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Introduction

Gastric cancer (GC) is the second reason for non-accidental 
death in Iran. Racial differences, different diets as well 
as various geographical distribution have led to various 
cancer prevalence in different regions of the country 
(1,2). Throughout the world GC is the fourth common 
malignancy and is the second cause of mortality due to 
cancer (3). The considerable point is that the incidence of 
GC is higher than global average among Iranian males (1).  
Some risk factors involved in developing GC include gender 
(more among males comparing with females), age (over 50), 
geographical distribution, infections due to helicobacter 
pylori, diet, smoking, obesity, and blood group A (4). 

Diagnosing GC in its earlier stages is followed by 

more successful treatments. Unfortunately, diagnosing and 
treating GC is complicated due to lack of specific diagnostic 
symptoms in its early stages, limitation and inefficiency 
of existing diagnostic approaches such as endoscopy and 
imaging methods (5), ineffective surgery or treatment with 
cytotoxic cells in their advanced stages, and lack of suitable 
biomarker (6). Therefore, for better diagnosis and successful 
treatment, molecular markers are required in different phases 
of the disease (7). Currently, there are a few biomarkers to 
confidentially diagnose the cancer cells in early stages (5). 

Discovering miRNAs has considerably improved the 
diagnostic and treatment complications (6). miRNAs are 
specific for any tissue. The miRNAs have been introduced 
as proper tumor markers for many reasons. Rosenfeld  

Original Article

Evaluation of miR-22 and miR-20a as diagnostic biomarkers for 
gastric cancer

Zahra Jafarzadeh-Samani, Sareh Sohrabi, Khadije Shirmohammadi, Hosein Effatpanah, Reza Yadegarazari, 
Massoud Saidijam

Research Center for Molecular Medicine, Hamadan University of Medical Sciences, Hamadan, Iran

Contributions: (I) Conception and design: Z Jafarzadeh-Samani, M Saidijam; (II) Administrative support: None; (III) Provision of study materials or 

patients: H Effatpanah; (IV) Collection and assembly of data: Z Jafarzadeh-Samani, S Sohrabi; (V) Data analysis and interpretation: M Saidijam; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Massoud Saidijam. Hamadan University of Medical Sciences, Shaheed Fahmideh Ave., Hamadan, Iran. Email: sjam110@yahoo.com.

Background: Gastric cancer (GC) is the fourth most common cancers and the second reason for cancer-
related death around the world, particularly in East Asian countries. Diagnosing GC in its early stages 
is followed by more successful treatment. Unfortunately, there is no accurate method for GC diagnosis 
in its early stages. Recently, miRNAs have been investigated in the most cancer researches which have 
demonstrated that they have been dysregulated in many cancers. 
Methods: This case-control study aims to investigate the expression rate of miR-22 and miR-20a in 32 
cancerous tissues as well as 32 healthy adjacent tissues. Quantitative reverse transcriptase PCR (q-RT PCR) 
was used for investigating the expression rate of these miRNAs. 
Results: The expression rate of miR-20a in cancerous tissues was significantly increased (8.9 times) in 
comparison with their healthy tissues (P<0.001), while the expression rate of miR-22 in cancerous tissues was 
significantly decreased (1.9 times) (P<0.05).
Conclusions: The obtained results suggest miR-22 and miR-20a as good diagnostic biomarkers for early 
detection of GC. However more research is needed to investigate their efficacy.

Keywords: Biomarkers; miR-20a; miR-22; stomach neoplasms

Submitted Jan 18, 2017. Accepted for publication Feb 15, 2017.

doi: 10.21037/cco.2017.03.01

View this article at: http://dx.doi.org/10.21037/cco.2017.03.01



Jafarzadeh-Samani et al. miR-22/miR-20a and GC

© Chinese Clinical Oncology. All rights reserved.   Chin Clin Oncol 2017;6(2):16cco.amegroups.com

Page 2 of 6

et al. indicated that the specificity of miRNAs is 90% (8).  
The expression of miRNAs in tumorous tissues is very 
different in comparison with healthy tissues. The miRNAs are 
involved in the carcinogenesis and their expression varies in 
different stages of cancer (6). Moreover, these biomarkers have 
good stability in freshly prepared tumorous tissues, paraffin-
embedded tissue and peripheral blood (9). The miRNAs 
are small, endogenous, single-stranded, non-coding RNAs 
which include 17–25 nucleotides in length (10). MicroRNAs 
are involved in the regulation of gene expression in post-
transcription level by specific interactions with their target 
mRNA. They regulate the gene expression by inhibiting the 
translation or cleaving the target mRNA through binding 
to 3' untranslated region (3' UTR) of a subset of mRNAs. 
miRNAs are involved in regulating the different cellular 
pathway such as apoptosis, angiogenesis, proliferation and 
differentiation. In-silico analyses indicated that miRNAs 
can regulate the expression of almost 30% of human  
proteins (11). When a malignancy occurs in a body tissue, 
the expression of miRNAs, in different tumors and therefore 
different stages of the disease will be increased or reduced (12). 

When mutation occurs, increased expression of E2F1, a 
transcription factor, may increase transcription of miR-20a, 
which is a member of cluster 17-92. E2F1 inhibits genes 
involving in apoptosis and cell growth and its increased 
expression may led to cancer (13). However, there is less 
information about this mechanism. On the other hand, 
the role of miR-22 is not clear in carcinogenesis. A few 
studies have detected miR-22 as a tumor suppressor (14,15) 
and its expression has been increased in many cancers, 
such as bronchial epithelial cells (16). In addition, these 
miRNAs are involved in several cancers of gastrointestinal  
tract (17,18). 

Due to the importance of investigate each population 
miRNAs alterations this study tries to investigate the 
expression rate of both miR-20a, as confirmed oncogene 
in various malignancies and miR-22 in cancerous gastric 
tissues in comparison with healthy adjacent tissues in a small 
available study group. 

Methods

Samples

This is a case-control study conducted on 64 samples 
(32 tumorous tissues and 32 healthy adjacent tissues of 
the same patients as control group) of patients in the age 

group of 31 to 83 years, who did not receive any treatment 
prior to the study. Samples were prepared based on ethical 
principles and obtained by receiving a written consent 
from the patients (previously taken by the staff of Imam 
Khumeini Hospital, Tehran). 

RNA extraction

In order to conduct Real Time PCR processes, the 
extracting total RNA from tumorous and healthy tissues was 
required. For this purpose, all prepared tissues were crushed 
by homogenizer. For disrupting cells and dissolving cell 
components, Tryzol (Invitrogen, USA) was added according 
to manufacturer’s instruction. In the next stage, chloroform 
was added and the sample was centrifuged at 12,000 ×g for 
15 minutes at 4 ℃. The supernatant containing RNA was 
isolated and placed into a new tube and the same volume of 
isopropanol was added. The obtained mixture was incubated 
at room temperature for 10 minutes and centrifuged within 
the previous conditions. Once more, the supernatant was 
removed and 1ml ethanol 75% was added to the remaining 
RNA pellet, then centrifuged at 7,500 ×g for 5 minutes at 
4 ℃. In the next stage, the alcohol was discarded and RNA 
pellet was dried at 55 ℃ for 10 min. Finally, RNA pellet was 
resuspended in RNase-free water and stored at −80 ℃. 

Measurement of miRNA expression

R ea l  Ti me  PC R p ro ce s s e s  we re  do n e  a pp ly in g 
ParsGenome’s miRNA amplification Kit (ParsGenome, 
Iran) based on the guidelines of the manufacturer as 
below:

PolyA polymerase enzyme addition
One point five μg of RNA was added to 2 μL buffer 10×, 1 μL 
ATP (10 mm), 0.5 μL Poly A enzyme and DEPC-treated water, 
then incubated at 37 ℃ for 10 min.

First-strand cDNA synthesis
Six μL of obtained polyadenylated RNA was mixed in 2 μL  
buffer 5×, 0.5 μL RT enzyme, 0.5 μL miRNA cDNA 
synthesis specific primer (15 pmol) and incubated at 42 ℃ 
for 15 min. For inactivating RT enzyme, the mixture was 
stored at 85 ℃ for 15 min. 

Real-time PCR amplification:
Ten μL SYBR Green master mix, 1 μL miR specific primers 
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(10 pmol, designed by Pars Genome Company), and 1 μg 
of diluted cDNA were mixed together. The thermal cycling 
conditions included:

Five min at 95 ℃, 5 seconds at 95 ℃, 20 seconds at 62 ℃, 
and 30 second at 72 ℃. Thermal cycling proceeded with 35 
cycles. No template control (NTC) was used for controlling 
the contamination (19).

Results

Statistical analysis 

In order to determine the expression differences between 
miRNAs in the tumorous and healthy adjacent tissues the 
average of ∆Ct (CTmiRNA − CT5srRNA) were compared by 
paired sample t-test and independent sample t-test was used 
for statistical analyses of miRNAs expression differences 
in different ages, genders and stages. The “fold change” 
was calculated using 2−∆∆CT formula: ∆∆CT = (CTmiRNA − 
CT5srRNA)tumoral tissues − (CTmiRNA − CT5srRNA)healthy adjacent tissues (20).

The clinicopathological characteristics of GC patients are 
indicated in Table 1. The results showed that there was no 
significant differences in miRNAs expression rate between 

the two age groups (patients ≤50 years old and patients  
>50 years old). Moreover, no significant difference in 
miRNAs expression between two gender groups was 
observed, which indicates that age and gender have no 
influence on these miRNAs expression rates. Statistical 
analyses indicated that no significant differences existed 
between miRNAs expression rate and the stage of disease as 
well (Table 1).

Expression of miR-22 in cancerous and healthy adjacent 
tissues

The value of Ct regarding miR-22 in tumorous tissues 
ranged from 14.08 to 22.31 and in healthy adjacent tissues 
from 14.6 to 20.1. Eighteen tumorous (56%) samples out 
of 32 samples indicated reduced expression in comparison 
with healthy adjacent tissues. The average of ∆∆CT for this 
miRNA was calculated 0.99 (Table 2). The calculated fold 
change of miR-22 expression was −1.9. This means that 
the expression rate of miR-22 was reduced 1.9-fold in the 
tumorous tissues. Statistical analyses indicated a significant 
difference in the expression rate of miR-22 in both study 
groups (P=0.014) (Table 3).

Expression of miR-20a in cancerous and healthy adjacent 
tissues

The results revealed that the value of Ct regarding miR-20a 
in tumorous tissues ranged from 12.69 to 20.27 and in 
healthy adjacent tissues from 16 to 26.5. Twenty-seven 
tumorous samples (84%) out of 32 samples indicated an 
increased expression in comparison with healthy adjacent 
tissues. The average of ∆∆CT for miR-20a was −3.16  
(Table 2) and the expression fold change of miR-20a was 
8.94. It means that the expression rate of miR-20a was 
increased 8.94-fold in the tumorous tissues (Table 2). 
Statistical analyses showed that a significant difference 
exists in the expression rate of miR-20a between both 
study groups (P<0.001) (Table 3).

Receiver-operator characteristic (ROC) curve analysis of 
expression levels of miR-20a and miR-22

ROC curve was obtained for both miRNAs. The area 
under the ROC curve (AUC) for each miRNA expresses 
its accuracy for differentiating GC and healthy tissues in 
terms of sensitivity and specificity. For miR-20a AUC (the 
area under the ROC curve) was equal to 0.879, indicating 

Table 1 Comparison between miR-22 and miR-20a expression 
rates (mean of ΔCt ± SD) according to the clinicopathological 
characteristics of GC patients

Variables 
miR-20a miR-22

P-value Mean ± SD P-value Mean ± SD

Age [patients number]

≤50 [7] 0.66 5.94±2.38 0.73 5.58±1.86

>50 [25] 6.16±1.73 6.99±2.67

Sex [patients number]

Male [26] 0.97 9.75±2.06 0.88 6.66±2.25

Female [6] 4.86±1.88 7.47±2.76

Stage

Stage 1:10 0.78 6.22±1.64 0.22 5.43±1.22

Stage 2:22 7.8±2.57 8.53±1.94

Table 2 Fold change and mean ΔΔCT of miR-22 and miR-20a

Variables ΔΔCT mean Fold change

miR-20a −3.1 8.94

miR-22 0.99 −1.9
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the high potency of this miRNA in differentiating GC and 
healthy tissues. However, for miR-22, the result was not 
satisfactory and therefore the data are not shown in this 
paper.

Discussion

Although there are many biomarkers like carcinoembryonic 
antigen (CEA), cancer antigen (CA) 9–19, and CA72-4, 
but they don’t have enough specificity and sensitivity (6).  
Therefore, biomarker investigations have been focused on 
miRNAs. Numerous miRNAs have been identified in GC 
development, but their underlying molecular mechanism in GC 
development is still poorly understood (21,22). Bioinformatics 
studies have indicated that more than 600 target genes for 
miR-20a and miR-19 have been known, including PTEN 
and RB2, and still more studies are required (13). As 
miRNA expression varies in different geographical regions, 
the current study investigates the role of these miRNAs in 
Iranian population.

Previous studies indicated an increased expression of 
miR-20a and this study confirms the results of the previous 
studies. The study conducted by Li et al. in 2013 on GC cell 
lines have shown that miR-20a, by inhibiting early growth 
response 2 (EGR2), causes proliferation and invasiveness 
of GC cells and the inhibitory effect of miR-20a can be 
reduced by up-regulating of EGR2 expression. Li indicated 
that there is an association between cancer metastasis and 
miR-20a expression while there is no relation with other 
clinicopathological parameters (23). 

In the current study no significant differences were found 
between miR-20a expression and GC stage, age, and gender 
of the patients under study. This could be due to the limited 
sample size, the effect of the expression pattern of tumorous 
cells on healthy adjacent cells, and the selection of tumorous 
samples from patients at stages 1 and 2. 

Moreover, fold change of this miRNA expression 
was reported 2.19 and 17.74 in GC (9,24) and 1.7 in 
colon cancer (12), while in present study fold change was 

calculated 8.94, indicating a possible relationship between 
miR-20a and GC. In addition, miR-20a expression showed 
a significant difference in both groups (P<0.001), which 
confirms the results of previous studies (22,24,25). In a 
study conducted by Liu et al. on serum samples, AUC 
for miR-20a was 0.89 and the sensitivity of this miRNA 
was indicated about 79% (26,27). In the present study, 
calculated AUC for miR-20a was 0.879 and the sensitivity 
of miR-20a was obtained about 84%, which indicates high 
potency of this miRNA for differentiating the healthy group 
from patient group.

miR-22 is also investigated in different cancers and its 
expression was reduced in several cancers such as ovarian  
cancer (28), colon cancer (29,30), and hepatocellular 
carcinoma (31) has been reported. Wang et al. in a study 
demonstrated the inhibitory role of miR-22 in GC (14). 
Moreover, downregulation of this miRNA is significantly 
correlated with poor prognosis in ovarian carcinoma 
patients (28). miR-22 inhibits the developing of liver cancer 
by targeting HDAC4 (histone deacetylase 4) (31). Because 
miR-22 is involved in the processes which is related to 
cancer such as cell growth, apoptosis, cell death and cell 
cycle, therefore this miRNA could be used for determining 
the prognosis of patients as well as for therapeutic  
purposes (14). Wang et al. in 2014 indicated that miR-22 
prevents developing of tumor by targeting CD151 (15). In 
the present study miR-22 expression in the tumoral samples 
was significantly reduced in comparison with the healthy 
adjacent tissues (i.e., reduced expression in 18 cases out 
of 32 samples and increased expression in the remaining) 
which confirms the results of previous studies (28-31) and 
in the current study it was found that the expression fold 
change of this miRNA was −1.9 and the obtained sensitivity 
was 56%.

On the contrary, the expression of miR-22 has increased 
in epithelial bronchial cells and had a micro oncogenic  
role (16). Based on the previously mentioned, it is likely 
that miR-22 plays different roles in various cancers. 
Generally, the results obtained from miR-22 indicates that 

Table 3 Comparison of miR-22 and miR-20a expression rates (mean of ΔCt ± SD) in cancerous and healthy adjacent tissues (P<0.05 was 
considered to show a significant difference

Variables (∆CT) N
Tumorous tissues Healthy adjacent tissues Paired t-test

Mean ± SD Mean ± SD P value

miR-22 32 6.81±2.3 5.82±1.5 0.014

miR-20a 32 6.06±2.01 9.23±2.09 <0.001
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its expression has been reduced in tumorous tissues and 
confirms the results of previous studies (14,15,28). However, 
in contrast to previous studies, our results indicated no 
significant relationship between miR-22 expressions and 
GC stage. This could be due to the limited sample size, 
the effect of the expression pattern of tumorous cells on 
healthy adjacent cells and the selection of tumorous samples 
from patients at stages 1 and 2. Although previous studies 
have considered miR-22 as a good marker for treatment, 
monitoring and prognosis, however it seems that this 
marker requires more investigations and the results must 
be cautiously interpreted. Our results indicated that the 
expression of miR-22 had no significant difference between 
stages 1 and 2. Therefore, miR-22 may not be a good 
marker for determining prognosis, hence it requires more 
studies. On other hand, the sensitivity of 56% is a case that 
complicates the interpretation of results. Although there 
was a significant difference between the expression of this 
miRNA in tumorous and healthy adjacent tissues, however, 
such size of sensitivity should not be ignored. Moreover, 
there is less information about the mechanism of action and 
the effect of miR-20a in development of GC. However, the 
obtained results indicate that this miRNA is more likely to 
influence the development of GC and by more confidence, 
miR-20a could be used as a proper diagnostic marker. 
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