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ABSTRACT 
BACKGROUND AND OBJECTIVE: Hypoxia in solid tumors is the major cause of cancer treatment resistance. 
Thus, identifying the appropriate indicators of hypoxia in tumors is of great importance for appropriate tumor 
prognosis and choosing the best treatment methods. This study aims to investigate the modulation of miR-107 
expression, as a biomarker of hypoxia and its association with gastric cancer cells. 
METHODS: MKN45 and AGS gastric cancer cells were purchased from Tehran Pasteur Institute and then, were 
cultured under normal oxygen conditions (CO2 5% and O2 95%) and hypoxia (CO2 5% and N2 95%). Finally, miR-
107 and HIF-1-α expressions were evaluated every 24 to 48 hours. 
FINDINGS: The results of the study showed that through hypoxia induction, HIF-1-α expression in MKN-45 cell 
lines increased by extending treatment duration (24 and 48 hours) 2.3 and 3.8 times, respectively, (p=0.04 and 
p=0.002), and in AGS cell lines HIF-1-α expression increased 2.2 and 3.8 times (p=0.03 and p=0.005). In addition, 
miR-107 expression in MKN-45 increased during this time by 2.2 and 3.1 times (p=0.01 and p=0.0001), while in 
AGS cell lines it was by 2.4 and 4 times (p=0.002 and p=0.0001). 
CONCLUSION: It was demonstrated that hypoxia induction in gastric cancer cells could modulate the expression 
of miR-107.  
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Introduction 
Cancer is the first and second leading cause of 

death in the developed and developing countries, 
respectively. Gastric cancer is known as the fourth 
most common cancer worldwide and the second 
leading cause of death by cancer (1). This cancer is 
classified as a multi-factorial disease, since it is  

 
caused by infectious agents, as well as 
environmental and genetic factors (2). A census 
conducted in 2005 indicated that most cases of 
gastric cancer have been reported in Japan, China 
and Russia, while the least rate of this cancer 
belongs to the western developed countries (3). The 
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prevalence of gastric cancer differs from its 
mortality rate, since it is often diagnosed at 
advanced phases (4). Hypoxia is an important 
environmental feature in solid tumors (5). In this 
case, due to reduced blood supply, the growing 
tumors cells will suffer from oxygen deprivation. 
Unlike the common beliefs, hypoxic cells maintain 
their ability to grow and reproduce, they also get 
resistant to treatments including chemotherapy and 
radiation therapy. These cells will develop 
aggressive and metastatic behaviors (6). Hypoxia-
inducible factor (HIF) is an important transcription 
factor which responds to changes in cellular oxygen 
and is activated in hypoxic conditions. When HIF is 
connected to hypoxia response element areas 
(HRE), it activates expression of around 100 genes 
(7). HIF target genes are the ones involved in tumor 
biology, that is, their proteins help with oxygen 
transmission, iron metabolism, glycolysis, glucose 
transportation, angiogenesis, cell proliferation, 
invasion and metastasis. (8).  

HIF is consisted of HIF-1α and HIF-1-β 
subunits. HIF-1α regulation is dependent on 
oxygen, and under normal oxygen conditions, HIF-
1-α is unstable, but under hypoxic conditions 
proline hydroxylation is inhibited, which leads to 
HIF-1-α stability. The stable HIF-1-α forms 
HIF1α–HIF1β (HIF1α–ANRT) dimer, then it is 
transported from the cytoplasm to the nucleus, 
where it binds to HRE (9). These miRNAs, which 
are known as the specific hypoxia-regulated 
miRNAs (HRM), play an important role in cell 
viability under low oxygen conditions (10). In 
studies of HRM promoter regions, the HIF binding 
sites were identified.  

It was also found that approximately 6% of the 
human miRNAs have HIF binding sites which are 
among the 17 protected species, indicating the 
importance of these sites. Since the role of miRNA 
as an effective factor in development of gastric 
cancer has been identified, miRNA expression 
profiles have been extensively analyzed using 
microarray, real-time PCR and Next Generation 

Sequencing. A number of miRNA functional 
mechanisms have been identified in the process of 
development of gastric cancer.miRNA can be 
influential not only in tumors induced by oncogenes 
but also in tumors created by suppressing tumor 
genes . Currently, the role of miRNA in diagnosis 
and treatment of gastric cancer has been widely 
studied. miR-107 is placed on 10q23.31 
chromosome and has a variety of pathways 
including adipogenic cells, cell cycle, hypoxia, 
angiogenesis and neurodegenerative diseases, and 
there are extensive evidence regarding oncogenic 
role of miRNA.  

Overexpression of miR107 has been reported in 
some malignancies, including gastric, breast, 
pancreatic and colorectal (14-11). Moreover, miR-
107 expression changes level have been reported in 
various cancers, which is significantly associated 
with the development and progression of cancer. 
However, its role in gastric cancer has not been 
fully understood yet. Low-expression of miR107 
has been reported in some cancers. Many other 
studies also reported the overexpression of miR-
107 in gastric (15, 13), esophagus (16) and liver 
(17) cancers demonstrating its positive role in 
carcinogenesis. Overexpression of miR-107 has 
been reported as a gastric cancer oncogene and 
regulator of tumor invasion and metastasis. 
Recently, Li and colleagues have shown 
overexpression of miR107 in the gastric cancer and 
suggested that this raise in expression is associated 
with the clinical progression of the cancer and 
increased cell proliferation by targeting 1FOX (18). 
The differences in the rise high and fall of  low 
expression level and the role of miR-107 in various 
cancers is yet to be discovered, but it is probable 
that miR-107 role is specific to cell or tissue 
proliferation, downstream targeted genes and 
contents of different cells in different tissues. 

As mentioned above, the presence of hypoxia 
in solid tumors will increase the expression of some 
genes, and ultimately, it will lead to tumor 
aggressive behavior, such as metastasis, poor 
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prognosis and lack of response to current 
treatments, including surgery, chemotherapy and 
radiation therapy. Patients suffering from this 
disease require a series of special treatment such as 
the use of some chemical substances which 
decreases the aggressive behavior. Thus, the initial 
identification of hypoxia in tumor may be useful in 
choosing the most effective treatment. However, 
the study of markers in biopsy tissue of tumor is 
quite invasive and expensive.  

Therefore, identifying the non-invasive 
biomarkers such as discharging miRNAs in serum 
and plasma, is essential for detecting of tumor 
hypoxia. While increased expression of miR107 has 
been previously reported in gastric cancer, the 
hypoxia’s impact on the increased expression has 
not been studied yet. This study aims to investigate 
changes of miR-107 expression in MKN45 and 
AGS gastric cancer cell lines through induction of 
hypoxia. 

 
 

Methods  
Cell culture and hypoxia induction: MKN45 

and AGS gastric cancer cell lines were provided 
from the Pasteur Institute of Iran. Cancer cell lines 
were cultured in an environment consisting of 
RPMI-1640, 10% FBS, 1% pen strep at 37°C and 
5% CO2 incubator. To induce hypoxia, cell lines 
were cultured in N2 95% and CO2 5%. Total cell 
RNA extraction: In order to investigate the 
expression of HIF-1α and miR-107, we first began 
to extract total cellular RNA from gastric cancer 
cell units by RiboEX solution (GeneAll, Korea), 
which was done according to the manufacturer's 
instructions. The concentration and purity of the 
extracted RNA were determined by means of a 
spectrophotometer (GeneQuest, UK). 

The HIF-1α expression measurement through 
real-time PCR method: Reversed transcription 
reaction on 500 ng RNA was carried out using 
cDNA synthesis (Takara, Japan) kit. Micro tubes 
were incubated for 15 minutes at 37ºC, then in 

order to deactivate the enzymes, they were re-
incubated for 5 minutes at 85ºC. We employed 
ExiLent SYBR Green master mix (Takara, Japan) 
kit to perform real-time PCR reaction. GAPDH was 
used as the internal control for normalization. PCR 
products were reproduced according to the 
instructions, that is a 30 seconds at 95ºC followed 
by 40 cycles of 95ºC for 3 minutes and 60 seconds 
in a 60ºC ABI 7500 real-time quantitative PCR 
system (Applied biosystems, USA). To ensure lack 
of the contamination safety with genomic DNA and 
verification of the negative control, an  RT and 
cDNA free reaction was applied.  
 

HIF-1α (F-TGACCTGCTTGGTGCTGATT/R- 

AGCGGCCTAAAAGTTCTTCTG) 

GAPDH (F- ATGGGGAAGGTGAAGGTCG/R- 

GGGGTCATTGATGGCAACAATA) 
 
miR-107 level measurement USING THE 

Real-time PCR method: reverse transcription 
reaction on 200 ng RNA was performed using a 
miRCURY LNATM Universal RT microRNA PCR 
Kit (Exiqon, Denmark). Micro tubes were 
incubated for 60 minutes at 42ºC , then to 
deactivate the enzymes they were re-incubated for 5 
more minutes at 95ºC. In order to perform real-time 
PCR reaction through SYBR Green method, 1 µg 
of cDNA, miR-107 LNATM primers and miRCURY 
LNATM Universal RT microRNA PCR Kit 
(Exiqon, Denmark) were used. srRNA 5  was also 
employed for internal control normalization. PCR 
products were reproduced according to the 
temperature timetable, which is consisted of 10 
minutes at 95ºC followed by 40 cycles (10sec) 
within 95ºC and finally, 1 minute inside the ABI 
7500 real-time quantitative PCR system at 60ºC 
(Applied biosystems, USA).  

Each - expression experiment was repeated 
twice. To ensure the contamination safety with 
genomic DNA and verification of the negative 
control, an RT and cDNA free reaction was used in 
each experiment.Statistical data analysis: The 
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expression of HIF-1α and miR-107 in gastric 
cancer cell samples was analyzed using Graphpad 
Prism 6 software and 2-ΔΔCT method. To assess the 
significance of differences, T student test was used 
and P-value less than 0.05 was considered 
significant. 

 
 

Results 
HIF-1α expression in MKN45 and AGS gastric 

cancer cell lines: The statistical analysis showed 
that hypoxia induction in MKN45 and AGS cell 
lines increase the expression of HIF-1α. The 
amount of HIF-1α in MKN45 cells within 24 and 
48 hours after hypoxia induction, as compared to 
normal oxygen condition, was increased 2.3 and 3.8 
times, respectively. The expression demonstrated a 
significant difference at 24- and 48-hour intervals, 
respectively (p=0.04 and p=0.002) (Figure 1). In 
addition, the expression of HIF-1α in AGS cells 24 
and 48 hours following induction of hypoxia had 
increased 2.2 and 3.8 times, respectively. During 
this time period, the expression also showed a 
significant difference, as compared to normal  
oxygen conditions (p=0.005 and p=0.03, 
respectively) (fig 1). MiR-107 expression in 
MKN45 and AGS gastric cancer cell lines: miR107 
expression in MKN45 cells, which were cultured 
under hypoxic conditions, increased.  

They also manifested an expansion 24 and 48 
hours following induction of hypoxia (in 
comparison to normal oxygen conditions) by 2.2 
and 3.1 times. The expression within 24 and 48 
hours again showed a significant difference, as 
compared to normal oxygen condition (p=0.0001 
and p=0.002, respectively) (fig 2). Replicating the 
experiment for creation of AGS also represented an 
increase in miR-107 expression after 24 and 48 
hours of hypoxia induction by 2.8 and 4 times. 
Expression of this cell line within 24 and 48 hours, 
as compared to normal oxygen conditions were 
significantly different (p=0.0001 and p=0.002, 
respectively) (fig 2). 

 
 
 
 
 
 
 
 
 

Figure 1. A comparison of HIF-1α expression in 
MKN45 and AGS cells in hypoxic conditions 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. A comparison of miR-107 expression 
in MKN45 and AGS cells in hypoxic conditions 

 
Discussion  

In this study, the induction of hypoxia in the 
gastric cancer cell lines led to increased expression 
of miR-107, moreover, by increasing hypoxia time 
from 24 hours to 48 hours HIF-1α expression was 
enhanced as well. HIF-1α is one of the HIF 
subunits, which is unstable in normal oxygen 
conditions and decomposes as a result. But in 
hypoxic situations, which are the characteristic of 
solid tumors, it remains stable and causes particular 
behaviors in tumor cells (9).  

Therefore, following induction of hypoxia we 
an increased expression of HIF-1α is expected, 
demonstrating approval of  an indication of 
hypoxia-induced in cell lines MKN45 and AGS. 
Several studies have proven the various roles of 
miRNA as regulators of cellular functions, 
oncogenes or tumor suppressor in the development 
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and progression of tumors (19). Several studies led 
to identification of a group of miRNAs, which are 
regulated by hypoxia (HRMs). HRM group is 
consisted of 93, 103, 30b, 27a, 26b, 26a, 24, 23b, 
23a, miR-21, 213, 210, 195, 192, 181abc, 125b, 
107, 106a, which are induced as a response to 
hypoxia in breast and clonal cancers (10). 

Although miRNA studies are widely done in 
various cancer types, but there are few studies on 
changes and functions of miRNA in gastric cancer. 
miR-107 was initially identified as a repressive 
factor of tumors in bladder, pancreas, colon, head 
and neck cancers (21, 20, 14). The increase in 
expression in pancreatic cancer cells results in 
reduced levels of CDK6 and inhibition of cell 
growth (14). It has been also proven that miR-107 
in gastric cancer, by targeting CDK6, keeps the 
cells in the G1 cell cycle phase and thereby inhibits 
tumor invasion (22). In addition to the 
abovementioned factors, miR-107 inhibited the 
development of colon cancer (21). The significant 
growth of miR-107 in non-ductal tumor cells leads 
to pancreatic cancer (23).  

However, the results of numerous studies on 
the role of miR-107 mark it as an oncogene in 
breast cancer (24, 25). miR107 expression growth 
is associated with metastasis and poor prognosis of 
breast cancer. miR-107 expression growth in 
mammary epithelial cells, turns them into 
mesenchymal cells, which eventually leads to 
metastatic behavior through the DICER1 (24) 
Several studies have demonstrated overexpression 
of miR-107 in various types of cancer, including 
stomach, esophagus, colon, liver and pancreas. This 
kind of miRNA has been suggested to be a positive 
factor in cancer development (17-13). 

MiR-107 has been identified as an miRNA 
regulating invasion and metastasis in gastric cancer 
(13). Inoue and colleagues have indicated the 
increased expression of miR-107 in gastric tumor 
tissue, as compared to adjoining healthy tissue. 
They also showed that its expression is directly 
associated with the rate of invasion, lymph node 

metastasis and tumor grade (26). Li and colleagues 
found increased expression of miR-107 in gastric 
tumor, they suggested its association with clinical 
progression and increased tumor cell growth 
through FOXO1 (18).  

As mentioned above, increased and decreased 
expression of miR107 in variety a of tumors have 
been mentioned. Although the reason for this 
contradiction is unclear, but there is no doubt that 
the role of -miR107 in cell growth is dependent on 
the tissue and cell, which can be different as a result 
of intracellular factors and targeted genes. 
Therefore, the role and mechanism of miR-107 in a 
variety of tumors requires further studies and using 
special tissue modeling. In general, tumors with 
hypoxia have poor prognosis and are resistant to 
current treatments such as chemotherapy and 
radiation. Hence, for the treatment of these patients 
using a series of special treatments, such as genes 
involved in development of hypoxic tumor 
behaviors are used. 

Through mediation of epigenetic pathways, 
miRNA helps with creation of new phenotypes 
(27). miR-107 is one of miRNAs induced in 
response to hypoxia within cancer cells; however, 
very few studies have been conducted on the 
relationship of hypoxia with its expression. miR-
107 expression growth is monitored in response to 
hypoxia in breast and colon cancer cells (10). 
Although gastric cancer is one of the most common 
solid tumors and hypoxia is one of its distinctive 
features, but no reports have been provided 
regarding the effects of hypoxia on 107-miR 
expression in gastric tumor cells. In this study, the 
relationship between hypoxia and miR-107 
increased expression in MKN45 and AGS gastric 
cancer cells were identified.  

Based on these findings, we can conclude that 
miR107, as a biomarker of the diagnosis of gastric 
cancer, can help with determining tumor hypoxic 
situation and choosing an appropriate treatment for 
gastric hypoxic tumor. Yet further extensive studies 
are required on this issue. 
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