by overexpression experiment. Glucose uptake was analyzed by glucose uptake assay. Cell
proliferation was analyzed by cell proliferation assay.

Results: We found that Circ_0058063 was upregulated in ESCC and positively correlated with GLUT1
mRNA. It is known that GLUT1 plays critical roles in glucose transportation and glucose supports
the Warburg Effect as the major metabolic precursor. In ESCC cells, Circ_0058063 and GLUT1
overexpression both promoted glucose uptake. In ECSS cells, Circ_0058063 overexpression resulted in
the upregulated, while Circ_0058063 knockdown resulted in downregulated GLUTTI. In cell proliferation
assay, Circ_0058063 and GLUTT overexpression resulted in the increased, while Circ_0058063 knockdown
resulted in the decreased rate of ESCC cell proliferation. Moreover, GLUT1 overexpression reduced the
effects of Circ_0058063 knockdown.

Conclusions: Circ_0058063 upregulates GLUT1 expression and promotes glucose-uptake in ESCC to
promote cell proliferation.
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Introduction incidence has been observed in Asia, which is possibly due
Fsophageal cancer affects more than 450,000 new cases to the economic gains and dietary structure (2,3). In western

very year (1). As a major subtype of esophageal cancer, countries, ESCC is mainly caused by cigarette smoking

esophageal squamous-cell carcinomas (ESCC) is responsible (1,4). Both incidence and mortality rates of ESCC decline
for about 90% of all cases (1). Incidence and mortality continuously in recent years (5). However, in China, ESCC
rates of ESCC vary a lot across the world, and the highest is still a major cause of cancer-related mortalities (2,3).
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Therefore, novel therapeutic approaches are needed.

Circular RNA, also known as cirRNA, is a group of
circular form single-stranded RNA with limited or no
protein coding capacity (6). Different from other genes,
expression of cirRNA is usually cell-type specific, which
supports their roles in specific cellular processes (7).
CirRNA also have critical roles in cancer biology, such as
by sponging tumor suppressive or oncogenic miRNAs (8,9).
However, the functions of most cirRNAs in cancer biology
remain unknown. In a recent study, Sun et 4/. reported an
oncogenic cirRNA named Circ_0058063 as an oncogene
in bladder cancer (10). We performed a microarray analysis
and found that Circ_0058063 was correlated with GLUT1,
which is usually upregulated in cancer to promote glucose
metabolism (11). Inhibition of glucose metabolism has
been proven as a promising target for cancer therapies by
inhibiting cancer cell growth and metastasis (11). Therefore,
in-depth analysis of the mechanisms that regulate the
expression of GLUT1 may provide novel insights to the
development of anti-cancer therapies. This study aimed
to investigate the interaction between Circ_0058063 and
GLUT1 in ESCC.

Methods
ESCC patients

"This study passed the review board of Ethics Committee of
Tianjin Medical University Cancer Institute and Hospital.
A total of 60 ESCC patients were selected from the 102
ESCC cases admitted to Tianjin Medical University Cancer
Institute and Hospital between March 2015 and March
2019. Inclusion criteria: (I) newly diagnosed ESCC cases;
(II) confirmed by histopathological biopsy; (III) therapies
were not initiated. Exclusion criteria: (I) recurrent ESCC;
(I) history of malignancies; (III) other clinical disorders
were combined; (IV) therapies were performed. Based on
AJCC staging system and clinical findings, the 60 ESCC
patients included 9, 14, 19 and 18 cases at clinical stage
I-1V, respectively. All patients were informed with the
experimental principle, and informed consent was provided

by all of them.

ESCC tissue samples and cells
MRI-guided biopsy was performed on all the 60 ESCC
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patients to collect both non-tumor and ESCC tissue
samples. The weight of samples ranged from 0.012 to
0.023 g. All tissue samples were checked by histopathological
examinations and all ESCC tissues contained more than
90% cancer cells and all non-tumor samples contained less
than 1% cancer cells.

Human ESCC cell line KYSES510 from ATCC (USA)
was used. Cells were cultivated in a mixture of 90% RPMI-
1640 medium and 10% FBS. Cells were cultivated under
the conditions of 37 °C, 5% CO, and 95% humidity.

Cell transfection

KYSES510 cells were harvested at confluence of 70-80% to
perform cell transfections. Vectors expressing Circ_0058063
and GLUT1 were constructed by RIBOBIO (Guangzhou,
China). Circ_0058063 siRNA and negative control (NC)
siRNA were also from RIBOBIO. All transfections were
performed using lipofectamine 2000 (RIBOBIO) to transfect
40 nM siRNA (NC siRNA as NC group) and 10 nM vector
(empty vector as NC group) into 10° cells. Control (C) cells
for all transfections were untransfected cells. Following
studies were performed at 24 h post-transfection.

Gene expression analysis by quantitative polymerase chain
reaction (qPCR)

KYSES510 cells were harvested at 24 post-transfection and
were counted. Total RNAs in 10’ cells and 0.01 g tissue
samples were extracted using Trizol reagent (Invitrogen,
USA). All RNA samples were digested for 2 h with DNase
T at 24 °C to remove genomic DNA. Following that, reverse
transcriptions were performed using RevertAid RT Reverse
Transcription Kit (Thermo Fisher Scientific, Waltham,
MA, USA). To measure the relative expression levels of
Circ_0058063 and GLUT1, all qPCR mixtures were
prepared using DyNAmo Flash SYBR Green qPCR Kit
(Thermo Fisher Scientific) with GAPDH as the endogenous
control. All data were processed using 27**“" method, and
each experiment was performed in 3 replicates.

Glucose uptake analysis

KYSES510 cells were harvested at 24 post-transfection and
were counted. 10 cells were incubated with 2 mL glucose-
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free RPMI-1640 medium in a well of a 6-well cell culture
plate for 16 under aforementioned conditions, followed
by incubation in high-glucose RPMI-1640 medium
under the same cell culture conditions for further 24 h.
Finally, intracellular glucose levels were measured using a
fluorescence-based glucose assay kit (BioVision, Milpitas,
CA, USA).

Cell proliferation assay

KYSES510 cells were harvested at 24 post-transfection
and were counted. 5x10*cells were mixed with 1 mL
mixture of 90% RPMI-1640 medium and 10% FBS. Cells
were then cultivated in a 96-well cell culture plate under
aforementioned conditions, and 10 pL. CCK-8 solution
(Sigma-Aldrich, St. Louis, MO, USA) was added into each
well at 3 h before the termination of cell culture. After
cell culture was stopped, each well was added with 10 pLL
DMSO, followed by measurement of optical density (OD)

values at 450 nm.

Western-blot

KYSES510 cells were harvested at 24 post-transfection and
were counted. Total proteins were extracted from 10’ cells
using RIPA solution (RIBOBIO). To denature proteins,
protein samples were incubated with boiling water for
10 min. After that, electrophoresis (10% SDS-PAGE gel)
was performed to separate proteins, followed by transferring
proteins to PVDF membranes. To block membranes,
all PVDF membranes were incubated with 5% non-fat
milk for 1 h at room temperature. After that, rabbit anti-
GAPDH antibody (1:1,000, ab9485, Abcam, Cambridge,
UK) and anti-GLUT-1 (1:1,500, ab15309, Abcam) primary
antibodies were first used to incubate the membranes for
12 h at 4 °C. After that, IgG-HRP secondary antibody
(goat anti-rabbit, 1:1,500, MBS435036, MyBioSource, San
Diego, CA, USA) was used to incubate with the membranes
for further 2 h. Finally, membranes were incubated with
ECL™ Blocking Agent (GE Healthcare, Chicago, IL, USA)
for 5 min at room temperature, and data were processed
using Image J V1.34 software.

Statistical analysis

Experiments were performed in 3 biological replicates and
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mean values were calculated. Linear regression was used for
correlation analyses. Paired #-test and analysis of variance
(ANOVA) (one-way) in combination with Tukey test were
used to explore differences between two types of tissues
(ESCC vs. non-tumor) and among multiple cell groups,
respectively. P<0.05 was statistically significant.

Results

Circ_0058063 and GLUT1 mRNA were both upregulated
in ESCC

Measurement of expression levels of Circ_0058063 and
GLUT1 mRNA was performed by qPCR and expression
data were compared by performing paired 7-test. It can be
observed that expression levels of Circ_0058063 in ESCC
tissues were significantly higher than those in non-tumor
tissues (Figure 14, P<0.05). Moreover, GLUT1 mRNA
levels were also significantly higher in ESCC tissues than in
non-tumor tissues (Figure 1B, P<0.05).

Circ_0058063 and GLUT1 mRNA were correlated
in ESCC

Correlations between Circ_0058063 and GLUT1 mRNA
were analyzed by linear regression. It can be observed
that expression levels of Circ_0058063 were significantly
and positively correlated with the expression levels of
GLUT1 mRNA in ESCC tissues (Figure 24). However,
the correlation between Circ_0058063 and GLUT1
mRNA was not significant in non-tumor tissues (Figure
2B).

Circ_0058063 positively regulated GLUT1 in
KYSES10 cells

Circ_0058063 and GLUT expression vectors as well as
Circ_0058063 siRNAs were transfected into KYSES510
cells. Comparing to NC and C groups, qPCR data
showed that expression of Circ_0058063 and GLUT1 was
significantly altered at 24 h post-transfection (Figure 34,
P<0.05). Moreover, Circ_0058063 overexpression resulted
in the upregulated, while Circ_0058063 knockdown
resulted in downregulated GLUT1 at both mRNA and
protein levels (Figure 3B, P<0.05). Moreover, GLUT1
overexpression failed to affect Circ_0058063 expression
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Figure 1 Circ_0058063 and GLUT1 mRNA were both upregulated in ESCC. Measurement of expression levels of (A) Circ_0058063 and (B)
GLUT1 mRNA was performed by gPCR and expression data were compared by performing paired #-test. Mean values of 3 replicates were

presented. *, P<0.05. ESCC, esophageal squamous-cell carcinomas; gPCR, quantitative polymerase chain reaction.
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Figure 2 Circ_0058063 and GLUT1 mRNA were correlated in ESCC. Correlations between Circ_0058063 and GLUT1 mRNA were

analyzed by linear regression (A) in ESCC tissues and (B) in non-tumor tissues. ESCC, esophageal squamous-cell carcinomas.

(Figure 3C).

Circ_0058063 promoted glucose uptake in KYSES10 cells
through GLUT1

Glucose uptake assay was performed to investigate the
effects of Circ_0058063 and GLUT1 overexpression as
well as Circ_0058063 siRNA silencing on glucose uptake
in KYSES510 cells. Comparing to C and NC groups,
Circ_0058063 and GLUT1 overexpression promoted
glucose uptake in KYSE510 cells, while Circ_0058063
siRNA silencing inhibited glucose uptake. Moreover,
GLUT1 overexpression attenuated the effects of Circ_0058063

© Journal of Thoracic Disease. All rights reserved.

siRNA silencing (Figure 4, P<0.05).

Circ_0058063 promoted KYSES510 cell proliferation
through GLUT1

Cell proliferation assay was performed to investigate the
effects of Circ_0058063 and GLUT1 overexpression as
well as Circ_0058063 siRNA silencing on the proliferation
of KYSES510 cells. Comparing to C and NC groups,
Circ_0058063 and GLUT1 overexpression promoted
led to increased, while Circ_0058063 siRNA silencing
led to decreased rate of KYSES510 cell proliferation.
Moreover, GLUT1 overexpression attenuated the effects of
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Figure 3 Circ_0058063 positively regulated GLUT1 in KYSE510 cells. Circ_0058063 and GLUT1 expression vectors as well as
Circ_0058063 siRNAs were transfected into KYSE510 cells. (A) Circ_0058063 and GLUTI overexpression as well as Circ_0058063
siRNA silencing were confirmed by qPCR at 24 h post-transfection; (B) the effects of Circ_0058063 overexpression and siRNA silencing

on the expression on GLUT1 mRNA and protein were analyzed by qPCR and western, respectively; (C) the effects of overexpression on

Circ_0058063 expression were analyzed by qPCR. Mean values of 3 replicates were presented. *, P<0.05. gPCR, quantitative polymerase

chain reaction; NC, negative control; C, control.

Circ_0058063 siRNA silencing (Figure 5, P<0.05).

Discussion

"This study mainly investigated the functions of Circ_0058063
in ESCC. We found that Circ_0058063 was upregulated
in ESCC and Circ_0058063 may regulate glucose uptake
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in ESCC cells by positively regulating the expression of
GLUTTI, which has critical roles in glucose uptake (12).
The function of Circ_0058063 has only been investigated
in bladder cancer (10). In bladder cancer, Circ_005806
was overexpressed and overexpression of Circ_005806
sponged miR-145-5p to upregulate CDK6, which in turn
promoted the cell cycle progression and cell proliferation
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Figure 4 Circ_0058063 and GLUT1 promoted glucose uptake in
KYSES10 cells. Glucose uptake assay was performed to investigate
the effects of Circ_0058063 and GLUT1 overexpression as well
as Circ_0058063 siRNA silencing on glucose uptake in KYSES10
cells. Mean values of 3 replicates were presented. *, P<0.05. NC,

negative control; C, control.

of bladder cancer cells (10). This study is the first to report
the upregulation of Circ_0058063 in ESCC. We also
showed the increased ESCC cell proliferation rate after
Circ_0058063 overexpression. Therefore, Circ_0058063
plays oncogenic role in ESCC.

CirRNAs have critical functions in many aspects of cancer
biology, such as epithelial-to-mesenchymal transition (13).
Comparing to normal cells, energy metabolism is
accelerated in cancer cells (14). Therefore, blocking of
cancer metabolism, such as reducing glucose uptake, is a
potential therapeutic approach for cancer treatment (15).
Based on our knowledge, the interactions between cirRNAs
and energy metabolism remain hardly known. This study
showed that Circ_0058063 can positively regulate the
glucose uptake in ESCC cells. Therefore, downregulation
of Circ_0058063 may serve as a potential target to inhibit
glucose consumption in ESCC cells.

However, the mechanism of the positive regulation of
GLUT1 by Circ_0058063 is still unknown. It is known
that Circ_0058063 can upregulate CDK6 to promote the
proliferation of bladder cancer (10). It is known that the
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Figure 5 Circ_0058063 promoted KYSE510 cell proliferation
through GLUTI. Cell proliferation assay was performed to
investigate the effects of Circ_0058063 and GLUT1 overexpression
as well as Circ_0058063 siRNA silencing on the proliferation
of KYSES10 cells. Mean values of 3 replicates were presented.
*, P<0.05. NC, negative control; C, control.

downregulation of CDKG6 can lead to the downregulation
of GLUTT1 to inhibit the proliferation of ESCC cells (16).
It is also known that CDKG6 is upregulated in ESCC (17).
Therefore, the altered expression of CDK6 may mediate
the interaction between GLUT1 and Circ_0058063. It is
known that may sponge tumor suppressive or oncogenic
miRNAs to upregulate their downstream targets (8,9).
Therefore, our future studies will explore the involvement
of miRNAs in this process.

It has been well established that the inhibition of glucose
metabolism may contribute to the treatment of cancers by
reducing energy supply to cancer cells, thereby inhibiting
multiple cancer cell behaviors, such as proliferation,
migration and invasion (11). In this study we proved that
Circ_0058063 is an upstream positive regulator of GLUT1
expression and it also promotes ESCC cell proliferation.
Therefore, Circ_0058063 may serve as a potential
therapeutic target for ESCC. However, clinical trials are
needed to analyze clinical values of Circ_0058063 for ESCC
treatment.

In conclusion, Circ_0058063 was upregulated in
ESCC and promotes the proliferation of ESCC cell by
upregulating GLUT to increase glucose uptake.
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