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Abstract: Previous studies have revealed several targets of miR-10b, such as syndecan-1, HOXD10, TBX5, and 
E-cadherin. In this study, we aimed to assess whether Krüppel-like factor 4 (KLF4) is a target gene of miR-10b in 
gastric cancer (GC). Targeting of KLF4 by miR-10b was confirmed by dual-luciferase reporter assays. The expression 
levels of miR-10b and KLF4 mRNA in 5 different gastric cancer cell lines and 65 pairs of gastric cancer tissues were 
detected by Real-time PCR. In addition, KLF4 protein in gastric cancer cell lines and 30 GC tissues was measured 
by western blotting and immunochemistry, respectively. KLF4 is a direct target gene of miR-10b in GC, and its ex-
pression is reduced by miR-10b at both mRNA and protein levels. In addition, the expression level of miR-10b was 
tendentiously upregulated in GC tissues while the expression levels of KLF4 mRNA and protein were decreased in 
gastric cancer tissues compared with normal adjacent tissue. There was a dramatically inverse correlation between 
the expression levels of miR-10b and KLF4 mRNA in GC (r = -0.339, P = 0.006). These findings indicate that miR-
10b was upregulated in GC and may have a key role in GC pathogenesis and development through the downregula-
tion of its target gene KLF4.
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Introduction

Gastric cancer (GC) is the second most fre-
quent type of cancer and the third leading 
cause of cancer mortality following lung cancer 
and hepatic carcinoma in China [1]. Despite the 
great effort in clarifying GC occurrence and 
progress has been made in the several past 
decades, the molecular mechanism underlin-
ing GC carcinogenesis remains largely unclear. 
MicroRNAs (miRNAs), a class of approximately 
21 to 25 nucleotide endogenous noncoding 
RNAs, that regulate gene expression at the 
post-transcriptional level by direct cleavage of 
the mRNA or by inhibition of protein synthesis 
of target genes [2, 3], have been increasingly 
considered to play important roles in the carci-
nogenesis and development in various cancers 
[3]. Although the biological functions of most 
miRNAs are not yet fully elucidated, they may 

serve as the key regulators in the various bio-
logical processes [3-5], such as embryonic 
development, cellular differentiation, prolifera-
tion, apoptosis, gene regulation, as well as can-
cer development. 

MicroRNA-10b (miR-10b), located at chromo-
some 2q31.1 within the HOXD gene cluster, 
was initially identified as a metastasis-associat-
ed miRNA in breast cancer [6, 7]. Previous stud-
ies have clarified that miR-10b was upregulated 
in various tumors and played important biologi-
cal roles in cancer occurrence and progress 
[8-13]. Ibrahim et al. [14] showed that miR-10b 
targets the syndecan-1 and promotes breast 
cancer cell motility and invasiveness via a Rho-
GTPase- and E-cadherin-dependent mecha-
nism. Sun et al. [15] displayed that miR-10b 
induces glioma cell invasion by modulating 
MMP-14 and uPAR expression via HOXD10. In a 
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recent study, Tian et al. [13] identified that miR-
NA-10b promotes migration and invasion 
through target gene KLF4 in human esopha-
geal cancer cell lines. However, it remains 
unknown whether KLF4 is a direct and function-
al target of miR-10b in GC. Therefore, the pur-
pose of this study was to determine whether 
KLF4 is a direct target of miR-10b in GC cells, 
and in which manner miR-10b regulate KLF4 
expression, at the mRNA level or/and protein 
level? In addition, the expression pattern of 
miR-10b and KLF4 in GC tissues was also 
observed in this study.

Materials and methods

Tissue specimens

Consecutive tissue samples from 65 patients 
with primary gastric carcinoma were used for 
real-time quantitative PCR of miR-10b and 
KLF4 mRNA. They were obtained from Huzhou 
Tumor Biobank, Huzhou Centre Hospital, Hu- 
zhou, China, between 2012 and 2014. Each 
surgical specimen of paired GC tumor tissues 
and normal adjacent tissues (NATs) was instant-
ly frozen in liquid nitrogen, and stored at -80°C 
until RNA extraction. For the immunohisto-
chemical detection of KLF4, another 30 pa- 
tients with primary gastric carcinoma were 
enrolled. Surgical specimens of each individual 
were fixed in 10% buffered formalin solution 
and embedded in paraffin wax. This study was 
approved by the Ethics Committee of Huzhou 
Centre Hospital, and all participants gave 
informed consent.

Cell Lines and cell cultures

Human gastric cancer cell lines MKN-45, BGC-
823, SGC-7901, MGC-803, and AGS were pur-
chased from Cell Bank of Chinese Academy of 
Medical Sciences (Beijing, China). All cell lines 
were maintained in RIPM-1640 medium sup-
plemented with 10% fetal bovine serum (FBS, 
HyClone, USA) at 37°C in a humidified atmo-
sphere of 5% CO2 (Thermo Electron Corp, USA). 

Stable miRNA expression cell lines

Lentiviruses containing GFP-miR-10b mimics 
(miR-10b mimic) or GFP negative control 
(Scramble) miRNA vector were purchased from 
Genepharma. AGS cells were pre-seeded in a 
6-well plate overnight and infected with 200 μl 

of virus. 24 hours after addition of viruses, 
infected cells were selected by adding 100 mg/
ml puromycin to growth medium for 4-5 pas-
sages. Stable cell lines were verified by qRT-
PCR and fluorescence microscope.

Dual-luciferase reporter assays 

A wild type (3’-UTR wt) or mutant 3’-UTR (3’-UTR 
mut) of KLF4 were constructed using PCR, and 
were then inserted into the multiple cloning 
sites in the pRL-TK Vector (promega). In brief, 
the full length of KLF4-3’-UTR wt was amplified 
by primer F1 and R2, and the KLF4-3’-UTR mut 
was amplified by overlap PCR. Firstly, sequence 
A and sequence B were amplified by primer F1, 
R1 and F2, R2, respectively. Then sequence A 
and B was diluted by ratio 1:1 as templates and 
amplified by primers F1 and R2. For the lucifer-
ase assay, human 293T cells were cultured to 
70-80% confluence in a six-well plate. The cells 
were subsequently cotransfected with pRL-TK-
KLF4 3’-UTR wt or pRL-TK-KLF4-3’-UTR mut 
vector in combination with 100 nM miR-10b or 
100 mM negative control, respectively, using 
Lipofectamine 2000 (Invitrogen Life Technolo- 
gies, Carlsbad, CA, USA). Following this, the 
cells were incubated with transfection reagent/
DNA complex for 5 h, prior to being refreshed 
with fresh complete medium. A Dual-Lucife- 
rase® Reporter assay system (Promega Corp., 
Madison, WI, USA) was used to assess the lucif-
erase activities 48 h subsequent to the cotrans-
fection. Renilla luciferase activity was normal-
ized to firefly luciferase activity.

RNA extraction and reverse transcription 

Total miRNA was extracted from various cells or 
tissue specimens using mirVana PARIS Kit 
(Ambion), and finally eluted with 80 µl pre-heat-
ed (95°C) Elution Solution according to the 
manufacturer’s protocol. For reverse transcrip-
tion (RT) reactions, stem-loop primers (Table 1) 
were applied for cDNA synthesis according to 
the report by Mestdagh et al [16]. The specific 
reverse transcription primers were listed in 
Table 1.

Quantitative real-time PCR

Quantitative Real-time PCR was conducted by 
using a standard SYBR Green I PCR kit (TaKaRa) 
on an ABI 7500 Real-Time PCR System (Applied 
Biosystems, USA). The PCR reactions were per-
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Table 1. Reverse transcription and stem-loop primers for real-time PCR
Gene name Reverse transcription primers (5’-3’) PCR primers (5’-3’)
miR-10b GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACAAA F: CGTCGTACCCTGTAGAACCGA

R: GTGCAGGGTCCGAGGT
miR-16 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAA F: CGCGCTAGCAGCACGTAAAT

R: GTGCAGGGTCCGAGGT
KLF4-wt F: GCAGCTTCACCTATCCGATCC

R: AGCACGAACTTGCCCATCA
β-actin F: AGCGAGCATCCCCCAAAGTT

R: GGGCACGAAGGCTCATCATT
KLF4-mut F1: GCTCTAGAATCCCAGACAGTGGATATG

F2: GGTGACTGGAAGTTGTGGATATGTCCCATTAAATTATATCCGTGAGTTGGGG
R1: CCCCAACTCACGGATATAATTTAATGGGACATATCCACAACTTCCAGTCACC
R2: TTGCGGCCGCGGTTTATTTAAAACTTAATTCTCACCTTG

F: forward primer, R: reverse primer.
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method in accordance with the manufacturer’s 
manual. KLF4 staining was evaluated by two 
independent observers using light microscopy 
in a blinded fashion. KLF4 expression was eval-
uated semi-quantitatively [19], considering 
staining intensity (0 = absent; 1 = low; 2 = simi-
lar to normal epithelium; 3 = higher than nor-
mal) and percentage of positively stained cells 
(1 = immunostaining in ≤ 10% of cells; 2 = 
11-30%; 3 = 31-60%; 4 = 61-100%). The final 
score was calculated by adding the intensity 
and percentage scores. Scores 1-4 represent-
ed absent/weak or under-expression and 
scores 5-7 represented no change or higher 
expression compared to adjacent normal.

Statistical analysis

All data were analyzed by SPSS software ver-
sion 13.0 (SPCC Inc., Chicago, IL, USA). 
Differences between samples were analyzed 
using Student’s t-test. The association between 
expression levels of KLF4 mRNA and miR-10b 
was analyzed by Spearman correlation coeffi-

formed at 95°C for 10 s, and subjected to 40 
cycles of 95°C for 5 s, and 60°C for 34 s, then 
followed by 65°C to 95°C, increment 0.5°C for 
10 s to yield Melt Curve. For normalization, miR-
16 [17] and β-actin were used as internal con-
trols for the target of miR-10b and KLF4, 
respectively. The relative expression ratio of 
miR-10b or KLF4 mRNA in each paired tissue 
sample was calculated using the 2-ΔΔCt method 
[18], where ΔΔCT = ΔCTGC - ΔCTNATs. The miR-10b 
and KLF4 mRNA expression level was defined 
as being up-regulated in tumor tissue with a 
relative expression ratio > 1, and was defined 
as downregulated in tumor tissue with a rela-
tive expression ratio < 1. Quantitative real-time 
PCRs were performed in duplicates and the 
mean was calculated. Water was used as nega-
tive and quality controls, and each sample was 
measured in triplicate.

Western blotting analysis

Cells were lysed in radioimmunoprecipitation 
assay (RIPA) buffer with 1% phenylmethanesul-

fonyl fluoride (PMSF). A total of 
50 μg protein, analyzed by a 
bicinchoninic acid (BCA) assay 
(Biyotime, China), was loaded 
onto an SDS-PAGE mini-gel 
and transferred onto polyvi-
nylidene difluoride (PVDF) me- 
mbrane. The blotting mem-
brane was probed with diluted 
rabbit polyclonal KLF4 anti-
body (1:200, Santa Cruz) at 
4°C overnight and subse-
quently incubated with horse-
radish peroxidase (HRP)-con- 
jugated secondary goat anti-
rabbit secondary antibody 
(1:5000, Bioworld, USA). At 
last, signals were visualized 
using ECL plus chemilumines-
cence substrate (Biyotime, 
China). β-actin (1:2000, Bio- 
world) was used as control.

Immunohistochemistry

Tumor specimens were fixed, 
embedded and sectioned at a 
thickness of 4 μm and stained 
with diluted rabbit polyclonal 
KLF4 antibody (1:200, Santa 
Cruz) using the streptavidin-
peroxidase (HRP) conjugate 

Figure 1. KLF4 is a target of miR-10b. A. KLF4 3’-UTR and corresponding 
fragments were inserted into the region immediately downstream of the lu-
ciferase gene in pRL-TK Vector and validated by DNA sequencing. The se-
quences of the predicted miR-10b binding sites within the KLF4 3’-UTR, in-
cluding wild-type UTR or UTR segments containing mutant binding site are 
shown. B. Ectopic miR-10b expression inhibits wild-type but not mutant KLF4 
3’-UTR reporter activity, *P < 0.001.
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Inverse expression of miR-10b and KLF4 
mRNA in GC cells 

The expression levels of miR-10b and KLF4 
mRNA in 5 GC cells was detected by real-time 
PCR method. As showed in Figure 3, the expres-
sion levels of miR-10b was substantially up-
regulated in MGC-803, AGS, BGC-823, MKN-
45, SGC-7901 cells while the expression levels 
of KLF4 mRNA was inversely down regulated in 
MGC-803, AGS, BGC-823, MKN-45, SGC-7901 
cells one by one. These data further suggested 
that KLF4 mRNA was regulated by its target 
miR-10b in GC cell.

cient. The significance level was set to P < 0.05. 
All P values were two sided.

Results

MiR-10b targets KFL4 3’-UTR directly

To determined whether KFL4 is a target gene of 
miR-10b in GC, we generated a luciferase 
reporter vector that contain the KLF4 3’-UTR 
(3’-UTR wt) and a mutant reporter vector (3’-
UTR mut) which contains the KLF4 3’-UTR with 
a mutation at the putative miR-10b binding site 
(Figure 1A). As shown in Figure 1B, we observed 

a marked reduction in lucifer-
ase activity in cells transfect-
ed with pre-miR-10b com-
pared with premiR-nc trans- 
fected cells (P < 0.01). In con-
trast, no change of luciferase 
was observed in cells trans-
fected with the mutant 3’-UTR 
constructs.

To further experimentally vali-
date whether over-expression 
of miR-10b can lead to down-
regulation of KLF4 expression, 
stable miR-10b overexpres-
sion cells were established 
using Lentivirus system. As a 
result, miR-10b expression 
was up-regulated about 125-
fold in miR-10b mimic com-
pared with that in scramble 
(miR-NC). KLF4 mRNA expres-
sion were observed signifi-
cantly reduced in miR-10b 
mimic about 0.5-fold when 
compared with that in scram-
ble (Figure 2A). Moreover, 
Western blotting showed that 
the enhanced miR-10b expres-
sion in miR-10b mimic signifi-
cantly repressed KLF4 protein 
expression compared to that 
in scramble control (Figure 
2B). All these findings indicate 
that KLF4 is a direct target  
of miR-10b and is likely to  
be suppressed by miR-10b 
through translational inhibi-
tion and mRNA degradation in 
AGS cells.

Figure 2. Upregulated miR-10b suppresses KLF4 mRNA and protein expres-
sion in AGS cell. A. Expression levels of miR-10b and KLF mRNA in AGS cell 
after transfected with miR-10b mimic using Lentivirus system were detected 
by real-time PCR. The miR-10b expression is significantly higher in miR-10b 
mimic compared with that in Scramble while the KLF4 mRNA expression is 
significantly decreased in miR-10b mimic compared with that in Scramble 
(both *P < 0.001). B. KLF4 protein was tested by western blotting assay (*P 
< 0.05 compared with control).
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Correlation analysis of miR-10b expression 
and KLF4 protein expression 

To ascertain whether there was any correlation 
between miR-10b and KLF4 levels in primary 
human gastric tissue specimens, SYBR Green I 
real-time PCR was applied to investigate the 
expression levels of miR-10b and KLF4 mRNA. 
Additionally, immunohistochemistry was used 
to assess KLF4 protein expression. As a result, 
38 (38/65, 58.46%) cases of GC patients were 
up-regulated miR-10b expression and 37 cases 
of GC patients were down-regulated KLF4 
mRNA expression (2-ΔΔct > 1) in 65 pairs of 
matched human gastric specimens, respec-
tively. Using Spearman correlation analysis, 
miR-10b expression in GC was negative signifi-
cantly related with KLF4 mRNA expression in 
GC (Table 2, r = -0.339, P = 0.006).

In addition, Immunohistochemistry showed 
that KLF4 protein positive staining was mainly 
located in the cytoplasm and nuclei with the 
more prominent loss of nuclear reactivity 
(Figure 4). Strong staining of KLF4 expression 
was observed both in normal gastric tissue and 

adjacent tissue. Loss or weak expression of 
KLF4 staining was found in most gastric carci-
noma or cancer nests tissue. Over all, 17 of 30 
cases (56.67%) of GC patients showed KLF4 
protein weak or loss expression in our study 
when compared with that in normal adjacent 
tissues, showing an approximately accordance 
expression with up-regulated miR-10b expres-
sion(58.46%, 38/65) in GC tissues. These data 
suggested an inverse correlation between miR-
10b and KLF4 expression during the tumori-
genesis of GC. 

Discussion 

It is well known that an average miRNA may 
have more than 100 targets [20], and one 
mRNA might be regulated by a variety of miR-
NAs [21]. Previous research has identified sev-
eral targets of miR-10b, such as syndecan-1 
[14], HOXD10 [15], TBX5 [22], and KLF4 [13]. In 
our study, luciferase reporter assays, Lentivirus 
system, qRT-PCR, western blotting and Immu- 
nohistochemistry was used to verify whether 
KLF4 is a direct target of miR-10b in GC. Our 
data showed that KLF4 is indeed a direct target 
of miR-10b in GC, and its expression is regulat-
ed by miR-10b at both mRNA and protein lev-
els. In addition, our results found an inverse 
correlation between the expression levels of 
miR-10b and KLF4 in GC tissues.

Kru¨ppel-like factor 4 (KLF4; formerly GKLF), a 
zinc finger protein of the Kru¨ppel-like factor 
family, has been reported to be a key regulator 
in cell cycle regulation, differentiation, stem cell 
properties and malignant transformation [23, 
24]. KLF4 was initially identified as a tumor sup-
pressor in colon [25], esophageal [26], lung 
[27], bladder [28], colorectal [29], and gastric 
cancers [30, 31], for its frequent loss expres-
sion pattern. Contrarily, other studies have 
demonstrated that KLF4 expression is in- 
creased in breast ductal cell carcinoma [32] 
and oral squamous cell carcinoma [33] for as 
yet unknown reasons. However, all these find-
ings suggest that KLF4 has an important func-
tion in tumor development and progression. In 
the current study, we first performed 3’-UTR 
luciferase assays to confirm that KLF4 is a 
direct target of miR-10b in GC. Then the KLF4 
mRNA and protein level was investigated in 
various GC cells and in high-stable expressing 
AGS cell established using a lenti-viral system. 
Our data showed that an approximately oppo-

Figure 3. Relative expression of miR-10b and KLF4 
mRNA in gastric tumor cells. The expression levels 
of miR-10b was substantially up-regulated in MGC-
803, AGS, BGC-823, MKN-45, SGC-7901 cells while 
the expression levels of KLF4 mRNA was inversely 
down regulated in MGC-803, AGS, BGC-823, MKN-
45, SGC-7901 cells one by one. 

Table 2. Correlation analysis of miR-10b expres-
sion and KLF4 mRNA expression

miR-10b
KLF mRNA

r PHigh 
(n=28)

Low 
(n=37)

Up-regulated (n=38) 11 27 -0.339 0.006
Down-regulated (n=27) 17 10
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site expression alignment of miR-10b and KLF4 
mRNA was found in GC cell lines. The levels of 
miR-10b expression in GC cell lines arranged in 
a descending order were successively SGC-
7901, MKN-45, BGC-823, AGS, and MGC-803. 
On the contrary, KLF4 mRNA expression levels 
distributed in an ascending order were subse-
quently SGC-7901, MKN-45, BGC-823, AGS, 
and MGC-803. These data suggested that miR-
10b may target KLF4 in mRNA regulation in GC 
cell lines. In addition, overexpression miR-10b 
in AGS cell line could depress the KLF4 mRNA 
expression level and KLF4 protein expression 
level. All these findings suggested that KLF4 is 
indeed a direct target of miR-10b in GC, and its 
expression is regulated by miR-10b both at 
mRNA level and protein levels.

Previous studies have demonstrated that miR-
10b may act as Oncogene in many human 
malignancies, such breast cancer [6], glioblas-
toma stem cells [8] lung cancer [34], gastric 
cancer [35, 36] and so on. However, there were 
also other viewpoints that miR-10b served as 
tumor suppressor in gastric cancer and breast 
caner [9, 37]. In our study, 38 cases of GC 
patients showed upregurelated miR-10b ex- 
pression in 65 GC patients, tendentiously sug-
gesting that miR-10b is upregulated in GC. In 
addition, loss expression of KLF4 was observed 
in 17 (56.67%) of 30 GC patients, showing an 
accordant relationship with upregulated miR-
10b in GC. 

In conclusion, our study demonstrates that 
KLF4 is indeed a direct target of miR-10b in GC, 
and its expression is regulated by miR-10b both 
at mRNA level and protein level. In addition, our 
results found an inverse correlation between 
the expression levels of miR-10b and KLF4 in 

GC tissues. However, further studies enrolling 
larger samples of GC patients should be per-
formed to confirm our findings, due to the small 
size of samples in this study. These investiga-
tions will provide important information on the 
potential of miR-10b and KLF4 as promising 
candidates for the development of effective 
strategies for the treatment of GC.
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