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Abstract

Gastric cancer (GC) is a prevalent and heterogeneous malignancy in the digestive
system. Increasing studies have suggested that circular RNAs are implicated in GC
pathogenesis. This study aimed to explore the biological role and underlying mecha-
nism of circRNA zinc finger protein 131 (circZNF131) in GC. The expression pat-
tern of circZNF131, microRNA-186-5p (miR-186-5p), and 6-phosphofructo-2-ki-
nase/fructose-2, 6-bisphosphatase 2 (PFKFB2) mRNA in GC tissues and cells was
detected by quantitative real-time polymerase chain reaction. The stability of circ-
ZNF131 was verified using ribonuclease R assay. Functional experiments were per-
formed by colony formation assay for cloning ability analysis, transwell assay and
wounding healing assay for cell metastasis, and flow cytometry for cell apoptosis.
Glycolysis metabolism was investigated by determining the levels of glucose uptake
and lactate production. The protein detection of apoptosis- or glycolysis-associated
markers, PFKFB2, and Ki-67 was implemented by western blot or immunohisto-
chemistry. Dual-luciferase reporter assay was conducted to identify the interaction
between miR-186-5p and circZNF131 or PFKFB2. The role of circZNF131 on
tumor growth in nude mice was investigated via xenograft tumor assay. Expression
analysis indicated that circZNF131 was upregulated in GC tissues and cells in a sta-
ble structure. Functional analyses showed that circZNF131 knockdown suppressed
GC cell colony formation ability, migration, invasion and glycolysis metabolism,
and induced cell apoptosis. Mechanically, miR-186-5p was a target of circZNF131,
and miR-186-5p could bind to PFKFB2. Rescue experiments presented that miR-
186-5p inhibition reversed the effects of circZNF131 knockdown on GC cell growth
and glycolysis, and PFKFB2 overexpression abolished the impacts of miR-186-5p
restoration on GC cell progression. Moreover, circZNF131 could positively mod-
ulate PFKFB2 expression via sponging miR-186-5p. In vivo, circZNF131 knock-
down hindered GC tumor growth by regulating the miR-186-5p/PFKFB2 axis.
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circZNF131 could exert an oncogenic role in GC malignant development through
the miR-186-5p/PFKFB2 axis, which might provide novel targets for GC treatment.

Keywords circZNF131 - miR-186-5p - PFKFB2 - GC - Glycolysis

Introduction

Gastric cancer (GC) is a familiar pernicious tumor in the digestive system with
poor prognosis, which ranks third in terms of cancer-related death globally
(Smyth et al. 2020; Zhang and Zhang 2017). Although lots of great advancements
have been acquired in the diagnostic and therapeutic techniques, the prognosis of
advanced GC patients is still poor (Yoon and Kim 2015). Thus, identifying novel
therapeutic targets for GC remedy and finding the underlying mechanism of GC
tumorigenicity are indispensable.

Circular RNAs (circRNAs) are a novel class of RNA transcripts with covalent
closed-loop structures, and they can regulate post-transcriptional gene expression,
thus, to drive tumor progression via exerting sponge effects on microRNAs (miR-
NAs) in cancer cells (Han et al. 2018; Hsiao et al. 2017; Qu et al. 2015). Numer-
ous studies have illuminated that plentiful circRNAs are differently expressed and
associated with the cellular processes of multiple malignancies, including GC
(Fang et al. 2019; Wei et al. 2020). For instance, circ_0001829 facilitated the
advancement of GC via miR-155-5p/SMAD?2 axis (Niu et al. 2020). And circ-
NHSL1 promoted GC progression via the miR-149-5p/YWHAZ pathway (Hui
et al. 2020). Moreover, circRNA zinc finger protein 131 (circZNF131), also
called hsa_circ_0001479, has been reported to be upregulated in the tissues and
blood of GC patients (Li et al. 2018; Liu et al. 2019b). However, the detail role of
circZNF131 in the pathogenesis of GC has been uncovered.

MiRNAs are a type of small non-coding RNAs containing approximate 22
nucleotides and can modulate gene expression through binding to target mRNAs
in cells (Bartel 2004; Yan et al. 2020). Emerging research has presented that miR-
NAs had abnormal expression and are implicated in carcinogenesis and develop-
ment in GC (Azarbarzin et al. 2020; Ishiguro et al. 2014). For example, miR-4636
was downregulated, and its overexpression restricted GC cell proliferation and
metastasis (Tang et al. 2021). Meanwhile, miR-186-5p has been attested to be
concerned with cell vicious behaviors by targeting NEK2 and serve as an anti-
tumor factor in GC (Eun et al. 2018; Ouyang et al. 2019). Furthermore, Liu et al.
have shown that miR-186-5p exerted a key part in cell growth and glycolysis in
GC through being sponged by circ-NRIP1 (Liu et al. 2020b). Nevertheless, it
was still unclear about the correlation between miR-186-5p and circZNF131, and
whether miR-186-5p was involved in the regulatory pathway of circZNF131 in
GC advancement.

Herein, we not only inspected the expression profile of circZNF131 in GC, but
also explored the functions of circZNF131 in the development of GC both in vitro
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and in vivo. Furthermore, we provided a potential mechanism of circZNF131 action
in GC associated with miR-186-5p and 6-phosphofructo-2-kinase/fructose-2, 6-bis-
phosphatase 2 (PFKFB2), aiming to offer feasible strategy for GC therapy.

Materials and Methods
Patient Specimens

The tumor specimens (n=35) and surrounding para-carcinoma specimens (n=35)
were collected from GC patients undergoing radical resection at Jinan Central Hos-
pital Affiliated to Shandong First Medical University. All participators provided the
written informed consent before the operation. This study got the authorization from
the Ethics Committee of Jinan Central Hospital Affiliated to Shandong First Medical
University.

Cell Culture

Human normal gastric epithelial cell line (GES-1) and GC cell lines (AGS and
HGC-27) were obtained from Procell Co., Ltd (Wuhan, China). GES-1 cells
were trained in RPMI-1640 medium (Hyclone, Logan, UT, USA) plus 10% FBS
(Hyclone) and 1% streptomycin/penicillin (P/S, Solarbio, Beijing, China). AGS cells
were cultivated in Ham’s F-12 medium (Procell) plus 10% FBS and 1% P/S. HGC-
27 cells were cultivated in RPMI-1640 medium plus 20% FBS and 1% P/S. These
cells were cultured in a humid 37 °C environment containing 5% CO,.

Cell Transfection

Small interference RNA (siRNA) against circZNF131 (si-circZNF131), miR-186-5p
mimic or inhibitor (miR-186-5p or in-miR-186-5p), and their matched controls
(si-NC, miR-NC, in-miR-NC) were obtained from Ribobio (Guangzhou, China).
PFKFB2 sequence was inserted into empty pcDNA3.1 vector (pcDNA; Invitro-
gen, Carlsbad, CA, USA) to obtain PFKFB2 overexpression vector (PFKFB2), with
pcDNA used as the control. For circZNF131 stable knockdown, circZNF131 lenti-
viral short hairpin RNA (sh-circZNF131) and corresponding contrast (sh-NC) were
also obtained from Ribobio and packaged into lentiviral vectors. AGS and HGC-27
cells were transduced with these oligonucleotides or plasmids using Lipofectamine
3000 (Invitrogen).

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

Isolation of total RNA from tissues and cells was completed by TRI Reagent (Sigma-
Aldrich, St. Louis, MO, USA). RNA was reversely transcribed into cDNA employ-
ing the QuantiTect Reverse Transcription Kit (Qiagen, Hilden, Germany), and then
QuantiTect SYBR Green PCR Kit (Qiagen) was employed for qRT-PCR process
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with primers. The relative expression was estimated via the 272" method after

normalization by inner reference p-actin or U6. Primers were listed: circZNF131, F:
5'-GAAGCAAAGAACTGGGAAAAA-3', and R: 5-CAATCGGTCGAGGATCAT
TT-3’; miR-186-5p, F: 5'-CCGCGCGCAAAGAATTCTCCTTT-3’, and R: 5'-ATC
CAGTGCAGGGTCCGAGG-3"; PFKFB2, F: 5'-AGTCCTACGACTTCTTTCGGC-
3’, and R: 5"TCTCCTCAGTGAGATACGCCT-3"; U6, F: 5-CTCGCTTCGGCA
GCACA-3', and R: 5-AACGCTTCACGAATTTGCGT-3". p-actin, F: 5-GTCACC
GGAGTCCATCACGAT-3', and R: 5'"TCACCAACTGGGACGACATG-3'.

Ribonuclease R (RNase R) Treatment

Total RNA of AGS and HGC-27 cells was disposed with RNase R (3 U/pg; Epi-
centre, Madison, WI, USA) or not for 0.5 h at 37 °C. Then, the expression of circ-
ZNF131 and linear B-actin was detected by qRT-PCR assay.

Colony Formation Assay

Transfected AGS and HGC-27 cells (200 cells/well) were plated into 6-well plates
and cultivated for another 14 days. The medium was replaced with fresh medium
every 3 days. Subsequently, the formed colonies were immobilized with methanol
(Sigma-Aldrich) and then dyed with crystal violet (0.1%, Sigma-Aldrich) for 20 min
following the abstersion with PBS (Solarbio). The colonies were photographed, and
a microscope (Olympus, Tokyo, Japan) was employed to count the number of colo-
nies (> 50 cells) in each group.

Cell Migration and Invasion Assays

Transwell chambers (Corning Inc., Corning, NY, USA) pre-coated with or with-
out Matrigel (BD Biosciences, San Diego, CA, USA) were utilized to detect cell
migratory and invasive abilities, respectively. AGS and HGC-27 cells in serum-free
medium were plated into the membrane of upper chamber. Meanwhile, the bottom
of chamber was supplemented with culture medium plus FBS. At 24 h post-incuba-
tion, the migratory and invasive cells passed through the membranes into the lower
chamber were fixated with 4% paraformaldehyde (Solarbio) and dyed with crystal
violet (0.1%, Sigma-Aldrich) for 30 min. Last, the migratory and invasive cells were
photographed and counted under an inverted microscope (100 X ; Olympus).

Wound Healing Assay

Cell migratory capacity was also analyzed by wound healing assay. Transfected
AGS and HGC-27 cells (2 x 10°) were plated into 6-well plates. Then, two scratches
were gently and vertically generated in the monolayer AGS and HGC-27 cells with
a pipette tip. Next, the monolayer with a wound was gently washed using PBS
for twice to wipe out the floating cells. The residual cells were trained in culture
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medium without serum for another 24 h. The representative images of migration dis-
tance at 0 h and 24 h were, respectively, obtained with a microscope (100X ; Olym-
pus), and the wound closure rate (%, migration rate) was assessed using the Image J
software (NIH, Bethesda, MA, USA).

Cell Apoptosis Assay

Annexin V-FITC Apoptosis Detection Kit (BD Biosciences) was applied to detect
the apoptotic cells. After transfection for 72 h, 1 x 10> AGS and HGC-27 cells were
re-suspended in 1 X binding buffer after harvest. Subsequently, cells were dyed with
Annexin V-FITC and propidium iodide (PI) for 15 min and keep out light. The
apoptotic cells were monitored by a flow cytometer (BD Biosciences).

Lactate Production and Glucose Uptake

To monitor glycolysis metabolism, the level of lactate production or glucose uptake
was severally detected via the Lactate Assay Kit (Abcam, Cambridge, UK) or Glu-
cose Uptake Assay Kit (Abcam).

Western Blot Assay

RIPA Lysis Buffer (Sigma-Aldrich) was utilized for total protein extraction. After
isolated by SDS-PAGE (Solarbio), the protein was transferred on PVDF mem-
brane. Next, the membrane was reacted with the primary antibodies after blocked
by 5% skim milk overnight at 4 °C. Then, the membrane was added with HRP-
conjugated secondary antibody (1:10,000; ab205718; Abcam) for 1.5 h. The protein
signals were detected by enhanced chemoiluminescence (ECL; Sangon, Shanghai,
China) reagents, and the band intensity was analyzed on Image J software (NIH).
The primary antibodies included anti-p-actin antibody (1:200; ab115777; Abcam),
anti-B-cell lymphoma-2 antibody (anti-Bcl-2; 1:1000; ab32124; Abcam), anti-Bcl-
2-associated X protein antibody (anti-Bax; 1:2000; ab263897; Abcam), anti-glucose
transporter-1 antibody (anti-GLUT1; 1:100,000; ab115730; Abcam), anti-hexoki-
nase 2 antibody (anti-HK-2; 1:10,000; ab227198; Abcam), and anti-PFKFB2 anti-
body (1:2000; ab234865; Abcam). f-actin was deemed as the internal control in this
assay.

Dual-Luciferase Reporter Assay

The luciferase report plasmids of wild-type (WT) or mutant (MUT) circZNF131
and PFKFB2 3’-untranslated region (3'UTR) were constructed based on PGL4 vec-
tor (Promega, Madison, WI, USA), naming as circZNF131 WT, circZNF131 MUT,
PFKFB2 3'UTR WT, or PFKFB2 3'UTR MUT. Then, the above plasmids were
co-transduced with miR-186-5p or miR-NC into AGS and HGC-27 cells. After co-
transfection for 48 h, the luciferase detection was performed using Dual-Luciferase
Reporter Assay System (Promega).
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Xenograft Tumor Model

The BALB/c nude mice (male, 5-6 weeks old) were acquired from Vital River Lab-
oratory Animal Technology (Beijing, China) and divided into two groups (sh-circ-
ZNF131 group and sh-NC group; n=5 per group). 4 x 10° HGC-27 cells with trans-
fection of sh-circZNF131 vector or sh-NC vector were subcutaneously inoculated
into the flank of the mice. The tumor volume (0.5 x length X width?) was measured
once a week for 4 times after cell injection. After 4 weeks, all mice were euthana-
tized, and xenografts were removed from mice for weight and expression detection.
This animal experiment was empowered by the Institutional Animal Care and Use
Committee (IACUC) of Jinan Central Hospital Affiliated to Shandong First Medical
University.

Immunohistochemistry (IHC) Assay

The formalin-fixed, paraffin-embedded tissue sections from nude mice were cut
into 5 um slides. The slides were incubated with primary antibody against PFKFB2
(1:200; ab234865; Abcam) and Ki-67 (1:200, ab16667, Abcam) overnight at 4 °C
after antigen retrieval, following by HRP-conjugated secondary antibody (1:20,000,
ab205718, Abcam) at room temperature for 1 h. Then the slides were stained with
3, 3'-diaminobenzidine solution (DAB; Beyotime, Shanghai, China) for 10 min,
and counterstained with hematoxylin (Beyotime). The representative images were
obtained under a microscope (100 X ; Olympus).

Statistical Analysis

All data were presented as mean + standard deviation (SD) with at least three dupli-
cates. The data comparison was implemented by Student’s # test or one-way analysis
of variance followed by Tukey’s post hoc test. All statistical analyses in this study
were conducted using GraphPad Prism version 6.0 software (GraphPad Software, La
Jolla, CA, USA). P<0.05 was defined as statistically significant.

Results
circZNF131 was Highly Expressed in GC Tissues and Cells

To confirm the dysregulation of circZNF131 in GC, the expression pattern of circ-
ZNF131 in collected tissues samples and cultured cells was tested by qRT-PCR
analysis. As depicted in Fig. 1A, the expression of circZNF131 was remarkably
increased in GC tumor tissues relative to adjacent normal tissues. Meanwhile, its
level was elevated in human GC cells (AGS and HGC-27) versus that in normal
GES-1 cells (Fig. 1B). Besides, the stability of circZNF131 was further investigated
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Fig. 1 CircZNF131 was upregulated in GC tissues and cells. A, B The qRT-PCR was adopted to meas-
ure the expression of circZNF131 in GC tissues (n=35) and paired normal tissues (n=35), as well as
GC cells (AGS and HGC-27) and normal GES-1 cells. C, D The expression of circZNF131 and linear
B-actin mRNA was tested by qRT-PCR in AGS and HGC-27 cells after RNase R treatment. *P < (.05

in AGS and HGC-27 cells, and the result indicated that circZNF131 was much more
stable than linear f-actin mRNA after RNase R digestion treatment (Fig. 1C, D).
The above data showed that circZNF131 was an upregulated circRNA in GC tissues
and cells in a stable structure.

circZNF131 Knockdown Suppressed Colony Formation, Migration, Invasion,
and Glycolysis Metabolism While Induced Cell Apoptosis in GC Cells

Next, the siRNA-mediated circZNF131 knockdown was implemented to explore
the biological function of circZNF131 in GC cells. The qRT-PCR result exhibited
that circZNF131 level was significantly decreased after si-circZNF131 transfection
in comparison to si-NC transfection in AGS and HGC-27 cells (Fig. 2A), imply-
ing the successful knockdown of circZNF131. As the outcomes of circZNF131
downregulation, colony formation assay displayed that the colony forming ability
of AGS and HGC-27 cells was notably restrained (Fig. 2B). Meanwhile, transwell
assay manifested that cell migration and invasion were impeded by circZNF131
knockdown (Fig. 2C, D). The migratory ability of AGS and HGC-27 cells was also
inspected by wound healing assay through measuring the percentage of wound clo-
sure, which was deceased after circZNF131 silence (Fig. 2E). The above-mentioned
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Fig.2 CircZNF131 knockdown suppressed cancer progression and glycolysis in GC cells. AGS and
HGC-27 cells were transfected with si-circZNF131 and si-NC. A The efficiency of circZNF131 knock-
down was determined by qRT-PCR. B The number of colonies in transfected cells was tested using col-
ony formation assay. C-E Cell metastatic capacity was examined by transwell assay for migration and
invasion (C and D) and wound healing assay for migration (E). F Flow cytometry was conducted for
the detection of cell apoptosis rate. G, H Western blot assay was performed to assess the expression of
apoptosis-associated proteins (Bcl-2 and Bax). I, J Lactate production and glucose uptake were exam-
ined using corresponding detection kits. K, L. The expression of glycolysis-related protein (HK-2 and
GLUT1) was measured by western blot. *P <0.05
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results about migration and invasion proved that cell metastasis was inhibited by
circZNF131 knockdown. By performing flow cytometry analysis, cell apoptosis was
promoted in si-circZNF131 group compared with si-NC group (Fig. 2F). To further
verify the acceleration of apoptosis in AGS and HGC-27 cells, western blot assay
was proceeded to examine the expression of apoptosis-associated markers Bcl-2
and Bax. The result showed that the level of Bcl-2 was reduced while the expres-
sion of Bax was increased after circZNF131 interference (Fig. 2G, H). Moreover,
the effect of circZNF131 on glycolysis was analyzed, the data depicted that the lev-
els of lactate production and glucose uptake were notably suppressed (Fig. 2I, J),
and the expression of glycolysis-associated markers HK-2 and GLUT1 was dramati-
cally reduced in AGS and HGC-27 cells in the presence of si-circZNF131 (Fig. 2K,
L), evidencing that circZNF131 deletion impeded the glycolysis metabolism. Taken
together, circZNF131 knockdown exerted inhibiting effects on cell malignant behav-
iors and glycolysis.

circZNF131 Served as a Sponge for miR-186-5p

To further elucidate the mechanism of circZNF131 in GC advancement, the target
miRNAs of circZNF131 were identified through starBase online database (http://
starbase.sysu.edu.cn). According to the prediction results and related published lit-
eratures, 5 miRNAs (miR-186-5p, miR-448, miR-605-3p, miR-545-5p, and miR-
4766-5p) that have complementary sequences with circZNF131 and have been
studied in GC were selected. Through the expression analysis of above alternative
5 miRNAs in 3 paired GC tumor tissues and adjacent normal tissues, the result
demonstrated that miR-186-5p, miR-448, miR-605-3p, and miR-4766-5p were all
downregulated in GC tissue samples (Supplementary Fig. 1A). Therein, miR-186-5p
with the most downregulation was chosen as the molecular target in our study. As
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Fig.3 CircZNF131 acted as a sponge for miR-186-5p. A The binding sites between circZNF131 and
miR-186-5p were predicted by starBase. B The efficiency of miR-186-5p overexpression was examined
using qRT-PCR. C, D Dual-luciferase reporter assay was implemented to determine the luciferase activ-
ity in AGS and HGC-27 cells co-transfected with circZNF131 WT or circZNF131 MUT and miR-186-5p
or miR-NC. E, F The expression of miR-186-5p in normal tissues, GC tissues, and cell lines (GES-1,
AGS and HGC-27) was detected by qRT-PCR. G The effect of circZNF131 knockdown on the expres-
sion of miR-186-5p was analyzed by qRT-PCR. *P <0.05
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depicted in Fig. 3A, the putative potential complementary sites between circZNF131
and miR-186-5p were presented. To affirm the interaction between them in GC cells,
dual-luciferase reporter assay was carried out via constructing circZNF131 WT and
circZNF131 MUT reporter plasmids. The overexpression efficiency of miR-186-5p
in AGS and HGC-27 cells was confirmed by qRT-PCR assay (Fig. 3B). As pre-
sented in Fig. 3C, D, the relative luciferase activity was markedly repressed in AGS
and HGC-27 cells after the co-transfection of miR-186-5p and circZNF131 WT
but not circZNF131 MUT, verifying the interaction between circZNF131 and miR-
186-5p. Contrary to circZNF131, the expression of miR-186-5p was downregulated
in GC tissues and cells compared with that in normal tissues and cells, respectively
(Fig. 3E, F). In addition, miR-186-5p expression was remarkably raised in both AGS
and HGC-27 cells with circZNF131 knockdown (Fig. 3G). Thus, these outcomes
indicated that circZNF131 was a molecular sponge for miR-186-5p in GC cells.

Blocking miR-186-5p Partially Reversed the Effects of circZNF131 Knockdown
in GC Cells

Based on the interaction between miR-186-5p and circZNF131, the rescue experi-
ments were performed to verify whether the function of circZNF131 in GC cells
was related with miR-186-5p. The expression of miR-186-5p was enhancive in AGS
and HGC-27 cells transfected with si-circZNF131, while the impact was abrogated
by the co-transfection of in-miR-186-5p (Fig. 4A), hinting the high transfection
efficiency of in-miR-186-5p. Except for that, cellular behaviors suggested that the
inhibiting actions of circZNF131 knockdown on colony formation (Fig. 4B), migra-
tion (Fig. 4C, E), invasion (Fig. 4D), lactate production (Fig. 4I), glucose uptake
(Fig. 4]), and protein expression of Bcl-2 (Fig. 4G, H), HK-2, and GLUT1 (Fig. 4K,
L) as well as the enhancing effect on Bax expression (Fig. 4G, H) and cell apoptosis
(Fig. 4F) of AGS and HGC-27 cells were all overturned by miR-186-5p deficiency.
All these findings collectively clarified that circZNF131 played its regulatory role in
GC cells via targeting miR-186-5p.

PFKFB2 was a Target Gene of miR-186-5p in GC Cells

Additionally, the potential downstream target mRNAs of miR-186-5p were sought
using tool Diana (http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=
Microl_CDS/index). Similar to the screening of candidate miRNAs, 5 five genes
(PFKFB2, CASK, ERBB4, HMGAZ2, and FOXK1) that have binding sites with miR-
186-5p and have been reported in GC were investigated. As expected, PFKFB2,
CASK, ERBB4, and HMGA?2 were all upregulated in GC tissue samples compared
to that in adjacent normal tissues (Supplementary Fig. 1A). Among them, PFKFB2
with the most upregulation was chosen for further research. The special binding
sites between miR-186-5p and PFKFB2 3’UTR are displayed in Fig. SA. The dual-
luciferase reporter assay further verified the putative target binding between them,
as described by the decline of luciferase activity in AGS and HGC-27 cells co-
transfected with PFKFB2 3’ UTR WT and miR-186-5p (Fig. 5B, C). Meanwhile,
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Fig.4 MIiR-186-5p inhibition relieved the effects of circZNF131 knockdown in GC cells. All experi-
ments were conducted in AGS and HGC-27 cells with respective transfection of si-NC, si-circZNF131,
si-circZNF131+in-miR-NC, or si-circZNF1314in-miR-186-5p. A The expression of miR-186-5p in AGS
and HGC-27 cells after transfection was assessed via qRT-PCR. B Examination of cell cloning ability
was carried out by colony formation assay. C—E Transwell migration and invasion assays (C and D) and
wound healing assay (E) were implemented to evaluate cell metastasis. F Flow cytometry was used to
measure cell apoptosis. G, H The protein expression levels of Bcl-2 and Bax were detected by western
blot. I-L The glycolysis metabolism was analyzed through detecting the levels of lactate production and
glucose uptake using corresponding detection kits (I and J), and the expression of HK-2 and GLUT1
using western blot (K and L). *P <0.05

the mRNA and protein expression of PFKFB2 were increased in GC tissues com-
pared to normal tissues (Fig. 5D, E). Conformably, PFKFB2 was upregulated in GC
cells contraposed to that in normal cells (Fig. 5F). Furthermore, the expression of
PFKFB2 was inhibited by miR-186-5p overexpression in AGS and HGC-27 cells
(Fig. 5G), indicating the negative regulation of miR-186-5p on PFKFB2 in GC cells.
Besides, PFKFB2 expression was downregulated by circZNF131 knockdown in
AGS and HGC-27 cells, which was subsequently rescued by miR-186-5p inhibition
(Fig. 5H). In short, these results manifested that circZNF131 positively modulated
the level of PFKFB2 via targeting miR-186-5p.
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Fig.5 PFKFB2 was a target of miR-186-5p in GC cells. A Schematic diagram showed the binding sites
between miR-186-5p and PFKFB2 3’UTR. B, C The interaction between miR-186-5p and PFKFB2 was
verified using dual-luciferase reporter assay. D, E The expression of PFKFB2 in GC tissues and normal
tissues was detected by qRT-PCR and western blot. F The expression of PFKFB2 in GES-1, AGS, and
HGC-27 cells was detected by western blot. G PFKFB2 protein expression was examined via western
blot in AGS and HGC-27 cells after transfection of miR-NC or miR-186-5p. H Western blot was con-
ducted to examine PFKFB2 protein expression after transfection of si-circZNF131, si-circZNF131+in-
miR-186-5p or their matched controls. *P <0.05

Restoring PFKFB2 Partially Abrogated the Suppressive Influences of miR-186-5p
Overexpression on Cell Development and Glycolysis

For determining whether miR-186-5p exerted its anti-cancerous role in GC cells by
modulating PFKFB2, AGS and HGC-27 cells were transfected with miR-186-5p
alone or together with PFKFB2 overexpression vector to perform rescue experi-
ments. As exhibited in Fig. 6A, the miR-186-5p-mediated inhibition of PFKFB2
protein expression was found to be alleviated by the addition of PFKFB2 overex-
pression vector, which revealed that the overexpression of PFKFB2 in GC cells
was successful. Through the functional investigation, miR-186-5p overexpression
was shown to evoke the repressive effects on cell clonal ability (Fig. 6B), migration
(Fig. 6C, E), invasion (Fig. 6D), and Bcl-2 expression (Fig. 6G, H), together with
accelerating effects on apoptosis (Fig. 6F) and Bax abundance (Fig. 6G, H), whereas
all these effects were mitigated by PFKFB2 introduction. In addition, the miR-
186-5p overexpression-induced inhibitory effects on lactate production (Fig. 6I),
glucose uptake (Fig. 6J), and expression of HK-2 and GLUT1 (Fig. 6K, L) were
counteracted by restoring PFKFB2 in AGS and HGC-27 cells. Collectively, miR-
186-5p could act as a tumor inhibitor in GC by decreasing PFKFB2 expression.
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Fig.6 PFKFB2 downregulation was accountable for miR-186-5p as a tumor inhibitor in GC cells. AGS
and HGC-27 cells were transfected with miR-NC, miR-186-5p, miR-186-5p+pcDNA, or miR-186-
Sp+PFKFB2. A The expression of PFKFB2 protein after transfection was examined using western blot.
B Colony formation assay was exploited to determine cell colony forming ability. C-E The analysis of
cell metastatic ability was completed using migration or invasion detection by transwell assay (C and D)
and migration detection by wound healing assay (E). F Cell apoptosis was examined via flow cytometry.
G, H The protein expression of Bcl-2 and Bax was evaluated by western blot. I, J Lactate production and
glucose uptake were tested using corresponding detection kits. K, L. The expression of HK-2 and GLUT1
was measured using western blot. *P <0.05

circZNF131 Downregulation Hindered GC Tumor Growth by Affecting
the miR-186-5p/PFKFB2 Axis

To further analyze the role of circZNF131 in tumorigenicity of GC cells in vivo,
xenograft tumor models were established in nude mice by subcutaneous injection
of HGC-27 cells stably transfected with sh-circZNF131 or sh-NC. After cell injec-
tion for 28 days, it was observed that tumor volume and weight were significantly
restrained in sh-circZNF131 group compared with sh-NC group (Fig. 7A, B), sug-
gesting that circZNF131 downregulation inhibited tumor growth. Moreover, the
expression levels of circZNF131 and PFKFB2 were declined, while the level of
miR-186-5p was elevated in xenograft tumor tissues from the sh-circZNF131 group
relative to that from sh-NC group (Fig. 7C-F). Besides, the IHC results also con-
firmed the downward trends of PFKFB2 protein and cell proliferation marker protein
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Fig.7 The role of circZNF131 in the tumorigenicity of human GC cells in vivo. A Tumor volume was
measured once a week in mice after subcutaneous injection of HGC-27 cells stably transfected with sh-
circZNF131 or sh-NC. B Tumors were weighed after tumor excision on the 28 days, and the representa-
tive images of tumors were presented. C, D The expression of circZNF131 and miR-186-5p in these
xenograft tumor tissues was detected by qRT-PCR. E, F PFKFB2 expression in these tumor tissues was
detected through performing western blot. G IHC assay was conducted to examine the protein expression
of PFKFB2 and Ki-67 in tumor tissues. *P <0.05

(Ki-67) (Fig. 7G). These data indicated that circZNF131 could promote GC tumor
growth in vivo by mediating the miR-186-5p/PFKFB2 axis.

Discussion

Many reports have identified that circRNAs serve vital regulatory roles in cancer
development and show a potential property as novel biomarkers in cancer (Bolha
et al. 2017; Zhao and Shen 2017). Nevertheless, the action mechanism of circ-
ZNF131 in GC advancement remained unstated. This study mainly attested the
oncogenic role of circZNF131 in GC progression, as well as the competing endog-
enous RNA (ceRNA) network of circZNF131/miR-186-5p/PFKFB2 axis in GC.
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In recent years, circRNAs have been attested to generate their oncogenic or
suppressive actions in the evolvement of human cancers through targeting differ-
ent miRNAs (Panda 2018; Zhong et al. 2018). Also, many abnormally expressed
circRNAs serve as pivotal regulators in the malignant behaviors of GC (Ouyang
et al. 2020). For instance, circTMEMS87A could facilitate cell propagation and
metastasis by the miR-142-5p/ULK1 axis in GC (Wang et al. 2020). And circ-
MAT2B promoted glycolysis and cell growth in GC by targeting miR-515-5p
and upregulating HIF-1a expression (Liu et al. 2020a). Herein, we affirmed that
circZNF131 was highly expressed in GC tissues and cells, and this was in line
with anterior reports (Li et al. 2018; Liu et al. 2019b). Simultaneously, cellular
assays here also revealed that circZNF131 knockdown-repressed GC cell colony
formation and metastasis while enhanced cell apoptosis. Research has shown that
glycolytic reaction could provide energy source for cancer cells, and inhibiting
glycolysis might be a treatment countering cancer (Akram 2013; Ganapathy-
Kanniappan and Geschwind 2013). Furthermore, this report disclosed that circ-
ZNF131 downregulation impeded the glycolysis process in GC cells. Moreover,
animal experiments indicated that circZNF131 silence also inhibited GC tumor
growth inhibited in vivo. All these findings provided sufficient evidence that circ-
ZNF131 exerted a carcinogenic role in GC. Therefore, circZNF131 inhibition was
expected to be an effective anti-tumor therapy for GC.

Mounting studies have illuminated the abnormal expression of miRNAs in
diversiform cancers and the implication of them in tumor carcinogenesis and
advancement through serving as tumor accelerators or suppressors (Farazi et al.
2013; Hayes et al. 2014), including GC (Jiang et al. 2015). Besides, circRNAs
could sponge miRNAs to interfere the targeted gene expression (Hansen et al.
2013). In this paper, it was validated that miR-186-5p was sponged by circ-
ZNF131. MiR-186-5p is testified to be a tumor-inhibiting factor in diverse can-
cers, such as ovarian cancer, esophageal cancer (Huang et al. 2020; Ma et al.
2020), and osteosarcoma (Ning and Bai 2020). Likewise, miR-186-5p was also
certified to impede GC progression via targeting diverse genes (Cui et al. 2019;
Liu et al. 2020b; Ouyang et al. 2019; Yuan et al. 2020). In keeping with above
results, this report verified that miR-186-5p was downregulated in GC tissues
and cells, and its overexpression exerted inhibiting effects on cell proliferation
and metastasis. Meanwhile, this study reported that miR-186-5p introduction
blocked glycolysis metabolism in GC cells. Additionally, we also uncovered that
miR-186-5p inhibition partially overturned the repressive impacts of circZNF131
silence on GC cell malignant behaviors and glycolysis process. Therefore, above-
mentioned results proposed that miR-186-5p might participate in circZNF131-
mediated regulation of tumorigenesis in GC cells.

The circRNA/miRNA/mRNA molecular regulatory network has been reported to
be associated with GC development (Yang et al. 2019). Here, PFKFB2 was identi-
fied to be targeted by miR-186-5p in GC cells. PFKFB?2 is a key regulatory mol-
ecule of glycolysis, and has been evidenced to be concerned with glycolysis and
cell proliferation in multifarious cancers, such as osteosarcoma (Pan et al. 2020) and
pancreatic cancer (Ozcan et al. 2020). As well, Qu et al. found that PFKFB2 had
high expression in GC, and miR-646 could restrain cell development and glycolysis
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via downregulating PFKFB2 expression (Qu et al. 2020). Another study illuminated
that miR-613 could restrict cell growth and glycolysis metabolism through hindering
PFKFB2 expression (Liu et al. 2019a). Consistently, we manifested the high level
of PFKFB2 in GC tissues and cells. Furthermore, we first certified that circZNF131
positively modulated PFKFB2 expression via sponging miR-186-5p. Moreover,
PFKFB2 overexpression relieved the inhibiting actions of miR-186-5p addition on
cell progression and glycolysis. Besides, circZNF131 could expedite GC tumor
growth in vivo via inhibiting miR-186-5p and upregulating PFKFB2 expression.
Hence, the carcinogenic function of circZNF131 was accomplished by the regula-
tion of miR-186-5p/PFKFB?2 axis in GC.

Conclusion

In conclusion, this study demonstrated that circZNF131 was upregulated in GC
tissues and cells. CircZNF131 enhanced tumor malignant behaviors and glyco-
lysis through promoting the miR-186-5p-mediated PFKFB2 expression in GC.
Thus, this research may elucidate a new ceRNA mechanism of circZNF131/miR-
186-5p/PFKFB2 axis for understanding the malignancy of GC, and circZNF131
was identified to be a latent therapeutic target for GC treatment.
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