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Background: Circular RNA VPS33B (circVPS33B) has been revealed to be upregulated in 
gastric cancer (GC) tissues. However, the role of circVPS33B in infiltrative GC is indistinct.
Methods: Expression of circVPS33B was detected using quantitative real-time polymerase chain 
reaction (qRT-PCR). The proliferation, migration, and invasion of infiltrative GC cells (XGC-1) 
were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT), plate 
clone, wound-healing, or transwell assays. Protein levels were detected by Western blotting. 
Measurements of extracellular acidification rate (ECAR) and oxygen consumption rate (OCR) 
were executed using an XF96 extracellular flux analyzer. Glucose uptake and lactate production 
were analyzed by glycolysis assay. The regulatory mechanism of circVPS33B had been explored 
by bioinformatics analysis, dual-luciferase reporter assay, and/or RNA pull-down assay. In vivo 
tumorigenesis assay was executed to verify the oncogenicity of circVPS33B.
Results: CircVPS33B was upregulated in infiltrative GC tissues and cells. CircVPS33B 
silencing decreased tumor growth in vivo and inhibited proliferation, migration, invasion, 
EMT, and Warburg effect of infiltrative GC cells in vitro. Mechanically, circVPS33B 
regulated heterogeneous nuclear ribonucleoprotein K (HNRNPK) expression via sponging 
miR-873-5p. Furthermore, miR-873-5p inhibitor offset circVPS33B knockdown-mediated 
effects on malignant behaviors and Warburg effect of infiltrative GC cells. HNRNPK over-
expression reversed the inhibitory impact of miR-873-5p mimic on malignant behaviors and 
Warburg effect of infiltrative GC cells.
Conclusion: CircVPS33B accelerated Warburg effect and tumor growth through regulating 
the miR-873-5p/HNRNPK axis in infiltrative GC, manifesting that circVPS33B might be 
a potential target for infiltrative GC treatment.
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Introduction
Gastric cancer (GC), which is a malignant tumor, ranks third among cancer-related 
death causes.1 GC is divided into infiltrative and expanding types according to the 
growth and invasive patterns based on Ming’s classification.2 Expanding GC 
exhibits a massive expansion growth pattern, usually forming plenty discrete 
tumor nodules in tumor tissues, while infiltrative GC presents scattered infiltrating 
growth without obvious aggregation.3 Moreover, the prognosis of infiltrative GC 
patients is worse than that of expanding GC patients.4 Studies have reported that the 
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recurrence of the peritoneal or liver after radical resection 
of GC is closely related to the pathological infiltration 
pattern (INF).5,6 Also, there is an obvious gene regulation 
mode between expanding GC and infiltrative GC.7

Circular RNAs (circRNAs), endogenous RNA mole-
cules, have closed-loop structures formed by reverse spli-
cing of mRNA exons or introns.8 CircRNAs do not 
contain 5ʹ or 3ʹ free terminus, so they are resistant to 
exonuclease and are more stable than other conventional 
linear RNAs.9 Increasing evidence has indicated that 
circRNAs exert vital roles in cellular physiology through 
serving as protein translation templates, transcription reg-
ulators, RBP-binding molecules, or microRNA (miR) 
sponges.10 Researchers have uncovered that the dysregula-
tion of circRNAs is closely related to the advancement of 
diverse diseases, including cancer.11 For example, 
circRNA hsa_circ_0003141 contributed to the tumorigen-
esis of hepatocellular cancer.12 Our previous research 
revealed that circRNA circHIPK3 was overexpressed in 
infiltrative GC cells than that in expanding GC cells, and it 
played a promoting effect on the proliferation of GC cells 
via downregulating miR-124 or miR-29b.7 CircRNA 
VPS33B, also termed as hsa_circ_0005529, is derived 
from the vacuolar protein sorting 33 homologue 
B (VPS33B) gene (http://www.circbank.cn/search.html? 
selectValue=hsa_circ_0005529). It was reported that 
circVPS33B expression was prominently elevated in GC 
tissues with respect to adjacent noncancerous tissues 
(GSE78092).13 However, the regulatory mechiansm of 
circVPS33B in GC progression has not been adequately 
clucidated.

MiRs usually regulate gene expression post- 
transcriptionally and act as powerful regulators in 
a series of cellular processes, including cell development, 
differentiation, growth, and apoptosis.14,15 Studies have 
revealed that miRs exert important roles in numerous 
cancers, including GC.16 MiRs are not only involved in 
the occurrence of GC but also regulate the growth pattern 
of GC.17 Chen et al reported that miR-145 expression was 
significantly lower in infiltrative GC tissues than expand-
ing GC tissues, and miR-145 overexpression repressed GC 
cell invasion and migration through targeting FSCN1.18 

Wang et al uncovered that miR-15a-3p and miR-16-1-3p 
were lowly expressed in infiltrative GC tissues compared 
to expanding GC tissues, and miR-15a-3p and miR-16- 
1-3p overexpression constrained GC cell invasion and 
migration through targeting Twist1.19 MiR-873-5p has 
been revealed as an epigenetic modulator in the early 

stages of liver fibrosis and cirrhosis.20 Also, miR-873-5p 
plays an inhibitory effect on tumorigenesis in a series of 
cancers, such as glioma,21 papillary thyroid cancer,22 and 
colorectal cancer.23 In addition, miR-873-5p acts as 
a tumor-inhibiting molecular in GC.24,25 However, the 
regulatory mechanism of miR-873-5p in GC growth pat-
tern is unclear.

Heterogeneous nuclear ribonucleoprotein 
K (HNRNPK), a DNA/RNA-binding protein, is involved 
in regulating various biological processes and disease 
pathogenesis.26 Furthermore, HNRNPK inhibition can ele-
vate DNA damage after radiation, thereby decreasing 
tumor cell survival.27 Moreover, HNRNPK upregulation 
is related to the poor prognosis of several cancers, such as 
bladder cancer28 and colorectal cancer.29 Also, HNRNPK 
has been revealed as an oncogene in GC.30 Nevertheless, 
the mechanism of HNRNPK dysregulation in GC devel-
opment has not been fully elucidated.

In the present study, we verified that circVPS33B 
expression was observably elevated in infiltrative GC tis-
sues. Mechanically, circVPS33B accelerated tumor growth 
and Warburg effect via elevating HNRNPK expression 
through acting as a miR-873-5p sponge. Our findings 
provided a novel mechanism by which circVPS33B modu-
lated infiltrative GC growth through the miR-873-5p/ 
HNRNPK axis.

Materials and Methods
Patient-Derived Samples
The research was approved by the Ethics Committee of 
Zhongshan Hospital Xiamen University and executed in 
accordance with the Declaration of Helsinki. Sixty-three 
paired GC tissue samples and neighboring non-tumor tis-
sues were collected from the Zhongshan Hospital Xiamen 
University, including 44 infiltrative GC tissues and 19 
expanding GC tissues. These samples were collected 
from May 2018 to August 2019. All registered patients 
signed written informed consent and did not receive other 
treatments before surgery. The clinical features of GC 
patients are exhibited in Table 1.

Cell Culture and Transfection
Infiltrative GC cells XGC-1 (Patent No.: CN103396994A) 
was obtained from the Zhongshan Hospital Xiamen 
University. Human gastric epithelial mucosa cells (GES- 
1) were purchased from BeNa Culture Collection (Suzhou, 
China). These cells were cultured in Roswell Park 
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Memorial Institute (RPMI)-1640 medium (HyClone, 
Logan, UT, USA) supplemented with fetal bovine serum 
(FBS, 10%, HyClone) and streptomycin/penicillin (1%, 
Solarbio, Beijing, China) in a moist atmosphere with 5% 
CO2 at 37°C.

Small interference (si) RNA against circVPS33B (si- 
circVPS33B) and its negative control (NC) (si-NC), as 
well as short hairpin (sh) targeting circVPS33B (sh- 
circVPS33B) and matched NC (sh-NC), were purchased 
from GenePharma (Shanghai, China). To generate the 
pcDNA-HNRNPK plasmid, the full-length sequence of 
HNRNPK was cloned into empty pcDNA3.1 vector 
(pcDNA-NC) (Life Technologies, Grand Island, NY, 
USA). MiR-873-5p mimic (miR-873-5p), miR-873-5p 
inhibitor (anti-miR-873-5p), and their corresponding 
negative controls (miR-NC and anti-miR-NC) were pur-
chased from RiboBio (Guangzhou, China). Transient 
transfection was performed using the Lipofectamine 
3000 reagent (Invitrogen, Carlsbad, CA, USA). XGC-1 
cells with stable knockdown of circVPS33B were pro-
duced by infection with lentiviral particles, followed by 
selection with puromycin (Solarbio).

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
RNA Simple Total Kit (TIANGEN, Beijing, China) was 
utilized for total RNA separation (tissue samples and 
cells). The complementary DNA was synthesized with 
the M-MLV First Strand Kit (Life Technologies) or Bulge- 
Loop miR RT-qPCR Starter kit (RiboBio), followed by 
performing qPCR with the SYBR Green (Solarbio). 
Primer sequences used in the study were as follows: 
circVPS33B (Forward: 5ʹ-GTGGTGTTCTTGGGTGGT 
TGT-3ʹ; Reverse: 5ʹ-CCGCTCTAGCACCTTTCTCTC 
-3ʹ), VPS33B (Forward: 5ʹ-ATGAGCCCTTTGGATCG 
AATTG-3ʹ; Reverse: 5ʹ-ATGCGGGGTCTGACCAAGA 
-3ʹ), HNRNPK (Forward: 5ʹ-CAATGGTGAATTTGG 
TAAACGCC-3ʹ; Reverse: 5ʹ-GTAGTCTGTACGGAGAG 
CCTTA-3ʹ), β-actin (Forward: 5ʹ- 
CTCGCCTTTGCCGATCC-3ʹ; Reverse: 5ʹ- 
TCTCCATGTCGTCCCAGTTG-3ʹ), miR-873-5p 
(Forward: 5ʹ-GGGGCAGGAAC 
TTGTGAG-3ʹ; Reverse: 5ʹ-GTGTGGTGTGGTAT 
GGTGTG-3ʹ), and U6 small nuclear RNA (U6) 
(Forward: 5ʹ-CGCTTCGGCAGCACATATACTAAAATT 
GGAAC-3ʹ; Reverse: 5ʹ-GCTTCACGAATTTGCGTGTC 
ATCCTTGC-3ʹ). Relative expression of circVPS33B, 
VPS33B mRNA, HNRNPK mRNA, and miR-873-5p 
was evaluated by 2−ΔΔCt method, and β-actin or U6 was 
used as an internal reference.

Actinomycin D Treatment and RNase 
R Digestion
To verify the stability of circVPS33B in XGC-1 cells, we 
performed Actinomycin D treatment and RNase 
R digestion. For actinomycin D treatment, XGC-1 cells 
were cultured in a complete medium supplemented with 2 
μg/mL actinomycin D (Sigma, St Louis, MO, USA) or 
dimethyl sulfoxide (Sigma). For RNA digestion, total 
RNA from XGC-1 cells was incubated with 3 U/μg 
RNase R (Geneseed, Guangzhou, China) or diethylpyro-
carbonate-treated water (Sigma).

3-(4,5-Dimethylthiazol-2-yl)- 
2,5-Diphenyltetrazoliumbromide (MTT) 
Assay
XGC-1 cells (5×103 cells) were seeded into 96-well plates 
and cultured for 24 h, 48 h, or 72 h. After discarding the 
supernatant, the MTT solution (100 μL, 0.5 mg/mL, 

Table 1 Association Between Clinical Features and CircVPS33B 
Expression of GC Patients (n=63)

Parameter Case CircVPS33B 
Expression

P valuea

High 
(n=31)

Low 
(n=32)

Gender 0.374

Female 33 18 15
Male 30 13 17

Age (years) 0.926
≤60 41 20 21

>60 22 11 11

Tumor size 0.016*

≤3 cm 36 13 23

>3 cm 27 18 9

TNM stage 0.004*

I+II 34 11 23
III 29 20 9

Lymph node metastasis 0.015*
Negative 28 9 19

Positive 35 22 13

Notes: *P < 0.05; aChi-square test.
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Sigma) was added to each well and incubated for 4 
h. Then, the purple crystals were dissolved with dimethyl 
sulfoxide (150 μL, Sigma). Next, the absorbance at 570 
nm was evaluated by the Microplate Reader (Bio-Rad, 
Hercules, CA, USA).

Plate Clone Assay
XGC-1 cells (5×103 cells/well) were seeded onto 6-well 
plates. Two weeks later, XGC-1 cells were fixed with 
paraformaldehyde (4%, Sigma) and then stained with crys-
tal violet (0.5%, Sigma). The number of colonies was 
counted with an inverted microscope (Nikon, Tokyo, 
Japan).

Wound-Healing and Transwell Assays
The migration of XGC-1 cells was analyzed by wound- 
healing and transwell assays. For the wound-healing assay, 
wounds on cell layer were created using a pipette tip (100 μL) 
when the cells reached 90% confluence. Then, FBS-free 
medium was used to rinse the created wound to remove all 
exfoliated cell debris. Photographs were taken at 0 h and 24 
h with an inverted microscope (Nikon). Percentage of migra-
tion was calculated according to the following equation: cell 
migration rate (%) = (1-the distance following healing/the 
distance prior to healing) × 100%.

For the transwell migration assay, serum-free medium 
containing transfected XGC-1 cells (1×105 cells) was 
added to the top chamber (8 μm, Costar, Cambridge, 
MA, USA). The cell medium containing 10% FBS was 
added to the bottom chamber. After removing the cells on 
the upper surface of the membrane, the remaining cells 
were fixed with paraformaldehyde (4%, Sigma) and 
stained with crystal violet (0.5%, Sigma). The number of 
migrating cells was calculated with an inverted micro-
scope (Nikon) at 100 × magnification.

The procedure of the transwell invasion assay was the 
same as the transwell migration assay. It was worth noting 
that the transwell chamber used in the invasion assay had 
been pre-coated with Matrigel (Sigma).

Western Blotting
Total protein was separated using the RIPA lysis buffer 
(Solarbio). All antibodies utilized in the research were 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA), including anti-β-actin (sc-8432), anti-ki-67 (sc- 
23900), anti-E-cadherin (sc-21791), anti-N-cadherin (sc- 
59987), anti-vimentin (sc-373717), and anti-HNRNPK 

(sc-28380). Also, m-IgG BP-HRP (sc-516102) was used 
as a secondary antibody. Western blotting was executed as 
previously described.31 The immunoblot was visualized 
through the enhanced chemiluminescence reagent kit 
(Beyotime, Shanghai, China).

Analysis of Extracellular Acidification 
Rate (ECAR) and Oxygen Consumption 
Rate (OCR)
The ECAR and OCR of transfected XGC-1 cells were 
analyzed using the Seahorse XF Glycolysis Stress Test 
Kit (Seahorse Bioscience, Chicopee, MA, USA) or 
Seahorse XF Cell Mito Stress Test Kit (Seahorse 
Bioscience) on an XF96 Extracellular Flux analyzer 
(Seahorse Bioscience). In short, the cells (1×104) were 
seeded into Seahorse XF 96 cell culture microplates. For 
the ECAR analysis, glucose, oligomycin, and 2-deoxy- 
D-glucose (2-DG) were sequentially injected into each 
well at the specified time point. For the OCR analysis, 
oligomycin, p-trifluoromethoxy carbonyl cyanide phenyl-
hydrazone (FCCP), and rotenone (Rote) plus antimycin 
A (AA) were sequentially injected into each well after 
baseline measurement. At last, the data were analyzed 
with the Seahorse XF-96 Wave software, and ECAR and 
OCR were presented in mpH/min and pmoles/min, 
respectively.

Glycolysis Assay
The supernatant of transfected XGC-1 cells was collected 
and the concentrations of glucose and lactate in the super-
natant were assessed with a Glucose Assay kit (Sigma) or 
Lactate Assay kit (BioVision, Mountain View, CA, USA) 
according to the manufacturer’s instructions. Glucose 
uptake was the difference between the glucose concentra-
tion in the medium and the control group.

Subcellular Fractionation and Localization
The subcellular fractionation of XGC-1 cells was per-
formed with the PARIS kit (Life Technologies) based on 
the manufacturer’s instructions. Expression of 
circVPS33B in the nuclear and cytoplasm of XGC-1 
cells was detected by qRT-PCR, and U6 or glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was used as 
a control for nuclear and cytoplasm. The primer sequences 
for GAPDH were as follows: (Forward: 5ʹ-GATTCCA 
CCCATGGCAAATTCC-3ʹ; Reverse: 5ʹ-TCGCTCCT 
GGAAGATGGTGAT-3ʹ)
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Dual-Luciferase Reporter Assay
The binding sites of circVPS33B in miR-873-5p were 
predicted with the circInteractome database. The binding 
sites between HNRNPK and miR-873-5p were jointly 
predicted with the TarBase, TargetScan, miRDB, and 
miRWalk databases. The fragments of wild type (WT) 
circVPS33B (circVPS33B-WT), mutant (MUT) 
circVPS33B (circVPS33B-MUT), HNRNPK 3ʹUTR-WT, 
and HNRNPK 3ʹUTR-MUT were synthesized and inserted 
into the psiCHECK-2 vectors (Promega, Madison, WI, 
USA), respectively. The luciferase activity in the lysate 
of XGC-1 cells co-transfected with a luciferase plasmid 
and miR-873-5p mimic or miR-NC was evaluated by 
using the luciferase reporter assay kit (Promega).

RNA Pull-Down Assay
The biotinylated (Bio)-miR-873-5p, Bio-miR-NC, and 
Bio-miR-873-5p-MUT probes were bought from Sigma. 
The lysates of XGC-1 cells were incubated with probe- 
coated beads generated by incubating a probe with the 
M-280 Streptavidin magnetic beads (Invitrogen). The 
RNA complexes were isolated with TRIzol reagent 
(Solarbio), and the abundance of circVPS33B in RNA 
complexes was assessed by qRT-PCR analysis.

In vivo Tumorigenesis Assay
The protocols of xenograft assay were authorized by the 
Animal Ethics Committee of the Zhongshan Hospital 
Xiamen University and executed in accordance with the 
Laboratory-animal-Guideline for ethical review of animal 
welfare (GB/T 35892–2018). Ten BALB/c nude mice 
(4-week-old) were bought from Vital River Laboratory 
Animal Co., Ltd. (Beijing, China) and randomly divided 
into two groups. For the xenograft assay, XGC-1 cells 
(1×106) with sh-circVPS33B or sh-NC were subcutaneously 
injected into the right flank of BALB/c nude mice. Tumor 
volume was measured once a week with a caliper from 
the second week after injection. Five weeks later, all mice 
were euthanized by cervical dislocation under isoflurane 
(5%) treatment and then taken their tumor tissues. IHC was 
performed as previously described with the antibody against 
HNRNPK (sc-28380).32 Tumors volume was counted based 
on the following equation: Volume = (length × width2)/2.

Statistical Analysis
Statistical analysis was implemented with GraphPad Prism 
6 software (GraphPad, San Diego, CA, USA). The 

experiments in vitro were repeated at least 3 times and 
each experiment was conducted in triplicate. Data were 
exhibited as the mean ± standard deviation. Correlation 
among circVPS33B, HNRNPK, and miR-873-5p in infil-
trative GC tissues were evaluated with the Pearson’s cor-
relation analysis. One-way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison test was utilized 
to assess the differences among 3 or more groups. 
Unpaired Student’s t-test was applied to compare the dif-
ference between 2 groups. Association between clinical 
features and circVPS33B expression of infiltrative GC 
patients was analyzed by Chi-square test. Difference was 
deemed significant if P < 0.05.

Results
High circVPS33B Expression Might Be 
Associated with the Development of 
Infiltrative GC
Through searching the public database (GES78092), we 
noted that there were 199 differentially expression 
circRNAs in GC tissues (Figure 1A). Among these differ-
entially expression circRNAs, 20 differentially expressed 
circRNAs were picked out to draw a heat map, as exhib-
ited in Figure 1B. CircVPS33B was a significantly differ-
entially expressed circRNA, so it was selected as 
a candidate gene for subsequent analysis. CircVPS33B 
(193 bp), located at chr15: 91542906–91543205, is 
derived from the VPS33B gene (Figure 1C). To validate 
the expression pattern of circVPS33B in GC, we per-
formed qRT-PCR analysis to detect circVPS33B expres-
sion in 63 paired tissue samples The results exhibited that 
circVPS33B expression was significantly elevated in GC 
tissues (infiltrative GC tissues and expanding GC tissues) 
in contrast to the neighboring non-tumor tissues, and there 
was an observable upregulation in circVPS33B expression 
in infiltrative GC tissues with respect to expanding GC 
tissues (Figure 1D). Furthermore, high circVPS33B 
expression was associated with tumor size, TNM stage, 
and lymph node metastasis of infiltrative GC patients 
(Table 1). Similarly, circVPS33B expression was overtly 
increased in XGC-1 cells compared to the GES-1 cells 
(Figure 1E). Actinomycin D assay revealed that 
circVPS33B had a longer half-time than linear VPS33B 
in XGC-1 cells (Figure 1F). RNase R digestion assay 
presented that linear VPS33B was degraded after RNase 
R treatment, whereas circVPS33B was resistant to RNase 
R (Figure 1G). These data indicated that high circVPS33B 
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expression might be associated with the development of 
infiltrative GC.

Inhibition of circVPS33B Reduced the 
Malignancy and Warburg Effect of 
Infiltrative GC Cells
Subsequently, we investigated the role of circVPS33B in 
infiltrative GC via loss-of-function assays. The knock-
down efficiency of si-circVPS33B was verified by qRT- 
PCR and the results displayed that circVPS33B expression 
was prominently reduced in XGC-1 cells after si- 
circVPS33B transfection compared with the control 
group (Figure 2A). MTT and plate clone assays exhibited 
that circVPS33B downregulation inhibited the prolifera-
tion of XGC-1 cells (Figure 2B and C). Wound-healing 
and transwell assays showed that the migration and inva-
sion of XGC-1 cells was repressed after circVPS33B 
knockdown (Figure 2D–F). EMT, the process by which 
epithelial cells acquire mesenchymal characteristics, is 
related to tumor initiation, invasion, and metastasis.33 

N-cadherin and Vimentin are usually upregulated during 
EMT, while E-cadherin is usually downregulated.34 Ki-67 
is an excellent marker for determining cell growth.35 

Results of Western blotting showed that the protein levels 

of ki-67, N-cadherin, and Vimentin were downregulated in 
circVPS33B-silenced XGC-1 cells, while the protein level 
of E-cadherin was upregulated (Figure 2G). Moreover, we 
also analyzed the influence of circVPS33B inhibition on 
the Warburg effect of infiltrative GC cells. The results 
exhibited that circVPS33B knockdown resulted in 
a decrease in ECAR and an increase in OCR in XGC-1 
cells (Figure 2H and I). Furthermore, circVPS33B silen-
cing reduced glucose uptake and lactate production in 
XGC-1 cells (Figure 2J and K). Taken together, these 
data indicated that circVPS33B knockdown repressed pro-
liferation, migration, invasion, EMT, and decreased 
Warburg effect of infiltrative GC cells.

CircVPS33B Was Identified as a miR-873- 
5p Sponge
In consideration of the above findings, we further explored 
the regulatory mechanism of circVPS33B in infiltrative 
GC. Subcellular fractionation and qRT-PCR presented 
that circVPS33B was mainly distributed in the cytoplasm 
of XGC-1 cells, indicating that circVPS33B might play its 
function by acting as a miR sponge (Figure 3A). Through 
circInteractome prediction, we discovered that miR-873- 
5p might interact with circVPS33B (Figure 3B). In addi-
tion, miR-873-5p was markedly upregulated after 

Figure 1 CircVPS33B was upregulated in infiltrative GC tissues and cells. (A) Volcano plot showing differentially expressed circRNAs in GC tissues (GES78092). (B) 
Heatmap exhibiting the top 10 upregulated and 10 downregulated differentially expression circRNAs in GC tissues (GES78092). (C) Schematic diagram illustrated the 
formation of circVPS33B. (D) QRT-PCR displayed the expression of circVPS33B in infiltrative GC tissues, expanding GC tissues, and non-tumor tissues. (E) QRT-PCR 
analysis of circVPS33B in the XGC-1 and GES-1 cells. (F and G) After actinomycin D treatment or RNase R digestion, the levels of circVPS33B and VPS33B mRNA were 
analyzed by qRT-PCR. *P < 0.05.
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transfection with miR-873-5p mimic in XGC-1 cells 
(Figure 3C). Dual-luciferase reporter assay indicated that 
miR-873-5p overexpression repressed the luciferase inten-
sity of the luciferase plasmid containing circVPS33B-WT 
in XGC-1 cells, whereas the luciferase intensity of the 
luciferase plasmid with circVPS33B-MUT did not change 
(Figure 3D). RNA pull-down assay presented that 
circVPS33B could be pulled down by Bio-miR-873-5p 
probe instead of Bio-miR-NC and Bio-miR-873-5p-MUT 
probes (Figure 3E). Moreover, there was a marked down-
regulation in miR-873-5p expression in GC tissues 
(GES78091) (Figure 3F). As expected, miR-873-5p 
expression was overtly decreased in infiltrative GC tissues 
compared to expanding GC tissues (Figure 3G). Similarly, 
miR-873-5p was downregulated in XGC-1 cells than that 
in GES-1 cells (Figure 3H). Pearson’s correlation analysis 

indicated that miR-873-5p and circVPS33B had a negative 
correlation in infiltrative GC tissues (Figure 3I). 
Furthermore, circVPS33B inhibition elevated the expres-
sion of miR-873-5p in XGC-1 cells (Figure 3J). However, 
miR-873-5p mimic had no effect on circVPS33B expres-
sion in XGC-1 cells (Figure 3K). Collectively, these find-
ings manifested that circVPS33B acted as a sponge for 
miR-873-5p in infiltrative GC cells.

CircVPS33B Facilitated the Malignancy 
and Warburg Effect of Infiltrative GC 
Cells by Sponging miR-873-5p
Given that circVPS33B acted as a sponge for miR-873-5p in 
XGC-1 cells, we further explored whether circVPS33B regu-
lated the malignancy and Warburg effect of infiltrative GC 

Figure 2 Impacts of circVPS33B inhibition on the malignancy and Warburg effect of infiltrative GC cells. (A) QRT-PCR analysis of the knockdown efficiency of si-circVPS33B 
in XGC-1 cells, and si-NC acted as a control. (B–K) XGC-1 cells were transfected with si-NC or si-circVPS33B. (B–F) The proliferation, migration, and invasion of XGC-1 
cells were analyzed via MTT, plate clone, wound-healing, or transwell assays. (G) Protein levels of ki-67, E-cadherin N-cadherin, and Vimentin in XGC-1 cells were examined 
by Western blotting. (H and I) An XF96 extracellular flux analyzer was employed to analyze the ECAR and OCR of XGC-1 cells. (J and K) Glycolysis assay was performed 
to evaluate glucose uptake and lactate production in XGC-1 cells. *P < 0.05.
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cells via binding to miR-873-5p. We discovered that miR-873- 
5p inhibitor reversed the upregulation of miR-873-5p in XGC- 
1 cells caused by circVPS33B knockdown (Figure 4A). 
Moreover, knockdown of miR-873-5p overturned the inhibit-
ing impact of circVPS33B silencing on proliferation, migra-
tion, and invasion of XGC-1 cells (Figure 4B–F). Also, the 
upregulation of E-cadherin and the downregulation of ki-67, 
N-cadherin, and Vimentin in XGC-1 cells caused by 
circVPS33B inhibition were restored after miR-873-5p knock-
down (Figure 4G). Furthermore, miR-873-5p inhibitor abol-
ished circVPS33B silencing-mediated effects on ECAR and 
OCR of XGC-1 cells (Figure 4H and I). Also, the repressive 
effect of circVPS33B knockdown on glucose uptake and 
lactate production of XGC-1 cells was overturned by miR- 
873-5p downregulation (Figure 4J and K). Overall, these 
findings manifested that circVPS33B modulated the malig-
nancy and Warburg effect of infiltrative GC cells via sponging 
miR-873-5p.

CircVPS33B Regulated HNRNPK 
Expression Through Adsorbing miR-873-5p
Next, the downstream targets of miR-873-5p were jointly 
predicted by bioinformatics analysis (TarBase, TargetScan, 
miRDB, and miRWalk). As shown in Figure 5A, 13 genes 
might be downstream targets of miR-873-5p. Based on the 
pre-experiment, we chose HNRNPK for further research. 
The complementary-binding sites between miR-873-5p and 
HNRNPK are displayed in Figure 5B. Moreover, the luci-
ferase activity of the luciferase plasmid containing 
HNRNPK 3ʹUTR-WT was inhibited in XGC-1 cells in the 
presence of miR-873-5p mimic, but there was no overt 
difference in the luciferase plasmid containing HNRNPK 
3ʹUTR-MUT (Figure 5C). We also observed that the 
expression of HNRNPK mRNA was elevated in infiltrative 
GC tissues compared to expanding GC tissues (Figure 5D). 
There was also a significant upregulation in HNRNPK at 
protein level in GC tissues (Figure 5E). Also, the levels of 

Figure 3 CircVPS33B served as a sponge for miR-873-5p in infiltrative GC cells. (A) The subcellular localization of circVPS33B in XGC-1 cells was analyzed by qRT-PCR. (B) 
Schematic diagram displaying the binding sites between circVPS33B and miR-873-5p. (C) The expression of miR-873-5p in XGC-1 cells transfected with miR-873-5p mimic 
and miR-NC was measured by qRT-PCR. (D) Dual-luciferase reporter assay was executed to verify the relationship between circVPS33B and miR-873-5p. (E) After RNA 
pull-down assay, the enrichment of circVPS33B was analyzed with qRT-PCR. (F) Heatmap exhibiting differentially expressed miRs in GC tissues (GES78091). (G and H) 
Expression of miR-873-5p in infiltrative GC tissues, expanding GC tissues, non-tumor tissues, XGC-1, and GES-1 cells was analyzed by qRT-PCR. (I) Correlation between 
circVPS33B and miR-873-5p was analyzed by Pearson’s correlation analysis. (J) Influence of circVPS33B silencing on miR-873-5p expression was determined by qRT-PCR. (K) 
Impact of miR-873-5p mimic on the level of circVPS33B was evaluated with qRT-PCR. *P < 0.05.
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HNRNPK mRNA and protein were increased in XGC-1 
cells than that in GES-1 cells (Figure 5F and G). As 
expected, the expression of HNRNPK mRNA and miR- 
873-5p had a negative correlation in infiltrative GC tissues 
(Figure 5H). Furthermore, miR-873-5p mimic reduced the 
levels of HNRNPK mRNA and protein in XGC-1 cells, 
while this decrease was reversed after pcDNA-HNRNPK 
transfection (Figure 5I and J). In addition, there was 
a positive correlation between circVPS33B and HNRNPK 
mRNA in infiltrative GC tissues (Figure 5K). And miR- 
873-5p inhibitor overturned the downregulation of 

HNRNPK in circVPS33B-silenced XGC-1 cells 
(Figure 5L and M). Collectively, these results manifested 
that circVPS33B regulated HNRNPK expression via 
sponging miR-873-5p in infiltrative GC cells.

MiR-873-5p Constrained the Malignancy 
and Warburg Effect of Infiltrative GC 
Cells by Targeting HNRNPK
Based on the above findings, we further investigated 
whether miR-873-5p regulated the malignancy and 

Figure 4 CircVPS33B played its role in infiltrative GC through sponging miR-873-5p. (A–K) XGC-1 cells were transfected with si-NC, si-circVPS33B, si-circVPS33B+anti- 
miR-NC, or si-circVPS33B+anti-miR-873-5p. (A) QRT-PCR revealed the level of miR-873-5p in XGC-1 cells. (B–F) MTT, plate clone, wound-healing, and transwell assays 
were employed to evaluate proliferation, migration, or invasion of XGC-1 cells. (G) Western blotting detected protein levels of ki-67, E-cadherin, N-cadherin, and Vimentin 
in XGC-1 cells. (H and I) The ECAR and OCR of XGC-1 cells were analyzed with an XF96 extracellular flux analyzer. (J and K) Analysis of glucose uptake and lactate 
production in XGC-1 cells by glycolysis assay. *P < 0.05.
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Warburg effect of XGC-1 cells via targeting HNRNPK. The 
results exhibited that the repressive impact of miR-873-5p 
mimic on cell proliferation, migration, and invasion in 
XGC-1 cells was reversed by HNRNPK overexpression 
(Figure 6A–E). Moreover, miR-873-5p overexpression 
reduced protein levels of ki-67, N-cadherin, Vimentin, and 
increased protein level of E-cadherin in XGC-1 cells, but 
these impacts caused by miR-873-5p mimic were over-
turned after HNRNPK overexpression (Figure 6F). 

Additionally, miR-873-5p mimic decreased ECAR and ele-
vated OCR in XGC-1 cells, but these tendencies were 
abolished by HNRNPK overexpression (Figure 6G and 
H). Furthermore, overexpression of HNRNPK restored the 
decrease of glucose uptake and lactate production in XGC-1 
cells mediated by miR-873-5p upregulation (Figure 6I and 
J). Overall, these data indicated that miR-873-5p regulated 
the malignancy and Warburg effect of infiltrative GC cells 
via targeting HNRNPK.

Figure 5 HNRNPK was regulated by the circVPS33B/miR-873-5p axis. (A) The targets of miR-873-5p were predicted by cross-analyzing four prediction databases (TarBase, 
TargetScan, miRDB, and miRWalk). (B) Schematic diagram displaying the putative binding sites between HNRNPK and miR-873-5p. (C) Dual-luciferase reporter assay 
verified the possible binding sites between miR-873-5p and HNRNPK. (D) QRT-PCR detected the expression of HNRNPK mRNA in infiltrative GC tissues, expanding GC 
tissues, non-tumor tissues. (E) Western blotting exhibited the protein level of HNRNPK in GC tissues and non-tumor tissues. (F and G) QRT-PCR and Western blotting 
presented the levels of HNRNPK mRNA and protein in the XGC-1 and GES-1 cells. (H) Pearson’s correlation analysis exhibited the correlation between miR-873-5p and 
HNRNPK in infiltrative GC tissues. (I and J) The levels of HNRNPK mRNA and protein in XGC-1 cells transfected with miR-NC, miR-873-5p, miR-873-5p+pcDNA-NC, or 
miR-873-5p+pcDNA-HNRNPK were detected using qRT-PCR or Western blotting. (K) Pearson’s correlation analysis revealed the correlation between circVPS33B and 
HNRNPK in infiltrative GC tissues. (L and M) The mRNA and protein levels of HNRNPK in XGC-1 cells transfected with si-NC, si-circVPS33B, si-circVPS33B+anti-miR- 
NC, or si-circVPS33B+anti-miR-873-5p were analyzed using qRT-PCR or Western blotting. *P < 0.05.
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Knockdown of circVPS33B Reduced 
Infiltrative GC Growth in vivo
To verify the oncogenicity of circVPS33B, we injected 
XGC-1 cells that stably knockdown sh-circVPS33B or sh- 
NC into BALB/c nude mice. The results presented that 
tumor volume and weight were prominently smaller and 
lighter in the sh-circVPS33B group in contrast to the sh- 
NC group (Figure 7A and B). Also, the expression of 

circVPS33B was overtly downregulated in mouse tumor 
tissues in the sh-circVPS33B group compared with the 
control group, but the expression of miR-873-5p had an 
opposite tendency (Figure 7C and D). Western blotting and 
IHC exhibited that HNRNPK was also observably reduced 
in mouse tumor tissues in the sh-circVPS33B group with 
respect to the control group (Figure 7E and F). Together, 
these data manifested that circVPS33B inhibition 
decreased infiltrative GC growth in vivo.

Figure 6 MiR-873-5p exerted its role in infiltrative GC cells via targeting HNRNPK. (A–J) XGC-1 cells were transfected with miR-NC, miR-873-5p, miR-873-5p+pcDNA- 
NC, or miR-873-5p+pcDNA-HNRNPK. (A–E) The proliferation, migration, and invasion capacities of XGC-1 cells were analyzed by MTT, plate clone, wound-healing, or 
transwell assays. (F) Western blotting revealed protein levels of ki-67, E-cadherin, N-cadherin, and Vimentin in XGC-1 cells. (G and H) The ECAR and OCR of XGC-1 cells 
were assessed with an XF96 extracellular flux analyzer. (I and J) Glycolysis assay was performed to measure glucose uptake and lactate production in XGC-1 cells. *P < 0.05.
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Discussion
In the current work, we proved that circVPS33B acted as 
a miR-873-5p sponge and elevated HNRNPK expression 
via adsorbing miR-873-5p, thus accelerating Warburg 
effect and tumor growth of infiltrative GC.

Warburg effect, also known as aerobic glycolysis, exhibits 
extremely high glucose uptake and lactate fermentation in an 
aerobic environment.36 The Warburg effect provides energy 
and a favorable environment for the continuous proliferation 
and malignant progression of cancer cells.37 The Warburg effect 
is usually accompanied by a decrease in OCR and an increase 
in ECAR in cancer cells.38 A recent study reported that 
circVPS33B expression was significantly elevated in GC 
tissues, and circVPS33B elevated Sp1 expression via adsorbing 
miR-527, thus promoted cancer cell growth and migration.14,39 

Herein, circVPS33B was also upregulated in GC tissues, and 
we also observed that circVPS33B expression was significantly 
higher in infiltrative GC tissues than expanding GC tissues. 
Also, high circVPS33B expression was associated with tumor 
size, TNM stage, and lymph node metastasis of infiltrative GC 
patients, manifesting that circVPS33B upregulation might be 
related to the advancement of infiltrative GC. Furthermore, 
circVPS33B knockdown decreased infiltrative GC cell growth 

in vivo and repressed infiltrative GC cell proliferation, migra-
tion, invasion, and EMT in vitro. Also, circVPS33B silencing 
decreased ECAR, glucose uptake, lactate production in infiltra-
tive GC cells, while increased OCR, indicating that 
circVPS33B knockdown decreased the Warburg effect of infil-
trative GC cells. Therefore, we concluded that circVPS33B 
played a promoting impact on the malignancy and Warburg 
effect of infiltrative GC.

Accumulated evidence suggests that circRNAs can regulate 
gene expression by serving as miR sponges.12,40,41 In this study, 
circVPS33B was preferentially located in the cytoplasm of 
infiltrative GC cells, suggesting that circVPS33B might act as 
a miR sponge. Through bioinformatics analysis, dual-luciferase 
reporter assay, and RNA pull down assay, we verified that 
circVPS33B was a miR-873-5p sponge. MiR-873-5p has 
been proved to exert a tumor-inhibiting role in a variety of 
cancers. Zhu et al indicated that miR-873-5p curbed colon 
cancer progression via repressing the TUSC3/AKT 
pathway.42 Also, miR-873-5p targeted CXCL16 to impede 
the progression of papillary thyroid cancer.22 Furthermore, 
lncRNA TDRG1 and lncRNA DDX11-AS1 accelerated the 
aggressiveness of GC by sponging miR-873-5p.24,25 Herein, 
miR-873-5p was lowly expressed in infiltrative GC tissues. 

Figure 7 CircVPS33B silencing decreased infiltrative GC growth in vivo. (A and B) Tumor volume and tumor weight of sh-circVPS33B and sh-NC groups. (C–E) QRT-PCR 
and Western blotting were employed to analyze the levels of circVPS33B, miR-873-5p, or HNRNPK protein in mouse tumor tissues of the sh-circVPS33B and sh-NC groups. 
(F) IHC analysis of HNRNPK in mouse tumor tissues of the sh-circVPS33B and sh-NC groups. *P < 0.05.
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Downregulation of miR-873-5p partly neutralized the repres-
sive impact of circVPS33B silencing on the malignancy and 
Warburg effect of infiltrative GC cells. Therefore, we inferred 
that circVPS33B sponged miR-873-5p to modulate the malig-
nancy and Warburg effect of infiltrative GC.

Subsequently, we found that HNRNPK was a miR-873-5p 
target. HNRNPK had been proved to be associated with tumor 
stage and metastasis in GC. Moreover, HNRNPK elevation 
contributed to invasion, migration, and proliferation of GC 
cells via regulating the alternative splicing of CD44E.30 Also, 
HNRNPK affected mitochondrial function and tumor progres-
sion through splicing MRPL33.43 Our data presented that 
HNRNPK was highly expressed in infiltrative GC tissues in 
comparison to expanding GC tissues. Moreover, overexpres-
sion of HNRNPK reversed the inhibitory effect of miR-873-5p 
mimic on the malignancy and Warburg effect of infiltrative GC 
cells. Also, circVPS33B modulated HNRNPK expression via 
competitively binding to miR-873-5p. Overall, we concluded 
that circVPS33B modulated tumor growth and Warburg effect 
via sponging miR-873-5p and elevating HNRNPK expression 
in infiltrative GC.

Conclusion
In sum, circVPS33B played a promoting impact on infiltrative 
GC growth. Mechanically, circVPS33B adsorbed miR-873-5p 
to increase HNRNPK expression, thereby accelerating tumor 
growth and Warburg effect of infiltrative GC. The research 
indicated that circVPS33B might be a hopeful target for infil-
trative GC treatment. Additionally, whether circVPS33B regu-
lated the malignancy and Warburg effect of infiltrative GC 
through exosomes and HNRNPK-mediated CD44E and 
MRPL33 could be further explored in the future.
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