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Abstract

PAI-1 has become recognized as a central molecule linking pathogenesis and progression 
of thrombotic vascular events, including stroke. Clinical and experimental studies show 
that PAI-1 deficiencies cause accelerated fibrinolysis and bleeding, whereas elevated PAI-
1 plasma levels are associated with vascular thrombosis. Raised PAI1 plasma levels are 
related to a 1-bp guanine deletion/insertion (4G/5G) polymorphism in the promoter of the 
PAI1 gene. The 4G allele is associated with higher plasma PAI1 transcription and activity. 
In the current study, the association of higher PAI-1 plasma levels and the prevalence 
of the 4G/5G polymorphism in the PAI-1 gene promoter region in young patients with 
stroke were explored. Significantly, higher PAI-1 levels were observed in patients when 
compared to controls (p=002). The 4G/5G polymorphisms were significantly associated 
with increased PAI-1 levels, with the variant homozygous 4G/4G corresponding to mean 
values in patients versus controls.
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IntroductIon 
The SERPINE1 gene encodes endothelial 

plasminogen activator inhibitor-1 (PAI1), a member 
of the serine protease inhibitor family that inhibits 
the tissue-type plasminogen activator and urokinase-
type plasminogen activator (PLAU) (1). PLAT and 
PLAU proteolytically activate plasminogen (PLG) 
into plasmin, which breaks down fibrin clots (2). 
Thus, SERPINE1 negatively regulates fibrinolysis 
and impairs the dissolution of clots. Alterations in 
thrombosis and fibrinolysis comprise important 
parts of stroke pathophysiology (3). A key step in 
the fibrinolytic process includes the tissue-type 
plasminogen activator (tPA)-mediated conversion of 
the proenzyme plasminogen into the active protease 
plasmin which, in turn, degrades the fibrin structure of 
intravascular thrombi (4). Inhibition of the fibrinolytic 
system may occur at the level of plasminogen 
activation, mainly by a direct inhibition of tPA by 
plasminogen activator inhibitor 1 (PAI-1) or indirectly 
by thrombin-activatable fibrinolysis inhibitor and, 
at the level of plasmin, by α2-antiplasmin (5). The 
roles of these three inhibitors are complementary 
in thrombolysis. PAI-1 has become recognized as a 
central molecule linking pathogenesis and progression 
of thrombotic vascular events, including stroke (6). As 
a main endogenous inhibitor of tPA, PAI-1 might be 
related to reperfusion efficacy and hemorrhagic risk 

of tPA thrombolytic therapy (7). The PAI-1 promoter 
contains a common −675 4G/5G polymorphism that 
may affect both basal and inducible PAI-1 expression; 
however, clinical studies have shown divergent results 
(8). A few studies have reported that individuals 
having 4G allele in the homozygote condition have 
increased PAI-1 levels and heterozygotes (4G/5G) 
have intermediate PAI-1 levels, whereas those 
homozygotes for the 5G allele have decreased PAI-1 
levels (9). The association of 4G/5G polymorphism 
and PAI-1 levels is also well described in patients 
with diabetes mellitus and myocardium infarction as 
well as in healthy participants. Several studies have 
represented the effect of 4G/5G polymorphisms on 
the risk of developing stroke, but the results remain 
controversial (10). In the present study, the association 
of higher PAI-1 plasma levels and the prevalence of 
the 4G/5G polymorphism in the PAI-1 gene promoter 
region were explored in young stroke patients.

Methods and MaterIals
The study participants comprised adults with an 

average age of 45 years and included 90 patients 
presenting with acute stroke who were clinically 
and radiologically diagnosed. The control group 
was comprised of 90 healthy participants aged (+3 
years) and gender-matched with the patients while 
having no relationship, but c coming from the same 

Summer 2020, Volume 1, Issue 3 (1-3) 
 

Copyright © 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work 
is properly cited. 

http://pmjournal.ir                      Original Article 

 

Evaluation of Common Mutations in Exon 2 and 
3 of the K-ras Gene in Patients with Lung Cancer 

Mohammad Ali Saremi 1,* 
1 Personalized Medicine Research Center of AmitisGen, Tehran, Iran 

* Corresponding author: Mohammad Ali Saremi, Personalized Medicine Research 
Center of AmitisGen, Tehran, Iran. E-mail: masaremi@yahoo.com  

DOI: 10.21859/pmj01031 
 

Submitted: 15 May 2019 
Accepted: 14 Jul 2019 

Abstract 
Lung cancer is the deadliest cancer in Iran after gastric cancer. The vast majority (85%) 
of cases of lung cancer are due to long-term tobacco smoking. About 10–15% of cases 
occur in people who have never smoked. These cases are often caused by a 
combination of genetic and environmental factors. Many human cancers are the result 
of mutations in the RAS family, and lung cancer is no exception. In this study, 
mutations in codon 12 and 13 of exon two were performed in 50 lung tumors from the 
Iranian Institute of Oncology. The exon 2 of the gene was amplified by PCR and 
sequenced for detection of the point mutation in codon 12 and 13. Of the 50 samples, 
13 had mutations in codon 12 and 13, of which only two patients had single mutations 
in codon 12. No significant relationship was not found between age (P = 0.43) and 
gender (P = 0.37) and mutations in this gene. No significant relationship was found 
between disease stage and mutation in this gene (P = 0.51). Identifying k-ras gene 
mutations as an oncogene and having an effect on the treatment process can help the 
physician to choose the appropriate treatment. 
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INTRODUCTION

Lung cancer is the deadliest cancer in Iran after gastric 
cancer (1). In the US, 27 percent of all deaths from lung 
cancer are due to lung cancer. Studies have estimated 
that 7 percent of people will get lung cancer during their 
lifetime, and 6 percent of them will die (2). Most cancers 
that start in the lung, known as primary lung cancers, are 
carcinomas. The two main types are small-cell lung 
carcinoma (SCLC) and non-small-cell lung carcinoma 
(NSCLC). The most common symptoms are coughing 
(including coughing up blood), weight loss, shortness of 
breath, and chest pains. The vast majority (85%) of 
cases of lung cancer are due to long-term tobacco 
smoking. About 10–15% of cases occur in people who 
have never smoked (3). These cases are often caused by 
a combination of genetic factors and exposure to radon 
gas, asbestos, second-hand smoke, or other forms of air 
pollution. Like all genetic diseases, cancer results from 
changes in DNA (4). Tumor cell DNA has many 
variations from point mutations to extensive 
chromosomal abnormalities such as deletions and 
translocations. Genetically, two types of genes are 
involved in the development of cancers, including 
oncogenes and tumor suppressor genes (5). With the 
advances in molecular biology in recent decades, we 
have been able to identify the changes in the DNA 
sequence of cancer cells and provide targeted therapies. 
Epidermal growth factor receptor (EGFR) is a tyrosine 

kinase receptor that belongs to the ErbB family and 
plays an essential role in tumor progression (6). The use 
of tyrosine kinase inhibitors that block the ErbB 
message delivery pathway is one of the relevant clinical 
advances in the field of targeted cancer treatment. 
Increased expression of epidermal growth factor 
receptors and its ligand has been reported in many 
epithelial tumors (7). In recent years, it has been shown 
that tyrosine kinase inhibitors that target ATP, an 
epidermal growth factor receptor, may have antitumor 
activity. Studies have shown that treatment with 
epithelial growth receptor inhibitors should continue 
until the tumor size is not increased, even if no 
significant change in gene expression is observed (8). 
Many human cancers are the result of mutations in the 
RAS family, and lung cancer is no exception (9). One 
member of this family is the k-ras proto-oncogene, 
which is located on the long arm of chromosome 12 and 
encodes the 21-kDa protein. It is a member of the 
GTPase family that binds to the cell membrane and 
converts extracellular messages into intracellular 
messages via membrane receptors such as EGFR, which 
induces proteins required for receptor activity such as 
PI3K (10). The most common hotspot k-ras gene 
mutations are in exons 2, 3 and 4 of this gene (11). 
Mutations in this gene are associated with low patient 
survival and increased lung cancer metastasis, and 
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demographic area. Samples were obtained from each 
participant after at least 12 hours of fasting. Plasma 
was separated as soon as possible by centrifugation 
for 15 minutes at 3500 g and stored at 80 °C for the 
pending analyses. Genomic DNA was extracted 
from peripheral blood leukocytes using salting-out 
methods. Plasma PAI-1 levels were evaluated for 
patients (post-acute phase) as well as controls. The 
minimum detectable dose of PAI-1 is typically <200 
pg/mL. The genotyping for 4G/5G polymorphism 
was performed RFLP-PCR: The primers used in 
PCR were: forward 5′-CAC AGA GAG AGT CTG 
GCC ACGT-3′ and reverse 5′-CCA ACA GAG 
GAC TCTTGG TCT-39CCACG-3′. Because (-675) 
4G/5G polymorphism is based on the insertion-
deletion of a G allele in the PAI-1 promoter, the 
product of the PCR was 98 bp for the 4G allele and 
99 bp for the 5G allele. FastDigest Bs lI (Fermentas 
®, Thermo Scientific, Waltham, MA, USA) was 
used to digest the amplification product. Afterwards, 
digested fragments were analyzed by electrophoresis 
on 4% polyacrylamide gel. The PAI-1 (-675) 5G 

allele showed a 77-bp fragment, and the PAI-1 (-675) 
4G allele showed a 98-bp fragment.

results
Significantly, higher PAI-1 levels were observed 

in patients when compared to controls (p=002). A 
significantly higher number of patients had high 
PAI-1 levels than controls; the risk for stroke was 
increased to almost 6-fold. Genotyping for 5G/4G 
polymorphism showed prevalence rates of 37 
(41%) and 25 (27%) for the 4G/4Ggenotype in 
the patient and control populations, respectively, 
which are significantly different (p=0.021). The 
allelic frequency of the 4G allele was 119 and 96 
in the patient and control populations, respectively, 
which is a significant difference (p=0.018). These 
results show that 4G allele has a highly significant 
association with patients with stroke. The 4G/5G 
polymorphisms were significantly associated with 
increased PAI-1 levels with the variant homozygous 
4G/4G corresponding to mean values in patients 
versus controls (Table 1).

Table 1. Genotype and Allele Frequency  

4G/5G Genotype frequency Case Control Significance
5G/5G 8 (9%) 19 (21%) 0.084
4G/4G 37 (41%) 25 (27%) 0.021
4G/5G 45 (50%) 46 (52%) 0.147

4G/4G Allele frequency
5G 61 84 0.074
4G 119 96 0.018

dIscussIon
PAI-1 has become recognized as a central 

molecule linking the pathogenesis and progression 
of thrombotic vascular events, including stroke. 
Clinical and experimental studies have shown that 
PAI-1 deficiencies cause accelerated fibrinolysis and 
bleeding, whereas elevated PAI-1 plasma levels are 
associated with vascular thrombosis (11). Dawson et 
al. (1993) and Eriksson et al. (1995) demonstrated 
that raised PAI1 plasma levels are related to a 1-bp 
guanine deletion/insertion (4G/5G) polymorphism 
in the promoter of the PAI1 gene. The 4G allele is 
associated with higher plasma PAI1 transcription 
and activity (12). Although both alleles bind a 
transcriptional activator, the 5G allele also binds 
a repressor protein to an overlapping binding site 
(13). In the absence of a bound repressor, the 4G 
allele is associated with an increased basal level of 
PAI1 transcription. Eriksson et al. found that the 
prevalence of the 4G allele was significantly higher 
in patients with myocardial infarction before the age 
of 45 (allele frequency of 0.63) than in population-
based controls (14). An in vitro study by Festa 
et al. found that the 4G allele expresses almost 6 
times more messenger RNA than the 5G allele. 

Margaglione et al. investigated the relationship 
between the PAI1 4G/5G polymorphism in 1,179 
healthy employees and the occurrence of coronary 
artery disease in their first-degree relatives (15). The 
group with a first-degree relative who had suffered 
from a coronary ischemic episode had a higher 
number of homozygotes for the 4G allele compared 
with subjects without such a family history (odds 
ratio = 1.62) (16). The frequency of the 4G allele 
was abnormally high in individuals with a family 
history who also had higher body mass indexes and 
total cholesterol levels (17). A recent meta-analysis 
suggested that the highly expressed PAI-1 4G allele 
may have a protective effect in ischemic stroke, 
whereas the same allele may be associated with an 
increased risk of myocardial infarction (18). While 
lending further support for a neuroprotective role of 
PAI-1 in the central nervous system, these findings 
clearly point to a more complex role for tPA and 
PAI-1 in stroke pathophysiology compared with 
other thrombotic diseases, thus making the design of 
PAI-1-targeted treatments more challenging (19-20). 
The current study also found a significant association 
between 4G alleles and plasma PAI1 levels and the 
risk of heart attack. To overcome the limitations of 



20

Hassannejad Sahar et al. Pers M J

the study, similar designs must be carried out in large 
multicentric populations, taking into consideration 
the survival bias that will account for the genetic 
heterogeneity of the Indian population.
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