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MiR-451, a potential prognostic biomarker and  
tumor suppressor for gastric cancer
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Abstract: Background: The expression of microRNA-451 (miR-451) and its association with clinical pathological 
factors in GC remain still unclear. The purpose of this study was to investigate if miR-451 is a potential prognostic 
biomarker and tumor suppressor for gastric cancer. Methods: Real-time quantitative RT-PCR (qRT-PCR) was applied 
to detect miR-451 expression in GC cell lines and primary tumor and paired non-cancerous tissues. The associa-
tion of miR-451 expression with clinicopathological factors and prognosis was statistically analyzed. Results: We 
found that miR-451 showed decreased expression in GC tissues and cell lines, and its down-regulation tended to 
be positively correlated with lymphatic metastasis, clinical staging and shorter overall survival of patients. In addi-
tion, forced expression of miR-451 in BGC-823 and MKN-45 cells did not impact on cell proliferation, but did reduce 
migration and invasion rates in BGC-823 cells. Conclusion: Our findings indicated that miR-451 may act as a novel 
prognostic marker and potential therapeutic target in human GC.
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Introduction

Gastric cancer (GC) is now one of the most 
common type of malignancies and second 
leading cause of cancer-related deaths world-
wide [1], with a particularly high incidence in 
eastern Asia [2]. According to the Chinese 
Cancer Registry Annual Report, GC is the third 
commonest malignancy and the second lead-
ing cause of cancer death in China [3]. Alth- 
ough various treatment improvements have 
been developed and the mortality rate of GC 
has gradually decreased over recent decades 
[4]. Unfortunately, the prognosis for advanced 
GC patients remains poor [5]. Hence, develop-
ing a novel therapeutic strategy is eagerly 
desired. Since GC is a polygenic disease arising 
as the result of multiple gene dysregulations, 
better understanding of GC biology and signal-
ing pathways is imperative for improving GC 
therapy.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs, which is single-stranded, and has 
19-25 nucleotides in length. They negatively re- 
gulate gene expression by base pairing to the 

3’UTR of targeted messenger RNA (mRNA), in a 
post-transcriptional manner. MiRNAs are known 
as important factors in multiple biological pro-
cesses, including development and differentia-
tion. Functional studies in cancer cell lines or 
animal models of human cancers suggest that, 
miRNAs can function as tumor suppressors or 
oncogenes. They play critical roles in multiple 
biological processes such as cancer cell prolif-
eration, metastasis, apoptosis, and angiogene-
sis [6]. Emerging evidence shows that specific 
miRNAs are aberrantly expressed in a variety of 
human cancers, such as GC, and specific signa-
tures of deregulated miRNAs highlight the puta-
tive diagnostic and therapeutic potentials [7-9].

MicroRNA-451 (miR-451) is located on chro- 
mosome 17q11.2, which is close proximity to 
ERBB2 (17q12), a region had been reported to 
be amplified in some types of cancers [10, 11]. 
Recently, miR-451 has attracted increasing 
attention due to its critical roles in the patho-
genesis and development of several types of 
cancers, including glioblastoma, colorectal can-
cer and non-small cell lung cancer [12-14]. Two 
recent studies have highlighted the importance 
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of miR-451 in GC, both of which concluded 
lower levels of miR-451 expression in GC cells 
than in neighboring non-cancerous cells [15, 
16]. One of the two reports was from Brenner 
and his colleagues’ findings. They found that 
miR-451 had the strongest prognostic impact 
on predicture of recurrence of GC [17]. However, 
to our knowledge, the clinical significance of 
miR-451 in GC tissues has not been clearly 
addressed yet. Besides, the role it plays in 
human GC cell lines remains unclear.

In the present study, we determined the expres-
sion of miR-451 in 107 human primary gastric 
tumors paired with their adjacent normal tis-
sues, and four human GC cell lines compared 
with normal gastric cell line by using quantita-
tive RT-PCR. Associations of miR-451 levels wi- 
th clinicopathological factors and overall sur-
vival of the GC patients was also statistically 
analyzed. Furthermore, we investigated the ef- 

was defined as the time from the initially sur-
gery to death of the patient or, in cases of living 
patients, the date of the last follow-up. This 
study was approved by the medical ethics com-
mittee of Shandong Provincial Hospital affiliat-
ed to Shandong University. Written informed 
consent was received from all the patients.

Cell culture

Four established human GC cell lines (MKN-45, 
BGC-823, MKN-28, SGC-7901) and a non-
malignant gastric cell line GES were ordered 
from the Cell Line Resource Center, Shanghai 
Institute of Biochemistry and Cell Biology, the 
Chinese Academy of Sciences (Shanghai, Ch- 
ina). The cells were routinely cultured in RPMI-
1640 media (Gibco BRL) supplemented with 
10% heat-inactivated fetal bovine serum (Gibco 
BRL), 100 U/ml penicillin and 0.1 mg/ml strep-
tomycin at 37°C in an atmosphere consisting 

Table 1. Relationship between expression levels of miR-451 and clinico-
pathological factors of the 107 GC patients

Clinical Characteristics Increased miR-451 
(n = 26) No (%)

Decreased miR-451 
(n = 81) No (%)

Test of  
significance

Gender
    Male 21 (23.1%) 70 (76.9%) χ2 = 0.4941
    Female 5 (31.2%) 11 (68.8%) P = 0.2274
Age (years)
    ≤ 60 14 (28.6%) 35 (71.4%) χ2 = 0.8970
    > 60 12 (20.7%) 46 (79.3%) P = 0.3436
Diameter (cm)
    ≤ 4 16 (34.8%) 30 (65.2%) χ2 = 4.8210
    > 4 10 (16.4%) 51 (83.6%) P = 0.0281
Infiltrate depth
    Mucous membrane 4 (57.1%) 3 (42.9%)
    Muscular layer 5 (23.8%) 16 (76.2%) χ2 = 4.4397
    Fibrous membrane 17 (21.5%) 62 (78.5%) P = 0.1086
TNM stage
T stage
    T1, T2 17 (43.6%) 22 (56.4%) χ2 = 12.4149
    T3, T4 9 (13.2%) 59 (86.8%) P = 0.0004
Lymph node metastasis
    No 19 (32.8%) 39 (67.2%) χ2 = 4.9274
    Yes 7 (14.3%) 42 (85.7%) P = 0.0264
Clinical stage
    I, II 21 (31.3%) 46 (68.7%) χ2 = 4.8347
    III, IV 5 (12.5%) 35 (87.5%) P = 0.0279
Using SAS V8 statistical software, a χ2 or Fisher’s exact test was performed to analyze the 
correlations of miR-451 expression levels with clinicopathological factors. P < 0.05 was 
considered statistically significant. TNM: tumor/node/metastasis.

fects of forced expres- 
sion of exogenetic miR-
451 on GC cell prolifera-
tion, migration and inva-
sion abilities in vitro.

Materials and methods

Patients and tissue 
samples

A total of 107 patients wi- 
th GC who underwent sur-
gery without preoperative 
treatment at Shandong 
Provincial Hospital affili-
ated to Shandong Unive- 
rsity, from 2010 to 2012, 
were included in the pres-
ent study. The receiving 
tumor tissues and paired 
adjacent normal tissues 
were promptly formalin-
fixed and paraffin-embed-
ded (FFPE). All surgical 
tissues were examined by 
a pathologist and final 
surgical pathology reports 
were obtained and reco- 
rded. The clinicopatholog-
ical characters of the ab- 
ove patients referred to 
were summarized in Tab- 
le 1. Overall survival (OS) 



Mir-451 as a biomarker

9156	 Int J Clin Exp Pathol 2015;8(8):9154-9160

with 5% CO2 and 95% air in a humidified incuba-
tor. Cells were cultured in 10 cm culture dishes 
and allowed to grow approximately 70% conflu-
ence before experimentation.

RNA extraction and quantitive real-time PCR

For cultured cell lines, total RNA was isolated 
by using Trizol (Invitrogen), according to the 
manufacturer’s instructions. For the above re- 
ferred to 107 pairs of FFPE samples, total RNA 
was purified by using the miRNeasy FFPE kit 
(Qiagen) according to the manufacturer’s proto-
cols. cDNA was synthesized by the M-MLV 
reverse transcriptase (Promega), using the indi-
cated primers. The reactions were incubated in 
a PTC-200 thermal cycler (Bio-Rad) in a 96-well 
plate for 5 min at 70°C, followed by 3 min at 
4°C, 60 min at 42°C, and then held at 4°C. The 
expression levels of miR-451 were quantified 
by qRT-PCR with the SYBR Premix Ex Taq Kit 
(Takara). qRT-PCR was performed in a DNA 
Engine Opticon2 system (Bio-Rad). The follow-
ing PCR protocol was used: denaturation at 
95°C for 3 min, amplification for 40 cycles of 
95°C for 12 s and 62°C for 40 s. The melting 
curve was plotted from 62°C to 95°C, read 
every 0.2°C with a 2 s hold). U6 small nuclear 
RNA was used as an internal control. The re- 
sults were represented as fold changes, which 
were calculated by the 2-ΔCT method.

Construction of miR-451 over-expressed stable 
cell lines

High titer of LV-NC and LV-miR-451 lentiviruses 
were purchased from Gene Pharma (Shanghai, 
China). Concentrated lentiviral solutions of 
LV-NC and LV-miR-451 were added into two 
wells of cultured BGC-823 or MKN-45 cells, 
respectively, once the cells reached a 30~40% 
confluence. Enhanced infection solution was 
then added to reach a total incubation volume 
of 2 ml. After 12 h of incubation, the cell culture 
medium was replaced with fresh medium. 72 h 
later, the infected cells were selected by 2 g/ml 
puromycin resistance for 72-96 h.

MTT assay

MTT assay was carried out to determine cell 
proliferation rate in this study. Briefly, the NC or 
miR-451 overexpressed stable BGC-823 or 
MKN-45 cell lines were trypsinzed and seeded 
into 96-well plates at a density of 2,500 cells in 
200 µL of medium per well and then incubated 
at 37°C. Following incubation overnight, the 
medium was changed with fresh cell culture 
medium containing 0.5 mg/ml MTT. The cells 
were then incubated for another 4 hours. Finally 
the medium was carefully aspirated and 150 
µL of DMSO was added into each well to dis-
solve the crystals. Absorbance was detected at 

Figure 1. Expression of miR-451 in gas-
tric cancer (GC) tissues and cell lines. 
The expression levels of miR-451 were 
determined by qRT-PCR. A. Pairwise com-
parison of miR-451 expression between 
GC and matching non-cancerous tis-
sues showing miR-451 expression was 
reduced in 28% (30/107) of the sample 
pairs. The expression level of miR-451 
was calculated by the 2-ΔCt method, af-
ter normalized to U6 RNA. B. MiR-451 
expression was reduced in four human 
GC cell lines: MKN-45, BGC-823, MKN-
28, and SGC-7901 cells, when compared 
to that in normal gastric GES cells. Data 
were represented as mean ± SD from 
three independent experiments (*P < 
0.05, **P < 0.01, ***P < 0.001).
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490 nm using a microplate reader. Experiments 
were carried out in triplicates and repeated at 
least three times independently.

Transwell migration and invasion assays

The migration and invasion assays were per-
formed to assess the transition of cells into the 
outside surface of the upper chamber, using 
24-well transwell chambers. For the migration 
assay, cells were resuspended in serum-free 
medium, and 2 × 105 cells were seeded onto 
the upper chambers of a transwell (filter with 8 
m pores; Corning). 0.5 mL cell culture medium 
10% FBS was added into the bottom chambers. 
After 24 hours of incubation, cells on the upper 
surface of the membrane were scrubbed off. 
Cells that had migrated through the membra- 
ne were fixed, stained with 0.1% crystal violet, 
and photographed under a light microscope. 
The invasion assay protocol was similar to that 
of the migration assay except that the upper 
chambers were first covered with 1 mg/mL 
matrigel.

Statistical analysis

Results were analyzed with SPSS 16.0 (version 
16.0, SPSS Inc, IL, USA). Data were expressed 
as mean ± standard deviation (SD). The paired-
samples t-test was used in the analysis of dif-
ferential miR-451 expression between tumor 
and normal tissues. Survival curves were esti-
mated by the Kaplan-Meier method. For asse- 
ssing the significance of difference between 

pression. The results showed that, the expres-
sion levels of miR-451 in human GC tissues 
were significantly decreased than in the paired 
normal tissues (P < 0.001). Pair-wise compari-
son indicated that nearly 30% of tumors 
showed greater than 2-fold reduction of miR-
451 expression compared to their matching 
controls, with only two pairs showing increase 
(Figure 1A). Expression of miR-451 was also 
decreased in a number of human gastric can-
cer cell lines, including MKN-45, BGC-823, 
MKN-28, and SGC-7901 cells, when compared 
to that in the normal gastric GES cells (Figure 
1B).

Clinicopathological significance of miR-451 
expression in GC

Using the equal expression of miR-451 in tumor 
verses normal tissues in all 107 patients as a 
cutoff, the patients were divided into high miR-
451 expression group (in which the expression 
ratios of tumor/normal ≥ 1, n = 26), and low 
miR-451 expression group (in which the expres-
sion ratios of tumor/normal < 1, n = 81). To 
access the clinical value of miR-451 expression 
in GC tissues, the association of its expression 
and clinicopathological characters of 107 
patients was statistically analyzed by 2 tests or 
Fisher’s exact test (Table 1). The results showed 
that, decreased expression of miR-451 posi-
tively correlated with tumor size, lymphatic 
metastasis, TNM malignancy staging and clini-
cal stage, but not with age, gender or infiltrate 

Figure 2. Overall survival curves for two groups defined as low and high ex-
pression of miR-451 in GC patients. Lower miR-451 expression was signifi-
cantly associated with poorer outcome of patients (P < 0.05, log-rank test).

the treatment and control 
groups in vitro experiments, 
independent-samples t-test 
was used. P value < 0.05 was 
considered as statistically si- 
gnificant.

Results

Decreased expression of 
miR-451 in GC tumor tissues 
and cell lines

To explore if miR-451 might 
have a role in tumorigensis of 
human GC, qRT-PCR was first 
applied to determine its ex- 
pression level in tumor tis-
sues and adjacent non-can-
cerous tissues, and normal-
ized to U6 small RNA ex- 
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depth (Table 1). These data suggested that de- 
creased expression of miR-451 was associated 
with significantly aggressive pathologic fea-
tures, indicating that miR-451 might inhibit GC 
progression.

Down-regulation of miR-451 confers poor 
prognosis in GC patients

We next performed survival analysis to evalu-
ate whether miR-451 expression had prognos-
tic potential for overall survival (OS) of GC 
patients with clinical fellow-up information. 
Survival curves were plotted using the Kaplan-
Meier method. The results showed that patients 
with lower miR-451 expression had significant-
ly worse OS rates than those who had cancers 
with high expression of this miRNA (log-rank 

MiR-451 inhibits gastric cancer cell migration 
and invasion

Since decreased expression of miR-451 was 
associated with metastasis characters of 107 
GC patients (Table 1), suggesting its vital role in 
migratory or invasion processes. We then car-
ried out transwell migration and invasion as- 
says using the miR-451-expressing stable BGC-
823 cells. The results showed that enforced 
overexpression of miR-451 caused a suppres-
sion of cell migration ability in BGC-823 cells. 
Ectopic overexpression of miR-451 further in- 
hibited BGC-823 cell invasion as demonstrated 
by the matrigel invasion assay (Figure 4). He- 
nce, miR-451 displayed a suppressive property 
in cancer cell migration and invasion assays in 
vitro.

Figure 3. Effects of miR-451 over-expression on GC cell proliferation. A. The 
expression level of miR-451 in miR-451 containing lentivirus infected cells 
was significantly higher compared with negative control (NC) transfected 
cells. qRT-PCR was done to detect the expression of miR-451 in three inde-
pendent experiments. U6 small nuclear RNA was used as the internal control. 
***P < 0.001, **P < 0.01. B. Cell proliferation was measured by MTT assays 
in BGC-823 and MKN-45 cells infected with miR-451 or NC containing lenti-
virus. The plates were read every one day for 5 consecutive days. Data were 
represented as mean ± SD from the experiments performed in triplicate.

test P = 0.042, shown in 
Figure 2).

MiR-451 does not inhibit gas-
tric cancer cell proliferation

To determine if miR-451 had 
the propensity to suppress 
gastric cancer tumorigenesis, 
we introduced pre-miR-451 or 
negative control (NC) oligonu-
cleotides respectively into 
BGC-823 and MKN-45 cell 
lines by lentivirus and con-
structed miR-451 or NC over-
expression stable cell lines. 
Stem-loop qRT-PCR confirmed 
the elevated level of miR-451 
in the transfected BGC-823 
and MKN-45 cells (Figure 
3A). We then monitored the 
rate of cell growth using the 
tetrazolium dye, 3-(4,5-dime- 
thylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) 
method. Results from the 
MTT assay indicated that the 
growth rate of these cells 
demonstrated no significant 
change between each other 
in the grouped cell lines, over 
a 5-day period (Figure 3B). 
These findings indicated that 
miR-451 might negatively im- 
pact on GC tumorigensis, at 
least not through the prolifer-
ation pathway.
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Discussion

Despite having improved treatment modalities 
over the last decade, only modest improve-
ments have been seen in overall survival for 
most GC patients. It is of great importance to 
investigate the cellular and molecular mecha-
nisms of GC progression, and to identify novel 
genetic or protein biomarkers for accurate diag-
nosis and prediction of prognosis.

This study found a significant low expression of 
miR-451 in GC tissues as compared to corre-
sponding adjacent normal tissues, which has 
also been reported before. What’s new in our 
findings is that low expression level of miR-451 
tends to be associated with lymphatic metasta-
sis, TNM malignancy staging and clinical stage. 
We further found GC patients with low levels of 
miR-451 expression have a shorter survival (P 
= 0.042). As a result, miR-451 may be a poten-
tial biomarker for diagnoses and prognoses of 
GC. Finally, in vitro functional assays demon-
strated that forced expression of miR-451 
expression in BGC-823 cells was able to reduce 
cell migration and invasion. We didn’t show the 
migration or invasion results of MKN-45 cells 
because of its bad metastasis nature. To the 
authors’ knowledge, this is the first report 
regarding the clinical significance and function-
al attributes of miR-451 in GC.

Evidence of miR-451 as a tumor suppressor 
has been reported in several cancers: Bandres 
et al initially found that miR-451 was decreased 
in gastric and colorectal cancer versus non-
cancerous tissues, and its down-regulation was 

Interestingly, Godlewski et al found reduced 
expression of miR-451 in migrating glioma ce- 
lls. And its over-expression was proved to inhib-
it migration but promote cell proliferation. In 
glioblastoma patients, they found that incre- 
ased expression of miR-451 was associated 
with shorter survival [18]. Nan et al also point-
ed out that miR-451 was a tumor suppressor  
in human glioma cells. But they found that 
increased expression of miR-451 inhibited cell 
growth, induced G0/G1 phase arrest and in- 
creased cell apoptosis [12]. Wang et al found 
that miR-451 functioned as a tumor suppres-
sor in human non-small cell lung cancer (NSLC) 
by targeting ras-related protein 14 (RAB14) [13, 
19]. Li et al reported that miR-451 could inhibit 
cell proliferation in human hepatocellular carci-
noma or colorectal carcinoma cells through 
direct suppression of IKK-β, or downregulation 
of PI3k/Akt pathway, respectively [14, 20]. All 
these findings indicated that miR-451 may 
function as a tumor suppressor in various ca- 
ncers.

In this study, we showed decreased expression 
of miR-451 in GC may be associated with lymph 
node metastasis and clinical stage. In vitro 
experiments showed that miR-451 did not 
modulate GC cell proliferation, but did inhibit 
GC cell migration and invasion. While in this 
study, we had not identified the underlying 
molecular mechanisms of the indicated pheno-
type. In future studies, more attention should 
be paid on its known targets in various other 
types of cancers, as well as the signaling pa- 
thways it had been reported to influence on. In 
conclusion, we demonstrated that, miR-451 

Figure 4. MiR-451 inhibits GC cell migration and invasion in vitro. Over-ex-
pression of miR-451 significantly inhibited abilities of cell migration and inva-
sion in miR-451-expressing stable BGC-823 cells compared with NC group. 
Data were expressed as the mean ± SD of at least three independent experi-
ments (*P < 0.05). The migration and matrigel invasion assays showed that 
the number of migrated or invaded cells was significantly lower in the miR-
451-overexpressed group than in the NC group (**P < 0.01).

associated with worse progno-
sis, which was also in line with 
our results. Specifically, they 
demonstrated that forced ex- 
pression of miR-451 in gastric 
and colorectal cancer cells 
could inhibit cell proliferation 
and increase sensitivity to ra- 
diotherapy. Furthermore, they 
identified the novel oncogene 
macrophage migration inhibi-
tory factor (MIF) as a potential 
target of miR-451 [15]. While 
we proved here that miR-451 
seems not to influence cell pro-
liferation. So the growth-inhibi-
tory function of miR-451 might 
be a context-dependent effect. 
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may be a meaningful prognostic biomarker and 
potential therapeutic target in GC treatment. 
Our findings may have a therapeutic potential 
to suppress GC cell metastasis.
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