SABP

BIOCHIMICA
POLONICA

Vol. 68, No 1/2021
91-98
https://doi.org/10.18388/abp.2020_5452

Regular paper

MiRNA-621 exerts tumor suppressor function in gastric
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Gastric adenocarcinoma is a major challenge to human
health worldwide. Abnormal expression of miR-621 was
found in many types of cancer. This research aimed to
investigate the effects and detailed molecular mecha-
nisms of miR-621 on gastric adenocarcinoma progres-
sion. The present study first showed that miR-621 was
downregulated in gastric cancer patients, and its ex-
pression level was correlated with tumor size. MiR-621
overexpression inhibited viability, colony formation
and proliferation of gastric cancer cells. AURKA was
identified as a direct target of miR-621. AURKA knock-
down induced decrease of p-GSK-3B/GSK-3f ratio and
increase of p-B-catenin/B-catenin ratio which confirmed
that AURKA positively regulated GSK-3p phosphoryla-
tion. AURKA knockdown also inhibited proliferation of
gastric adenocarcinoma cells. AURKA expression was
negatively correlated with miR-621 level. In addition,
AURKA overexpression reversed the effect of miR-621
on the growth of cancer cells. Taken together, our re-
sults suggest that miR-621 is an important tumor sup-
pressor in gastric cancer and could be a promising tar-
get for the cancer treatment.
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INTRODUCTION

Gastric cancer is a major challenge to human health
worldwide due to its high incidence and mortality.
More than 95% of the tumors are adenocarcinomas,
originating from the deterioration of gastric gland cells
(Molina-Castro e# al., 2017). Due to the late diagnosis,
the average 5-year survival rate is less than 20%. If
the tumor can be diagnosed in early stage, the 5-year
survival rate can rise to 90% (Tan, 2019; Izadpanahi
et al., 2020). Therefore, it is of great significance to
clarify the pathogenesis of gastric adenocarcinoma and
to find new therapeutic targets and therapies.

MicroRNAs (miRNAs) are non-coding RNAs with
the length of 18-22bp. MiRNAs regulate gene expres-
sion by binding to 3’-untranslated regions (3’UTR) of
mRNAs (Kontomanolis e/ a/, 2016). Many studies sug-
gest that miRNAs play important roles from initiation

to metastasis in many tumors, including gastric adeno-
carcinoma (Rupaimoole & Slack, 2017). The profile
of miRNAs in patients with gastric cardia adenocar-
cinoma (GCA) was abnormal. Juan Wang and others
(Wang et al, 2018) identified five miRNAs (miR-200a-
3p, miR-296-5p, miR-132-3p, miR-485-3p and miR-
22-5p) that were up-regulated in peripheral serum of
patients with GCA. Another research demonstrated
that the co-expression networks of miRNAs were as-
sociated with the tumor condition. The miRNAs 100,
let-7c, 125b and 99a were related to histological sub-
type, and miR-181 family and miR-21 were related to
tumor phenotype (Yepes ¢t al., 2016). In gastric cancer,
miRNAs inhibit tumor cell proliferation, migration, and
invasion through different targets (Shin & Chu, 2014).
For example, miR-375 could regulate gastric cancer cell
proliferation by targeting JAK2 oncogene (Ding ef al,
2010). MiR-96-5p could promote cell apoptosis via tar-
geting ZDHHCS5 gene in MGC-803 cells (Zhou e7 al,
2019). MiR-621 also exerts a tumor suppressor effect
in many tumors, such as breast cancer, hepatocellular
carcinoma, bladder cancer, and gastric cancer (Xue ef
al., 2016; Shao et al, 2019; Tian et al, 2019; Tao et al.,
2020). However, there is still little evidence on the in-
volvement of miR-621 in gastric cancer (Shin & Chu,
2014). This study focuses on the level and effects of
miR-621 in gastric cancer, and the detailed regulatory
mechanisms.

MATERIALS AND METHODS

Clinical Samples

37 pairs of stomach samples, , including 37 cancer
tissue samples and paired adjacent non-cancer tissue
samples, were obtained (with informed consent) from
the patients with gastric adenocarcinoma who under-
went surgical resection at the Affiliated Huaian No.1
People’s Hospital of Nanjing Medical University. The
adjacent non-cancer tissues were obtained at least 5
cm away from the cancer site. All cancer tissues were
histologically confirmed to be gastric adenocarcino-
mas. Total RNA of tissue samples was isolated using
Promega Super Total RNA Extraction Kit (Madison,
WI, USA) according to the manufacturer’s protocol.
The study was approved by the Ethics Committee of
the Affiliated Huaian No.1 People’s Hospital of Nan-
jing Medical University, and the protocol was per-
formed in accordance with the World Medical Asso-
ciation Declaration of Helsinki.
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Cells and Culture Methods

Human gastric cancer cell lines AGS, MKN45,
SNU-1 and normal gastric epithelial cell line (GES-1)
were purchased from the Type Culture Collection of
the Chinese Academy of Sciences (Shanghai, China).
These cells were cultured in RPMI-1640 basal medium
with 10% FBS and maintained at 37°C in a 5% CO,
incubator.

Cell Transfection

Vectors for miR-621 mimic, miRNA inhibitors and
negative control vectors were purchased from GeneP-
harma (Shanghai, China). The construction of miR-
621 expressing vector was reported previously (Shao
et al., 2019). For AURKA overexpression, cDNA was
amplified and inserted into the pcDNA3.1 expression
vector (Invitrogen, San Diego, CA, USA). The details
were reported in a previous report (Zhang ez al., 2010).
Transfection was performed with Lipo-2000 Reagent
(Invitrogen, Carlsbad, CA, USA) following the standard
protocol. Cells were collected 48 h after transfection.

Luciferase Reporter Assays

Cells were transfected with different combinations
of miR-621 mimic, miR-621 inhibitor, respective
negative control, AURKA 3-UTR-WT and 3-UTR-
MUT. The relative luciferase activities were measured
by commercial dual-luciferase reporter kit (Promega,
Madison, WI, USA). The details of plasmid construc-
tion were reported previously (Lu ez a/, 2019). Fold
induction was based on the relative firefly luciferase
activity, normalized to Renilla luciferase.
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Cell Viability

Cell viability was analyzed using MTT (thiazolyl
blue tetrazolium bromide) assay. Briefly, the transfect-
ed cells were incubated with MTT solution (0.5 mg/
mL) at 37°C for 4 hrs. Then DMSO was used to dis-
solve the formazan, and the optical density was meas-
ured with a microplate spectrophotometer at 570 nm.

Colony Formation Assay

The cancer cell growth was evaluated using colony
formation assay. The treated cells were seeded in 12-
well plates at 100 cells per well. Fresh culture medium
was replaced every 2 days. The number of colonies was
counted from the 7th day after seeding and cells were
stained with crystal violet.

Proliferation Assays

Cancer cell proliferation assay was performed us-
ing BrdU (5-Bromo-2’-deoxyuridine) labeling accord-
ing to the manufacturer’s instructions. Briefly, cells
were fixed on culture slides with BrdU fixation buffer,
and permeabilized with 1% Tritonx100. Slides were
washed in PBS 3X5 minutes, followed by antigen re-
trieval. After antigen retrieval, samples were placed in
blocking buffer and then incubated with Anti-BrdU
antibody. Finally, images were acquired under a laser
scanning microscope.

Quantitative Reverse Transcription PCR (qRT-PCR)

The transcription of genes was analyzed using qRT-
PCR. Briefly, total RNA was extracted using RNA iso-
lation kit and cDNA was synthesized with commercial
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Figure 1. MiR-621 was down-regulated in human gastric adenocarcinoma.
The expression of miR-621 in tumor tissues and paired adjacent noncancerous (normal) gastric tissues of patients (n=37) analyzed by

qRT-PCR. **p<0.01.
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Table 1. Relationship between the expression level of Mir-621 and the clinicopathological characteristics of gastric adenocarcinoma

Characteristics Number E:;\?v_ii:)ression (< median) Ir:niigffez)!pression (= median) P value
Number 37 18 19

Gender 0.582
Male 23 12 1

Female 14 6 8

Ages(years) 0.618
<60 18 8 10

260 19 10 9

Tumor size(cm) 0.002*
<5 20 5 15

=5 17 13 4

Tumor invasion 0.066
T 24 8 16

T2 5 2

T3 4 3 1

T4 2 2 0

Lymph node status 0.097
NO 20 9 13

N1 8 4 6

N2 5 3 0

N3 4 2 0

Histological grade 0.383
Well 23 10 14

Well/moderate 12 7 5

Poor 2 1 0
*P<0.05
reverse transcription system (Promega, Madison, WI).  RESULTS

Transcription level was determined with SYBR Green
reagent (Bio-Rad) with separate primers (Wu e al,
2018). Data were analyzed using the 2724¢ method with
GAPDH serving as internal control.

Western Blot

Proteins were extracted using RIPA lysis buffer
with proteinase and phosphatase inhibitor cocktails.
Samples were separated by SDS-PAGE gels and trans-
ferred to PVDF membranes. After blocking, the tar-
get proteins were recognized by following primary
antibodies at a dilution of 1:1000 to 1:2000: AURKA
(CST, #4718), GSK-383 (CST, #9315), Phospho-GSK-
3@ (CST, #9322), B-catenin (CST, #8480), Phospho-
B-catenin (CST, #2009). Proteins were visualized
through chemiluminescence (Pierce ECL system,
Thermo Fisher Scientific). Bands were quantified us-
ing Image].

Statistical Analysis

All data were shown as mean *S.D. The p values
were calculated using one-way ANOVA (GraphPad Soft-
ware, La Jolla, CA). p<0.05 was considered statistically
significant.

MiR-621 was down-regulated in human gastric
adenocarcinoma

To test whether the level of miR-621 in normal tissues
is different than in tumor regions, real-time RT-PCR as-
say was performed in 37 pairs of gastric tissue samples.
The result (Fig. 1) showed that miR-621 was significantly
decreased in cancer tissues compared to normal tissues
(»<0.01). Furthermore, the level of miR-621 was also
evaluated in the context of patients’ clinical pathological
characteristics (Table 1). Clinical pathological features in-
cluded the following: gender, age, tumor size, tumor in-
vasion and lymph node status. All patients were divided
into two groups: miR-621 low expression (n=18) and
miR-621 high expression (n=19) (median as the stand-
ard). The low-expression group tended to have larger tu-
mors size (p=0.002). However, no significant difference
in the other clinical pathologic features was found.

MiR-621 overexpression inhibited proliferation of
gastric adenocarcinoma cells

To investigate the effects of miR-621 in gastric adeno-
carcinoma, the levels of miR-621 in gastric cancer cells
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Figure 2. MiR-621 overexpression inhibited the proliferation of
gastric adenocarcinoma cells.

(A) The level of miR-621 in gastric cancer cell lines (AGS, MKN45,
SNU-1) and normal gastric cells (GES-1) analyzed by qRT-PCR. (B)
The transfection efficiency of miR-621 in AGS and MKN45 cells
measured by gRT-PCR. (C) Cell viability of AGS and MKN45 cells
with miR-621 overexpression analyzed with MTT. (D) The growth
of cancer cells (AGS and MKN45) with miR-621 overexpression as-
sessed in a colony formation assay. (E) Proliferation of cancer cells
(AGS and MKN45) quantified with BrdU labelling. n=3, **p<0.01.

and normal gastric epithelial cells were analyzed. The re-
sult showed that in three gastric cancer cell lines (AGS,
MKN45 and SNU-1), the expression of miR-621 was
significantly lower compared with that of normal gastric
mucosal cell line (GES-1) (p<0.01) (Fig. 2A). To assess
the function of miR-621 in gastric cancer, miR-621 over-
expressing cells were obtained by transfection. The miR-
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Figure 3. MiR-621 targeted AURKA

621 plasmid (LV-miR-621) or vector (LV-NC) was trans-
fected to gastric cells (AGS and MKN45). The trans-
fection efficiency was confirmed with RT-PCR, which
showed that miR-621 overexpressing cells had a higher
level of miR-621 compared to LV-NC group (p<0.01)
(Fig. 2B). Then cell viability, colony formation, and pro-
liferation were analyzed in AGS and MKN45 miR-621
overexpressing cells. Cell viability (Fig. 2C), colony for-
mation (Fig. 2D), and proliferation (Fig. 2E) were all
significantly decreased after miR-621 overexpression in
both cell lines (p<0.01 »s. LV-NC), and the effects were
more pronounced in AGS cells. These results indicated
that miR-621 overexpression inhibited proliferation of
gastric adenocarcinoma cells.

MiR-621 targeted AURKA

To predict the target of miR-621, bioinformatics anal-
ysis (Targetscan: http://www. targetscan.org) was pet-
formed. As shown in Fig. 3A, miR-621 could bind to
the 3-UTR of AURK4 mRNA, but not when the se-
quence was mutated. To investigate effects of miR-621
on AURK4, miR-621 overexpressing (miR-621 mimic)
or knockdown (miR-621 inhibitor) AGS cells were ob-
tained by transfection. The transfection efficiency was
confirmed with RT-PCR (Fig. 3B). The level of miR-
621 increased in miR-621 mimic group (<0.01 o
NC mimic), and decreased in miR-621 inhibitor group
(»p<0.01 »s. NC inhibitor). To confirm that this 3™
UTR site of AURK4 was responsible for the effects of
miR-621, reporter gene with 3’UTR binding site or its
mutated sequence was co-transfected with miR-621 mim-
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(A) The putative miR-621 binding site in AURKA 3'-UTR predicted by TargetScan. Mutation in the miR-621 binding site within the AURKA
3’-UTR is shown. (B) The transfection efficiency of miR-621 mimic or miR-621 inhibitor in cancer cells measured by qRT-PCR. (C) The rela-
tive luciferase activity of AURKA wild-type (WT) or mutant (MUT) in the cells transfected with miR-621 mimic or miR-621 inhibitor. (D) The
level of AURKA in cells transfected with miR-621 mimic or miR-621 inhibitor detected with qRT-PCR. (E) The level of AURKA in cells trans-
fected with miR-621 mimic or miR-621 inhibitor analyzed with Western blot. n=3, **p<0.01.
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ic, inhibitor, or the control vector into AGS cells. The
luminescence intensity of cells transfected with miR-621
(miR-621 mimic) was decreased for about 40% (p<0.01
vs. NC mimic), while increased about 2 folds in miR-621
inhibitors group. This effect was not found in cells with
mutated AURK4 (Fig. 3C), which indicated that this site
was responsible for the negative regulation of miR-621
on AURK4. The level of AURK4 mRNA (Fig. 3D) de-
creased in miR-621 overexpressing cells, and increased in
miR-621 knockdown cells. The protein level (Fig. 3E) of
AURK4 was in accordance with its mRNA level. These
results indicated that AURK4 was a target of miR-621.
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AURKA knockdown inhibited proliferation of gastric
cancer cells

To investigate whether AURKA plays a role in cell
proliferation, AURKA was knocked down in two gas-
tric adenocarcinoma cell lines (AGS and MKN45) with
two independent shRNA sequences (#1 and#2). The
efficiency was confirmed at mRNA and protein levels.
As shown in Fig. 4A (transcription) and Fig. 4B (protein
expression), the level of AURKA decreased over 50%
(»<0.01 5. control) for both of the sequences, with #1
inducing stronger reduction. GSK-33 is a major protein
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Figure 4. AURKA knockdown inhibited proliferation of gastric adenocarcinoma cells

(A) The efficiency of AURKA gene silencing in AGS and MKN45 cells with two shRNA sequences (#1 and #2) measured with qRT-PCR. (B)
The level of AURKA, GSK-3 and {-catenin in AURKA knockdown cells analyzed with Western blot. (C) Cell viability of AGS and MKN45
cells with AURKA knockdown analyzed with MTT. (D) The growth of cancer cells (AGS and MKN45) with AURKA knockdown evaluated in
colony formation assay. (E) Proliferation of cancer cells (AGS and MKN45) measured with BrdU labelling. n=3, **p<0.01.
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kinase that regulates B-catenin phosphorylation. As pre-
vious reports confirmed that GSK-33 was a vital factor
in gastric cancer, and AURKA promoted GSK-3@ phos-
phorylation through direct binding and phosphorylat-
ing GSK-38 at Ser 9 (Dar et al, 2009), we analyzed the
phosphorylation of GSK-38 and (-catenin with Western
blot in AURKA knockdown cells. As shown in Fig. 4B,
the ratio of phospho-GSK-38 to total GSK-38 (p-GSK-
3B/GSK-3B) decreased after AURKA knockdown, and
the rato of phospho-B-catenin/B-catenin increased,
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which confirmed that AURKA positively regulated the
phosphorylation of GSK-3@. Next, cell viability, colony
formation, and proliferation were analyzed in AURKA
knockdown cells (AGS and MKN45). Cell viability
(Fig. 4C), colony formation (Fig. 4D), and proliferation
(Fig. 4E) were all decreased after AURKA knockdown
in both cell lines, and #1 sequence induced stronger ef-
fects in AGS cells. These results indicated that AURKA
knockdown inhibited proliferation of gastric adenocarci-
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Figure 5. AURKA overexpression reversed the effect of miR-621 overexpression on the proliferation of gastric adenocarcinoma cells.

(A) The transcription of AURKA in miR-621 and/or AURKA overexpressed cells (AGS and MKN45) measured with qRT-PCR. (B) The expres-
sion of AURKA in miR-621 and/or AURKA overexpressed cells (AGS and MKN45) measured with Western blot. (C) Cell viability of AGS
and MKN45 cells with AURKA and/ or miR-621 overexpression analyzed with MTT. (D) The growth of cancer cells (AGS and MKN45) with
AURKA and/ or miR-621 overexpression measured in colony formation assay. (E) Proliferation of cancer cells (AGS and MKN45) evaluated

with BrdU labelling. n=3, **p<0.01.
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noma cells, which was related to the GSK-33/8-catenin
signaling pathway.

AURKA overexpression reversed the effect of
miR-621 overexpression on the proliferation of gastric
adenocarcinoma cells

Provided that AURKA was indeed a target of
miR-621, and miR-621 negatively regulated the transcrip-
tion of AURKA, we hypothesized that the effects of
miR-621 overexpression could be reversed by AURKA
overexpression. Thus, the miR-621 and AURKA over-
expression plasmids were co-transfected to gastric ad-
enocarcinoma cells (AGS and MKN45). Similatly, cells
overexpressing miR-621 had lower AURKA expression,
while the co-transfection weakened or reversed this ten-
dency (Fig. 5A). GSK-3@ and B-catenin expression was
also analyzed. MiR-621 overexpressing cells had a lower
level of phospho-GSK-38/GSK-3p ratio, and less phos-
phorylation of B-catenin. AURKA overexpression caused
the opposite effect (Fig. 5B). Co-expression of miR-621
and AURKA weakened the effects of miR-621 or AUR-
KA overexpression alone. Cell viability (Fig. 5C), colony
formation (Fig. 5D), and proliferation (Fig. 5E) were all
decreased significantly in miR-621 overexpressed cells,
and these effects were all reversed by AURKA overex-
pression. These results demonstrated that AAURKA over-
expression could reverse the effects of miR-621 on the
proliferation of gastric adenocarcinoma cells.

DISCUSSION

MiRNAs, small non-coding RNAs with the length
of 18-22bp, regulate various target genes by altering
mRNA translation or stability. MiRNAs have been
reported to play vital roles in many diseases, includ-
ing many types of cancer (Farazi et al, 2011). For ex-
ample, in patients with gastric cardia adenocarcinoma
(GCA), the profile of miRNAs was different from
that of the normal cells (Wang ef a/, 2018). A novel
cancer-related miRNA, miR-621, was reported to have
abnormal expression in several cancers, such as breast
cancer, bladder cancer, and testicular cancer (Xue ez
al., 2016; Tao et al, 2020). Recently, researchers re-
ported that miR-621 plays a critical role in gastric
cancer. MiR-621 is downregulated in gastric cancer
tissues, which is associated with clinical features. And
in vivo xenograft model revealed that miR-621 overex-
pression inhibited tumor growth (Tao ez al, 2020). In
other cancers, miR-621 exerts other effects on cancer
progression. For example, miR-621 could inhibit me-
tastasis in bladder cancer through Wnt/f-catenin sign-
aling (Tian e/ al, 2019). MiR-621 also acts as a tumor
radio- or chemo-sensitizer to radio- or chemo-therapy
for breast cancer or hepatocellular carcinoma (Xue ef
al., 2016; Shao et al, 2019). In the present study, we
confirm the effects of miR-621 in gastric adenocarci-
noma. We showed that miR-621 was downregulated in
human gastric adenocarcinoma and the decreasing lev-
el of miR-621 co-occurred with the larger tumor size.
In addition, miR-621 overexpression inhibited cell vi-
ability, colony formation, and proliferation of gastric
adenocarcinoma cells. These results were in accord-
ance with the research of Tao that showed miR-621
overexpression inhibited tumor growth 7z vivo and in
vitro (Tao et al., 2020).

Aurora kinases (AURKSs) are members of serine-
threonine kinases family essential for cell cycle. Aurora
kinase A (AURKA) — the best-characterized member of

the AURKS, is involved in the regulation of several on-
cogenic processes, including mitosis, centrosome matu-
ration, chromosome segregation and alignment (Bola-
nos-Garcia, 2005). AURKA has been confirmed to be
highly expressed in many types of tumors, including
gastric cancer (Yan e/ al, 2016). Researchers preliminar-
ily analyzed the expression profiles of histone modifica-
tion genes in gastric cancer progression in patients, and
found that AURKA and HDAC2 genes were signifi-
cantly overexpressed during gastric cancer development
(Orenay-Boyacioglu ez al, 2018). AURKA could induce
epithelial-mesenchymal transition by regulating histone
modification through Wnt/B-catenin in gastric cancer.
AURKA inhibitor decreased the phosphorylation of
Aktl, and the activation of Akt and Wnt pathways.
AURKA inhibitor also arrested the cells in the G2/M
phase (Liu es al, 2016). Other reports also confirmed
that inhibition of AURKA could reduce proliferation
and survival of gastrointestinal cancer cells (Wang-
Bishop ez al, 2019). AURKA promoted GSK-3(3 phos-
phorylation at Ser 9 through direct binding, leading to
the decreased phosphorylation of B-catenin and thereby
stabilizing the expression of B-catenin (Dar e al., 2009).
Many previous studies indicated that AURKA was an
important factor in gastric cancer process. Our research
confirmed that AURKA knockdown inhibited viability,
colony formation and proliferation of gastric adenocar-
cinoma cells. Bioinformatic analysis showed that AUR-
KA was a target of miR-621, and AURKA positively
regulated the phosphorylation of GSK-33. AURKA
overexpression reversed the effects of miR-621 on the
growth of gastric adenocarcinoma cells. The present
results indicated that miRNA-621 exerted tumor sup-
pressor function in gastric adenocarcinoma by target-
ing AURKA. However, functional studies of miR-621
in vivo are required to further elucidate how miR-621
regulates gastric cancer, and this is one of the focuses
of our future research.

In conclusion, current research showed that miR-621
was downregulated in gastric adenocarcinoma. MiR-621
inhibited cancer viability, colony formation, proliferation
through targeting AURKA/GSK-33 pathway. AURKA
overexpression reversed the effect of miR-621 on gastric
adenocarcinoma cells. MiR-621 was an important tumor
suppressor in gastric cancer and may be a promising tar-
get for cancer treatment.
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