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Abstract

Background: In order to explore new targets for the treatment of gastric cancer (GC), we investigated the
regulatory mechanism of miR-934 in the malignant phenotype of gastric cancer.

Methods: The miRNA and mRNA expressions were determined by RT-qPCR, and protein levels were quan-
tified by western blotting assay. Malignancy of AGS cell line was evaluated by MTT, flow cytometry, wound
healing and Transwell assays. The putative binding site between miR-934 and ZFP36 was validated using lucif-
erase reporter assay. Immunohistochemistry (IHC) assay was used to visualize the ZFP36-positive cells in the
xenograft sections. All experiments were conducted in General Surgery Laboratory of Nanjing Red Cross
Hospital Jiangsu Province, China from June 2019 to June 2021.

Results: GC tissues and cell lines showed notably higher levels of miR-934. Overexpression of miR-934 pro-
moted cell viability, migration and invasion, while inhibited cell apoptosis of GC cells. ZFP36 was predicted
and verified to be the target of miR-934 and low protein levels of ZFP36 were observed in GC tissues. The
ZFP36 protein expressions were suppressed by miR-934 overexpression, while were facilitated by miR-934
inhibition. Furthermore, the carcinogenic functions of miR-934 were partially reversed after ZFP36 overex-
pression. The results of in vivo experiments further demonstrated that miR-934 promoted tumor growth and
repressed the protein expression of ZFP36.

Conclusion: miR-934 served as a tumor promoter in GC via targeting ZFP36, and ZFP36 overexpression
could efficiently relieve malignant phenotypes caused by miR-934, which prompted an exploitable molecular
target for GC treatment.
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Introduction

Gastric cancer (GC) is a tumor of the digestive total morbidity of malignant tumors (2). Only
tract induced by malignant gastric epithelium inconspicuous clinical symptoms emerge at the
mucosa (1). The WHO statistics show that about early stages of GC, which causes most GC pa-
950,000 people are newly diagnosed as GC tients were diagnosed at the advanced stages
wortldwide in 2012, accounting for 7.8% of the (3,4).
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For the treatment of GC, surgery is currently the
mainstay, along with comprehensive treatment
plans including chemotherapy, radiotherapy and
immunotherapy (5). However, the insidious onset
and limited diagnostic methods of GC cause
many GC patients to miss the best opportunity
for surgery when they are diagnosed (6). With the
introduction of "precision medicine”" and the de-
velopment of targeted drugs, targeted therapy is
much accounted of GC. For example, the HER2-
targeted Herceptin and the tyrosine kinase inhibi-
tor (TKI) Apatinib can significantly improve the
survival and prognosis of advanced GC patients
(7). Whereas, the development of targeted thera-
py for GC is still in its infancy, and the targeting
molecules currently employed in clinics are far
from enough.

To date, microRNA (miRNA) has become a hot
spot for oncology (8-10). miRNAs are a type of
small non-coding RNA with a length of about 22
nucleotides (11). Commonly, miRNAs regulate
gene expression via complementary binding to
the 3-UTR of mRNAs (12). miRNAs regulate
about 30% of human genome genes and play vi-
tal roles in cell proliferation, cell apoptosis, and
cell metastasis (13). Hence, aberrant expressions
of miRNAs will impact a series of cellular metab-
olism in tumors. miRNAs are difunctional factors
in regulating tumor progression and participate in
the occurrence, development and metastasis of
different cancers (13). For example, miRNA-339-
5p is downregulated in GC and it inhibits the
progression of GC by negatively regulating
ALKBH1 (14). miR-4317 suppresses the prolif-
eration of GC cells partly through targeting
ZNF322 (15). Reversely, miR1835p.1 is proved
to promote cell growth and metastasis via target-
ing TPM1 and deactivating the Bcl2/P53 signal-
ing pathway in GC (16). Except for regulating
cell metabolism, miRNAs can also change the
radiosensitivity and chemosensitivity of the target
cells (17). Therefore, in-depth study of the func-
tion of miRNA and its target genes greatly con-
tributes to clarify the molecular mechanism of
GC and may provide valuable molecular targets.
miR-934 has been reported to be an oncogene in
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several tumors (18-23), while the role remains
unclear in GC.

In the present work, we designed to explore
whether miR-934 exerted carcinogenic role in
GC and screened out a target gene of miR-934 to
further investigate the underlying regulatory
mechanism of miR-934.

Materials and Methods

Collection of clinical samples

The GC tissues (n=16) and the paired para-
carcinoma tissues (n=16) were collected from the
biobank of the Nanjing Red Cross Hospital,
Jiangsu Province, China. The samples were re-
sected from the GC patients who received sur-
gery in the hospital from June 2019 to June
2021.All samples were immediately stored in lipid
nitrogen and pathological examinations were
conducted after surgery. Patients underwent
chemotherapy, radiotherapy or immunotherapy
was excluded from this study.

All the patients were informed, signed consents
were obtained from every patients, and approval
was obtained from the Ethics Committee of
Nanjing Red Cross Hospital, Jiangsu Province.
All operations were declared to strictly observe
the Declaration of Helsinki.

Cell culture and transfection

GES-1, KATO, 23132/87, AGS, HGC-27,
OCUM-1, NUGC-4 (Cobioer Biotech Co., Ltd.)
and 4-1st (Otwo Biotech Co., Ltd.) cell lines were
cultured in DMEM with 10% FBS, 1% penicillin
and streptomycin (all obtained from Solarbio Sci-
ence & Technology Co., Ltd.) at 37 °C and 5%
COs,, respectively. After the cell confluence
reached 70%-80%, cells were trypsinized for sub-
culture.

AGS cells in were plated into a 96-well plate and
transfected with 50 nM miR-934 mimic, miR-934
inhibitor, pcDNA3.1/ZFP36, or negative control
(GenePharma Co., Ltd.) using Lipofectamine®
3000 reagent (Invitrogen). The sequences of miR-
934 inhibitor and mimic are listed in Table 1.
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Table 1: Sequences of primers and probes

miR-934 inhibitor

5-CCAGUGUCUCCAGUAGUAGACA-3’

miR-934 mimic
miR-934

5-UGUCUACUACUGGAGACACUGG-3
forward 5-GCCTAGAAACATCCTCCCGG-3’

reverse 5-AGGCCATGTGTCGTGGTCG-3’
ZFP36 forward 5-GACTGAGCTATGTCGGACCTT-3
reverse 5-GAGTTCCGTCTTGTATTTGGGG-3

GAPDH

forward 5-ACCCACTCCTCCACCTTTGAC-3

reverse 5-TGTTGCTGTAGCCAAATTCGTT-3’
Uo forward 5-CTCGCTTCGGCAGCACATATACT-3
reverse 5-ACGCTTCACGAATTTGCGTGTC-3

Real-time quantitative polymerase chain reac-
tion (RT-qPCR)

RNAs from cells and gastric tissues were extract-
ed by TRIzol® (Invitrogen). BioSci® WitEnzy
First-Strand cDNA Synthesis Kit (8072031) was
applied to conduct reverse transcription prior to
amplification. Then, BioSci® WitEnzy 2XSYBR
Green qPCR Master Mix ROX Reference Dye
(807302X) was used to conduct amplification on
the 96 Well Real Time Fluorescent Quantitative
Thermal Cycler PCR Machine (Suzhou Molarray
Biotech Co., Ltd.). GAPDH was the loading con-
trol of mRNA, and U6 was for miRNA, respec-
tively. Relative expressions of the RNAs were
assessed following 2 method. Sequences of
the primers were showed in Table 1.

MTT assay

AGS cells were plated into a 96-well plate (1x10*
cells/well) and incubated at 37 °C and 5% CO..
MTT reagent (8028; ScienCell Research Labora-
tories, Inc.) was added to the plate (10 pl/well)
and incubated for 4 h, followed by dimethyl sul-
foxide solution (DMSO; 100 pl/well; Macklin
Biochemical Co., Ltd.). The optical densities were
measured using a CMax Plus Microplate Reader
(Molecular Devices) at the wavelength of 490

nm.

Flow cytometry assay

Annexin V-iFluor 488 + PI Apoptosis Detection
Kit (CM001-100D; Chamot Biotech Co., Ltd.)
was used to label the apoptotic cells following the
anufacture’s instruction. Briefly, AGS cells were
trypsinized and rinsed twice with PBS buffer.
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1X10° cells were resuspended and incubated with
5 ul of Annexin V-iFluor 488 and 5ul of PI for
15 min under dark. Subsequently, apoptotic cells
were counted by MACSQuant® Analyzer 16 (Mil-
tenyi Biotec).

Wound healing assay

5%x10° AGS cells were innoculated into a 6 well
plate and cultured at 37°C in 5% CO,. Then, a
wound was scraped into the cell monolayer. The
wells were rinsed by PBS to remove the un-
adherent cells. Serum-free DMEM was added
into the plate and cultured for 24 h. Wound im-
ages were observed and photographed at the be-
ginning and ending time points under a micro-
scope.

Cell invasion assays

The cells were cultured in serum-free DMEM
(5x10* cells/ml) for 24 h. Matrigel (BD Biosci-
ences) was previously coated onto transwell
chambers (3422; Corning), which were inserted in
a 24-well plate. The starved cells and DMEM
containing 20% FBS were added into the upper
chambers and lower chambers, respectively. After
culture for 48 h, the invaded cells were fixed
100% methanol and stained with 0.1% crystal
violet. Five visual fields were selected and cap-
tured under a light microscope.

Luciferase reporter assay

The wild or mutant type 3-UTR sequence of
ZIFP36 was cloned into the luciferase reporter
vectors (General Biotech Co., Ltd.) to establish
the WT- and MUT-luciferase reporter plasmids.
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The plasmids and miR-934 mimic/inhibitor were
transfected into AGS cells and incubated for
24 h. After that, cell lysate was collected to detect
the luciferase activities using the Luc-Pair™ Fire-
fly Luminescence HS Assay Kit (LFO07; Gene-
Copoeia Inc.). Luciferase activity of Renilla was
used for normalization.

Western blotting assay

Total proteins from the cells and gastric tissues
were extracted using the Minute” Total Protein
Extraction Kit for Animal Cultured Cells/ Tissues
(SN-002; Invent Biotech Inc.) and quantified by a
BCA Protein Quantification Kit (E112-01;
Vazyme Biotech Co., Ltd.). The detailed experi-
ment process was carried out following the pre-
vious method (16). Primary antibodies were anti-
ZFP36 (1:500; FNab09623) and anti-GAPDH
(1:1000; FNab03342), and secondary antibody
was strptaidin-goat anti-human IgG (H+L)
(1:5000; FNSA-0049; all from Wuhan Fine Bio-
tech Co., Ltd.).

Xenograft assay

All animal experiments were performed under
the approval of the animal ethics committee of
Red Cross Hospital of Nanjing. BLAB/c male
nude mice (n=10; six weeks) were purchased
from GemPharmatech Biotech Co., Ltd. and
raised in the standard environment (24). 2x10°
AGS cells stably expressing miR-934 were inject-
ed into the axilla of the nude mice to induce the
xenografts. The tumor volume was measured at
day 10, 15, 20 and 25. After induction for 25

‘ - B

days, solid tumors were excised and weighed after
the mice were sacrificed by intravenous injection
of 150 mg/kg pentobatbital.

Immunohistochemzstry (IHC)

The paraffin sections of xenografts were torre-
fied, dewaxed and rehydrated. After antigen re-
trieval, the sections were blocked by 0.3% Triton
X-100 (T'8200; SolarBio) and incubated with rab-
bit anti-ZFP36 (1:100; FNab09623) primary anti-
body for 2 h and followed by incubation with
anti-IgG. DAB developing kit (IHC0007; both
from Wuhan Fine Biotech Co., Ltd.) was used to
develop the sections following the manufacturer’s
instructions.

Statistics

Each experiment was performed for triplication.
Data were analyzed by GraphPad Prism (version
8.0.1.244, GraphPad Software Inc.). The data
were presented as mean = SD. Student t-test or
ANOVA with Tukey’s post hoc test was applied
for the two-group or multiple group comparison.
P <0.05 was deemed as significant difference.

Results

miR-934 was upregulated in the GC tissues and
cell lines

Through miRDB, miRWalk, Starbase and Tar-
getScan database analysis, we found that miR-934
is likely to be related to the occurrence and de-
velopment of gastric cancer (Fig. 1A).

Relative expression of miR-934
> A N W A a0

=

Normal tissues Tumorl tissues

L
-1- -
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| ]
o
Relative expression of miR-934
> 8

Fig. 1: miR-934 was upregulated in the GC tissues and cell lines. (A) Venn diagram of the target genes predicted by
miRDB, miRWalk, Starbase and TatrgetScan. (B)The expression levels of miR-934 were detected in the GC tissues (n=16) and
adjacent normal tissues (n=106) using RT-qPCR. (C) The expression levels of miR-934 in normal human gastric epithelial cell line
(GES-1) and GC cell lines (KATO 111, 23132/87, 4-1st, AGS, OCUM-1, HGC-27, NUGC-4). **P < 0.001. GC, gastric cancer
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we examined the expression levels of miR-934 in
the GC tissues and cell lines. A markedly higher
level of miR-934 was observed in the GC tissues
(Fig. 1B). Meanwhile, the expression levels of
miR-934 in seven GC cell lines were significantly
increased than that of normal human gastric cells
(GES-1) (Fig. 1C).

miR-934 positively regulated cell viability, mi-
gration and invasion of AGS cells

miR-934 mimic prominently increased the ex-
pression level of miR-934, while miR-934 inhibi-
tor decreased it in AGS cells (Fig. 2A). Cell via-
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bility was enhanced after miR-934 mimic trans-
fection, but opposite result was observed in the
miR-934 inhibitor transfection AGS cells (Fig.
2B). Cell apoptosis rates of AGS cells underwent
miR-934 overexpression (OE) or inhibition ex-
hibited the reverse trends with cell viability (Fig.
2C). Furthermore, both relative migrated distance
(Fig. 2D) and invaded cell number (Fig. 2E) of
AGS cells was notably promoted by miR-934
mimic, while suppressed by miR-934 inhibitor.
To sum up, the results above suggested the car-
cinogenic role of miR-934.
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Fig. 2: miR-934 positively regulated the aggressive behaviors of AGS cells. (A) The expression levels of miR-934 of AGS
cells were determined after transfected with miR-934 mimic or inhibitor. (B) OD values were measured 0, 1, 2, 3 and 4 d after
conducting MTT assay. (C) Cell apoptosis of AGS cells was examined by flow cytometry assay. (D) Wound healing assay was
performed to assess cell migration of AGS cells. (E) Transwell assay was carried out to evaluate cell invasion of AGS cells. In-
vaded cells were counted under five random views. Each assay was repeated thrice. **P < 0.01, miR-934 mimic vs. NC mimic;

P < 0.001, vs. NC mimic; #P < 0.01, vs. inhibitor NC; ###P < 0.001, vs. inhibitor NC. OD, optical density; NC, negative

miR-934 targeted for ZFP36
As Fig. S1 displayed, 99 target genes were jointly
predicted by the four online database, including
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miRDB, Starbase, miRWalk and TargetScan.
Subsequently, UALCAN
(http:/ /ualcan.path.uab.edu/analysis-mir.html)
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was utilized to analyze the expressions of the tar-
get genes in GC to screened out the significantly
downregulated genes. Among the downregulated
genes, ZFP36 was noted due to the widely re-
ported anti-tumor characteristic (25-28). As Fig.
3A showed, miR-934 mimic significantly reduced
the luciferase activity of ZFP36 WT, which was
elevated by miR-934 inhibitor. However, the lu-
ciferase activity in ZFP36 MUT group was not
influenced by miR-934 mimic or inhibitor. These
results demonstrated the binding of miR-934 and

A ZFP36 WT  5'  UCCAGUGUCUCCUGGUAACUGGAA 3°

ULELTTLL L TEL

hsa-miR-934 3’ GGUCACAGAGGCUCAUC-AUCUGL 57

ZFP36 MUT 5"  UAACUGUGAGAAUCAGCACGCACA 3'

Wl NC mimic

3 miR-934 mimic
B3 inhibitor NC

1 miR-934 inhibitor

Relative Luciferase signal

ZIFP36. The mRNA levels of ZFP36 showed no
statistical difference between GC tissues and
normal tissues (Fig. 3B); whereas, the protein ex-
pression levels of ZFP36 exhibited distinct re-
ductions in the tumor tissues (Fig. 3C and D). In
addition, miR-934 mimic could observably inhibit
the protein expression of ZFP36, while miR-934
inhibitor enhanced ZFP36 protein expression
(Fig. 3E and F). Collectively, the findings un-
veiled that miR-934 inhibited the expression of
ZFP36 by suppressing mRNA translation.
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Fig. 3: ZFP36 was the target of miR-934. (A) Luciferase reporter assay was conducted to verify the binding site
between miR-934 and ZFP36. (B) The relative mRNA and protein (C and D) expression levels of ZFP36 were de-
termined in tumor tissues (n=4) and normal tissues (n=4). (E and F) The protein expression levels of ZFP36 were
detected in AGS cells transfected with miR-934 mimic or inhibitor using western blotting assay. Each assay was re-
peated thrice. P < 0.001, vs. NC mimic or AN; ##P < (.01, vs. inhibitor NC; AN, adjacent normal tissues; GC,
gastric cancer tissues
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Restoration of ZFP36 relieved the malignant
behaviors of GC cells promoted by miR-934

ZIP306 protein expression was markedly reduced
after miR-934 overexpression. Moreover, ZFP36
OE could prominently promote the protein level
of ZFP36 and notably ameliorated the inhibitory

20

o

Relative protein expression of
ZFP36
=

effect of miR-934 mimic on ZFP36 expression
(Fig. 4A). Functional experiments revealed that
ZIFP36 OE significantly suppressed cell viability
(Fig. 4B), migration (Fig. 4C) and invasion (Fig.
4D), while accelerated cell apoptosis, reversing
the carcinogenic function of miR-934.
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Fig. 4: Overexpression of ZFP36 partially reversed the function of miR-934. (A) The protein expressions of
ZFP36 in AGS cells were examined after transfection of miR-934 mimic and/or pcDNA3.1/ZFP36. (B) Cell viabili-
ties of AGS cells were measured after 0, 1, 2, 3 and 4 d of transfection. (C) Cell apoptosis, (D) migration and (E)
invasion were analyzed in AGS cells underwent the indicated transfections. Each assay was repeated thrice. P <
0.01, vs. NC mimic+NC OE; **P < 0.001, vs. NC mimic+NC OE;#P < 0.05, vs. miR-934 mimic+NC OE; ##P <
0.01, vs. miR-934 mimic+NC OE; ##P < 0.001, vs. miR-934 mimic+NC OE. NC, negative control; OE, overex-
pression

miR-934 deteriorated the malignant phenotype
of xenografts

The onco-role of miR-934 was ulteriorly investi-
gated in the xenograft mice (Fig. 5A). Tumor
growth was promoted by miR-934 as evidenced
by the markedly increased tumor volume (Fig.
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5B) and weight (Fig. 5C). Additionally, the pro-
tein expression level of ZFP36 was notably re-
duced by miR-934 in the xenografts (Fig. 5D),
which was also observed in the IHC images of
the xenograft section (Fig. 5E).
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Fig. 5: miR-934 accelerated tumor growth 2z vzvo. (A) AGS cells were used to induce xenografts in the nude mice. The xen-
ografts were resected after 25 days of induction. (B) Tumor volumes were calculated after 5, 10, 15, 20 and 25 days of inocula-
tion accotding to the formula: (LXS?)/2. L, long diameter; S, short diameter. (C) Tumor weights were measured after the xeno-
grafts were resected. (D) The protein expressions of ZFP36 were detected in the xenografts. (E) ZFP36-positive cells of the
xenograft sections were stained by IHC assay. Each assay was repeated thrice. P < 0.001. NC, negative control; IHC, im-
munohistochemistry

Discussion

The imbalance between the expressions of onco-
genes and tumor suppressor genes is the root
cause of GC. Numerous miRNAs have been re-
vealed to downregulate tumor suppressor genes
and further promote cell proliferation, migration
and invasion as oncogenes (29). In the current
investigation, miR-934 was first reported to be
upregulated in GC, and it positively regulated the
tumorigenic behaviors of GC cells through inhib-
iting its target gene, ZFP30, bringing clinical sig-
nificance for the diagnosis and treatment of GC.

The previous cancer-related researches on miR-
934 generally indicate miR-934 as an oncogene.
For example, as an intronic miRNA of VGLLI,
miR-934 was observably upregulated in estrogen
receptor (ER)-negative breast carcinomas in ac-
cordant with VGLL1 (30). Alcohol-induced
dysregulation of miR-934 activated the anti-
apoptotic gene BCL-2 and promoted cell growth
of head and neck squamous cell carcinoma
(HNSCC) cell lines, which contributed to alco-
hol-associated HNSCC pathogenesis and pro-
gression (31). miR-934 promoted bladder cancer
cell growth and xenograft tumor growth by bind-
ing to UBE2N, and the downregulated UBE2N

Available at:  http://ijph.tums.ac.ir

caused CDKGO6 protein accumulation, therefore
accelerating tumor growth (32). Advanced pan-
creatic cancer was linked to higher level of miR-
934; furthermore, cell migration and invasion of
pancreatic cancer cells were positively regulated
by miR-934/PROX1 axis (22). Despite miR-934
has been researched in various common tumors,
its role is still not reported in GC. Herein, we
evaluated the clinical tissues and GC cell lines
and elucidated that miR-934 was markedly up-
regulated in GC. Besides, the cellular functional
experiments revealed that miR-934 promoted cell
growth and metastasis, while inhibition of miR-
934 showed anti-tumor effects. The target gene
of miR-934 was confirmed to be ZFP36. These
findings took insight into the pathology of GC
and suggested a novel target of targeted therapy
for GC.

After the oncogenic role of miR-934 was identi-
fied in GC, we used bioinformatics approach to
ulteriorly explore its target gene and ZFP36 Ring
Finger Protein (ZFP36) was selected for the fol-
lowing research. ZFP306, also known as TTP, is
involved in a large amount of malignancies. For
example, in breast cancer, ZFP36 was negatively
regulated by miR-423. Also, ZFP36 served as the
target gene of citcRNA_000554/miR-182 axis in
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breast cancer. Upregulation of circRNA_000554
promoted ZFP36 expression to attenuate the
progression of EMT in breast cancer (33). miR-
513a-5p (34) was other identified upstream inhib-
itor of ZFP36 in breast cancer. Except for acting
as target gene, ZFP36 could also bind to RINAs
to impact the cellular functions of tumor cells.
ZIP36 stabilized NBPF4 via the binding rela-
tionship, thus assisting NBPF4 to escape from
inhibition by miR-17-3p, which ameliorated colo-
rectal cancer (35). In our present study, we
proved that the protein level of ZFP36 was
downregulated in GC tissues, which was in ac-
cordant with the previous studies (36, 37). As the
target of miR-934, the protein level of ZFP36
was negatively regulated by miR-934 and overex-
pression of ZFP36 partially ameliorated the car-
cinogenic effects of miR-934.

Conclusion

miR-934 promoted GC progression via targeting
ZIP30, suggesting essential biomarkers for GC
diagnosis and providing potential therapeutic axis

for GC.
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