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Abstract. Recent studies demonstrated that microRNA 
(miRNA) expression is dysregulated in numerous human 
cancers. In this study, we investigated the expression patterns 
of 8 miRNAs in gastric cancer and evaluated their clinical 
significance in order to identify potential biomarkers for gastric 
cancer diagnosis. Total RNA was extracted from gastric cancer 
and normal tissues from 20 pairs of paraffin‑embedded speci-
mens. The expression levels of the miRNAs were detected by 
quantitative reverse transcriptase polymerase chain reaction 
using specific stem‑loop primers, with U6 as the internal refer-
ence gene. The association between miRNA expression level 
and clinicopathological factors was investigated. The expres-
sion of miR‑21, ‑103, ‑106a, ‑221 and ‑222 in gastric cancer 
samples was significantly higher compared to that in the 
paired normal samples. Conversely, the expression of miR‑143 
and ‑195 in cancer tissues was significantly lower compared 
to that in normal tissues. However, miR‑126 exhibited no 
difference between gastric cancer and normal tissues. A multi-
variate analysis demonstrated that the expression of miR‑143 
and ‑195 were associated with clinicopathological parameters, 
including depth of invasion and lymph node metastasis. This 
association may be applicable to future decisions regarding 
treatment or as a diagnostic biomarker.

Introduction

Gastric cancer is the fourth most common human malignant 
disease and the second most frequent cause of cancer‑related 

mortality worldwide, causing ~800,000 deaths annually. 
Approximately two‑thirds of gastric cancer cases occur in 
developing countries, with 42% occurring in China alone (1). 
Although the optimal combination of surgical and non‑surgical 
approaches has been used to treat gastric cancer, a consider-
able number of patients develop metastases to other sites due 
to the lack of reliable diagnostic techniques for early‑stage 
detection (2). Therefore, diagnosis in the early stages is crucial  
for the selection of the most effective treatment for gastric 
cancer patients.

MicroRNAs (miRNAs) are small, non‑coding RNAs, 
19‑24 nucleotides in length, which were first described by 
Lee et al (3). The mature single‑stranded microRNAs bind 
to the 3' untranslated region of potentially hundreds of target 
genes of imperfect complementarity, resulting in degradation 
of target mRNAs and inhibition of translation (4). Over the past 
10 years, accumulating evidence strongly supports the role of 
miRNAs in crucial cellular processes, including development, 
differentiation, stress response, apoptosis and proliferation (5). 
Particularly in tumors, miRNAs may function as oncogenes 
and̸or tumor suppressor genes (6).

Thus far, apart from traditional methods, the molecular 
technique is considered the optimal method for early diag-
nosis and prognosis prediction in cancer. Recent studies 
demonstrated that miRNAs are frequently dysregulated in 
human malignancies (7), including increased expression [i.e., 
miR‑221 (8), ‑223 (9) and ‑135a (10)] and decreased expression 
[i.e., miRNA‑200c (11), ‑451 (12) and ‑34b (13)]. This altered 
miRNA expression pattern provided novel opportunities for 
the use of biomarkers in cancer diagnosis (14). Several miRNA 
analyses were reported in human malignancies and the differ-
ences in expression between tumor tissues and their benign 
counterparts may be useful for cancer diagnosis (15). However, 
more ideal biomarkers or co‑markers for gastric cancer are 
required for optimizing treatment selection for patients.

In this study, we compared the expression of 8 miRNAs 
(miR‑21, ‑103, ‑106a, ‑126, ‑143, ‑195, -221 and ‑222) between 
gastric cancer and normal gastric tissue and investigated the 
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association between their expression and clinical significance 
in order to identify potential diagnostic markers for gastric 
cancer.

Materials and methods

Sample collection. Gastrectomy samples were obtained from 
gastric cancer patients who underwent total gastrectomy at the 
Shaanxi Provincial People's Hospital and the First Affiliated 
Hospital of Xi'an Jiaotong University between 2009 and 2011. 
A total of 20 paired samples (gastric cancer and normal tissues, 
at a distance >5 cm from the tumor) were randomly selected 
and independently examined. The pathological characteristics 
of the patients are summarized in Table I.

Isolation of total RNA f rom formaldenhyde‑f ixed, 
paraffin‑embedded (FFPE) tissue. Total RNA was isolated 
from FFPE tissue sections with RecoverAll™ Total Nucleic 
Acid Isolation kit (Ambion, Austin, TX, USA) according to the 
manufacturer's instructions. Briefly, the sections were depar-
affinized with xylene. Following addition of digestion buffer 
and protease, the samples were incubated at 50˚C for 15 min 
and at 80˚C for 15 min. Subsequently, isolation additive and 
100% ethanol were added. After washing 3 times, RNA was 
eluted in 60 µl of elution solution and stored at ‑80˚C.

Reverse transcription and quantitative polymerase chain 
reaction (qPCR). RNA was reverse‑transcribed to cDNA by 
priming with a mixture of looped primers and preamplified 
according to the manufacturer's instructions. The primers for 
miRNA were designed by our team (Table II) and commer-
cially obtained from AuGCT Biotechnology Corporation 
(AuGCT, Beijing, China). The PrimeScript® RT reagent kit 
(Perfect Real Time; Takara Bio Inc., Shiga, Japan) was used. 
The reverse transcriptase reactions contained 20 ng of RNA 
samples, 2 µl of 5X PrimeScript® Buffer (for Real Time), 
0.5 µl of PrimeScript® RT Enzyme Mix I, 4.5 µl of RNase‑free 
water and 1 µl of stem‑loop RT primers. The 10‑µl reactions 
were incubated for 15 min at 37˚C and for 5 sec at 85˚C and 
maintained at 4˚C.

qPCR was performed using SYBR®‑Green  I with the 
SYBR® Premix Ex Taq™ II (Perfect Real Time). The qPCR 
reactions included 1 µl of RT product dilution (100 ng), 10 µl 
of 2X SYBR Premix Ex Taq II, 7 µl of RNase‑free water, 1 µl 
of forward primer and 1 µl of reverse primer. U6 was used as 
an internal control to normalize the expression levels of the 
target genes. The qPCR was initiated with an initial denatur-
ation step at 95˚C for 30 sec, 40 cycles of 5 sec at 95˚C and 
30 sec at 60˚C. All the reactions were run in triplicate using 
the IQ‑5 Real‑Time PCR system (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

The ∆Ct and 2‑∆∆Ct methods were used for analysis. The 
∆Ct value was calculated by the difference between the Ct 
values of the specific miRNA and U6: ∆Ct = CtmiRNA ‑ CtU6.
ΔΔCt = ∆Ctcancer tissues ‑ ∆Ctnormal tissues. The value of 2‑∆Ct repre-
sented the miRNA expression of each sample and the value of 
2‑∆∆Ct represented the relative quotient (RQ) of the expression 
of the target gene to that of the control. In the present study, 
RQ represented the value of the ratio of miRNA expression 
in cancer tissue to that in normal tissue. An RQ<1 indicated 

that the miRNA expression levels in cancer tissue were lower 
compared to those in normal tissue. Conversely, an RQ>1 
indicated higher miRNA expression in cancer compared to 
normal tissues.

Statistical analysis. Data were analyzed with SPSS software, 
version 12.0 (SPSS Inc., Chicago, IL, USA) and Excel software 
(Microsoft, Redmond, USA). The paired samples t‑test was 
used to compare the expression of miRNAs between cancer 
and normal tissues. One‑way ANOVA was used to investigate 
the association between cancer and normal tissues. P<0.05 
was considered to indicate a statistically significant difference.

Results

Dysregulated miRNAs in cancer and normal tissues of gastric 
cancer patients. Among the 20 paired samples, 19 cases (95%) 
exhibited a higher expression of miR‑21, 15 cases (75%) exhib-
ited a higher expression of miR‑103 and ‑106a and 13 cases 
(65%) exhibited a higher expression of miR‑221 and ‑222 
in gastric cancer tissues compared to that in normal tissues 
(Fig. 1), whereas miR‑126 exhibited no identical or significant 
differences between gastric cancer and normal tissues (higher 
in 10 and lower in the remaining 10 cases). Furthermore, 
miR‑143 was shown to be decreased in 15 of the 20 pairs 
(75%) (Fig. 2A). The average fold change of miR‑143 between 

Table I. Summary of pathological characteristics of samples.

	 Patient no.
Pathological characteristics	 (n=20)

Age (years)
  <60	 7
  >60	 13
Depth of invasion (T)
  T1	 2
  T2	 4
  T3	 3
  T4	 11
Lymph node metastasis (N)
  Negative (N0)	 2
  Positive (N1‑N3)	 18
Haematogenous metastasis (M)
  Negative (M0)	 17
  Positive (M1)	 3
Stage
  Ⅰ	 2
  Ⅱ	 5
  Ⅲ	 7
  Ⅳ	 6
Differentiation
  Poor	 12
  Moderate	 6
  High	 2
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gastric cancer and normal tissues was 1.121 (±1.589). miR‑195 
was also decreased in 16 of the 20 pairs (80%) (Fig. 2B). The 
average fold change of miR‑195 between gastric cancer and 
normal tissues was 0.799 (±0814).

Association between miRNA level and clinicopathological 
factors in patients with gastric cancer. To further inves-
tigate the roles of miR‑143 and ‑195 expression in gastric 
cancer progression, the association between the expression 
of miR‑143 (Fig. 3A) and ‑195 (Fig. 3B) was analyzed by 
one‑way ANOVA. A decreased expression of miR‑143 and 
‑195 in gastric cancer was not associated with age (>60 
vs. <60 years), lymph node metastasis (negative vs. posi-
tive), stage and differentiation (poor vs. moderate vs. high). 
However, miR‑143 and ‑195 underexpression was found to 
be significantly associated with depth of invasion (P=0.000 

Figure 1. Dysregulated expression of 8 miRNAs in gastric cancer compared 
to normal gastric tissues. Each dot represents a result of 2‑∆∆Ct in one patient. 
Each experiment was performed in triplicate.

Table II. Primers for reverse transcription (RT) quantitative polymerase chain reaction of 8 microRNAs and U6.

miRNAs	 Primer sequences

miR‑103
  Forward:	 ATCCAGTGCGTGTCGTG
  Reverse:	 TGCTAGCAGCATTGTACAGG
  RT:	 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCATAGC
miR‑106a
  Forward:	 ATCCAGTGCGTGTCGTG
  Reverse:	 TGCTAAAAGTGCTTACAGTG
  RT:	 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACCTACCTG
miR‑143
  Forward:	 CAGTGCGTGTCGTGGAG
  Reverse:	 GCGGTGAGATGAAGCACT
  RT:	 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACGAGCTAC
miR‑145
  Forward:	 CAGTGCGTGTCGTGGAGT
  Reverse:	 AGGTCCAGTTTTCCCAGG
  RT:	 GGAGTCGGCAATTGCACTGGATACGACAGGGATT
miR‑195
  Forward:	 CAGTGCGTGTCGTGGAGT
  Reverse:	 ACGGTAGCAGCACAGAAATA
  RT:	 GGAGTCGGCAATTGCACTGGATACGACGCCAATA
miR‑21
  Forward:	 ATCCAGTGCGTGTCGTG
  Reverse:	 TGCTTAGCTTATCAGACTG
  RT:	 TGGAGTCGGCAATTGCACTGGATACGACTCAACAT
miR‑221
  Forward:	 ATCCAGTGCGTGTCGTG
  Reverse:	 TGCTAGCTACATTGTCTGCT
  RT:	 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACGAAACCC
miR‑222
  Forward:	 ATCCAGTGCGTGTCGTG
  Reverse:	 TGCTAGCTACATCTGGCT
  RT:	 GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACACCCAGT
U6
  Forward:	 GCTTCGGCAGCACATATACTAAAAT
  Reverse:	 CGCTTCACGAATTTGCGTGTCAT 
  RT:	 CGCTTCACGAATTTGCGTGTCAT
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and P=0.012, respectively) and haematogenous metastasis 
(P=0.023 and P=0.016, respectively).

Discussion

Alterations in miRNA expression have been described in 
various cancer types and shown to be significantly corre-
lated with cancer progression (16). miRNAs may function 
as oncogenes in human cancer. Our data demonstrated that 
miR‑21, ‑103, ‑106a, ‑221 and ‑222 exhibited a higher expres-
sion in gastric cancer compared to normal gastric tissues  
(Fig. 1). The expression level of miR‑21 was reported to be 
significantly higher in breast cancer compared to normal 
breast tissues in 109 patients who underwent surgery between 
2002 and 2004; its overexpression was associated with 
mastectomy, larger tumor size, advanced stage, higher grade, 

estrogen receptor‑negative status, human epidermal growth 
factor receptor 2‑positive status, higher Ki‑67 expression and 
mortality and it was significantly associated with lower overall 
survival (17). miR‑103 expression was shown to be increased in 
patients with colorectal cancer (CRC) and was associated with 
poor prognosis; its actions are mediated through targeting the 
known metastasis suppressors death‑associated protein kinase 
and Kruppel‑like factor 4 in CRC cells, resulting in increased 
cell motility and cell‑matrix adhesion and decreased cell‑cell 
adhesion and epithelial marker expression (18). The expression 
analysis of miR‑106a in the patient samples demonstrated 
its overexpression in CRC, leading to downregulation of the 
retinoblastoma protein activity, which plays an important 
role in cell cycle progression and, therefore, may be involved 
in malignant transformation of colonic cells (19). miR‑221 
and ‑222 were found to be overexpressed in several human 

Figure 3. Association of expression levels of miR‑143 and ‑195 with clinicopathological factors. (A) miR‑143 underexpression as well as (B) miR‑195 underex-
pression were significantly associated with depth of invasion and haematogenous metastasis. *P<0.05.

Figure 2. Underexpression of miR‑143 and ‑195 in gastric cancer compared to normal tissues. (A) miR‑143 was decreased in 15 of the 20 pairs (75%) and 
(B) miR‑195 was decreased in 16 of the 20 pairs (80%). *P<0.05. Each experiment was performed in triplicate.

  A   B

  A

  B
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cancers, including breast (20), prostate (21), lung (22) and liver 
cancer (23). Although the expression levels of miR‑126 in CRC 
tissues were significantly lower compared to those in normal 
tissues and miR‑126 overexpression may inhibit the growth of 
cancer cells (24), it was also found to be overexpressed in acute 
myeloid leukemia  (25). Although the precise mechanisms 
underlying the biological functions of miRNAs have not been 
fully elucidated, our data demonstrated that miR‑21, ‑103, 
‑106a, ‑221 and ‑222 were overexpressed in gastric cancer, 
which may indicate their role as oncogenes in cancerous 
processes.

Furthermore, previous studies reported the expression 
alterations and potential target sites of miR‑143 and ‑195. 
Motoyama et al (26) used a miRNA microarray containing 
455 human miRNA probes to determine the miRNA pattern in 
human CRC and the results demonstrated that the expression 
of miR‑143 in cancer tissues was significantly lower compared 
to that in normal tissues. In addition, miRNA microarray 
analysis demonstrated that miR‑143 was significantly 
downregulated, which may promote apoptosis and inhibit 
tumor formation by targeting Bcl‑2 in cervical cancer (27). 
Ozata et al (28) reported that miR‑195 was underexpressed in 
adrenocortical carcinoma (ACC) compared to normal adrenal 
cortices and benign adenomas. The overexpression of miR‑195 
may reduce cell proliferation and lead to significant induction 
of cell death in human NCI‑H295R ACC cells. miR‑195 was 
also found to be downregulated in CRC compared to normal 
colorectal tissue samples, with this downregulation being 
observed more frequently among patients with lymph node 
metastasis and advanced tumor stage  (29). As regards the 
potential for a miRNA‑based therapy, several target genes of 
miR‑143 and ‑195 have already been proven experimentally, 
such as hexokinase 2 isoform and extracellular signal‑regu-
lated kinase‑5 (30,31) and WEE1 (32), respectively. Our data 
also demonstrated that miR‑143 and ‑195 were downregulated 
in gastric cancer and were associated with depth of invasion 
(T) and haematogenous metastasis (M), providing a potential 
target for research of human cancer.

The potential usefulness of miRNA‑based biomarkers 
for the diagnosis of numerous human cancers has been 
established by several studies. miR‑222 expression in the 
urine was verified by in situ hybridization, which provided 
a high‑accuracy method for bladder cancer diagnosis (33). 
As regards breast cancer, the differential expression of 
systemic miRNA‑195 provides a possibility for detecting 
non‑invasive and early‑stage disease as a sensitive, specific, 
non‑invasive cancer biomarker (34). However, the combina-
tion of markers is more reliable compared to a single marker 
for cancer diagnosis (35). The expression level of miR‑126 
in the patient serum was found to be associated with soluble 
mesothelin‑related peptides, which are a specific marker of 
malignant pleural mesothelioma (MPM). miR‑126 expres-
sion was correlated with a high risk of developing MPM and 
may be used as a marker for the early detection of MPM (36). 
This study identified miR‑143 and ‑195 as potentially useful 
biomarkers in human gastric cancer, due to their similar 
performance in the clinicopathological factor analysis. We 
also suggest a potential diagnostic biomarker combination of 
miR‑143 and ‑195 (co‑markers) to improve their diagnostic 
sensitivity and specificity.

To validate the performance of biomarkers for the 
detection of cancer, further studies are required to verify 
whether the miRNAs we selected bear a full potential as 
either biomarkers or therapeutic targets in gastric cancer. 
However, we demonstrated that miR‑143 and ‑195, alone or 
in combination, may play a critical role in cancer progress 
and may constitute optimal biomarkers for the diagnosis of 
gastric cancer.
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