Liu et al. Cancer Cell Int (2020) 20:171
https://doi.org/10.1186/512935-020-01256-1

Cancer Cell International

PRIMARY RESEARCH Open Access

Circular RNA circ-MAT2B facilitates glycolysis

®

Check for
updates

and growth of gastric cancer through regulating
the miR-515-5p/HIF-1a axis

Jia Liu, Haiying Liu, Qingshan Zeng, Pei Xu, Mingxing Liu and Ning Yang™

Abstract

MAT2B was evaluated by using xenograft tumor model.

target for GC patients.
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Background: Circular RNAs (circRNAs) are a special kind of non-coding RNAs that are implicated in cancer malignant
behavior, including glycolysis. However, their contributions to gastric cancer (GC) cell glycolysis are still poorly under-
stood. In the present study, we aimed to investigate the glycolysis-related role of circ-MAT2B in GC.

Methods: Gene expression was determined by gRT-PCR analysis. Protein level was detected by Western blot. The
CCK-8, colony and EdU assays were carried out to assess GC cell viability, colony formation and DNA synthesis rate.
Glycolysis was determined by glucose uptake and lactate production. The positive regulatory network of circ-MAT2B/
miR-515-5p/HIF-1a was identified by RNA pull-down, RIP, ChIP and luciferase reporter assays. The in vivo role of circ-

Results: Circ-MAT2B was notably increased in GC and could be used as a sensitive and specific indicator of GC diag-
nosis and prognosis. Stable knockdown of circ-MAT2B dramatically inhibited GC cell viability, colony formation, DNA
synthesis, glucose uptake and lactate production in vitro, and retarded tumor growth in vivo. Mechanistically, circ-
MAT2B was dominantly located in the cytoplasm and acted as a ceRNA to sponge miR-515-5p and increase HIF-1a
expression. Silencing of miR-515-5p or overexpression of HIF-1a could evidently rescue the attenuated aggressive
phenotype of GC cells caused by circ-MAT2B knockdown. Importantly, HIF-1a was able to directly bind to circ-MAT28B
promoter and transcriptionally activate circ-MAT2B, thus forming a positive feedback loop.

Conclusion: Our data suggest that circ-MAT2B is a oncogenic circRNA in GC and provide a promising therapeutic

Background

Gastric cancer (GC) is a major public health problem
worldwide and is responsible for more than 1 million
new cases and an estimated 783,000 deaths in 2018, ena-
bling it the fifth most commonly diagnosed cancer and
the third leading cause of cancer-related death [1, 2].
The etiology and pathogenesis of GC have not been fully
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elucidated, involving many risk factors, such as helico-
bacter pylori infection, genetic factors, history of gastric
disease, living habits and diet, psychological factor and so
on [3]. Therefore, it is urgent to identify the key regula-
tory molecules that affect the evolution and progression
of GC, so that we can better understand and control it.
Recently, the field of non-coding RNA has attracted a
lot of attention, especially circular RNA (circRNA). Cir-
cRNA is derived from an intriguing and specialized form
of alternative splicing in which the 3’-tail of an exon
backsplices and joins the 5'-head of the exon localized
up-stream, thus forming a covalent closed loop structure
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[4, 5]. It is highly resistant to exonuclease, which makes it
very stable and allows it to play a longer lasting role in the
body than other conventional linear RNAs [6]. Emerg-
ing evidence shows that circRNA is closely implicated in
human development and diseases [7].

microRNAs (miRNAs) are a class of endogenous non-
coding single stranded RNA molecules with a length of
about 22 nucleotides that participate in the phenotype of
cancer cells [8, 9]. Up to now, extensive deregulated cir-
cRNAs have been identified in various human cancers
[10], and they functioned as oncogenes or tumor sup-
pressors mainly through acting as a competing endog-
enous RNA (ceRNA) to abundantly sponge miRNAs and
reduce the inhibitory effects of miRNAs on their target
genes [11, 12]. Fox instance, circ-HIPK3 was shown to be
upregulated in human colorectal cancer and promoted
tumorigenesis and progression via sponging miR-7 and
increasing the levels a series of protooncogenes [13]. And
circ-ATXN7 was significantly increased in gastric cancer
and expedited tumor growth via absorbing miR-4319 and
elevating ENTPD4 [14].

Of note, a novel circRNA, circ-MAT2B, has recently
been reported as a key promoter of hepatocellular car-
cinoma malignancy [15]. Nevertheless, its role in GC is
still unclear. Here, we characterized the expression level,
biological function as well as clinical implication of circ-
MAT?2B in GC, and also further deciphered the underly-
ing the mechanism of its action.

Materials and methods

Tissues, cell lines and mice

A total of 120 pairs of fresh-frozen GC and paracancer-
ous normal tissues were obtained at the time of surgery
at The Third Affiliated Hospital of Guangzhou Medi-
cal University. And the tissues were immediately frozen
in liquid nitrogen and stored at — 80 °C. All patients did
not receive preoperative radiotherapy or chemotherapy
and provided written informed consent prior to tissue
collection. Besides, plasma samples from 36 healthy con-
trols and 40 GC patients were also collected for testing
the diagnostic value of circ-MAT2B in GC. Two GC cell
lines (AGS and MKN45) were purchased from ATCC and
cultured in DMEM medium supplemented with 10% fetal
bovine serum. For animal experiment, 4—-6 weeks old
male Balb/c nude mice were used and they were divided
into two groups, three in each group. And 1 x 10° AGS
cells were subcutaneously injected into nude mice to
establish the xenograft model. After 5 weeks, mice were
sacrificed and tumor tissues were collected for subse-
quent assays. This study was conducted in accordance
with the guideline of the Ethical and Scientific Commit-
tees of The Third Affiliated Hospital of Guangzhou Medi-
cal University.
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RNA extraction and qRT-PCR

The total RNA was isolated from GC tissues and cells by
using TRIzol reagent (Invitrogen, CA, USA) following
manufacturer’s recommendations. And plasma RNA was
extracted by BIOG cfRNA Easy Kit (BIODAI, Chang-
zhou, China) as per standard protocol. Then, 1 ug RNA
was reverse transcribed into cDNA by using Tagman RT
kit (Applied Biosciences, CA, USA), followed by ampli-
fication and quantification using Power SYBR Green
qPCR Master Mix (Applied Biosciences). For detecting
miRNA, the TagMan MicroRNA Reverse Transcription
kit (Applied Biosystems) was used to reverse transcribe,
and TagMan 2 x Universal PCR Master Mix No AmpEr-
ase UNG (Applied Biosystems) was used to quantify. The
27A8C formula was applied to determine RNA relative
expression level. GAPGH and U6 were respectively used
as control references for circRNA/mRNA and miRNA.
The primer sequences are as follows:

Circ-MAT2B: Forward: 5-GATCACTGGCAGCAG
AGGTT-3/, Reverse: 5-CAGTGGCACCAGTAACCA
GA-3; HIF-la: Forward: 5-GAAAGCGCAAGTCCT
CAAAG-3/, Reverse: 5-TGGGTAGGAGATGGAGAT
GC-3; GAPDH: Forward: 5-AGCCACATCGCTCAG
ACAC-3/, Reverse: 5'-GCCCAATACGACCAAATCC-3'.

Subcellular fractionation and fluorescence in situ
hybridization (FISH)

The RNA in the cytoplasm and nucleus was extracted
by using Nuclear/cytoplasmic fractionation PARIS Kit
(Life Technologies, CA, USA) following manufacturer’s
recommendations. GAPDH and U6 were used as cyto-
plasmic and nucleus reference fragments, respectively.
FISH assay was carried out by using RNAscope Multiplex
Assay Kit (Thermo Fisher Scientific, MA, USA) accord-
ing to manufacturer’s instructions, the fluorescence sig-
nal was then observed with microscopy.

Construction of stable circ-MAT2B knockdown cell lines
Two shRNAs targeting the junction site of circ-
MAT?2B were designed (sh-circ-MAT2B#1 and sh-circ-
MAT2B#2) and inserted into pLV-EF1la-EGFP(2A)-Puro
vector, followed by lentivirus package and infection
into AGS and MKN45 cell lines with 6 pg/ml polybrene
(Sigma-Aldrich, MO, USA). Then, the stable circ- MAT2B
knockdown cells were selected in the presence of 1.5 pg/
ml puromycin (Sigma-Aldrich).

Cell transfection

HIF-1a-overexpressing pcDNA 3.0 plasmid (Invitrogen)
and HIF-la siRNA (RiboBio Guangzhou, China) were
generated and transfected into AGS and MKN45 cells
at a final concentration of 2 ng and 10 nM, respectively.
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The process of transfection was conducted by using Lipo-
fectamine 3000 reagent (Invitrogen) as per the standard
protocols.

CCK-8, colony formation and EdU assays

For CCK-8 assay, 2 x 10*> AGS and MKN45 cells plated
onto 96-wells plates and cultured for the indicated time,
followed by addition into 10 ul CCK-8 solution (Dojindo,
Kumamoto, Japan) and incubation for 2.5 h at 37 °C, then
the absorbance at 450 nm was measured. For colony for-
mation, cells were cultured in 6-well plates for 14 days
and stained with crystal violet, followed by calculation
of the number of clones. DNA synthesis rate was tested
by Click-iT EdU Imaging Kits (Invitrogen) according to
manufacturer’s instructions.

Analysis of glycolysis

2x 10> AGS and MKN45 cells plated onto 96-wells
plates, and glycolysis was determined by glucose
uptake and lactate production with Glucose Assay Kit
(#ab65333, Abcam) and Lactate Assay Kit (#ab65330,
Abcam) following manufacturer’s recommendations.

RNA immunoprecipitation (RIP)

RIP assay was carried out by using the Magna RIP RNA-
Binding Protein Immunoprecipitation Kit (Millipore,
MA, USA). In brief, AGS and MKN45 cells were UV-
crosslinked with 100,000 pJ/cm? twice and lysed in RIP
lysis buffer, followed by incubation with anti-Ago2 anti-
body (#ab57113, Abcam) and protein G magnetic beads.
After six washes, the immunocomplexes bound by Ago2
were eluted and incubated with proteinase K at 55 °C for
30 min to digest the proteins, followed by RNA extrac-
tion and PCR analysis.

Biotin-coupled probe pull-down assay

AGS and MKN45 cell lysates were collected using RIPA
buffer plus RNase inhibitor (Promega), followed by incu-
bation with the biotin-labeled RNA probe targeting the
junction site of circ-MAT2B designed and synthesized
by RiboBio at 37 °C for 2 h. Then, the washed streptavi-
din magnetic beads (Invitrogen) were added into above
lysates and incubated for 30 min at 37 °C. After six
washes, the immunocomplexes bound by circ-MAT2B
probe were eluted for RNA extraction and qRT-PCR
analysis.

Luciferase reporter assay

2x 10> AGS and MKN45 cells plated onto 96-wells
plates and allowed to settle overnight. The constructed
luciferase plasmids (Luc-circ-MAT2B-WT, Luc-circ-
MAT2B-Mut#1, Luc-circ-MAT2B-Mut#2, WT-Luc,
S1-Mut-Luc and S2-Mut-Luc) plus 5 ng pRL-TK-Renilla
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were respectively transfected into AGS and MKN45 cells
by using Lipofectamine 3000 reagent (Invitrogen). 48 h
later, the luciferase activity was detected by using a com-
mercial kit (Promega, W1, USA).

Western blot

The total protein from GC cells and transplanted tumors
was isolated by using RIPA buffer supplemented with
protease inhibitor cocktail, followed by addition into
loading dye and boil for 5 min. 10 pg protein was sepa-
rated on the 10% SDS-PAGE gel, transferred onto PVDF
membrane and blocked with 5% defatted milk powder.
Then, the blot was incubated with anti-HIF-1a (#ab2185,
Abcam) and anti-GAPDH (#sc-47,724, Santa Cruz Bio-
technology) primary antibodies and goat derived IgG
H&L secondary antibodies, respectively. The immuno-
reactive bands were visualized by enhanced chemilumi-
nescence ECL kit and analyzed by Quantity One system
(Bio-Rad, CA, USA).

Chromatin immunoprecipitation (ChIP)

ChIP assay was conducted by using SimpleChIP® Plus
Enzymatic Chromatin IP Kit (Cell Signaling Technology,
MA, USA) following manufacturer’s recommendations.
In short, AGS and MKN45 cells were crosslinked with
1% formaldehyde and terminated with 0.125 M glycine.
Then, cells were collected for sonication to yield chroma-
tin fragments with an average size of 200 ~ 1000 bp, fol-
lowed by incubation with anti-HIF-1a (#ab2185, Abcam)
antibody at 4 °C overnight and agarose beads at 37 °C for
1 h with rotation. After four washes, the immunocom-
plexes were elute for DNA extraction and qPCR analysis.
The primer sequences are as follows:

Site 1: Forward: 5-AGTGAGCCGAGATCATGT
CA-3’, Reverse: 5-TTAGCCAGGATGGTCTCGAT-3".
Site 2: Forward: 5'-ATAGCGGTGCAAAGCTCACT-3",
Reverse: 5'-AGCGGCCTTAAGTTTCACAA-3".

Statistic analysis

The SPSS v23 software was used to perform all statisti-
cal analysis. The comparison between the two groups
was performed by Student’s ¢ test, and the correlations
between circ-MAT2B and GC patient clinical features
were determined by Chi square test. Receiver Operating
Characteristic (ROC) curve and Kaplan—Meier plotter
were used to measure the diagnostic and prognostic util-
ity of circ-MAT2B in GC. P value <0.05 was considered
significant and two-sided unless otherwise specified.

Results

Circ-MAT2B is significantly overexpressed in GC

We first collected 120 paired GC and adjacent normal
tissues to detect circ-MAT2B expression. The qRT-PCR
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results showed that circ-MAT2B was notably upregu-
lated in GC tissues (Fig. la). Then, we evaluated the
correlations between circ-MAT2B expression and clin-
icopathological features of GC patients, as shown in
Table 1, high circ-MAT2B expression was positively cor-
related with larger tumor size, lymph node metastasis
as well as advanced TNM stage, and patients with high
circ-MAT2B had shorter overall and disease-free survival
time than those with low circ-MAT2B (Fig. 1b). Further-
more, high circ-MAT2B expression was also observed
in GC plasma samples (Fig. 1c), and the area under
ROC curve (AUC) was 0.8875 (95% confidence interval:
0.8106 to 0.9644) (Fig. 1d), hinting its good diagnostic
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performance. In addition, qRT-PCR and FISH results
showed that circ-MAT2B was preferentially localized in
the cytoplasm (Fig. le, f). These data suggest that circ-
MAT?2B is a dysregulated circRNA in GC and may play
important functional roles.

Knockdown of circ-MAT2B inhibits GC cell proliferation

and glycolysis

Subsequently, we designed two shRNAs targeting the
junction site of circ-MAT2B (Fig. 2a) and generated sta-
ble circ-MAT2B knockdown AGS and MKN45 cell lines
(Fig. 2b). The colony formation assays showed that deple-
tion of circ-MAT2B resulted in a significant decrease in
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Table 1 The correlations between circ-MAT2B expression
and clinicopathological features in GC patients (n=120)

Parameters All cases CIRC-MAT2B Pvalue
expression
Low High
Gender
Male 98 48 50 0.637
Female 22 12 10
Age (years)
<60 48 23 25 0.709
>60 72 37 35
Tumor size
<5 69 44 25 0.000
>5 51 16 35
Lymph node metastasis
No 54 34 20 0.01
Yes 66 26 40
TNM stage
[l 50 32 18 0.016
-V 70 28 42
Differentiation grade
Well-moderate 68 37 31 0.269
Poor-undifferentiation 52 23 29

the number of clones (Fig. 2c¢). And the DNA synthesis
rate was evidently slowed in circ-MAT2B-silenced GC
cells as compared to control cells (Fig. 2d). Similarly, cell
viability was significantly weakened after knockdown of
circ-MAT2B (Fig. 2e). Besides, we observed that circ-
MAT?2B also affected GC cell glycolysis, in which circ-
MAT2B knockdown led to a sharp decrease in glucose
uptake and lactate production (Fig. 2f). These functional
data indicate that circ-MAT2B is a promoter of GC cell
malignant phenotype.

Circ-MAT2B acts as a ceRNA to sponge miR-515-5p

In light of the cytoplasmic localization of circ-MAT2B in
GC cells, we speculated that it may function as a ceRNA
to sponge miRNAs. As expected, the RIP results showed
that circcMAT2B was abundantly enriched by Ago2
(Fig. 3a), a member of RNA-induced silencing complex
(RISC) required for miRNA-mediated gene silencing
[16], implying that circ-MAT2B may function by miRNA.
Then, we analyzed three online tools (CircBank: http://
www.circbank.cn/ [17], CircNet: http://circnet.mbc.nctu.
edu.tw/ [18], CircInteractome: https://circinteractome
.nia.nih.gov/ [19])and found that six miRNAs including
miR-217, miR-382, miR-515-5p, miR-944, miR-1236 and
miR-1305 may bind to circ-MAT2B (Fig. 3b). To verify
this prediction, we performed biotin-coupled RNA pull-
down assay and the results showed that only miR-515-5p
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was significantly enriched by circ-MAT2B in both AGS
and MKN45 cells (Fig. 3¢). There are two predicted miR-
515-5p binding site on circ-MAT2B (Additional file 1:
Figure S1), and we mutated them to conduct luciferase
reporter assay (Fig. 3d), the results showed that miR-
515-5p overexpression evidently decreased the luciferase
activity of wild-type vector, while this effect was partly
blocked after mutation of miR-515-5p binding site 1 or 2,
and was wholly abolished after mutation of both (Fig. 3e).
Besides, knockdown of circ-MAT2B resulted in a sub-
stantial increase of miR-515-5p expression level (Fig. 3f),
and miR-515-5p was significantly downregulated in GC
tissues in comparison to normal tissues (Fig. 3g). More-
over, the attenuated GC cell proliferation and glycolysis
caused by circ-MAT2B were effectively rescued after
silencing of miR-515-5p in both AGS and MKN45 cells
(Fig. 3h, i). These results demonstrate that circ-MAT2B is
able to sponge and inhibit miR-515 in GC.

HIF-1a is the downstream target of the circ-MAT2B/
miR-515-5p regulatory axis

To find the downstream genes of miR-515-5p, we ana-
lyzed three online tools (miRanda: http://www.micro
rna.org/microrna/home.do [20], miRDB: http://www.
mirdb.org/ [21], Targetscan: http://www.targetscan.org/
vert_72/ [22]) and focused on the glycolysis-related
genes. A total of seven genes were predicted to be bound
by miR-515-5p, including NNT, HIF-1a, GPC1, PCK2,
HK2, PDK1 and GPX5 (Fig. 4a). The qRT-PCR results
showed that only HIF-1a level was affected after miR-
515-5p overexpression in both AGS and MKN45 cells
(Fig. 4b). The predicted position and sequence of miR-
515-5p binding site on HIF-1a 3'-UTR were displayed
in Additional file 1: Figure S2. Consistently, enforced
expression of miR-515-5p significantly decreased the
luciferase activity of the vector containing wild-type
HIF-1a 3'-UTR, and the effect was disappeared after
mutation of miR-515-5p binding site (Fig. 4c). Impor-
tantly, knockdown of circ-MAT2B dramatically reduced
HIF-1a mRNA and protein levels, whereas silencing of
miR-515-5p partly rescued HIF-la expression (Fig. 4d,
e). Besides, HIF-1a was substantially elevated in GC tis-
sues as compared to normal tissues (Fig. 4f). Function-
ally, HIF-la overexpression significantly rescued the
weakened aggressive phenotype of GC cells caused by
circ-MAT2B depletion (Fig. 4g, h). These data indicate
that HIF-1a is the functional target of the circ-MAT2B/
miR-515-5p axis.

Circ-MAT2B is elevated by HIF-1a

Given that HIF-1a is an important transcription fac-
tor, we then tested whether circ-MAT2B was regulated
by HIF-1a. As shown in Fig. 5a, b, silencing of HIF-1a
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reduced, while overexpression of HIF-la increased
circ-MAT2B expression in both AGS and MKN45 cells.
Through analyzing the JASPAR database, two HIF-1a
binding sites (site 1: -1165~-1156, ttacgtgggg; site 2:
-324.~-315, caacgtgggt) were found on circ-MAT2B
promoter (Fig. 5c). We then mutated these two sites
and performed luciferase reporter assays, the results
showed that HIF-1a overexpression notably increased
the activity of circ-MAT2B promoter, whereas muta-
tion of site 2, not site 1, blocked this effect (Fig. 5d, e).
To test whether HIF-1a directly bound to circ-MAT2B
promoter, ChIP-PCR assay was carried out and the
results displayed that HIF-1a was abundantly enriched
on site 2, not site 1 (Fig. 5f, g). In addition, hypoxia

increased the occupation of HIF-1la on site 2 (Addi-
tional file 1: Figure S3).

Depletion of circ-MAT2B delays tumor growth

Lastly, we established xenograft tumor model to test
whether circ-MAT2B also functioned in vivo. The results
showed that knockdown of circ-MAT2B remarkably
reduced tumor volume and weight (Fig. 6a, b). Impor-
tantly, miR-515-5p expression was increased, while
HIF-1a expression was decreased in circ-MAT2B-
depleted group in comparison to control group (Fig. 6c,
d). These results suggest that circ-MAT2B knockdown
inhibits tumor growth in vivo, which is consistent with
the data in vitro.
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Discussion

In the present study, we identified a glycolysis-asso-
ciated circRNA in GC. Circ-MAT2B was markedly
upregulated in GC plasma and tissue samples, which
was closely linked to aggressive clinicopathological
features as well as unfavorable prognosis. Functional
assays showed that circ-MAT2B was a promoter of GC
cell glycolysis and growth both in vitro and in vivo.
Regarding the mechanism, circ-MAT2B could ele-
vate HIF-1a expression by abundantly sponging miR-
515-5p. In turn, HIF-1a was capable to physically bind
to circ-MAT2B promoter and increase circ-MAT2B
transcription activity, thus a positive feedback loop
was formed between circ-MAT2B and HIF-1a, which
amplifies the oncogenic effect of circ-MAT2B in GC
(Fig. 7). Our findings provide evidence showing the

essential biological relevance of circRNA in cancer,
and uncover that deregulation of circ-MAT2B may be
responsible for GC malignant progression.

Glucose metabolism reprogramming, a well-estab-
lished characteristic of multiple cancers, demands a
higher rate of glycolysis to meet the increasing demands
for cancer cell rapid proliferation [23]. HIF-1a is a well-
known driver of cancer cell glycolysis and uncontrolled
growth that activates various oncogenic pathways [24].
Studies have shown that HIF-la is frequently aber-
rantly expressed in human cancer, and its expression
level is tightly regulated by multiple factors at the tran-
scriptional or post-transcriptional level [25]. Here, we
verified the upregulation of HIF-1a in GC and further
revealed that its upregulation was attributed to circ-
MAT?2B overexpression. Exogenous expression of HIF-1a
could effectively rescued the weakened glycolysis caused
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by circ-MAT2B knockdown, suggesting that HIF-la
is required for circ-MAT2B function in GC. Further,
we found that circ-MAT2B increased HIF-la expres-
sion in an indirect manner, namely the ceRNA mecha-
nism, in which circ-MAT2B was capable to abundantly
sponge miR-515-5p and alleviate the inhibitory effect of
miR-515-5p on HIF-1a, thereby upregulating HIF-1a.
Of note, circ-MAT2B was recently proposed to sponge
miR-338-3p in hepatocellular carcinoma [15], however,
our preliminary data showed that circ-MAT2B could not
absorb miR-338-3p (data not shown), but miR-515-5p in
GC, indicating the cell-, tissue- or developmental-stage
specific pattern of circRNA function [26]. Further inves-
tigation is warranted to clarify the molecular function
and biological role of circ-MAT2B in other malignancies.

HIF-1a is a well-documented transcription factor that
modulates the expression of a large number of genes
via binding to the hypoxia-response element (HRE)
located on their promoters [27]. Up to now, many ncR-
NAs have been reported to be transcriptionally regulated
by HIF-1a, such as miR-221 [28], microRNA-23a [29],
FOXD2-AS1 [30], LncHITT [31], etc. Nevertheless, there
is no evidence showing that HIF-1a can regulate circRNA
transcription. In the present study, two HREs were found
on circcMAT2B promoter, and the luciferase report
and ChIP-PCR assays revealed that HIF-1a was able to
directly bind to the HRE proximal to the transcription
start site of circ-MAT2B promoter, resulting in activating
circ-MAT2B transcription. Thus, a positive regulatory
circuit was formed between HIF-la and circ-MAT2B,
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Fig. 5 HIF-1ain turn regulates circ-MAT2B. a, b gRT-PCR analysis of circ-MAT2B expression in GC cells after alternation of HIF-1a level. ¢ Two HIF-1a
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on circ-MAT2B promoter using ChIP assay with anti-HIF-1a antibody, followed by PCR analysis. **p <0.01

which amplified the oncogenic effect of circ-MAT2B in
GC. It will be of great interest to elucidate whether this
axis also exists in other malignant tumors.

This work should be considered in light of some limi-
tations. The major disadvantage is that it includes only
retrospectively collected samples and information, which
may have potential deviation from variable treatments.

Conclusion

Taken together, our data provide the first evidence that
circ-MAT2B functions as an oncogene in GC by facili-
tating HIF-1a-dependent glycolysis, and also identify
circ-MAT2B as a promising diagnostic and prognostic
biomarker of GC. Targeting circ-MAT2B and its related
regulatory axis implicates the therapeutic possibility for
GC patients.



Liu et al. Cancer Cell Int ~ (2020) 20:171 Page 10 of 12

a b 15- 1.5+
Q -
E <
sh-NC 3 _%
$10{ 3104 ——
- v :
5 5
sh-circ-MAT2B#1 2 0.5 *k £ 0.5 *k
E —_ E s
- - » e o
— 0.0 T T 0.0 T T
sh-NC  sh-ciMAT2B#1 sh-NC  sh-ciMAT2B#1
c d % % %
om 1] o
g %133 sh-NC E E E
‘a . [ sh-circ-MAT2B#1 o s o s o s
g Z Q Z Q Z Q
Q. K= K= < K= K= K=
% 3- ok [ [ ] ] » »
<
Z 2 HIF1a - -~ - -
o
=
N X GAPDH D W S
€, =
T J
miR-515-5p  HIF-1a
#1 #2 #3
Fig. 6 Depletion of circ-MAT28B retards tumor growth in xenograft tumor. a, b The image and histogram showing the xenograft tumor in control
or circ-MAT2B knockdown group. Scale bar=1 cm, ¢ gRT-PCR analysis of miR-515-5p and HIF-1a expression in nude mice bearing xenograft tumor
with or without circ-MAT2B knockdown. d Western blot analysis of HIF-1a protein expression in nude mice bearing xenograft tumor with or without
circ-MAT2B knockdown. GAPDH was used as loading control. **p <0.01

Cytoplasm HIF-1a mRNA
,\/ GC cells
o
AW °

l\/\A Glycolysis
QO

circ-MAT2B

miR-515-5p

Nucleus

Fig. 7 The proposed functional model showing the oncogenic role of circ-MAT2B/miR-515-5p/HIF-1a feedback axis in GC tumorigenesis and
glycolysis




Liu et al. Cancer Cell Int (2020) 20:171

Supplementary information

Supplementary information accompanies this paper at https://doi.
org/10.1186/512935-020-01256-1.

Additional file 1: Figure S1. The positions and sequences of two
miR-515-5p binding sites on circ-MAT2B. Figure S2. The position and
sequence of miR-515-5p binding site on HIF-1a 3'-UTR. Figure S3.The
ChIP-gPCR assay using HIF-1a antibody in AGS and MKN45 cells with 1%
0,.**p<0.001.1gG was used as the negative control.

Abbreviations

CircRNAs: Circular RNAs; GC: Gastric cancer; ceRNA: Competing endogenous

RNA; miRNAs: microRNAs; FISH: Fluorescence in situ hybridization; RIP: RNA
immunoprecipitation; ChIP: Chromatin immunoprecipitation; ROC: Receiver
operating characteristic.

Acknowledgements
None.

Authors’ contributions

JL, HYL, QSZ conducted the experiments and analyzed the results. PX, MXL
provided technical guidance. NY designed this study and wrote this manu-
script. All authors read and approved the final manuscript.

Funding
This work was financially supported by grants from the National Natural
Science Foundation of China (81801582), Guangzhou Traditional Chinese

Medicine Project (20182A011021), Guangdong Science and Technology Plan

Project (800220172C0251) and Natural Science Foundation of Guangdong
Province (2016A030310277).

Availability of data and materials
Please contact authors for data request.

Ethics approval and consent to participate

This study was performed in accordance with institutional ethical guidelines
and was approved by the Ethics Committee of The Third Affiliated Hospital of

Guangzhou Medical University (Approval License Number: GKL-2018-5069).
Informed written consent was obtained from each patient.

Consent for publication
All authors approved publication of the manuscript.

Competing interests
The authors report no conflicts of interest in this work.

Received: 18 March 2020 Accepted: 12 May 2020
Published online: 16 May 2020

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68:394-424.

2. Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, McGlynn KA, Bray
F. Global burden of 5 major types of gastrointestinal cancer. Gastroenter-

ology. 2020. https://doi.org/10.1053/j.gastro.2020.02.068.
3. Russo AE, Strong VE. Gastric cancer etiology and management in Asia
and the West. Annu Rev Med. 2019;70:353-67.

20.

21.

22.

23.

24.

Page 11 of 12

Kosik KS. Molecular biology: circles reshape the RNA world. Nature.
2013;495:322-4.

Ebbesen KK, Kjems J, Hansen TB. Circular RNAs: identification, biogenesis
and function. Biochim Biophys Acta. 2016;1859:163-8.

Li HM, Ma XL, Li HG. Intriguing circles: conflicts and controversies in
circular RNA research. Wiley Interdiscip Rev RNA. 2019;10:e1538.

LeeE, Elhassan S, Lim G, Kok WH, Tan SW, Leong EN, Tan SH, Chan

E, Bhattamisra SK, Rajendran R, Candasamy M. The roles of circular

RNAs in human development and diseases. Biomed Pharmacother.
2019;111:198-208.

Rupaimoole R, Slack FJ. MicroRNA therapeutics: towards a new era for
the management of cancer and other diseases. Nat Rev Drug Discov.
2017;16:203-22.

Muhammad N, Bhattacharya S, Steele R, Ray RB. Anti-miR-203 suppresses
ER-positive breast cancer growth and stemness by targeting SOCS3.
Oncotarget. 2016;7:58595-605.

Shang Q, Yang Z, Jia R, Ge S. The novel roles of circRNAs in human cancer.
Mol Cancer. 2019;18:6.

. Zhong Y, DuY,Yang X, Mo Y, Fan C, Xiong F, Ren D, Ye X, Li C, Wang Y, Wei

F,Guo C,Wu X, Li X, LiY, Li G, Zeng Z, Xiong W. Circular RNAs function as
ceRNAs to regulate and control human cancer progression. Mol Cancer.
2018;17:79.

Qu S, Liu Z,Yang X, Zhou J, Yu H, Zhang R, Li H. The emerging functions
and roles of circular RNAs in cancer. Cancer Lett. 2018;414:301-9.

Zeng K, Chen X, Xu M, Liu X, Hu X, XuT, Sun H, Pan'Y, He B, Wang S. CircH-
IPK3 promotes colorectal cancer growth and metastasis by sponging
miR-7. Cell Death Dis. 2018;9:417.

Zhang Z, Wu H, Chen Z, Li G, Liu B. Circular RNA ATXN7 promotes the
development of gastric cancer through sponging miR-4319 and regulat-
ing ENTPD4. Cancer Cell Int. 2020;20:25.

Li Q Pan X, Zhu D, Deng Z, Jiang R, Wang X. Circular RNA MAT2B
promotes glycolysis and malignancy of hepatocellular carcinoma
through the miR-338-3p/PKM2 Axis under hypoxic stress. Hepatology.
2019;70:1298-316.

Klein M, Chandradoss SD, Depken M, Joo C. Why Argonaute is needed
to make microRNA target search fast and reliable. Semin Cell Dev Biol.
2017,65:20-8.

. Glazar P, Papavasileiou P, Rajewsky N. circBase: a database for circular

RNAs. RNA. 2014,;20:1666-70.

Liu YC, Li JR, Sun CH, Andrews E, Chao RF, Lin FM, Weng SL, Hsu SD,
Huang CC, Cheng C, Liu CC, Huang HD. CircNet: a database of circular
RNAs derived from transcriptome sequencing data. Nucleic Acids Res.
2016;44:0209-15.

Dudekula DB, Panda AC, Grammatikakis |, De S, Abdelmohsen K, Gorospe
M. Circnteractome: a web tool for exploring circular RNAs and their
interacting proteins and microRNAs. RNA Biol. 2016;13:34-42.

Enright AJ, John B, Gaul U, Tuschl T, Sander C, Marks DS. MicroRNA targets
in Drosophila. Genome Biol. 2003;5:R1.

Wong N, Wang X. miRDB: an online resource for microRNA target predic-
tion and functional annotations. Nucleic Acids Res. 2015;43:D146-52.
Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often flanked by
adenosines, indicates that thousands of human genes are microRNA
targets. Cell. 2005;120:15-20.

Orang AV, Petersen J, McKinnon RA, Michael MZ. Micromanaging aerobic
respiration and glycolysis in cancer cells. Mol Metab. 2019;23:98-126.
Singh D, Arora R, Kaur P, Singh B, Mannan R, Arora S. Overexpression of
hypoxia-inducible factor and metabolic pathways: possible targets of
cancer. Cell Biosci. 2017;7:62.

. Rohwer N, Zasada C, Kempa S, Cramer T. The growing complexity of

HIF-1alpha’s role in tumorigenesis: DNA repair and beyond. Oncogene.
2013;32:3569-76.

Li HM, Ma XL, Li HG. Conflicts and controversies in circular RNA research.
Wiley Interdiscip Rev RNA. England: Wiley Interdiscip Rev RNA; 2019. p.
e1538.


https://doi.org/10.1186/s12935-020-01256-1
https://doi.org/10.1186/s12935-020-01256-1
https://doi.org/10.1053/j.gastro.2020.02.068

Liu et al. Cancer Cell Int

27.

28.

29.

(2020) 20:171

Graham AM, Presnell JS. Hypoxia Inducible Factor (HIF) transcription
factor family expansion, diversification, divergence and selection in
eukaryotes. PLoS ONE. 2017;12:e179545.

Penolazzi L, Bonaccorsi G, Gafa R, Ravaioli N, Gabriele D, Bosi C, Lanza G,
Greco P, Piva R. SLUG/HIF1-alpha/miR-221 regulatory circuit in endome-
trial cancer. Gene. 2019:711:143938.

Li ZL, Lv LL, Tang TT,Wang B, Feng Y, Zhou LT, Cao JY, Tang RN, Wu M,
Liu H, Crowley SD, Liu BC. HIF-1alpha inducing exosomal microRNA-
23a expression mediates the cross-talk between tubular epithelial

cells and macrophages in tubulointerstitial inflammation. Kidney Int.
2019;95:388-404.

30.

Page 12 of 12

Ren Z, HuY, Li G, Kang Y, Liu Y, Zhao H. HIF-1alpha induced long noncod-
ing RNA FOXD2-AS1 promotes the osteosarcoma through repressing
p21. Biomed Pharmacother. 2019;117:109104.

31. Wang X, Li L, Zhao K, Lin Q, Li H, Xue X, Ge W, He H, Liu D, Xie H, Wu Q, Hu
Y. A novel LncRNA HITT forms a regulatory loop with HIF-1alpha to mod-
ulate angiogenesis and tumor growth. Cell Death Differ. 2019,27:1431-46.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Circular RNA circ-MAT2B facilitates glycolysis and growth of gastric cancer through regulating the miR-515-5pHIF-1α axis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Tissues, cell lines and mice
	RNA extraction and qRT-PCR
	Subcellular fractionation and fluorescence in situ hybridization (FISH)
	Construction of stable circ-MAT2B knockdown cell lines
	Cell transfection
	CCK-8, colony formation and EdU assays
	Analysis of glycolysis
	RNA immunoprecipitation (RIP)
	Biotin-coupled probe pull-down assay
	Luciferase reporter assay
	Western blot
	Chromatin immunoprecipitation (ChIP)
	Statistic analysis

	Results
	Circ-MAT2B is significantly overexpressed in GC
	Knockdown of circ-MAT2B inhibits GC cell proliferation and glycolysis
	Circ-MAT2B acts as a ceRNA to sponge miR-515-5p
	HIF-1α is the downstream target of the circ-MAT2BmiR-515-5p regulatory axis
	Circ-MAT2B is elevated by HIF-1α
	Depletion of circ-MAT2B delays tumor growth

	Discussion
	Conclusion
	Acknowledgements
	References




