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miR-137 plays tumor suppressor roles in gastric cancer cell lines
by targeting KLF12 and MYO1C
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Abstract Aberrant expression of miR-137 has been report-
ed in many kinds of cancers, but its mechanisms seem to be
diversely. In the present study, we compared the expression
level of miR-137 in 18 paired gastric cancer (GC) samples
and surgical margin (SM) samples by RNA extraction and
quantitative real-time PCR (QRT-PCR). Then, we investi-
gated the effects of miR-137 on cell proliferation, cell cycle,
and cell migration separately by cell growth counting assay,
cell cycle analysis, and transwell assay. Candidate targets of
miR-137 were selected by biological information analysis
from the intersection of miRDB, Pictar, and TarScan.
Finally, mRNA and protein expression level of Krűppel-like
factor 12 (KLF12) andMyosin 1C (MYO1C) were tested by
QRT-PCR and western blotting assay, followed by the
Luciferase reporter assay to investigate the direct interac-
tion between them and miR-137. The results showed that
miR-137 was down-regulated in GC samples than in SM
samples. The expression level of miR-137 was significantly
higher in patients without the vascular embolus than those
with vascular embolus. And the overall survival time of
patients with high miR-137 expression was longer than
those with low miR-137 expression. Over expression of
miR-137 could inhibit the cell migration, proliferation,
and promote cell cycle arrest in G0/G1 stage in BGC-823
and SGC-7901 cell lines. KLF12 and MYO1C might be the
candidate target genes of miR-137 with direct interactions

between them and miR-137. In conclusion, miR-137 plays
tumor suppressor roles in gastric cancer cell lines by
targeting KLF12 and MYO1C.
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Introduction

Gastric cancer is one of the most mortality diseases in world-
wide [1]. Scientists have found various related etiologies for
cancerous progression. These etiologies often involved in ab-
normal expression and function of molecules, which could be
helped to the diagnosis, prediction, and prognosis of gastric
cancer. Among them, miRNA seems to play more and more
important roles and will provide new insights of the target for
gastric cancer.

miRNA is a kind of non-coding small RNAwith 20–24 nt
in length. miRNAs play roles in the post transcriptional level
by pairing with 3′-UTR of target mRNAs in various biological
processes. Some of them play as oncogenes, such as miR-21
[2–5], which is confirmed as serum biomarker in different
cancers, and miR-17-92 [6, 7], which is frequently linked with
amplification of myc gene region. Others play as tumor sup-
pressors, such as miR-9 [8–10], which has often been reported
to bemethylated in different cancers, and let-7 family [11–13],
which were reported down-regulated in different cancers.

miR-137 has been reported in many studies. Although
some studies reported it plays as an oncogene in bladder can-
cer [14], most studies reported its tumor suppressor role in
different kinds of cancers, such as lung cancer [15, 16], hepa-
tocellular cancer [17], and gastric cancer [18, 19]. In line with
related reports, our group also confirmed the methylated sta-
tion of miR-137 during gastric cancer carcinogenesis [10].
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However, the functions of miR-137 during gastric cancer pro-
gression have to be elucidated.

In the present study, we investigated the effects of miR-137
on cell proliferation, cell cycle, and cell migration in BGC-
823 cell line and SGC-7901 cell line. We also identified that
miR-137 plays as a tumor suppressor gene during gastric can-
cer progression through targeting MYO1C and KLF12.

Materials and methods

Tissue samples, cell lines, and cell transfection

Eighteen pairs of GC samples and SM samples were collected
from Beijing cancer hospital (average age 55.8 years [range,
33–74]; 14 males and 4 females). This study was approved by
the local medical ethics committee and informed consent was
obtained from all patients. BGC-823 and SGC-7901 cell lines
were obtained from Beijing institute for cancer research, and
were cultured at 37 °Cwith 5%CO2 by 90%RPMI1640with
10 % fetal bovine serum (both from HyClone, USA) and 1 %
penicillin/streptomycin (Solarbio, China). All transfection as-
says were performed using FuGENE® HD Transfection
Reagent (Promega, USA) according to the manufacturer’s in-
structions. Transfected cells were collected after 24 h, and all
transfection assays were carried out two repeats.

RNA extraction and QRT-PCR

Total RNA of tissue samples and gastric cancer cell lines were
extracted by RNA extraction kit (Beijing ComWin Biotech Co.
Ltd., China) according to the manufacturer’s protocol. The ex-
pression of miRNA and relevant reference gene were tested by
(QRT-PCR) using a SYBR green mix (Genecopoeia, China) on
illumine Eco system. The primer of miR-137 and RNU6Bwere
supplemented by kit. The expressions of target genes were per-
formed using a SYBR greenmix (TAKARA,Dalian, China) on
illumine Eco system. The primers of KLF12, MYO1C, and
GAPDH were as follow: KLF12-PF: TGGCAAAG
CACAAATGGAC; KLF12-PR: CTAAATGGTGAAAT
TGAACAAGG; MYO1C-PF: ACCTGTACCTGGTG
AAGGGC; MYO1C-PR: CTGAGGAGCCTGGTCAGATA
CT; GAPDH-PF: CTGGGCTACACTGAGCACCAG; and
GAPDH-PR: CCAGCGTCAAAGGTGGAG.

Transwell assay

Both of the gastric cancer cell lines were transfected withmiR-
137 mimic and inhibitor, and about 4 × 104 cells were seeded
within 200 μl RPMI1640 onto the upper layers of chamber.
The lower layers were added about 500μl mixed cultures with
90 % RPMI 1640 and 10 % FBS. Twenty-four hours after
transferring and culturing in 37 °C with 5 % CO2, the

transfected cell was fixed by 2 % formaldehyde for 20 min,
followed with washing twice by 1× PBS, and was then stained
with 1 % crystal violet for another 30 min. Cells on the upper
layer of chambers were removed with cotton swabs, and cells
on the opposite membranes of chamber were counted by mi-
croscope system. Each chamber was counted six fields.

Cell growth counting assay

About 1 × 104 of transfected miR-137 mimic and inhibitor cells
were separately seeded in 400 μl mixed culture with 90 %
RPMI 1640 and 10 % FBS per well and cultured in 37 °C with
5 % CO2. Each assay was tested by triplicates. Cells were then
trypsinized and counted by microscope system.

Cell cycle assay

Twenty-four hours after transfection of miR-137 mimic and
inhibitor, BGC-823 and SGC-7901 cell lines were trypsinized
and washed twice by 1× PBS and were fixed with 70 % eth-
anol at 4 °C for 1 h. After centrifugation, cells were re-
suspended and incubated in 1× PBS combined with
0.05 mg/ml propidium iodide (PI), 0.1 mg/ml RNaseA, and
0.02 % Triton X-100 for another 30 min. The cell cycle was
then analyzed by flow cytometry (BD-C6, USA).

Western blot assay

After 24-h transfection of miR-137 mimic and inhibitor, cells
were lysed with RIPA lysis buffer and protein concentration
was determined. The proteins (20 μg) were electrophoresed
by SDS-PAGE and transferred onto PVDF membranes.
Membranes were blocked for 2 h at room temperature with
5 % non-fat milk. The membranes were incubated with pri-
mary antibodies (1:1000, anti-Myo1C, [EPR14771],
ab194828, abcam; 1:200, KLF12, N-16, sc-84347, Santa
Cruz; 1:1000, Anti GAPDH Rabbit Polyclonal Antibody,
CW0101, CWBIO) overnight at 4 °C, followed by secondary
antibody (1:3000, Goat Anti-Rabbit IgG, HPR conjugated) for
another 1 h. Protein expressionwas assessed by LI-CORmod-
el 3600 (LI-COR, USA).

Plasmid construction and luciferase reporter assay

The region of 3′-UTRwhich contains the last seed sequence of
wild type (WT) and mutant type (MUT) of MYO1C and
KLF12 was synthesized chemically and cloned into
pmirGLO Dual-Luciferase miRNA vector (XhoΙ/Sac Ι). All
s e q u e n c e s we r e s yn t h e s i z e d by Gen ePh a rma
(ShanghaiGenePharmaCo., Ltd., China). The WT or MUT
3′-UTR vectors were co-transfected with miR-137 mimic,
miR-137 inhibitor, or negative control into 293 T cell line
using FuGENE® HD Transfection Reagent (Promega,
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USA). After 24 and 48 h transfection, luciferase activity was
measured using the Dual-Glo Luciferase assay kit (Promega,
USA) according to the manufacturer’s protocol. The normal-
ized firefly luciferase activity was calculated as quotient of
firefly/Renilla luciferase activity.

Statistical analysis

Statistical analysis was performed using SPSS 18.0 software.
Paired t-test was performed to compare the difference of miR-
137 expression between GC samples and SM samples. The
Mann-Whitney U test and Student’s t-test were used to analyze

the association between the miR-137 expression level and the
clinicopathological features. Fisher’s exact test and Trend-test
were used to analyze the association between high expression
rate of miR-137 and the clinicopathological features. ROC curve
was set up to separate high expression of miR-137 from low
expression group. Kaplan-Meier analysis was used to compare
overall survival of GC patients with different miR-137 expres-
sion level in univariate analysis. Student t-test was used to ana-
lyze the difference of cell proliferation curve, percentage of cell
cycle stage, numbers of cell migration, expression level mRNA
and protein, and results of luciferase reporter assay after transfec-
tion of mimic and inhibitor. All statistical tests were two-sided,
and P < 0.05 was considered statistically significant.

Table 1 Clinicopathological
features of miR-137 expression
analyzed by GC samples

Clinic features Classic Case no. miR-137 expression
Median [25 %–75 %]

miR-137 high
expression case no. (%)

Age (years) ≤60 8 0.015 [0.002–0.042] 5 (62.5)
>60 10 0.019 [0.002–0.042] 5 (50.0)

Sex Male 4 0.039 [0.010–0.093] 7 (50.0)
Female 14 0.005 [0.002–0.049] 3 (75.0)

Differentiation Moderate/Poor 6 0.020 [0.001–0.084] 4 (66.7)
Well 11 0.026 [0.002–0.048] 6 (54.5)

Vascular emblus No 7 0.051 [0.026–0.109]b 6 (85.7)a

Yes 9 0.003 [0.002–0.019] 3 (33.3)
pTNM stage I-II 4 0.014 [0.002–0.045] 2 (50.0)

III-IV 9 0.004 [0.002–0.033] 4 (44.4)
Depth of invasion T1+2 3 NA 2 (66.7)

T3 13 0.005[0.002–0.041] 7 (53.8)
T4 2 NA 1 (50.0)

Lymh node metastasis N0 10 0.036 [0.002–0.084] 6 (60.0)
N1–3 8 0.005 [0.002–0.034] 4 (50.0)

Distant metastasis M0 14 0.030 [0.002–0.057] 9 (64.3)
M1 4 0.003 [0.002–0.025] 1 (25.0)

a Fisher’ exact test: vascular emblus: miR-137 high expression case number was more in no vascular emblus
group than in vascular emblus group, P = 0.060;
bMann-Whiney U test: vascular emblus: miR-137 was higher expressed in patients without vascular emblus
group than in patients with vascular emblus group, P = 0.023;

NA not applicable

Fig. 1 Expression levels and overall survival time analysis ofmiR-137 in
gastric cancer samples. a QRT-PCR was used to test the difference of
miR-137 expression level between 18 paired gastric cancer (GC) samples

and surgical margin (SM) samples; b ROC curve was formulated by
vascular embolus; c Kaplan-Meier analysis by miR-137 expression level
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Results

miR-137 is down-regulated in gastric cancer patients

To analyze the expression of miR-137 in gastric cancer
patients, we measured the expression of miR-137 in 18
pairs of GC samples and SM samples by QRT-PCR. As
shown in Fig. 1, although there was no significant dif-
ference between GC group and SM group (Fig. 1,

P = 0.052, paired t-test), the expression level of miR-
137 was much lower in GC sample than in SM samples.
According to those results, it indicated that miR-137 was
down-regulated in GC patients, which might play as a
tumor suppressor in gastric cancer. We further analyzed
the clinicopathological features separately by GC sam-
ples and SM samples (Table 1 and Table 2). As the
consequent, the clinicopathological features analyzed by
GC samples showed that miR-137 was significantly

Table 2 Clinicopathological
features of miR-137 expression
analyzed by SM samples

Clinic features Classic Case no. miR-137 expression
Median [25 %–75 %]

miR-137 high
expression case no. (%)

Age(years) ≤60 4 0.083 [0.022–0.352] 5 (62.5)

>60 14 0.040 [0.010–0.157] 4 (40.0)

Sex Male 8 0.131 [0.049–0.764] 6 (42.9)

Female 10 0.040 [0.010–0.154] 3 (75.0)

Differentiation Moderate/Poor 6 0.153 [0.071–0.166] 4 (36.4)

Well 11 0.041 [0.011–0.153] 5 (83.3)

Vascular emblus No 7 0.153 [0.011–0.188] 5 (71.4)

Yes 9 0.041 [0.011–0.083] 3 (33.3)

pTNM stage I-II 4 0.081 [0.241–0.152] 2 (50.0)

III-IV 9 0.052 [0.021–0.124] 4 (44.4)

Depth of invasion T1+2 3 NA 1 (66.7)

T3 13 0.052 [0.018–0.152] 7 (46.2)

T4 2 NA 1 (50.0)

Lymh node metastasis N0 10 0.154 [0.009–0.245] 7 (70.0)

N1–3 8 0.034 [0.017–0.068] 2 (25.0)

Distant metastasis M0 14 0.121 [0.010–0.166] 8 (57.1)

M1 4 0.046 [0.022–0.068] 1 (25.0)

NA not applicable

Fig. 2 Overexpression and
knock down of miR-137 in
BGC823 and SGC7901 gastric
cancer cell lines. miR-137 mimic
and inhibitor were separately
transfected into BGC823 and
SGC7901 cell lines. QRT-PCR
was used to confirm the changes
of miR-137 expression level after
24 h of transfection. a, b
Overexpression and knock down
of miR-137 in BGC823 cell line;
c, d Overexpression and knock
down of miR-137 in SGC7901
cell line. Note: miR-137 mimic
NC is miR-137 mimic control;
miR-137 inhibitor NC is miR-137
inhibitor control
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higher expressed in no vascular embolus group compared
with the vascular embolus group (Table 1. Median: 0.051
vs. 0.003, Mann-Whiney U test, P = 0.023). ROC curve
was formulated by vascular embolus (Fig. 1, cut off val-
ue = 0.005, AUC = 0.841, P = 0.023). Kaplan-Meier
analysis showed that the overall survival of patients with
high miR-137 expression was longer than those with low
miR-137 expression (Fig. 1, P = 0.386).

miR-137 inhibit gastric cancer cells migration, cell
proliferation, and cell cycle

Based on the hypothesis of its tumor suppresser role, we sep-
arately over expressed and knocked down the expression of
miR-137 in gastric cancer cell BGC-823 and SGC-7901
(Fig. 2). We then detected the migration capability changes
between different treatments of both cell lines and found that

Fig. 3 miR-137 inhibits the migration of BGC823 and SGC7901 gastric
cancer cell lines. Transwell assays were performed when miR-137 was
overexpressed or knocked down in BGC823 and SGC7901 cell lines. A

(a and b) and C (a and b) Overexpression or knock down of miR-137 in
SGC7901 cell line; B (a and b) andD (a and b) Overexpression or knock
down of miR-137 in BGC823 cell line
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over expression of miR-137 by miR-137 mimic could inhibit
the migration of both kinds of cells (P < 0.001, Fig. 3 (A and
B)), while knock down the expression of miR-137 by miR-
137 inhibitor could promote the migration of both kinds of cell
lines (P < 0.001, Fig. 3 (C and D)). The growth curves were
also compared by cell counts for 5 days between above dif-
ferent treatments. Although there was no significant difference
between miR-137 inhibitor NC and miR-137 inhibitor groups
in both kinds of cell lines (Fig. 4c and Fig. 4d), cells in miR-
137 mimic group grew more rapidly than in miR-137 mimic
NC group (P < 0.05, Fig. 4a and Fig. 4b). Cell cycle assay
showed that over expression of miR-137 could inhibit the vast
majority of cells to stalled at G0/G1 stage in BGC823 cell
lines (P = 0.006, Fig. 5 (B—g)), while knock down the ex-
pression of miR-137 could promote more cells to go into the S
stage and ready for cell division in SGC7901 cell lines
(P = 0.052, Fig. 5 (C—g)).

KLF12 and MYO1C are potential targets of miR-137

We then analyzed the targets of miR-137 among three kinds of
bioinformatics databases including miRDB, targetscan, and
pictar. There were about 544, 1144, and 468 targets of miR-
137 separately supported by miRDB, targetscan, and pictar
(Fig. 6a). And we found 206 kinds of targets predicted by all
three kinds of databases (Fig. 6a). And among them, KLF12
and MYO1C were predicted with relatively much higher
scores than others, with five target sites for KLF12 and two
target sites for MYO 1C. And based on the reports of their
important roles in cancer, we selected them as the candidate
target genes of miR-137(Fig. 6c). The QRT-PCR assay sug-
gested that KLF12 and MYO1C showed negatively correla-
tion with miR-137 in mRNA expression level (Fig. 7a and

Fig. 7c, KLF12, P = 0.024 in BGC823 and P = 0.038 in
SGC7901 by miR-137 mimic; Fig. 7e and Fig. 7h, MYO1C,
P < 0.001 in BGC823 by miR-137 mimic and P = 0.007 in
SGC7901 by miR-137 inhibitor). And western blot assay also
suggested that KLF12 and MYO1C showed negatively corre-
lation with miR-137 in protein expression level (Fig. 8).
Luciferase reporter assay showed that the 3′-UTR of KLF12
and MYO1C could direct interact with miR-137 (Fig. 9a and
Fig. 9c, KLF12, 24 and 48 h P < 0.001; Fig. 9e and Fig. 9g,
MYO1C, 24 h P < 0.001, 48 h P = 0.005), and the mutant 3′-
UTR of them could inhibit their interactions (Fig. 9b/D/F/H,
P > 0.05).

Discussions

miR-137 has been reported in different cancers. However,
because of the tissue specific characteristic of miRNAs, it is
not surprised that the same miRNA plays different roles
among various kinds of cancer types. Some of them suggested
that miR-137 might play as an oncogene role, while others
showed that it might play as a tumor suppressor role. Xiu et al.
have reported that miR-137 was over expressed in bladder
cancer and was associated with pTNM stage of clinical pa-
tients [14]. They also suggested that miR-137 could promote
bladder cell proliferation, migration, and invasion by targeting
PAQR3 [14]. However, Zhang et al. reported that miR-137
could inhibit NSCLC cell proliferation, migration, and inva-
sion by targeting SLC22A18 and might be an independent
prognostic factor of NSCLC [15]. Besides, another reports
about NSCLC suggested that miR-137 might inhibit
NSCLC cell proliferation by targeting KIT [16]. Liu et al.
have reported that miR-137 could be regulated by FoxD3

Fig. 4 miR-137 inhibits the
proliferation of BGC823 and
SGC7901 gastric cancer cell
lines. a, c Overexpression or
knock down of miR-137 in
SGC7901 cell line; b, d:
Overexpression or knock down of
miR-137 in BGC823 cell line
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Fig. 5 miR-137 inhibits the cell cycles of BGC823 and SGC7901 gastric cancer cell lines. A (a–g) and C (a–g) Overexpression or knock down of miR-
137 in SGC7901 cell line; B (a–g) and D (a–g) Overexpression or knock down of miR-137 in BGC823 cell line

Tumor Biol. (2016) 37:13557–13569 13563



and then targeted AKT2 to inhibit HCC progression [17].
Cheng et al. have reported that miR-137 might play a tumor
suppressor role by targeting Cox-2 and then regulate the sig-
naling pathway of PI3K/AKT in gastric cancer [20]. Similar
phenomena that miR-137 played tumor suppressor role in
gastric cancer were also been reported by Liu et al. [19], in
which miR-137 inhibited EMT by targeting Twist1, and by
Zheng et al. [18], in which miR-137 inhibited proliferation
found by miRNA array. We have reported that miR-137 was
silenced in GC samples compared with SM samples in gastric
cancer [10], and it suggested that miR-137 might play as tu-
mor suppressor role in gastric cancer. In the present study, we
displayed miR-137 played the tumor suppressor role in two
kinds of gastric cancer cell lines, including cell proliferation,
cell migration, and cell cycle.

Although there is no significant difference between GC
samples and SM samples in 18 paired patients, the trend of
the expression level showed that miR-137 was down-
regulated in GC samples and the significance between these
two groups may be raised with the size of sample. Similarly,
although we could only observed that miR-137 was signifi-
cantly expressed in no vascular embolus group than in vascu-
lar embolus group (Table 1, Median, 0.051 vs. 0.003, Mann-
Whiney U test, P = 0.023), the clinicopathological features
showed that miR-137was much higher expressed in no lymph
node metastasis group, no distant metastasis group and early
pTNM stages compared with lymph node metastasis group,

distant metastasis group and late pTNM stages (Table 1).
Furthermore, we set up the cut off value by vascular embolus
(Fig. 1, cut off value = 0.005, AUC = 0.841, P = 0.023) and
analyzed the overall survival time of gastric cancer patients,
which suggested that the overall survival of patients with high
miR-137 expression was longer than those with low miR-137
expression (Fig. 1, P = 0.386). However, limited to the present
sample size, we could not receive more significant results.

We first transfected the miR-137 mimic and inhibitor into
gastric cancer cell lines before we conducted the follow-up
assays. Although the miR-137 mimic group significantly in-
creased the expression of miR-137 in both kinds of gastric
cancer lines, the miR-137 inhibitor group just down-
regulated the expression of miR-137 without significant dif-
ference compared with inhibitor NC group. It was easy to
understand the working mechanism of mature miRNAs.
miRNA mimic imitated the same process of miRNA itself.
However, we could not arrive at the truth of the real working
mechanisms of miRNA inhibitor. Some of them could achieve
the predictive result, while others could not found the differ-
ence compared with control groups, so that several companies
suggested adding 3–5 times more than miRNA mimic to ob-
tain the predictive results. As for the undesirable down regu-
lation of miR-137 in two kinds of gastric cancer cell lines, it
might be explained as many ways and one of them might be
the insufficient dosage of materials. However, no matter how
the mechanisms behind such phenomenon, the miR-137

Fig. 6 Biological information
analysis and reporter constructs of
miR-137 target genes. a The
candidate target genes of miR-
137 were analyzed separately in
miRDB, Pictar, and Targetscan,
and the candidate target genes
were selected from the
intersection of three sets; b The
vector for reporter constructs of
3′-UTR of target genes; c
Diagram of 3′-UTR containing
reporter constructs for KLF12 and
MYO1C
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inhibitor reduced the expression of miR-137 in both kinds of
gastric cancer cell lines.

The migration capabilities of two kinds of gastric can-
cer cell lines were compared by transfecting with miR-
137 mimic and inhibitor. And miR-137 really inhibited
the migration capability of gastric cancer cell lines. As
we could observe that number of the cell migration in
miR-137 inhibitor group was significant lower than in
miR-137 mimic group. Such phenomenon could be ex-
plained as we separately conducted the above transwell
assays so that some differences existed in cell state be-
tween them. Besides, limited to present conditions, we
did not further confirm this phenomenon by the transwell
invasion assay and the animal model of metastasis assay.

We also compared the proliferation and cell cycle after the
transfection with miR-137 mimic and inhibitor. Over expres-
sion of miR-137 could inhibit the proliferation of BGC823
and SGC7901, while knock down of miR-137 had no signif-
icant difference between miR-137 inhibitor and miR-137 in-
hibitor NC in both of the above cell lines. Compared with the
results of cell proliferation, the only changes of cell cycles
happened in BGC823 cell lines. More cells stayed in G0/G1
phrase and decreased in S phrase, which indicated that over-
expression of miR-137 could promote the cell cycle arrest,
and although there was no difference between the miR-137
inhibitor and miR-137 inhibitor NC, the trend suggested that
knock down the expression of miR-137 could increase the
rates of cells in G0/G1 phrase. It was interested that

Fig. 7 KLF12 and MYO1C were negatively related to miR-137 in
mRNA expression level by QRT-PCR assay. a, b The expression level
of KLF12 when overexpression or knock down of miR-137 in BGC823
cell line; c, d The expression level of KLF12 when overexpression or

knock down of miR-137 in SGC7901 cell line; e, f The expression level
ofMYO1Cwhen overexpression or knock down of miR-137 in BGC823
cell line; g, h The expression level of MYO1C when overexpression or
knock down of miR-137 in SGC7901 cell line
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overexpression of miR-137 seemed to increase the rates
of S stage cells in SGC7901, and knockdown the expres-
sion of miR-137 could reduce this trend. However, there
was no significant difference in SGC7901 assay group.
Besides, recently studies suggested that the S stage of the
cell cycle should be rediscovered, because the replication
of genetic material might happened not only in S phrase
but also in G2/M phrase [21]. Thus, we could not make
the conclusion by comparing them in only S stage with-
out considering the G2/M phrase. However, the G0/G1
stage was still realized as cell cycle arrest check point.
And the only conclusion of this assay might be

overexpression of miR-137 could promote the cell cycle
to arrest in G0/G1 phrase.

Based on the above results of miR-137 function in gastric
cancer cell lines, we found that KLF12 and MYO1C might
be another two target genes of miR-137. Firstly, we tested
the expression level of KLF12 and MYO1C after transfec-
tion of miR-137 mimic and inhibitor. We found that the
mRNA expression level of KLF12 was negatively related
to miR-137 both in BGC823 cell line and SGC7901 cell
line, while the mRNA expression level of MYO1C was
negatively related with miR-137 in SGC7901 cell line.
MYO1C was lower expressed in BGC823 cell lines with

Fig. 8 KLF12 and MYO1C were negatively related to miR-137 in
protein expression level by western blot assay. A (a and c) The
expression level of KLF12 when overexpression or knock down of
miR-137 in BGC823 cell line; A (b and d) The expression level of

KLF12 when overexpression or knock down of miR-137 in SGC7901
cell line; B (a and b) The expression level of MYO1C when
overexpression or knock down of miR-137 in BGC823 and SGC7901
cell lines
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miR-137 overexpression, but not versa. However, in the
protein level, both target proteins were negatively related

to the expression of miR-137 in BGC823 cell line. While
the negative relationship in SGC7901 cell line could only be

Fig. 9 Luciferase reporter assays. The relative luciferase activity was
measured in 293 T cell line at the time of 24 or 48 h after co-transfection of
the target gene-WTor target gene-MUT luciferase construct with either miR-

137 or control (NC). a, b 24 h, KLF12-WT or KLF12-MUT; c, d 48 h,
KLF12-WT or KLF12-MUT; e, f 24 h, MYO1C-WT or MYO1C-MUT; g,
h 48 h, MYO1C-WTor MYO1C-MUT
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observed when knockdown the miR-137 in BGC823 cell
line for KLF12 or when overexpression of miR-137 in
SGC7901 cell line for MYO1C. Because of the mRNA level
and protein level were different working stages of miRNA
machinery in different cell type, and we did not obtain them
together, so that we might seized one moment of the long
stage, which might be not be unanimously in different ex-
pression levels and in different cell types. But the trend of
negative relationship always indicated that they were the
candidates target gene of miR-137.

KLF12 have been reported in numerous kinds of cancers. It
belongs to the KLFs’ family, which comprises a highly con-
served family of zinc finger transcription factors that are in-
volved in a series of cellular processes, ranging from prolifer-
ation and apoptosis to differentiation, migration, and
pluripotency. Giefing et al. showed that the amplification re-
gion of 13q22.1–22.2 in 13/29 cases harbored KLF12 genes
in salivary gland tumor [22]. And Xu et al. confirmed that
miR-382 could inhibit the growth and chemosensitivity in
osteosarcorna by targeting KLF12 and HIPK3 [23]. Hünten
et al. used the means of next generation sequencing (NGS)
and found that KLF12 might be the target of P53. All above
reports were indirect proof of the oncogene role of KLF12.
Meanwhile, Nakamura et al. supplied the direct proof of the
oncogene role of KLF12, that knockdown the expression of
KLF12 induced significant growth arrest, while over expres-
sion of KLF12 could promote the invasive potential in
HGC27 gastric cancer cell lines [24]. In the present study,
our results showed that the expression of KLF12 was nega-
tively related to miR-137, which suggested it might play as an
oncogene in human gastric cancer.

MYO1C was reported to be more related to hearing [25,
26]. But we found only two papers about MYO1C has the
relationships with human cancers. One predicted it as tumor
suppressor gene, because region of MYO1C neighbors with
TP53, and other members of P53 family plays as a tumor
suppressor role [27]. Another paper reported that MYO1C
had three isoforms (isoform A, B, and C), and isoform A is
specific high expressed in prostate cancer, which may be a
potential maker for detection prostate cancer [28]. It was in-
teresting that our data about MYO1C was also based on the
isoform A. As our result, it was showed that the expression of
MYO1C was negatively related to miR-137, which suggested
it might play as an oncogene in human gastric cancer.

In conclusion, we found that miR-137 was down-regulated in
clinical specimens of gastric cancer. It was significantly high
expressed in patients without vascular embolus than with vascu-
lar embolus ones. And the overall survival time of miR-137 high
expression patients was longer than miR-137 low expression
ones. Overexpression of miR-137 could inhibit the capabilities
of cell migration, cell proliferation, and cell cycle in gastric can-
cer cell lines. Furthermore, miR-137might play a tumor suppres-
sor role in gastric cancer by targeting KLF12 and MYO1C.
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