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IntroductIon

Mortality associated with gastric cancer in many industrialized 
nations has decreased during recent decades.[1,2] However, 
China is still one of the countries with the highest incidence 
of gastric cancer and accounts for over 40% of all new cases 
worldwide.[3,4] Despite aggressive therapy, the prognosis 
of advanced gastric cancer in China tends to be dismal.[5] 
Because the heterogeneity of gastric cancer at the molecular 
level is present, selecting the patients who could benefit 
greatest from personalized treatment and targeted therapies is 
thought of as the best method to reduce the mortality rates of 
gastric cancer.[6,7] Therefore, the identification of molecular 
markers that are predictive of gastric cancer aggressiveness 
and prognosis of the patient has the potential to improve the 
ability to manage patients and provide important clinically 
relevant insights into disease treatment.

MicroRNAs (miRNAs) are small 21–23 nucleotides 
noncoding RNAs that regulate gene expression 
posttranscriptionally through base pairing with the 
3’‑untranslated region of target messenger RNAs (mRNAs).[8] 
In many human cancers, miRNAs can function as tumor 
suppressor genes or oncogenes to suppress translation or 
induce mRNA degradation depending on the nature of 
their targets.[9] The miR‑34 family is a class of miRNAs 
those are highly evolutionarily conserved, and there are 
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three miR‑34 members, including miR‑34a, miR‑34b, and 
miR‑34c.[10] They are widespread in arthropods, nematodes, 
and mammals. In most human tissues, the miR‑34a 
expression level is much higher than that of miR‑34b and 
miR‑34c.[11,12] It has been demonstrated that the expression 
of miR‑34a is altered in various types of cancer, including 
breast cancer,[13] lung cancer,[14] head and neck squamous 
cell carcinoma,[15] and prostate cancer.[16] Recently, Zhang 
et al. reported that down‑regulation of miR‑34a in gastric 
cancer is associated with high recurrence rate and poor 
overall survival (OS).[17] In addition, previous studies 
have also suggested that miR‑34a could inhibit gastric 
cancer tumorigenesis by targeting platelet‑derived growth 
factor receptor (PDGFR) and mesenchymal epithelial 
transition (MET) through the PI3K/Akt pathway[18] and 
regulate cisplatin‑induce gastric cancer cell death by 
modulating PI3K/Akt/survivin pathway.[19] However, an 
extensive analysis of expression of miR‑34a in correlated 
to the prognosis of gastric cancer patients has not been 
performed and awaits further elucidation.

In this research, we aim to determine the prognostic 
significance of expression of miR‑34a in gastric cancer.

Methods

Cell culture
Immortalized normal human gastric epithelial cell line GES‑1 
and six human gastric cancer cell lines, including NCI‑N87, 
AGS, MKN‑45, MKN‑28, BGC‑823, and SGC7901, were 
obtained directly from Shanghai Cell Bank of Chinese 
Academy of Sciences (Shanghai, China). All these cells were 
routinely grown and maintained in RPMI‑1640 (Invitrogen, 
Carlsbad, CA, USA) culture medium supplemented with 
10% fetal bovine serum (Invitrogen, Carlsbad, CA, USA) 
at 37°C in a humidified cell incubator with an atmosphere 
of 5% CO2.

Clinical specimens
Fresh gastric adenocarcinoma tissues were collected 
from patients with gastric cancer at The Second Affiliated 
Hospital of Xi’an Jiaotong University (Shaanxi province, 
China) from January 2008 to December 2012. Adjacent 
normal tissues were obtained at least 5 cm from the 
tumor at the same time. Samples were flash frozen in 
liquid nitrogen until use. Specimens were reassessed by 
two pathologists independently, and the stage of gastric 
cancer is classified according to the tumor node metastasis 
(TNM) stage system of the Union for International Cancer 
Control/American Joint Committee on Cancer.[20] The 
selected criteria were the patients harboring advanced 
gastric adenocarcinoma without distant metastases, 
and excluded criteria were patients with infiltration 
of adjacent structures (T4b), distant metastases, and 
gastric stump cancer. Also, patients were excluded 
if they had previously been exposed to any targeted 
therapy, radiotherapy, chemotherapy, and/or intervention 
therapy for gastric cancer. Routine chemotherapy based 

on 5‑fluorouracil and oxaliplatin had been given to the 
patients with advanced‑stage disease after operation, but 
no radiation treatment was done in any of the patients 
included in our study. This study was reviewed and 
approved by the Institutional Review Board of The Second 
Affiliated Hospital of Xi’an Jiaotong University (Shaanxi 
province, China). All study participants or their legal 
guardian provided informed written consent prior to study 
enrollment.

Quantitative real‑time reverse transcriptase‑polymerase 
chain reaction
Total RNA containing miRNA was extracted from cultured 
cells or tissues using miRNeasy Mini Kit (Qiagen, 
Germany). Complementary DNA was synthesized using 
miScript reverse transcription kit (Qiagen) following 
the manufacturer’s instructions. Reverse transcription 
was undertaken using 50 ng total RNA with a primer 
specific for miR‑34a, together with the SYBR Green 
miRNA reverse transcription kit. miRNAs were quantified 
using the SYBR Green miRNA quantitative real‑time 
polymerase chain reaction (qRT‑PCR) assay according 
to the manufacturer’s protocol (Applied BioSystems, 
Foster City, CA, USA). The qRT‑PCR reaction was 
carried out on a 7500 fast real‑time system (Applied 
Biosystems, Foster City, CA, USA). All qRT‑PCRs 
were performed in triplicate. The data were analyzed 
using an automated baseline. The threshold cycle (Ct) 
was defined as the fractional cycle number at which the 
fluorescence exceeded the given threshold. The data 
obtained from the qRT‑PCR were analyzed using the ΔΔCt 
method (2ΔΔCt). The PCR primers sets used here for miR‑34a 
was designed as follows: miR‑34a forward primer: 
5’‑UGGCAGUGUCUUAGCUGGUUGU‑3’, and reverse 
primer: 5’‑GUGCAGGGUCCAGGU‑3’. U6 was used as 
an internal control and amplified with forward primer: 
5’‑GCTTCGGCAGCACATATACTAAAAT‑3’ and reverse 
primer: 5’‑CGCTTCACGAATTTGCGTGTCAT‑3’.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 
5 (GraphPad Software, Inc., San Diego, CA, USA) and 
SPSS 17.0 (SPSS, Chicago, IL, USA). Followup data 
were available for all patients. Pearson’s Chi‑square test 
was used to analyze the relationship between miR‑34a 
expression and clinicopathological factors. Cumulative 
survival rates were calculated by Kaplan–Meier method 
and the differences between the subgroups were examined 
by the log‑rank test. Numbers at risk were calculated for 
the beginning of each period. The prognostic value of 
miR‑34a expression was determined by univariate and 
multivariate analysis. A prognostic model combining 
miR‑34a expression with TNM stage system was 
constructed with the logistic regression. Receiver 
operating characteristic (ROC) analysis was performed 
to assess the prognostic value of the parameters. All 
P values were two‑sided, and P < 0.05 was considered as 
statistically significant.
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results 
Expression analysis of miR‑34a in human gastric cancer 
cells
To ascertain the level of miR‑34a expression in human 
gastric cancer cells, we first evaluated miR‑34a expression 
by qRT‑PCR in immortalized normal human gastric 
epithelial cell line GES‑1 and six human gastric cancer 
cell lines, including NCI‑N87, AGS, MKN‑45, MKN‑28, 
BGC‑823, and SGC7901. As shown in Figure 1, the human 
gastric cancer cells expressed significantly lower levels of 
miR‑34a than GES‑1. This result indicated that decreased 
miR‑34a expression may be related to the oncogenesis of 
gastric cancer.

Associations between miR‑34a expression and 
clinicopathologic factors
Table 1 summarizes the clinicopathological characteristics 
of patients enrolled in this study. Of 76 patients, most of 
the patients were female (69.7%) and had an intestinal type 
cancer (75.0%), middle or distal‑located cancer (77.6%), 
TNM stage III cancer (61.8%), smaller tumor size (in cm, 
52.6%), and poorly differentiation (59.2%). The expression 
levels of miR‑34a were further measured to analyze their 
relationship with clinicopathologic factors. Patients were 
divided into high and low expression group according to 
the ratio of their normal/cancer tissue mean expression 
levels of miR‑34a according to the results of qRT‑PCR. And 
according to the criterion, approximately 47.4% (36 of 76) 
tumors were scored as low miR‑34a expression (normal/
cancer ratio <1.0). As shown in Table 1, the expression 
of miR‑34a was significantly correlated with Lauren 
classification (P = 0.034). Besides, there are no other 
differences significantly between the high and low group 
of miR‑34a expression.

Prognostic value of miR‑34a expression in patients with 
gastric cancer
Kaplan–Meier survival analysis was performed to 
investigate the prognostic value of miR‑34a expression. 
As shown in Figure 2, patients with low miR‑34a 
expression showed significantly shorter OS than those 
high ones [P = 0.013; Figure 2a], which indicated a vital 
impact of miR‑34a expression on clinical outcome in 
gastric cancer patients. Also, the prognosis of gastric 
cancer patients with TNM stage III was also poorer 
compared with TNM stage I + II significantly [P = 0.011; 
Figure 2b].

Univariate and multivariate analyses for OS in this 
study population exhibited that T stage (P = 0.027), 

Figure 1: The expression of miR‑34a in human gastric epithelial 
cell and gastric cancer cell lines. Quantitative real‑time polymerase 
chain reaction analysis for miR‑34a expression levels in immortalized 
normal human gastric epithelial cell line GES‑1 and six human gastric 
cancer cell lines (NCI‑N87, AGS, MKN‑45, MKN‑28, BGC‑823, and 
SGC7901), *P < 0.05.

Table 1: Relation between intratumoral miR‑34a 
expression and clinical characteristics in patients with 
gastric cancer (n=76)

Items Patients, 
n (%)

miR‑34a 
expression

P

Low High
All patients 76 (100) 36 40
Age* 0.646

≤65 years 38 (50.0) 19 19
>65 years 38 (50.0) 17 21

Gender 0.580
Female 53 (69.7) 24 29
Male 23 (30.3) 12 11

Localization 0.506
Proximal 17 (22.4) 8 9
Middle 30 (39.5) 12 18
Distal 29 (38.2) 16 13

Differentiation 0.276
Well 12 (15.8) 6 6
Moderately 19 (25.0) 6 13
Poorly 45 (59.2) 24 21

Lauren classification 0.034
Intestinal type 57 (75.0) 23 34
Diffuse‑type 19 (25.0) 13 6

T stage 0.146
T1 7 (9.2) 2 5
T2 6 (7.9) 1 5
T3 10 (13.2) 7 3
T4 53 (69.7) 26 27

N stage 0.254
N0 25 (32.9) 11 14
N1 8 (10.5) 2 6
N2 17 (22.4) 7 10
N3 26 (34.2) 16 10

TNM stage 0.357
I 10 (13.2) 3 7
II 19 (25.0) 8 11
III 47 (61.8) 25 22

Tumor size* 0.981
<3.5 cm 40 (52.6) 19 21
≥3.5 cm 36 (47.4) 17 19

TNM: Tumor node metastasis. *Split at median.
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Table 2: Univariate analysis of factors for OS in 
76 patients with gastric cancer

Items Patients, 
n

Events, 
n

OS (univariate)

Hazard radio 
(95% CI)

P

All patients 76 32
Age* 0.410

≤65 years 38 13 1.000 (reference)
1.348 (0.662–2.746)>65 years 38 19

Gender 0.290
Female 53 20 1.000 (reference)

0.679 (0.332–1.390)Male 23 12
Localization 0.074

Proximal + middle 47 23 1.000 (reference)
0.490 (0.223–1.073)Distal 29 9

Differentiation 0.052
Well + moderately 31 9 1.000 (reference)

2.152 (0.993–4.664)Poorly 45 23
Lauren classification 0.792

Intestinal type 57 25 1.000 (reference)
1.086 (0.589–1.999)Diffuse‑type 19 7

T stage 0.027
T1 + T2 13 1 1.000 (reference)

3.096 (1.140–8.409)T3 + T4 63 31
N stage 0.012

N0 + N1 33 9 1.000 (reference)
2.690 (1.239–5.840)N2 + N3 43 23

TNM stage 0.015
I + II 29 8 1.000 (reference)

1.655 (1.101–2.487)III 47 24
Tumor size* 0.078

<3.5 cm 40 12 1.000 (reference)
1.906 (0.931–3.902)≥3.5 cm 36 20

miR‑34a expression 0.018
High 40 10 1.000 (reference)

2.469 (1.166–5.228)Low 36 22
*Split at median. OS: Overall survival; 95% CI: 95% confidence interval.

TNM stage (hazard ratio [HR], 1.615; 95% confidence 
interval [CI ], 1.071–2.436; P = 0.022) and miR‑34a 
expression (HR, 2.327; 95% CI, 1.099–4.927; P = 0.027) 
were recognized as independent and significant prognostic 
parameters.

Prognostic model based on tumor node metastasis 
stage and miR‑34a expression
In order to develop a more sensitive predictive method 
for patients with gastric cancer, a prognostic model 
combining TNM stage and miR‑34a expression was 
constructed. ROC analysis was performed to compare its 
prognostic ability. As shown in Figure 3, prognostic model 
of TNM stage plus miR‑34a expression (area under the 
curve [AUC] = 0.729) exhibited a better prognostic value 
than miR‑34a expression (AUC = 0.685, P = 0.0435) or 
TNM stage (AUC = 0.614, P = 0.0249) alone.

dIscussIon

Despite aggressive therapy, the prognosis of advanced gastric 
cancer in China tends to be dismal.[5,21] Identification of patients 
who could benefit greatest from personalized treatment and 
targeted therapies is thought of as the best method to reduce the 
mortality rates of gastric cancer. Recently, research concerning 
the relationship between miRNAs and gastric cancer has 
gradually gained attention from researchers in the general 
surgery field, which has become an emerging hotspot in the 
field of gastric cancer research.

The miR‑34 family is a class of miRNAs that are highly 
evolutionarily conserved, and they are widespread in 
arthropods, nematodes, and mammals.[10,11] Through 
investigating the miRNA expression profile in gastric cancer, 
Yao et al. determined that miR‑34 was displaying a greater 
than 2‑fold expression difference between gastric cancer 
and normal gastric tissues.[22] In virtually all vertebrates, 
there are three miR‑34 members, including miR‑34a, 
miR‑34b, and miR‑34c. In most human tissues, the miR‑34a 
expression level is much higher than that of miR‑34b and 
miR‑34c.[11] It has been demonstrated that the dysregulation 
of miR‑34a is present in various types of cancer, including 

Figure 2: Analyses of overall survival according to the expression of miR‑34a and tumor node metastasis stage in gastric cancer patients. 
Kaplan–Meier analyses of overall survival according to miR‑34a expression (a) and tumor node metastasis stage (b) in patients with gastric 
cancer. P value was calculated by log‑rank test.

ba

N stage (P = 0.012), TNM stage (P = 0.015), and miR‑34a 
expression (P = 0.018) significantly affected the survival of 
gastric cancer [Table 2]. In addition, as shown in Table 3, 
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breast cancer,[13] lung cancer,[14] head and neck squamous 
cell carcinoma,[15] and prostate cancer.[16] Also, Shen et al. 
observed that the miR‑34a expression is down‑regulated in 
laryngeal squamous cell carcinoma.[23] The above‑mentioned 
studies confirmed that miR‑34a might play an important role 
that is similar to tumor suppressor miRNAs.

Recently, Zhang et al. reported that down‑regulation of 
miR‑34a in gastric cancer is associated with high recurrence 
rate and poor OS, and low miR‑34a expression level was 
associated with lymph node involvement, advanced TNM 
stage, and poor tumor differentiation.[17] Their results are 
in accordance with ours. In the present research, we also 
investigated the expression level of miR‑34a in gastric cancer 
patients and proved that demonstrated that high miR‑34a 
expression as an independent poor prognostic factor for OS 
of patients with gastric cancer after radical gastrectomy. In 
addition, incorporation of the level of miR‑34a expression 
into TNM stage system improved the prognostic value of 
traditional staging system. These results reinforce the critical 
role for the down‑regulated miR‑34a expression in gastric 
cancer and suggest that miR‑34a could be a prognostic 
indicator for this disease. However, the potential changing 
of clinical practice should be validated in a randomized 
controlled trial in the future.

Like many other miRNAs, miR‑34a could antagonize 
various processes of cancer cells through regulating different 
genes and influencing their functions in many cellular 
pathways.[24] The control of cellular proliferation is a major 
function of miR‑34a and ectopic expression of miR‑34a 
could lead to the arrest of G1/G2 in cancer cells and result 
in the decreasing of cell doubling times.[25] In addition, it 
has been demonstrated that ectopic miR‑34a could induce 
apoptosis when reintroduced into some cancer cells because 
it represses SIRT1, YY1, and Bcl‑2, in which, miR‑34a was 
identified as a p53 target, and miR‑34a mediated apoptosis 
may be suppressed by the inactivation of p53.[15,26,27] MiR‑34a 
was down‑regulated in many cancers, including gastric 
cancer.[28] Bhatt et al. showed that restoration of tumor 
suppressor miR‑34 inhibits tumorspheres of gastric cancer of 
p53‑mutant.[29] Peng et al. demonstrated that miR‑34a could 
inhibit gastric cancer tumourigenesis by targeting PDGFR 
and MET through the PI3K/Akt pathway,[18] and Cao et al. 

proved that miR‑34a could regulate cisplatin‑induce 
gastric cancer cell death by modulating PI3K/Akt/survivin 
pathway.[19] In this research, we found that the human gastric 
cancer cells, including NCI‑N87, AGS, MKN‑45, MKN‑28, 
BGC‑823, and SGC7901, expressed significantly lower 
levels of miR‑34a than GES‑1, which is an immortalized 
normal human gastric epithelial cell line. This result 
indicated that abnormal miR‑34a expression may be related 
to the oncogenesis of gastric cancer. Also, we identified 
the expression of miR‑34a was significantly correlated 
with Lauren classification. There are fewer intestinal‑type 
gastric cancer patients with high miR‑34a expression than 
diffuse‑type patients. However, clarifying the underlying 
mechanism of differential expression of miR‑34a between 
the intestinal and diffuse type progression of gastric cancer 
awaits further investigation.

To date, there is an increasing interest with respect to the 
miRNA responses to lifestyle and environmental exposures. 
Stánitz et al. had been investigated that whether living 
conditions, lifestyle behaviors, and social status, such as 
alcohol consumption and cigarette smoking, are associated 
with specific miRNA expression patterns of gastric cancer.[30] 
Their study showed that down‑expression of miR‑34a was 
observed in gastric cancer samples of patients from 
western countries, which is in accordance with our results 

Table 3: Multivariate analysis of factors for OS in 
76 patients with gastric cancer

Items Patients, 
n

Events, 
n

OS (multivariate)

Hazard radio (95% CI)

P

All patients 76 32
TNM stage 0.022

I + II 29 8 1.000 (reference)
1.615 (1.071–2.436)III 47 24

miR‑34a expression 0.027
High 40 10 1.000 (reference)

2.327 (1.099–4.927)Low 36 22
OS: Overall survival; 95% CI: 95% confidence interval; TNM: Tumor 
node metastasis.

Figure 3: Receiver operating characteristic analysis for the prediction 
of overall survival in patients with gastric cancer. Receiver operating 
characteristic analysis of the sensitivity and specificity for the prediction 
of overall survival by the combined miR‑34a expression and tumor 
node metastasis stage model, the tumor node metastasis stage model, 
and the miR‑34a expression model. P values show the area under the 
receiver operating characteristic curves (area under the curve) of the 
combined miR‑34a expression and tumor node metastasis stage model 
versus area under the curves of the tumor node metastasis stage model 
or the miR‑34a expression model.



Chinese Medical Journal ¦ October 5, 2015 ¦ Volume 128 ¦ Issue 19 2637

in China. Also, gastric cancer of the same histopathology 
from different geographic region’s population could show 
differential miRNAs and protein expression patterns, which 
might result from the existence of different risk factors of 
carcinogenesis.

In summary, the results of this study demonstrate that 
miR‑34a is a promising marker to predict the OS of patients 
with gastric cancer after radical gastrectomy. In addition, 
incorporation of the level miR‑34a expression into TNM 
stage system improved the prognostic value of traditional 
staging system, and the gastric cancer patients with low 
miR‑34a expression might need closer follow‑up and 
aggressive postoperative treatment.
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