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Abstract

Gastric cancer is the most commonly occurring cancer with a rapidly increasing incidence rate worldwide. The underlying
molecular mechanisms of gastric cancer require further investigation. MicroRNAs exhibit tissue sensitivity as tumor biomarkers
that play a role by promoting tumor growth as oncogenes or tumor suppressor genes. YWe evaluated the effects of microRNA-
12129 on gastric cancer and identified the underlying mechanisms of microRNA-12129. Quantitative real-time polymerase chain
reaction was conducted to determine the expression levels of microRNA-12129 and sirtuin | in vivo and in vitro, and Western blot
analysis was performed to detect sirtuin | at the protein level in gastric cancer cell lines. Cell proliferation and cell cycle pro-
gression were detected by Cell Counting Kit-8 assay and flow cytometry analysis, respectively. The potential targets of micro-
RNA-12129 were predicted by bioinformatics analysis. The targets of microRNA-12129 were confirmed by luciferase reporter
assay and rescue assay. We found that microRNA-12129 was downregulated in gastric cancer tissues and gastric cancer cell lines
and was significantly associated with the prognosis of patients with gastric cancer. In addition, microRNA-12129 overexpression
suppressed tumor cell proliferation and blocked cell cycle progression. Bioinformatics analysis and luciferase reporter assay
suggested that sirtuin | was a target of microRNA-12129, and sirtuin | expression was negatively related to microRNA-12129.
Restoration of sirtuin | partly reduced the inhibition of cell proliferation and cell cycle progression induced by microRNA-[44.
Our results collectively suggested that microRNA-12129 suppressed cell proliferation and cell cycle progression in gastric cancer
by targeting sirtuin |. These findings indicated that manipulation of microRNA-12129 expression could help develop a novel
therapeutic strategy for gastric cancer.
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Introduction

Gastric cancer (GC) ranks fourth as the most prevalent cancer
with the third-highest cancer-related mortality among all Jiangx, China
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GC is in its progressive stage.” Moreover, the 5-year relative
survival rate of GC in the advanced stage remains limited to
barely 20%.° Therefore, tumor-specific biomarkers have to be
urgently identified, and novel strategies for the diagnosis and
treatment of GC need to be developed.

MicroRNAs (miRNAs) are a type of small noncoding RNAs
and act by binding to the 3’ untranslated region (UTR) of target
genes.”® Emerging studies have recently shown that miRNAs
are abundantly expressed in diverse malignant tumors and
function as pivotal regulators of various biological processes
in tumors, such as cell proliferation, differentiation, invasion,
and apoptosis.”'’ Wang et al identified that miR-216b was
downregulated in non-small cell lung cancer tissues and inhib-
ited proliferation, migration, and invasion by binding to the 3'-
UTR of FOXML."" Wei et al observed that miR-1284 was
reduced in GC tissues and cell lines and suppressed the pro-
gression of GC by regulating EIF4A1 expression.'?

MicroRNA, a type of cancer biomarker, was reported fre-
quently in GC. We also screened some new potential micro-
RNA biomarkers with microarray, data mining, and so on. We
sought to identify the gene or microRNA, which causes signif-
icant changes between the GC tissue and the normal tissue.
MicroRNA-12129 is a novel microRNA we found in biomar-
kers for screening GC. It was lower in GC tissues than in
normal tissues and could act as a biomarker for the diagnosis
and prognosis of GC. However, no research has been reported
on its function and mechanism in any cancer field. In the cur-
rent study, we showed miR-12129 expression both in vivo and
in vitro and explored the functions and underlying mechanism
of miR-12129 in GC. The results revealed that miR-12129
repressed cell proliferation and cell cycle progression by tar-
geting sirtuin 1 (SIRT1), which may provide novel insights into
the treatment of GC.

Methods and Materials

Patients and Specimens

Thirty pairs of newly diagnosed GC tissues and adjacent non-
tumor tissues were provided by The First Affiliated Hospital of
Nanchang University and immediately immersed into liquid
nitrogen after resection and stored at —80 °C for future use.
This study was approved by Medical Ethics Committee of
Nanchang University (No.NUF12020127). All patients pro-
vided written informed consent prior to enrollment in the study.

Cell Culture and Transfection

Human GC cell lines (SNU-5, SNU-16, and NCI-N87) and a
normal gastric mucosa cell line (HS 738 ST/Int) were pur-
chased from American Type Culture Collection. Human GC
cell lines (MGC80-3 and SGC-7901) were provided by the
Chinese Academy of Sciences. HS 738 ST/Int was maintained
in Dulbecco’s Modified Eagle Medium (Invitrogen; Thermo
Fisher Scientific, Inc). SNU-5 was cultured in Iscove’s Mod-
ified Dulbecco’s Media (Invitrogen; Thermo Fisher

Table 1. Correlation Between miR-12129 Expression and Clinical
Factors of Patients With GC.

MiR-12129 expression

Clinical factors Total Low (n=15) High (n=15) P value
Gender 27
Male 14 6 8
Female 16 8 8
Age 25
>60 21 12 9
<60 9 4 5
Tumor size (cm) 21
>2 22 10 12
<2 8 2 6
TNM stage .04
-1 7 2 5
I-1v 23 17 6
Lymph node .02
metastasis
Positive 18 15 3
Negative 12 5 7

Abbreviations: GC, gastric cancer; miR, microRNA.

Scientific, Inc), and others were cultured in RPMI-1640
medium (Invitrogen; Thermo Fisher Scientific, Inc) supple-
mented with 10% fetal bovine serum (Thermo Fisher Scien-
tific, Inc), 100 U/mL penicillin, and 100 pg/mL streptomycin
(Solarbio). All cell lines were placed in a humidified incuba-
tor with 5% CO, at 37 °C.

MicroRNA-12129 mimics, small interfering RNA-SIRT1,
and negative control (NC) mimics were purchased from Gene-
Pharma. The detailed sequences are described in Table 1. Cell
lines (SNU-5, NCI-N87) were transfected in 6-well plates with
the Lipofectamine 2000TM reagent (Invitrogen; Thermo
Fisher Scientific, Inc) in accordance with the manufacturer
protocol.

Cell Proliferation Assay

Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technolo-
gies, Inc) was used to analyze cell proliferation as instructed
by the manufacturer. Cells were cultured on a 96-well plate. At
the density of 4 x 103 cells per well, 10% CCK-8 was added
and incubated for 2 to 4 hours at 37 °C. Proliferation rates were
determined from day 1 to day 4 after transfection, with the
microplate reader set at 450 nm. The experiment was repeated
3 times.

RNA Isolation and Quantitative Real-Time PCR

Total RNA was extracted from fresh tissues and cell lines by
using TRIzol Reagent (Thermo Fisher Scientific, Inc). Reverse
transcription was performed using the RNA PCR Kit (AMV;
Takara Biotechnology Co, Ltd). In accordance with the instruc-
tions provided by the manufacturer, miRNA and mRNA were
quantified using quantitative real-time polymerase chain reac-
tion (qQRT-PCR) with SYBR Premix Ex Taq (Takara



Zhang et al

A S B miR-12129 high group c C 1.5+

G 2.57 - = miR-12129 low group 2
o 1004 i ]
g 2.04 - 9 1 c
o - < v X 1.0
& 157 e s N &
< 1.0 _;? 550' -- 5 1
: G : e, 2%

0.5 p g S

]
2 .. 5 Log rank test P=0.0149 -
ks 0.0 . o 00 = = 3 & 0.0ttty
3 & g o S &;\‘\0,‘: $°
AC f i 2 O 7 ¢
2 s Time (Month) P © Y ‘\0\ S
¢ ?'B‘a Q{a =

Figure 1. Expression of miR-12129 in Gastric cancer tissues and cell lines. A, Quantitative real-time polymerase chain reaction analysis of miR-
12129 expression in gastric cancer tissues (N = 30). B, Kaplan—Meier curve and log-rank test were conducted to assess the effects of miR-12129
expression on the overall survival of patients with gastric cancer. C, Quantitative real-time polymerase chain reaction analysis of miR-12129

expression in gastric cancer cell lines. *P < .05 versus normal group.

Biotechnology Co), with U6 and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) as the internal control. All reactions
were performed in triplicate.

Western Blot Analysis

Antihuman antibodies of GAPDH and SIRT1 were purchased
from Abcam. After transfection for 48 to 72 hours, proteins
were collected from the NCI-N87 and SNU-5 cell lines with
RIPA buffer (Beyotime Biotechnology) and then measured
using the BCA Protein Assay Kit (Beyotime Biotechnology)
in accordance with the instructions provided by the manufac-
turer, with GAPDH as the internal control. All experiments
were repeated at least 3 times.

Flow Cytometry Detection of Cell Cycle Distribution

For cell cycle analysis, the NCI-N87 and SNU-5 cell lines were
seeded into 6-well plates at a density of 1 x 10* cells per well
and then harvested. After fixation in 70% ethanol overnight at 4
°C, the cell lines were treated with 0.5 mg/mL RNase A (Key-
gen Biotech) and stained with 1 mg/mL propidium iodide
(Biosciences) for 0.5 hours at 37 °C. The distribution of cell
cycle phases was determined using a FACSCalibur Flow Cyt-
ometer (Becton, Dickinson and Company). The percentages of
cells in the GO/G1, S, and G2/M phases were calculated.

Bioinformatics Target Prediction

The targets of miR-12129 were predicted by searching Tar-
getScan (http://www.targetscan.org/vert_72/) and miRDB
(http://mirdb.org).

Luciferase Reporter Assay

NCI-N87 and SNU-5 cell lines were cultured on 24-well plates
and co-transfected with the miR-12129 mimic or miR-NC,
together with the wild-type or mutant 3’-UTR of SIRT1 with

the Lipofectamine 2000TM reagent (Invitrogen; Thermo
Fisher Scientific, Inc). After 48 hours, luciferase activity was
detected using the Dual-Luciferase Reporter Assay System
(Promega) and normalized to that of Renilla luciferase activity.

Statistical Analysis

All data were presented as means + SD and analyzed using
SPSS version 19.0. Differences between different groups were
calculated using the ¢ test. The relationship between miR-
12129 expression and SIRT1 expression was assessed by
Spearman correlation analysis. Kaplan—-Meier analysis and the
log-rank test were conducted to determine the association
between overall survival and miR-12129 expression. P < .05
was considered statistically significant.

Results

MicroRNA-12129 Expression Was Downregulated and
Related to Outcome in GC

To confirm whether miR-12129 was abnormally expressed in
GC, tissues and cell lines were used to examine the relative
miR-12129 expression by qRT-PCR. We found that miR-
12129 expression was reduced both in the GC tissues (Figure
1A) and cell lines (Figure 1C). The result of survival analysis
indicated that the prognosis of patients with GC with high miR-
12129 expression was better than that with low miR-12129
expression (P < .001, Figure 1B).

MicroRNA-12129 Overexpression Inhibited Proliferation
and Induced GO/GI Arrest in GC Cells

NCI-N87 and SNU-5 cell lines with reduced miR-12129
expression were used for further study. After transfection, sig-
nificantly increased miR-12129 expression was confirmed in
NCI-N87 and SNU-5 cell lines (Figure 2A). Cell Counting
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Figure 2. Overexpression of miR-12129 inhibited proliferation and induced G0/G1 arrest in gastric cancer cells. A, Quantitative real-time

polymerase chain reaction analysis of miR-12129 expression. B, Proliferation ability was tested using the CCK-8 in NCI-N87 cell lines, (C)
SNU-5 cell lines. D, The percentages of cells in GO/G1, S and G2/M phase in NCI-N87 cell lines, (E) SNU-5 cell lines. F, Images of cells in a cell
cycle after transfection with miR-12129 mimics was assessed by Flow cytometry in NCI-N87 and SNU-5 cell lines. *P < .05 versus control.

CCK-8 indicates Cell Counting Kit-8; miR, microRNA.

Kit-8 assay and flow cytometry were performed to evaluate the
effects of miR-12129 on cell proliferation and cell cycle,
respectively. Cell Counting Kit-8 assay results showed that
after transfection, exogenous miR-12129 expression repressed
cell proliferation in both NCI-N87 and SNU-5 (Figure 2B and
C). Meanwhile, flow cytometry showed that miR-12129 over-
expression increased the GO/G1 phase fraction (Figure. 2D-F).
These data suggested that miR-12129 overexpression inhibited
proliferation and induced GO/G1 arrest in GC cells.

Sirtuin | Was a Direct Target of miR-12129 in GC

To elucidate the molecular mechanisms of miR-12129, we
predicted the potential targets of miR-12129 by bioinformatics
analysis. As shown in Figure 3A, the sequence of SIRT1 was a
superior match for miR-12129 at the 3’-UTR. We also per-
formed luciferase reporter assay to verify whether SIRT1 was
a target of miR-12129. The result revealed that miR-12129
inhibited the activity of the reporter gene SIRT1 in both
NCI-N87 and SNU-5 cell lines (Figure 3B and C).

Moreover, we evaluated SIRT1 expression at the mRNA
level in tissue samples and cell lines. The result indicated that
SIRT1 was significantly upregulated in both the GC tissues and
GC cell lines (Figure 3E and F). We further found that SIRT1

expression was negatively related to miR-12129 expression in
GC tissues (72 = .1672, P = .0249, Figure 3D).

Restoration of SIRT| Reverses the Inhibitory Effects of
miR-12129

Considering the aforementioned results, we hypothesized that
miR-12129 regulated cell proliferation and cell cycle via
SIRT1. To verify this hypothesis, we performed several rescue
experiments. First, we silenced the SIRT1 expression with
si-SIRT1 in NCI-N87 and SNU-5 cell lines. Western blot anal-
ysis and qRT-PCR results showed that SIRT1 expression was
significantly decreased after SIRT1 silencing (Figures 4A and
B). However, co-transfecting si-SIRT1 and miR-12129 mimic
did not further minimize SIRT1 expression, compared with
transfecting si-SIRT1 alone. The CCK-8 results revealed that
cell proliferation in NCI-N87 and SNU-5 cell lines was
suppressed after co-transfecting si-SIRT1 with or without
miR-12129 mimics (Figure 4C). Moreover, flow cytometry
indicated that SIRT1 silencing inhibited the transition of cells
in the G1 phase, which was similar to the effect induced by
co-transfecting si-SIRT1 and miR-12129 mimics (Figure 4D-F).

We finally determined whether SIRT1 was involved in miR-
12129 regulation of cell proliferation and cell cycle. After
SIRT1 overexpression, SIRT1 expression was increased at the
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Figure 3. Sirtuin 1 was a Direct Target of miR-12129. A, MicroRNA-12129 binding site within the 3’-UTR of SIRT1 was predicted. B, Relative
activities of luciferase reporters in NCI-N87 cell lines, C, SNU-5 cell lines. D, Pearson’s correlation analysis of the relative expression levels of
miR-12129 and the relative SIRT1 mRNA levels in gastric cancer tissues (¢) qRT-PCR analysis of SIRT1 expression in gastric cancer tissues (N

= 30). F, Quantitative real-time polymerase chain reaction analysis of

SIRT1 expression in gastric cancer cell lines. *P < .05 vs Control. miR

indicates microRNA; gRT-PCR, quantitative real-time polymerase chain reaction; SIRT1, sirtuin 1; 3’-UTR, 3’ untranslated region.

mRNA and protein levels both in NCI-N87 and SNU-5 cell
lines (Figure SA and B). However, for cell lines with co-
transfecting miR-12129 mimics and SIRT1 overexpression,
SIRT1 expression was opposite, indicating that SIRT1 expres-
sion was affected by miR-12129. Cell Counting Kit-8 assay
then revealed SIRT1 that overexpression could promote cell
proliferation and be reversed by miR-12129 overexpression
(Figure 5C and D). Moreover, flow cytometry showed that
SIRT1 overexpression reversed miR-12129-induced G0/G1
arrest (Figure 5E-G).

Discussion

One of the most prevalent digestive malignancies, GC is the
third leading cause of cancer-related mortality, particularly
in developing countries.""'* About 1 000 000 new cases and
700 000 deaths are reported annually® and approximately
50% of patients with GC have undergone metastasis at the
time of diagnosis.” Therefore, finding the molecular patho-
genesis of GC bears clinical significance for the diagnosis
and treatment of GC.

As a class of small endogenous RNAs of 18 to 25 nucleo-
tides in length, miRNAs play a critical role in transcriptional
and posttranscriptional regulation during the initiation and

progression of various cancer types.”'* Several novel treatment
strategies based on miRNAs have also been developed and
reached the preclinical stage.'> Therapeutic strategies targeting
miRNAs have shown potential. We found miR-12129, a new
microRNA biomarker, in the GC tissue. No previous studies
have been reported regarding its function in cancer. We
checked the microRNA microarray data set and found that its
expression was lower in most GC tissues than in normal tissues.
We found that it was downregulated in GC tissues.

In the current study, we reported its function first in GC and
identified its mechanisms in the cancer cell cycle. In this study,
we assessed the miR-12129 expression in GC tissues and GC
cell lines. The results indicated that miR-12129 was consider-
ably downregulated in GC tissues and GC cell lines. Kaplan—
Meier analysis also revealed that miR-12129 was positively
correlated with the prognosis of patients with GC. Cell Count-
ing Kit-8 and flow cytometry demonstrated that miR-12129
overexpression inhibited proliferation and induced the G0/G1
phase cell cycle arrest in GC cells. All data suggested that miR-
12129 suppressed tumor genes.

To elucidate the molecular mechanisms of miR-12129 in
GC, we predicted the target of miR-12129 by bioinformatics
analysis and confirmed the results by luciferase reporter assay.
The results revealed that SIRT1 was a target of miR-12129.
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Figure 4. Knockdown of SIRT1 inhibited proliferation and cell cycle in Gastric cancer cells. A, Quantitative real-time polymerase chain

reaction analysis of SIRT1 expression in gastric cancer cell lines. B, Western blot analysis of SIRT1 expression in gastric cancer cell lines. C,
Proliferation ability was tested using the CCK-8 in NCI-N87 cell lines, (D) SNU-5 cell lines. The percentages of cells in GO/G1, S and G2/M
phase in NCI-N87 cell lines, (E) SNU-5 cell lines. F, Images of cells in a cell cycle after transfection with miR-12129 mimics was assessed by
Flow cytometry in NCI-N87 and SNU-5 cell lines. *P < .05 versus si-con. CCK-8 indicates Cell Counting Kit-8; con, control; miR, microRNA.

Moreover, SIRT1 expression was negatively related to miR-
12129 expression in GC tissues. Sirtuin 1knockout could also
suppress cell proliferation and cell cycle. Restored SIRT1
expression exerted an apparent rescue effect on cell prolifera-
tion and cell cycle, indicating that the importance of SIRT1 in
GC and miR-12129 could inhibit proliferation and induce G0/
G1 phase cell cycle arrest via SIRT1.

Sirtuin 1, a member of the sirtuin family, is closely
related to histone deacetylases and participates in the coor-
dination of separate cellular functions, such as cell cycle,
apoptosis, autophagy, and metabolism.'®!” Sirtuin 1 is also
involved in the development of various malignancies, such
as ovarian cancer,'® thyroid cancer, "’ pancreatic cancer,?’
GC,*>""** and hepatocellular carcinoma.?* Noguchi et al
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Figure 5. Restoration of SIRT1 reverses the inhibitory effects of miR-12129. A, Quantitative real-time polymerase chain reaction analysis of
SIRT1 expression in gastric cancer cell lines. B, Western blot analysis of SIRT1 expression in Gastric cancer cell lines. C, Proliferation ability
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N87 and SNU-5 cell lines. *P < .05 versus si-con. CCK-8 indicates Cell Counting Kit-8; con indicates control; miR, microRNA.

found that SIRT1 expression was increased in GC tissues exhibited elevated SIRT1 expression.”> Similar to the cur-
and was closely associated with progression and prognosis, rent study, several studies reported that SIRT1 could inhibit
which was consistent with the findings of this study.?! Yang cell proliferation, migration, invasion, and induced Gl
et al observed the contrary result that patients with GC phase arrest in GC cell lines.?>*
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In summary, our data revealed that miR-12129 was down-
regulated in both GC tissues and GC cell lines. MiR-12129
served as a tumor suppressor by inhibiting cell proliferation
and inducing GO0/G1 arrest via SIRT1 targeting. Therefore,
manipulation of miRNA-12129 expression is a potential ther-
apeutic strategy for the treatment of GC.
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