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ABSTRACT

Gastric cancer is the second most common malignancy in China. However, the
prognosis for gastric cancer patients remains poor. The purpose of this study was
to investigate whether miR-451 was a potential prognostic biomarker for gastric
cancer. Fresh tissues were immediately frozen in liquid nitrogen until use. The plasma
was extracted and quantitative real-time polymerase chain reaction was performed
to detect miR-451 expression. The Student’s t test analysis and multivariate Cox
regression analysis were performed to analyze expression of miR-451. The analysis
results showed that the expression level of miR-451 was decreased expression
in gastric cancer tissue. The down-regulation of miR-451 tended to be positively
correlated with tumor stage, lymphatic metastasis and shorter overall survival of
patients. MiR-451 may be a potential biomarker and a potential therapeutic target
for the diagnoses and prognosis of gastric cancer.

INTRODUCTION

Gastric cancer is the second most frequently
diagnosed cancer in the world, which is also the leading
cause of cancer-related mortalities [1]. In the early stage,
the clinical manifestation of gastric cancer is not easily
detected, which results in metastasis at diagnosis. The
clinical outcome of advanced gastric cancer patients is
extremely poor [2-3]. Unfortunately, biomarkers with high
sensitivity and specificity for gastric cancer are still lacking.
Thus, identifying novel biomarkers for early detection and
prediction of the prognosis of gastric cancer is important.

MicroRNAs (miRNAs), small noncoding short RNAs
of 18-25 nucleotides in length, generally act as negative
regulators of gene expression at post-transcriptional level
through mRNA degradation or translation repression [4]. These
molecules play important roles in many important biological
processes, including cell growth, apoptosis, viral infection and
cancer development [5—6]. Increasing evidence has shown
that miRNAs can act as oncogenes or tumor suppressor
genes, which depend on the genes they modulate [6—7]. For
example, miR-153 was down-regulated in gastric cancer tissue
and the low expression of miR-153 was correlated with poor

prognostic features [8]. MiR-374a was over-expressed in
human gastric cancer cell line and tissue [9]. However, as far as
we know, there was no study concentrating on the expression
levels of miR-451 in gastric cancer.

In this study, we investigated the expression of miR-
451 in gastric cancer tissue and explored the association of
miR-451 expression with the clinical pathological features
data and prognosis of gastric cancer patients.

RESULTS

The expression of MiR-451 in patient
characteristics

The expression of miR-451 in 152 normal patients
was 0.0142+0.0093 (Table 1). However, the expression
of miR-451 in gastric cancer group was 0.0105+0.0082.
There were significant differences between the two groups
(P=0.0001). As shown in Table 1, there was no significant
difference in the distribution of gender (P = 0.6103), age
(P =0.5388) and tumor size (P = 0.1792). The expression
of miR-451 in gastric carcinoma is correlated to tumor
stage and lymph node metastasis. At the gastric cancer I/
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Table 1: The expression of miRNA-451 in clinical pathological factors

Clinical Characteristics Number The Expression of miRNA-451 P

Gender
Male 228 0.0105+0.0071 0.6103
Female 40 0.0107+0.0075

Age (years)
<50 105 0.0109+0.0052 0.5388
>50 163 0.0104+0.0072

Tumor stage(invasion depth)
LI 123 0.0122+0.0048 0.0001
LIV 145 0.0083+0.0061

Diameter (cm)
<4 162 0.0105+0.0042 0.1792
>4 106 0.0098+0.0041

Lymph node metastasis
No 120 0.0128+0.0051 0.0001
Yes 148 0.0081+0.0063

Controls
Normal 152 0.0142+0.0093 0.0001"

* The P value is the average expression level of miRNA-451 between gastric cancer group and control group.

II stage, the expression of miR-451 was 0.0122+0.0048.
While the expression of miR-451 was 0.0083+0.0061 at
gastric cancer III/IV stage. There was significant difference
between the tumor stage (P=0.0001). The expression of
miR-451 was down-regulated in gastric cancer tissues.
Compared with patients who suffer from gastric cancer
without lymph node metastasis, the expression of miR-451
was decreased in the tumor of patients with lymph node
metastasis (0.012840.00510 to 0081+0.0063, P=0.0001).

The expression of MiR-451 in prognosis of
patients with gastric cancer

The expression of miR-451 for survival curves was
estimated by the Kaplan-Meier method. Compared with the
gastric cancer patients who received increased expression
of miR-451, the patients in whom miR-451 was down-
regulated had shorter survival time (median survival time
44 months vs. 59 months, P=0.0001). The low expression
of miR-451 was correlated with poor prognostic features.

Multivariate Cox regression analysis revealed that
the expression of miR-451 differentiation (hazard ratio
(HR)=2.215, 95% confidence interval (CI)=1.698-4.241,
P=0.0001), tumor stage (HR=1.796, 95%CI=1.178-2.462,
P=0.0016), and lymph node metastasis (HR =1.802,
95%CI=1.324-2.187, P=0.0024) were independent risk
factors for gastric cancer (Table 2).

DISCUSSION

Gastric cancer is a heterogeneous, multi-factorial
disease with high incidence in China [10]. Although great
improvement in treatment has lowered the mortality rate
of gastric cancer over recent decades [11]. Unfortunately,
the prognosis for advanced gastric cancer patients remains
poor and the molecular mechanism of gastric cancer was
still poorly understood [12—13]. Therefore, miRNAs
had gained much attention due to its important role in
carcinogenesis which may bring new options for diagnosis
and treatment of gastric cancer [14—15]. In addition, the
accurate function of miRNAs in vivo still needed further
investigation [16].

In this study, we found that decreased expression of
miR-451 in gastric cancer was associated with the tumor
stage and lymph node metastasis. The result suggested that
miR-451 may be a potential biomarker for diagnoses and
prognoses of gastric cancer. In addition, our study showed
that the expression difference of miR-451 and lymph
node metastasis were respectively independent prognostic
factors in gastric cancer patients by multivariate analysis.
This retrospective analysis suggested that miR-451 could
be a prognostic indicator to monitor the recurrence of
gastric cancer. According to the authors’ knowledge, this is
the first study regarding the function of miR-451 in gastric
cancer.
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Table 2: Multivariate analysis for prognosis of gastric cancer patients

Clinical Characteristics Group Survival time
HR 95%Cl1 P

Expression of miRNA-451 High/Low 2.215 1.698~4.241 0.0001
Gender Male/Female 1.116 0.901~1.502 0.4582
Age <50/>50 1.058 0.911~1.184 0.6247
Clinical stage LIV/ILIV 1.796 1.178~2.462 0.0016
Diameter <4cm/>4cm 1.863 1.241~3.027 0.3475
Lymph node metastasis No/Yes 1.802 1.324~2.187 0.0024

Abbreviation: HR, Hazard Ratio; CI, Confidence Interval.

Several studies showed that, miRNA-451 played a
very important role in the development of cancer [17-18].
The decreased expression of miR-451 was associated
with shorter survival in migrating glioblastoma patients
by Godlewski et al [18]. The result was similar to ours.
However, another study showed that the increased
expression of miR-451 could inhibit cell growth and promote
cell apoptosis [19]. MiR-451 could also function as a tumor
suppressor in human non-small cell lung cancer (NSLC)
[20]. In human colorectal carcinoma and hepatocellular
carcinoma, miR-451 could inhibit cell proliferation through
the down-regulation of PI3k/Akt pathway and direct
suppression [21]. The macrophage migration inhibitory
factor (MIF) may be the direct target genes of miR-451.
MIF could promote tumor growth and invasion [22]. There
were over 40% tumor cells decreased with deletion of
endogenous MIF in colorectal carcinoma [23]. All these
findings indicated that miR-451 may function as a tumor
suppressor in various cancers. However, the functions and
mechanisms of mir-451 still need further research.

In Conclusion, Down-regulation of miR-451 is
associated with the tumor stage and lymph node metastasis
in gastric cancer. MiR-451 may be a potential biomarker
and potential therapeutic target for diagnoses and
prognoses of gastric cancer.

MATERIALS AND METHODS

Samples and clinical pathologic data

A total of 420 patients, including 268 patients with
gastric cancer and 152 normal patients, who underwent
surgery without preoperative treatment at Henan cancer
Hospital from May 2009 to December 2014 were
included in the present study. The normal patients group
was control group. In the gastric cancer group, there
were 228 males and 40 females. The median age of the
patients was 49 years old (ranging from 35 to 74 years
old). The selection criteria for patients were as follows:
(1) pathologically confirmed patients with gastric cancer;

(2) the patients had no history of other cancers; (3) No
patients had preoperative chemotherapy, radiotherapy, or
other treatment history. All tissues were snap-frozen in
liquid nitrogen and stored at —80°C.

Overall survival was defined as the time from the
initially surgery to death of the patient or, in cases of
living patients, the date of the last follow-up. The main
of follow-up was by telephone. The assisted ways were
letters and visits. The follow-up included gender, age,
tumor stage, tumor size, lymph node metastasis, survival
time, postoperative metastasis and recurrence. The average
follow-up time was 48 months (3-60 months). The
research protocol was approved by the institutional Ethics
Committee of the bioscience of Affiliated Cancer Hospital
of Zhengzhou University for medical and health research.

Quantitative real-time polymerase chain reaction

Total RNA was isolated from frozen gastric cancer
tissues by using Trizol agent (Shanghai Sangon) according
to the manufacturer’s instructions. The expression level
of miR-451 was determined by using SYBR® Premix Ex
Taq™ II kit (TaKaRa) and U6 small nuclear RNA was used
as an endogenous control for data normalization. Relative
quantification of the miRNA expression was calculated with
the ratio of Ct miR-451 to Ct U6 (as an internal control).
All the tissues, including 268 gastric cancer patients and
152 controls, were examined by quantitative real-time
polymerase chain reaction. The cut-off value of was 0.01.

Statistical analysis

All statistical analyses were performed using SPSS
17.0 statistical package for windows (SPSS Inc., Chicago,
IL, USA). The Student’s t test analysis was performed to
compare the clinical characteristics and the expression of
miR-451. Survival curve of gastric cancer was estimated
by the Kaplan-Meier method. Prognostic factors analyze
were estimated by multivariate Cox regression. P<0.05
was considered to indicate a significant difference.

www.impactjournals.com/oncotarget

Oncotarget



Author contributions

Jiao-Mei Gong, Li-Li Zhou, Jia-He Sheng conducted

experiments; Yong Shen designed the study, analyzed data
and wrote the manuscript.

ACKNOWLEDGMENTS

This work was supported by Henan Health and

Programme Committee on scientific and technological
projects (No. 201403096). The authors thank the skillful
technical assistance of Li-Hong Wen.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

Tinoco A, Gottardi LF, Boechat ED. Gastric Cancer in the
Excluded Stomach 10 Years after Gastric Bypass. Case Rep
Surg. 2015; 2015:468293.

Choi J, Kim SG, Im JP, Kim JS, Jung HC. Long-term
clinical outcomes of endoscopic resection for early gastric
cancer. Surg Endosc. 2015; 29:1223-30.

Kim SE, Kim HH, Kim JH, Lee JY, Park SJ, Park MI,
Moon W. The role of second-look endoscopy in endoscopic
submucosal dissection for early gastric cancer. Turk J
Gastroenterol. 2013; 24:218-23.

Santpere G, Lopez-Valenzuela M, Petit-Marty N,
Navarro A, Espinosa-Parrilla Y. Differences in molecular
evolutionary rates among microRNAs in the human and
chimpanzee genomes. BMC Genomics. 2016; 17:528.
Wang L, Li G, Yao ZQ, Moorman JP, Ning S. MicroRNA
regulation of viral immunity, latency, and carcinogenesis
of selected tumor viruses and HIV. Rev Med Virol. 2015;
25:320-41.

Chawla JP, Iyer N, Soodan KS, Sharma A, Khurana SK,
Priyadarshni P. Role of miRNA in cancer diagnosis,
prognosis, therapy and regulation of its expression by
Epstein-Barr virus and human papillomaviruses: with special
reference to oral cancer. Oral Oncol. 2015; 51:731-37.
Fiorucci G, Chiantore MV, Mangino G, Romeo G.
MicroRNAs in virus-induced tumorigenesis and IFN
system. Cytokine Growth Factor Rev. 2015; 26:183-94.
Zhang Z, Sun J, Bai Z, Li H, He S, Chen R, Che X.
MicroRNA-153 acts as a prognostic marker in gastric
cancer and its role in cell migration and invasion. Onco
Targets Ther. 2015; 8:357-64.

Xu X, Wang W, Su N, Zhu X, Yao J, Gao W, Hu Z, Sun
Y. miR-374a promotes cell proliferation, migration and
invasion by targeting SRCIN1 in gastric cancer. FEBS Lett.
2015; 589:407-13.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

. Takahashi T, Saikawa Y, Kitagawa Y. Gastric cancer: current

status of diagnosis and treatment. Cancers (Basel). 2013;
5:48-63.

Chen Y, Zhu H, Xu F, Cao Y, Gu X, Wan Y, Gou H.
Clinicopathological ~ Characteristics, Treatment,
Prognosis of 21 Patients with Primary Gastric Squamous Cell
Carcinoma. Gastroenterol Res Pract. 2016; 2016:3062547.

Nomura E, Okajima K. Function-preserving gastrectomy

and

for gastric cancer in Japan. World J Gastroenterol. 2016;
22:5888-95.

Chakraborty C, Chin KY, Das S. miRNA-regulated
cancer stem cells: understanding the property and the
role of miRNA in carcinogenesis. Tumour Biol. 2016;
37:13039-48.

Giudice A, D’Arena G, Crispo A, Tecce MF, Nocerino F,
Grimaldi M, Rotondo E, D’Ursi AM, Scrima M, Galdiero
M, Ciliberto G, Capunzo M, Franci G, et al. Role of Viral
miRNAs and Epigenetic Modifications in Epstein-Barr
Virus-Associated Gastric Carcinogenesis. Oxid Med Cell
Longev. 2016; 2016:6021934.

Tsai MM, Wang CS, Tsai CY, Huang HW, Chi HC, Lin
YH, Lu PH, Lin KH. Potential Diagnostic, Prognostic
and Therapeutic Targets of MicroRNAs in Human Gastric
Cancer. Int ] Mol Sci. 2016; 17:17.

Peng Z, Zhang Y. Propofol inhibits proliferation and
accelerates apoptosis of human gastric cancer cells by
regulation of microRNA-451 and MMP-2 expression.
Genet Mol Res. 2016; 15:15.

Ansari KI, Ogawa D, Rooj AK, Lawler SE, Krichevsky
AM, Johnson MD, Chiocca EA, Bronisz A, Godlewski J.
Glucose-based regulation of miR-451/AMPK signaling
depends on the OCT]1 transcription factor. Cell Reports.
2015; 11:902-09.

. Nan Y, Han L, Zhang A, Wang G, Jia Z, Yang Y, Yue

X, Pu P, Zhong Y, Kang C. MiRNA-451 plays a role as
tumor suppressor in human glioma cells. Brain Res. 2010;
1359:14-21.

Wang XC, Tian LL, Jiang XY, Wang YY, Li DG, She Y,
Chang JH, Meng AM. The expression and function of
miRNA-451 in non-small cell lung cancer. Cancer Lett.
2011; 311:203-09.

Li HP, Zeng XC, Zhang B, Long JT, Zhou B, Tan GS, Zeng
WX, Chen W, Yang JY. miR-451 inhibits cell proliferation
in human hepatocellular carcinoma through direct
suppression of IKK-B. Carcinogenesis. 2013; 34:2443-51.
Giannice R, Erreni M, Allavena P, Buscaglia M, Tozzi R.
Chemokines mRNA expression in relation to the Macrophage
Migration Inhibitory Factor (MIF) mRNA and Vascular
Endothelial Growth Factor (VEGF) mRNA expression in the
microenvironment of endometrial cancer tissue and normal
endometrium: a pilot study. Cytokine. 2013; 64:509-15.
Gordon-Weeks AN, Lim SY, Yuzhalin AE, Jones K,
Muschel R. Macrophage migration inhibitory factor: a key

10. Chen W, Zheng R, Zeng H, Zhang S. The incidence and cytokine and therapeutic target in colon cancer. Cytokine
mortality of major cancers in China, 2012. Chin J Cancer. Growth Factor Rev. 2015; 26:451-61.
2016; 35:73.
www.impactjournals.com/oncotarget 56545 Oncotarget



