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MicroRNA-181a promotes gastric cancer by negatively regulating
tumor suppressor KLF6
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Abstract MicroRNAs have emerged as crucial regulators of
tumorigenesis. However, it remains unknown whether miR-
181a is involved in the pathogenesis of gastric cancer. In this
study, we found that miR-181a is overexpressed in human
gastric cancer tissues. Ectopic expression of miR-181a mimic
promoted the proliferation, colony formation, migration, and
invasion and inhibited the apoptosis of SGC-7901 gastric
cancer cells, whereas ectopic expression of miR-181a inhibi-
tor inhibited the malignant phenotypes of SGC-7901 cells.
Site-directed mutagenesis and luciferase reporter assay dem-
onstrated that miR-181a repressed KLF6 expression by target-
ing its 3′-UTR. Western blot analysis further showed that
KLF6 protein was significantly decreased or increased when
miR-181a mimic or inhibitor was transfected into SGC-7901
cells, respectively. In summary, these data suggest that KLF6
gene is a direct target of miR-181a and miR-181a functions as
an oncomir in gastric cancer by repressing the expression of
tumor suppressor KLF6.
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Introduction

Gastric cancer is the fourth most common cancer world-
wide, and it is estimated that there are 603,003 new cases
per year among men and 330,290 new cases per year among

women [1]. Despite recent advances in surgical technique,
diagnostic method and new chemotherapy regimens, no
effective targeting therapy is available for gastric cancer,
mainly due to a lack of complete understanding of the
molecular mechanisms underlying gastric cancer develop-
ment. Multiple studies indicate that gastric cancer is a poly-
genic disease that arises via the dysregulation of many
related genes [2]. Many well-characterized tumor suppressor
genes and oncogenes have been analyzed to better define
their respective roles in gastric cancer development and
progression, but only a few consistent and frequent genetic
alterations have been identified [3]. Germline mutations in
the E-cadherin tumor suppressor gene, loss and somatic
mutations of the p53 tumor suppressor gene, oncogenic
activation of β-catenin, and K-ras mutations have been
found in a subset of gastric cancers [3]. However, the gene
regulatory mechanism involved in the development of gas-
tric cancer is still unclear.

MicroRNAs (miRNAs) are small, approximately 22-
nucleotide, noncoding RNAs that regulate the expression
of several hundreds of genes by targeting their mRNAs
post-transcriptionally [4]. MiRNAs bind to the partially
complementary target sites in 3′-untranslated regions (3′-
UTRs) of mRNAs, inducing direct mRNA degradation or
translational inhibition [4]. MicroRNAs have emerged as
important gene regulators and are recognized as key players
in carcinogenesis by acting as oncogene or tumor suppressor
gene [5–7]. Accumulating evidence suggests that miRNAs
are aberrantly expressed and regulate the initiation, progres-
sion, and metastasis of a variety of cancers including gastric
cancer. Human microRNA-181a (miR-181a), a member of
the miR-181 family, has been reported to be associated with
various human malignancies [8–10].

Kruppel-like factors (KLFs) are core zinc-finger tran-
scription factors that regulate the differentiation and
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development, growth-related signal transduction, cell prolif-
eration, apoptosis, and angiogenesis [11, 12]. Kruppel-like
factor 6 (KLF6) is a member of KLF family and KLF6 gene
mutations have been identified in hepatocellular carcinoma,
prostate, colon cancers, and gastric cancer [13–16]. Further-
more, a functional single-nucleotide polymorphism (SNP)
in the KLF6 gene has been identified recently to be associ-
ated with increased incidences of familial prostate and lung
cancers [17, 18]. These findings suggest the potential role of
KLF6 as a tumor suppressor gene.

However, it remains unknown whether miR-181a is in-
volved in the pathogenesis of gastric cancer. In this study,
we found that miR-181a is overexpressed in human gastric
cancer tissues. In addition, ectopic expression of miR-181a
promoted the proliferation, colony formation, migration and
invasion and inhibited the apoptosis of gastric cancer cells.
A luciferase reporter assay demonstrated that miR-181a
repressed KLF6 expression by targeting its 3′-UTR, and
Western blot analysis showed that KLF6 protein was signif-
icantly decreased when miR-181a mimic was transfected
into SGC-7901 cells. These data suggest that KLF6 gene
is a direct target of miR-181a and miR-181a promotes
gastric cancer development by downregulating the expres-
sion of tumor suppress gene KLF6.

Materials and methods

Cell culture and tissue preparation

Human gastric adenocarcinoma cell lines SGC-7901,
MGC-803, BGC-823 and HEK 293 T cells were pur-
chased from the Cell Bank of Chinese Academy of Sci-
ences. Cells were routinely cultured with RPMI-1640
medium supplemented with 10 % fetal bovine serum at
37°C in a humidified atmosphere with 5 % CO2. Nine
specimens of adenocarcinoma and the adjacent non-
cancerous tissues (10 cm away from the tumor and har-
boring no cancer cells detected by histology) were col-
lected from either surgical resection or endoscopy biospy.
All tissue samples were obtained with informed consent
and the procedure was approved by the Medical Ethics
Committee of Guangzhou Medical University.

Real-time reverse transcriptase quantitative PCR

Total RNA was extracted from cells and tissues samples
with Trizol reagent (Invitrogen). The quality and quantity
of the RNA samples were assessed by standard electropho-
resis and spectrophotometric methods. The first-strand
cDNAwas synthesized using reverse transcription kit (EXI-
QON) according to the manufacturer's instruction. Real-
time reverse transcriptase quantitative PCR (qRT-PCR)

analysis were performed with locked nucleic acids (LNAs)
linear primers (EXIQON) and SYBR Green I, and U6 small
nuclear RNA (RNU6B; EXIQON) was used as normalizer.
PCR primers used were as follows: Hsa-miR-181a forward:
5′-ACACTCCAGCTGGGAACATTCAACGCTGTCGG-
3′; and reverse: 5′-CTCAACTGGTGTCGTGGA-3′; U6 for-
ward: 5′-CTCGCTTCGGCAGCACA-3′;and reverse: 5′-
AACGCTTCACGAATTTGCGT-3′. PCR was performed
at 95°C for 10 min, followed by 40 cycles of 95°C for 10s
and 60°C for 1 min. The relative expression ratio of miR-
181a in gastric cancer tissues and cells was quantified by the
2−△△CT method [19].

Transfection with miR-181a inhibitor and mimic constructs

The anti-miR-181a (77 bp) was amplified with the follow-
ing pr imers : Forward: 5 ′ -GATCCACTCACCGA
CAGCGTTGAATGTTTTCGACTCACCGACAGCGTT
GAATGTTTTCGACTCACCGACAGCGTTGAATGTTg-
3′ and Reverse: 5′-AATTCAACATTCAACGCTGTCGGT
GAGTCGAAAACATTCAACGCTGTCGGTGAGTC
GAAAACATTCAACGCTGTCGGTGAGTg-3 ′ , and
cloned into pSIREN-RetroQZsGreen (Promega, Madison,
WI, USA). The plasmid containing anti-miR-181a sequence
was named miR-181a Inhibitor, and the control plasmid
containing a scrambled sequence (Promega, Madison, WI,
USA) was named Negative Control (NC). All constructs
were verified by sequencer. To elevate miR-181a expres-
sion, a miR-181a mimic (RIBOBIO, Guangzhou, China)
was designed, and a scrambled sequence was used as the
Negative Control Inhibitor (NCI). For transfection, cells
were seeded in 6-well plates at a density of 1×105 cells/well
and transfected with 20 μM miR-181a mimic, miR-181a
Inhibitor, NC or NCI using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer's
instruction.

Cell growth assay

SGC-7901 cells were seeded in 96-well plates 1 day before
transfection. Twenty-four hours after transfection, cells were
trypsinized and seeded into 96-well culture plates at a den-
sity of 10,000 cells/well in growth medium supplemented
with 10 % serum. The cells were harvested at different time
points (24, 48, 72, and 96 h) for growth assay using the
MTS kit (cellTiter96AQ, Promega, USA) following the
manufacturer's protocol and the absorption was read at
490 nm.

Colony formation assay

Twenty-four hours after transfection, cells were trypsinized
and seeded into 96-well plates with a density of 50, 100, or
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200 per well (in triplicate). The cells were observed at every
24 h. When the cells grew to visible colonies, the colonies
were washed once with PBS and fixed with 4 % parafor-
maldehyde for 20 min. Next, fixed colonies were washed
again with PBS, and stained with crystal violet for 15 min.
Finally, the crystal violet dye was washed with PBS. Auto-
mated enzyme-linked spot image analyzer (Elisporeader 400
PRO-X, BIOSYS) was used to read the plates.

Cell growth curve assay

Twenty-four hours after transfection, cells were trypsinized
and seeded into 96-well plates for further culture (in triplicate).
The cell viability was determined by trypan blue dye exclu-
sion assay and the viable cells were counted on a hemacytom-
eter. The cell growth curve was drawn based on the counting.

Cell migration and invasion assay

Cell migration assay was performed using 8 μm pore size
96-well MIC Transwell plates (Millipore). After transfec-
tion, the cells were resuspended in serum-free medium and
1×105 cells in 100 μl medium were added to the upper
chamber while the lower chamber was filled with complete
media as a chemoattractant. The cells were incubated for
24 h at 37°C, the cells on the upper surface of the membrane
were removed by cotton swabs and the cells attached to the
lower surface were fixed in ice-cold methanol for 10 min,
and stained with 0.5 % crystal violet solution for 10 min.
The number of migrated cells on the lower surface of the
membrane was counted under a microscope in five fields
(100×). For the invasion assay, the MIC plates were initially
coated with matrigel (BD Biosciences, Bedford, MA, USA)
diluted in serum free medium and the following procedures
were the same as migration assay.

Flow cytometry analysis of apoptosis

Twenty-four hours after transfection, the cells were collect-
ed and washed with PBS twice and about 1–5×105 cells
were resuspended in 400 μl Annexin V binding buffer (BD-
Biosciences, San Jose, CA, USA). The cells were stained
with 5 μl Annexin V FITC (BD-Biosciences) for 15 min at
4°C in the dark. The reaction was stopped by the addition of
10 μl propidium iodide (PI) and incubation for 5 min at 4°C
in the dark. The samples were subjected to flow cytometry
analysis within 1 h.

Western blot analysis

Total cell lysates were prepared using RIPA buffer (150 mM
NaCl, 1 mM EDTA, 50 mM Tris–HCl pH 7.4, 1 % Triton X-
100, 0.5 % deoxycholic acid, 0.1 % SDS) and the protein

concentration was measured by BCA method. Equal amounts
of proteins were separated by 10 % SDS-PAGE and blotted to
PVDF membranes (Millipore, Billerica, MA, USA). The
membranes were blocked with 5 % non-fat milk powder at
room temperature for 2 h, then incubated with specific anti-
body for KLF6 or GAPHD (Abnova, USA) at 4°C o/n fol-
lowed by incubation with secondary antibody (Southern
Biotech, USA) for 1 h at room temperature. The membranes
were developed using ECL kit (Pierce, Rockford, IL, USA)
and exposed to X-ray film to visualize the images.

Luciferase reporter assay

The 3′-UTR of human KLF6 gene (containing two potential
miR-181a-targeting sites at the positions 403 and 2,955 bp)
was amplified with whole blood DNA as template using the
following primers: 5′-CCGCTCGAG GGGAGCAGAGAG
GTGGATCCTG-3 ′ (forward) and 5 ′-ATAAGAxAT
GCGGCCGC TGGCAGTGATGTCATCTTTTATTTTC
TG-3′ (reverse). PCR product was cloned into the luciferase
reporter vector PsiCHECKUM (Promega, Madison, WI,
USA) and the recombinant plasmid was designated
PsiCHECKUM-wt. Site-directed mutagenesis of the miR-
181a target-site in the 3′-UTR of KLF6 was performed using
site-directed mutagenesis kit (TaKaRa, Dalian, China).
PsiCHECKUM-mut-1 plasmid with mutated binding site at
the position 403 was constructed using the following pri-
mers: 5′-AGAGATGGAAAAAAAGTAGTTATCGAT
CTTTGTGTGTAAGGAGTATACC-3′ (forward) and 5′-
GGTATACTCCTTACACACAAAGATCGATAACT
ACTTTTTTTCCATCTCT-3′ (reverse). PsiCHECKUM-mut-2
plasmid with mutated binding site at the position 2955 was
constructed using the following primers: 5′-CAAGATTGTTA
TATTTCTGTAATCGATCATTTTTTATTGGAAT
AACATA-3′ (forward) and 5′-TATGTTATTCCAATA
AAAAATGATCGATTACAGAAATATAACAATCTTG-3′
(reverse). PsiCHECKUM-mut-3 plasmid with mutated binding
site at both positions was constructed similarly. All constructs
were verified by sequencing.

For luciferase reporter assay, HEK 293 T cells at logarith-
mic phase were seeded in 24-well plates at 2×104 cells/well.
After 24 h, the cells were transiently cotransfected with 0.5 μg
wt. or mutant reporter plasmid and 1 μl miRNA mimic or
inhibitor (50 μM) using lipofectamine 2000 (Invitrogen).
Firefly and Renilla luciferase activities were measured using
Dual-Luciferase Reporter Assay System (Promega) following
the manufacturer's instructions and normalized for transfec-
tion efficiency by the control vector pRL-TK.

Statistical analysis

Statistical analysis was performed using SPSS 15.0 software
(SPSS Inc, IL, USA). Data were expressed as the mean±
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standard deviation from at least three independent experi-
ments. Differences between groups were analyzed using
Student's t test and Chi-square test. A two-tailed P value
less than 0.05 was considered statistically significant.

Results

Expression of miR-181a and KLF6 in gastric cancer

First, we detected the expression of miR-181a and KLF6 in
gastric cancer tissues. qRT-PCR analysis showed that
among the nine matched pairs of samples, the expression
of miR-181a in eight samples of gastric cancer tissues was
significantly higher than in the corresponding adjacent non-
tumor tissues acquired 10 cm away from the tumor's margin
(Fig. 1, upper panel). Moreover, Western blot analysis
showed the lower expression level of KLF6 protein in
gastric cancer tissues than in the corresponding adjacent
non-tumor tissues (Fig. 1, lower panel). These results sug-
gested the negative correlation between miR-181a and
KLF6 expression in gastric cancer tissues. Next, we detected
the expression of miR-181a in several gastric cancer cell
lines such as SGC-7901, MGC-803, and BGC-823 by qRT-

PCR (data not shown). Since the expression level of miR-
181a is very high in SGC-7901 cells, we chose it as the cell
model to further characterize the role of miR-181a in gastric
cancer.

miR-181a promotes the proliferation and clonogenicity
of SGC-7901 cells

To assess the role of miR-181a in the growth of gastric
cancer cells, we transfected miR-181a mimic or miR-181a
inhibitor into SGC-7901 cells. MTS assay showed that miR-
181a mimic promoted cell proliferation compared with miR-
181a inhibitor, NC, NCI (Fig. 2a, *p<0.05). Cell growth
curve assay also showed that miR-181a mimic promoted
cell growth while miR-181a inhibitor inhibited cell growth
(Fig. 2b, *p<0.05). Furthermore, clone formation assay
showed that miR-181a mimic increased the clonogenicity
of SGC-7901 cells while miR-181a inhibitor decreased the
clonogenicity (Fig. 2c, *p<0.05). Taken together, these data
suggest that miR-181a promotes the proliferation and clo-
nogenicity in SGC-7901 cells.

miR-181a inhibits the apoptosis of SGC-7901 cells

Next, we performed flow cytometry analysis to examine
apoptosis of SGC-7901 cells transfected by miR-181a mim-
ic or inhibitor. The results showed that compared with miR-
181a inhibitor or NC or NCI groups, the apoptosis rate was
significantly decreased in SGC-7901 cells transfected with
miR-181a mimic (Fig. 2d–i, *p<0.05). Furthermore, miR-
181a inhibitor increased the apoptosis rate of SGC-7901
cells. These results indicate that miR-181a inhibits the apo-
ptosis of SGC-7901 cells to promote cell proliferation and
clonogenicity.

miR-181a promotes the migration and invasion of SGC-
7901 cells

To investigate the role of miR-181a in gastric cancer metas-
tasis, we transfected miR-181a mimic or miR-181a inhibitor
into SGC-7901 cells and performed in vitro cell migration
and invasion assay. The in vitro migration assay showed that
SGC-7901 cells migrated faster after the transfection of
miR-181a mimic but more slowly after the transfection of
miR-181a inhibitor, compared to control cells (Fig. 3a,c,
*p<0.05). In addition, the in vitro invasion assay showed
that the invasion ability of SGC-7901 cells was increased
after the transfection of miR-181a mimic but decreased after
the transfection of miR-181a inhibitor, compared to control
cells (Fig. 3b,d, *p<0.05). Collectively, these results sug-
gest that miR-181a promotes the migration and invasion
ability of SGC-7901 cells.

Fig. 1 miR-181a is overexpressed while KLF6 is downregulated in
gastric cancer tissues. Nine matched pairs of gastric cancer tissues and
their corresponding adjacent non-tumor tissues (10 cm away from the
tumor's margin) were subjected to qRT-PCR analysis of miR-181a level
and Western blot analysis of KLF6 protein level. C cancer tissue; N the
corresponding adjacent non-tumor tissue
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miR-181a inhibits the expression of KLF6 by targeting its
3′-UTR

To elucidate the molecular mechanism by which miR-181a
modulates the biological behaviors of SGC-7901 cells, we
predicted the targets of miR-181a by using bioinformatics
tools TargetScan, PicTar, and Miranda. All these programs
predicted KLF6 as a target of miR-181a and two potential
miR-181a targeting sites at the positions 403 and 2955 nt in
the KLF6 3′-UTR were identified (Fig. 4a,b). To verify that
KLF6 is a functional target of miR-181a, we cloned a
reporter plasmid containing the wide-type 3′-UTR of
KLF6 at the 3′position of the firefly luciferase reporter gene.
In parallel, we constructed reporter plasmids in which the

conserved target sequence at the positions 403 and 2955 nt
were mutated individually or in combination, and trans-
fected 293 cells with these constructs with miR-181a mimic
or miR-181a inhibitor or NC or NCI. Luciferase activity was
markedly diminished in cells transfected with miR-181a and
wild type 3′-UTR reporter plasmid-transfected cells, com-
pared to cells transfected with miR-181a mimics and mutant
3′-UTR reporter plasmids (Fig. 4c). Conversely, a signifi-
cant increase in luciferase activity was observed after trans-
fection with miR-181a inhibitor (Fig. 4c).

To confirm that miR-181a represses KLF6 expression in
SGC-7901 cells, we performed Western blot analysis and
found that the transfection of miR-181a mimic led to a
significant decrease in KLF6 protein level, while the

Fig. 2 miR-181a promotes the proliferation and clonogenicity of
SGC-7901 cells. a MTS assay showing the proliferation of SGC-
7901 cells treated as indicated. b Cell growth curve assay showing
the growth of SGC-7901 cells treated as indicated. c Clone formation
assay showing the clonogenicity of SGC-7901 cells treated as

indicated. The colonies were counted on day 7. d–h Representative
flow histograms showing the apoptosis of SGC-7901 cells treated as
indicated. i Quantification of apoptosis rate of SGC-7901 cells treated
as indicated (n03), *p<0.05
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transfection of miR-181a inhibitor led to a significant in-
crease in KLF6 protein level compared to the respective
controls (Fig. 5a.b,*p<0.05). In addition, RT-PCR analysis
showed that the transfection of miR-181a mimic led to a
significant decrease in KLF6 mRNA level (Fig. 5c, *p<
0.05). Taken together, these data provide evidence that miR-
181a inhibits the expression of KLF6 by directly targeting
the 3′UTR of KLF6.

Discussion

In recent years, many studies have shown that aberrant
expression of miRNAs is implicated in human malignancies
[5–7]. Identification of cancer-specific miRNAs as well as
their targets is critical for understanding the roles of miR-
NAs in tumorigenesis and may be important for defining
novel therapeutic targets [20].

In our preliminary miRNA microarray, we identified many
dysregulated miRNAs in gastric cancer tissues, including the

up-regulation of miR-181a. In this study, we focused on the
potential oncomir miR-181a. MiR-181a was initially identi-
fied as a tumor-suppressing miRNA in human primary glio-
blastoma and as an oncomir in thymus cells [21, 22].
However, the role of miR-181a in gastric cancer remains
elusive. In the present study, we provide several lines of
evidence that miR-181a may function as an oncomir in gastric
cancer. First, we found that miR-181a was upregulated in
gastric cancer tissues compared with matched non-tumor tis-
sues. Second, the in vitro assays on cell proliferation, growth,
apoptosis, colony formation, migration, and invasion demon-
strated that miR-181amimic enhanced but miR-181a inhibitor
inhibited the malignant phenotypes of SGC-7901 cells. Third,
luciferase assay and Western blot analysis showed that miR-
181a inhibited the expression of KLF6 by directly targeting its
3′ UTR. KLF6 has been shown to mediate the inhibition of
proliferation by upregulating the cell-cycle inhibitor
CDKN1A (p21WAF1/CIP1) through an interaction with
cyclin D1 in a p53-independent manner, and KLF6 has been
reported as a tumor suppressor in gastric cancer [13, 16]. It is

Fig. 3 miR-181a promotes the migration and invasion of SGC-7901
cells. a In vitro migration assay was performed as described in “Materials
and methods” section. Shown were representative images on the migra-
tion of SGC-7901 cells treated as indicated. b In vitro invasion assay was
performed as described in “Materials and methods” section. Shown were

representative images on the invasion of SGC-7901 cells treated as
indicated. c Quantification of the migration of SGC-7901 cells treated
as indicated (n03). d Quantification of the invasion of SGC-7901 cells
treated as indicated (n03), *p<0.05
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reasonable to expect that miR-181a downregulates the expres-
sion of KLF6, leading to its loss of tumor suppressor function.
This hypothesis satisfactorily explains the downreguation of

KLF6 and overexpression of miR-181a in gastric cancer and
is consistent with current opinion that KLF6 is a tumor sup-
pressor and miR-181a is an oncomir.

Fig. 4 miR-181a inhibits the expression of KLF6 by targeting its 3′-
UTR. a–b Schemes showing the two potential targeting sites of miR-
181a in the 3′-UTR of KLF6. c Luciferase assay was performed as

described in the “Materials and methods” section. The luciferase
activities were quantified of the lysates from HEK 293 T cells
treated as indicated (n03)

Fig. 5 miR-181a represses
KLF6 expression in SGC-7901
cells. a Western blots showing
the expression of KLF6 in SGC-
7901 cells treated as indicated.
Shown were representative blots
from three independent experi-
ments with similar results.
GAPDH served as loading con-
trol. b Quantification of KLF6
protein level in SGC-7901 cells
treated as indicated (n03). *p<
0.05. c RT-PCR analysis of
KLF6mRNA level in SGC-7901
cells treated as indicated (n03),
*p<0.05
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KLFs are a large family characterized by a DNA-binding
domain with conserved three tandem C2H2-type zinc finger
motifs at the carboxy terminus which recognizes the GT/GC
box or CACCC element sites on promoter/regulatory
regions [23]. KLF family consists of 17 distinct members.
Interestingly, a recent study reported that KLF8 was highly
expressed in gastric cancer tissues and cell lines and
lentivirus-mediated knockdown of KLF8 inhibited
SGC7901 cell proliferation, promoted cell apoptosis, and
inhibited the tumorigenicity of SGC7901 cells [24]. These
results suggest the oncogenic role of KLF8 and further study
is necessary to determine whether miR-181a could modulate
the expression of other KLF members. Mounting evidence
has highlighted a variety of KLF6 inactivation mechanisms
relevant to tumorigenesis, including loss of heterozygosity,
somatic mutation, transcriptional silencing through promot-
er hypermethylation, and dysregulated alternative splicing
[15, 25–29]. In this aspect, our findings that KLF6 expres-
sion is inhibited by miR-181a provide new insight into the
mechanism of loss of KLF6 function in cancer.

In conclusion, in this study, we showed that miR-181a was
upregulated in gastric cancer. By using gain and loss of
function approaches, we demonstrated that miR-181a promot-
ed the proliferation and metastatic potential of gastric cancer
cells. Furthermore, we identified tumor suppressor KLF6 as a
direct target of miR-181a. These results suggest that miR-
181a functions as an oncomir in gastric cancer and represents
a potential molecular target for gastric cancer therapy.
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