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Abstract
Background: Gastric cancer (GC) is a global health problem and the second deadly type of cancer worldwide with 1000 deaths per year.
Poor prognosis in the early stages is one of the burdens in the treatment of GC. MicroRNAs are 18-22 nucleotide non-coding RNAs which
play critical roles in the regulation of gene expression. Nowadays, miRNAs are widely known as non-invasive biomarkers for various
kinds of cancers.
Objectives: This study aimed to evaluate the expression level of circulating miR-16 and miR-26a in GC patients and investigate the
potential prognostic role of these miRNAs.
Methods: Initially, 20 plasma samples were obtained from pre-and post-operative GC patients, and the expression of miR-16 and -26a
were compared with that of 20 healthy controls. The miRNAs expression was investigated using Real-Time quantitative PCR. The
association between the expression levels of these miRNAs and clinicopathological features was also investigated in this study.
Results: MiR-16 was down-regulated in GC patients; however, miR-26a expression revealed no significant difference between patients
and controls in this regard. Furthermore, the expression of two miRNAs showed no association with the grade, TNM stage, and smoking
status of the patients. Eventually, decreased expression of miR-16 was not correlated with the expression level of miR-26a.
Conclusion: The downregulation of circulating miR-16 introduces this microRNA as a candidate biomarker for the non-invasive early
prognosis of GC.
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1. Background
Gastric cancer (GC) is the second deadly cancer
and the fourth most common type of cancer
worldwide (1,2). The early diagnosis of this disease is
difficult due to the lack of sufficient typical GC
symptoms which leads to hazardous implications in
the advanced stages (3). It is worth mentioning that
the process of GC pathogenesis is very complicated
and involves many genetic and environmental factors
(4). The main problems include poor prognosis and
chemotherapy resistance which explain the need for
developing novel biomarkers for the diagnosis and
understanding the complete mechanism of GC
tumorigenesis (1,5).
In the last decade, microRNAs (miRNAs) have
attracted much attention and led to the development
of new treatment and diagnosis strategies (6).
MiRNAs are a group of non-coding single-stranded
RNAs with 17 to 25 nucleotides in length (7) which
negatively regulate gene expression by targeting the
complementary sequences of mRNAs (8). Today,
several biomarkers are established based on
circulating miRNAs for the diagnosis and prognosis of
different cancers, such as lung, colorectal, ovarian,
and pancreatic cancer (9). Moreover, many
regulatory roles have been discussed for miRNAs in
modulating gene expression levels, which can affect

such processes as apoptosis, cell proliferation, and
differentiation (10,11). In a well-known mechanism,
they bind to the miR response element in the
3'-untranslated region (3'-UTR) on mRNA, and
this promotes its degradation or translational
suppression (12). Moreover, they also upregulate
some proteins in quiescent cells, such as oocytes, or
upregulate proteins by binding to 5'-UTR in some
specific conditions (13). Considering the vital
regulatory roles of miRNAs, they can disrupt the cell
cycle and impact the carcinogenesis processes.
Numerous studies have shown that more than half of
human miRNAs are associated with different types of
cancer (14).
In the same vein, dysregulation of some miRNAs
has oncogenic or tumor-suppressive impacts on
GC carcinogenesis (15). In this regard, the
overexpression of oncomiRs and downregulation of
tumor-suppressor miRs are involved in cancer
development (16).
MiR-16 and miR-26a are located in chromosomes
13q14 and 3p21, respectively (17-19). Both of these
microRNAs have been reported to be involved in
various types of cancers in many previous studies. In
this regard, one can refer to the tumor-suppressing
function of miR-16 in glioblastoma by targeting Wip1
(20). In a recent study, miR-16 was found to act as a
tumor suppressor in GC through the suppression of
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SALL4, which is a zinc finger transcription factor, or
through targeting SMAD3, which is a regulator of the
TGFβ pathway (21). In many studies, miR-26a
has also been found to be associated with
carcinogenesis in a variety of tumors, such as gastric
tumors. In other studies, miR-26a was defined as a
tumor-suppressor miRNA that targets FGF9, NRAS,
E2F2, and HGF (22-24).
In this study, the expression levels of miR-16 and
miR-26a were evaluated in the plasma samples of the
patients with GC from Guilan province, Iran, and
compared with those in healthy individuals. The
control samples were obtained from healthy people
with no clinical or laboratory sign of gastrointestinal
implications. Eventually, all patients were allowed to
leave the study at any time, and the healthy
cases included volunteers with no history of
gastrointestinal diseases.

2. Objectives
This study aimed to evaluate the expression level
of circulating miR-16 and miR-26a in GC patients and
investigate the potential prognostic role of these
miRNAs.

3. Methods
3.1. Plasma samples
The plasma samples (1-1.5 ml) were collected
from pre- and post-operative GC patients who had
not undergone therapies, such as radiotherapy or
chemotherapy. The study samples were collected
from the consenting individuals from Jam
pathobiology laboratory and Razi Hospital, Rasht,
Iran, between September 2018 and January 2020 and
stored at -70 °C. Each GC patient was staged
according to the American Joint Committee Cancer
staging manual (25).
3.2. Total RNA Extraction
Plasma samples were incubated at room
temperature, and subsequently, the total RNA of
plasma was isolated using an YTzol Pure RNA kit
(Yekta Tajhiz azma Co., Tehran, Iran). For this
purpose, the total RNA content of plasma was
isolated through precipitation, and the extracted RNA
was resolved in RNase-free water and stored at -70
°C. Concentration and purity of extracted RNA were
assessed using NanoDrop 1000 (Thermo Scientific,
Wilmington, DE) and absorbance value of 260/280.
3.3. Real-time PCR
The cDNA synthesis was accomplished using a
BON-miR 1st-Strand cDNA synthesis kit (BON-miR,
Tehran, Iran). In this case, the universal reverse ATP
primer was used for poly (A) polymerization, and the
BON-RT adaptor primer was used to synthesize total
cDNA. The cDNA synthesis was followed by a qRT2

PCR reaction using BON-miR High-Specificity miRNA
QPCR (BON-miR, Tehran, Iran) and RealQ Plus 2x
Master Mix Green kits (Ampliqon, Odense, Denmark).
Furthermore, the miR-93-5p was chosen as the
internal control, and a universal reverse primer along
with a specific forward primer was utilized to amplify
the gene of interest. All reactions were carried out in
triplicate using ABI StepOnePlusTM (ABI, CA, USA),
and the raw data were primarily assessed and
classified using ABI software. Accordingly, the delta
Ct and 2-ΔΔCt methods were used to evaluate the
expression level and compare the expression of
miRNAs between patients and control groups,
respectively.
3.4. Statistical analysis
All data collected from real-time PCR output were
classified and analyzed using SPSS (version 21) (IBM
Corp, N.Y., USA) and GraphPad Prism software
(version 6) (GraphPad, CA, USA). P-values less than
0.05 were considered statistically significant. The
Mann-Whitney and Spearman correlation coefficient
were used to compare two unpaired groups without
normal distribution and assess the correlation
between different groups without normal distribution,
respectively. Furthermore, the correlation between
miRNA expression change and clinicopathological
parameters was evaluated using Mann-Whitney and
Kruskal-Wallis tests, respectively.

4. Results
4.1. Basic information of patients
The plasma samples were collected from pre- and
post-operative GC patients with a mean age of 60
years. More than 80% of the patients had lymph node
metastasis. Furthermore, more than half of the gastric
tumors include cardia cancers, and the rest of them
were antrum and body cancers. An experienced
pathologist classified all the gathered demographic
characteristics in this study (Table 1).
Table 1. Pathological summary of the patients
Age
Gender
Smoking
Lauren classification
Tumor size
Tumour, node,
metastasis stage

Differentiation grade
Depth of invasion

>50
<50
Male
Female
Yes
No
Intestinal
Diffuse
<4cm
4-8 cm
I
II
III
IV
Well
Moderate
Poor
Undifferentiated
Serosal
Exposed

14 (70%)
6 (30%)
12 (60%)
8 (40%)
9 (45%)
11 (55%)
12 (60%)
8 (40%)
5 (25%)
15 (75%)
3 (15%)
4 (20%)
12 (60%)
1 (5%)
4 (20%)
4 (20%)
11 (55%)
1 (5%)
12 (60%)
8 (40%)
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Figure 1. Logarithm base 10 for the fold change of the samples.
The data under and above the zero line show downregulation
and upregulation of the related sample, respectively. Black and
gray bars represent miR-16 and miR-26a, respectively. This
bar graph presents a summary of total gene expression
changes among the patients. The mean FCs for miR-16 and
miR-26a are 0.023 and 1.087 respectively.

4.2. Expression of miR-16 and miR-26a
The Ct values of the samples were classified, and
the expression levels were studied using 2-ΔΔCt (fold
change) values. The log fold change (FC) can
effectively show which samples were overexpressed
and which were underexpressed for the gene of
interest. The logarithm base 10 of FC was used to
present miRNAs expression changes in plasma
samples of the patients (Figure 1).

All melting curves verified the specificity of PCR
results. Following the primary classification of the
qRT-PCR data, the FC values of miR-16 and -26a were
compared through the Mann-Whitney test (Figure 2).
Furthermore, the results revealed no significant
difference between GC patients and the control group
regarding the expression level of circulating miR-26a
(P=0.0837); however, it showed a highly significant
decrease in the expression level of miR-16 in plasma
samples of GC patients, compared to that in the
control group (P<0.0001).
4.3. Correlation study between miR-16 and miR-26a
The correlation between miR-16a and miR-26a
was studied using Spearman's two-tailed test to find
out whether their expression affected one another or
not. There was no significant correlation between the
expression of miR-16 and miR-26a among the
patients (P=0.1986).
4.4. Assessment of the correlation between the
expression of miRNAs and clinicopathological
characteristics
The correlation between miRNAs expression and
clinicopathological features was assessed using
Mann-Whitney and Kruskal-Wallis tests. The
expression level of both miR-16 and -26a were not

Figure 2. Comparison of fold change values between plasma samples
of patients and control group. A) The fold change value of miR-16 was
significantly lower in patients (P<0.0001). B) There was no significant
difference between patients and the control group regarding the fold
change value of miR-26a

Figure 3. Assessment of correlation between miR16a and miR26a did
not show a significant difference in plasma samples of the patients.
The FCs of miR-26a and miR-16 are presented in Y and X axes,
respectively.
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significantly associated with smoking; tumor, node,
metastases stage; and tumor grade in plasma samples
of the patients.

5. Discussion
The GC is one of the deadliest diseases worldwide,
and it is regarded as the most common digestive
system cancer [26]. Moreover, the study of the
relationship between the expression of microRNAs
and carcinogenesis of GC has been a challenge for
researchers so far (27,28). Currently, miRNA-based
methods are great candidates for the development of
new generations of biomarkers and target therapies
for immune diseases and cancers (29). In this study,
the expression levels of miR-16 and miR-26a were
investigated in 20 plasma samples of GC patients and
compared to those in healthy individuals.
The results of the present study revealed a
significant decrease in the expression of miR-16a in
the plasma of GC patients which was in line with the
findings of former studies (2,3,21,30). Despite the
fact that miR-26a had a higher mean of FC, this
difference was not significant. Recently, Yiran et.al
reported the inhibitory roles of miR26a in
carcinogenesis and angiogenesis of GC, which was in
conflict with the findings of the present study. They
found that miR26a/b binds to 3'-UTR of HGF mRNA
and effectively downregulates the HGF expression.
Therefore, the downregulation of miR26a could be
accompanied by an increased rate of carcinogenesis
in GC (23). In another study, Li et al. indicated the
inhibitory roles of miR-26a in GC through
downregulation of COL10A1, which is a principal part
of the extracellular matrix and highly expressed in GC
(31). Regarding the finding of the previous studies,
the role of miR-26a in GC cannot be ruled out,
and further studies on larger populations could
contribute to the achievement of more reliable
results.
Regarding the limitations of this study, one can
refer to the low number of samples which can lead to
insignificant differences between patients and
controls.
This study particularly focused on miR-16 the
downregulation of which was statistically significant.
In line with the results of the present study,
Chenyu et al. characterized the role of miR-16
downregulation in carcinogenesis of GC. They were
attempting to find the mechanism involved in the
anti-tumor effects of melatonin on GC cells using
miRNA microarrays, which led to the finding of miR16-5p. They found that melatonin enhanced
miR-16-5p expression and directly targeted and
downregulated Smad3 (2). MicroRNA-16-5p, also
known as a common internal reference, showed a
certain level of expression in most of the tissues,
plasma, and serum (32). In many studies, miR-16-5p
has been downregulated in a different types of

4

cancers (33). Zhang et al. studied the expression of
dozens of miRNAs using genome-wide microarray
profiling in plasma samples of GC patients, and only
miR-16-5p and miR-19b-3p were downregulated
among them (3).
It is worth mentioning that the oncogenic function
of Smad3 has been reported in human cancers. The
overexpression of Smad3 was found in human
hepatocellular carcinoma and cervical cancer and
was related to poor prognosis and higher progression
(34,35). MiR-16 also functions as a tumor suppressor
by targeting Wip1 and SALL4 in many cancers,
including GC. The Wip1 and SALL4 are serine/
threonine phosphatase and zinc finger transcription
factors, respectively, and both are overexpressed in
human cancers. It was found that Wip1 and SALL4
were negatively correlated with miR-16 and
overexpressed by inhibiting miR-16 (20,21,36).
Moreover, the downregulation of miR16-1-3p
directly enhanced the expression of Twist1 and BCL2
in GC (30). It should be noted that Bcl2 is one of the
most studied oncogenes, and downregulation of miR16 has been associated with the de-repression of this
gene in chronic lymphocytic leukemia (37).
These studies provide reliable evidence that was
in line with the results of the present study and
showed a highly significant decrease in miR-16
among GC patients. These results suggest that the
circulating miR-16 could function as a tumor
suppressor gene in GC patients and is directly
associated with cancer progression and apoptosis
inhibition.
Altogether, these findings pave the way for future
studies to investigate the circulating miR-16 as a new
non-invasive biomarker for the early diagnosis of GC.

6. Conclusion
In conclusion, while there was no significant
difference between patients and healthy cases
regarding the expression level of miR-26a, miR-16
could be a potential biomarker for GC since it showed
a strongly significant decrease in patients (P<0.0001).
Eventually, a comparative study in which samples are
collected before and after the gastrectomy surgery
can effectively assess the ability of miR-16 as a new
biomarker candidate for GC.
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