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Abstract

In many cancers, an increase in gene expression of DNMT3b has been reported. This 
enzyme inhibits the expression of many tumor suppressor genes through the methylation of 
the promoter sequence and plays a key role in the progression of cancer. In this study, the 
relationship between polymorphism rs406193 of this gene and the risk of prostate cancer 
in 60 samples was investigated. The results showed a significant association between 
genotype TT and the risk of prostate cancer (p=0.048). It is recommended that this study 
be repeated in larger populations and that the relationship between this polymorphism and 
gene expression be investigated. 
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Introduction
Gene expression silencing by methylation 

has been suggested as a major mechanism in the 
development of prostate cancer (1). DNA methylation 
is a covalent chemical change in which a group of 
enzymes called DNA methyl transferase (DNMT) 
add a methyl group (CH3) to the carbon position 
of five cytosine rings in DNA (2). Methylation of 
cytosine nucleotides in humans is limited to the 
CG sequence (5 ‘.. CG..3’). DNA methylation can 
be de novo when CPG dinucleotide in both strands 
are non-methylated, or maintenance when CPG 
diconucleotides are methylated on one of the strands 
(3). DNMT1 has protective methyl transferase 
activity, while DNMT3A and DNMT3b have strong 
de novo activity. The mutation in the DNMT3b gene 
is responsible for craniofacial syndrome, which is 
characterized by features such as facial abnormalities, 
immune system defects, and centromere instability 
of chromosomes 1, 9, and 16 (4). This instability is 
associated with the abnormal hypomethylation of 
CPG sites in their pericentromeric satellite areas. 
In addition to point mutations and gene deletions, 
transcription suppression by hypermethylation of 
promoter sequences can also cause tumor suppressor 
genes in cancers (5). Hypermethylation can be 
caused by an increase in DNMT levels, which be 
detected in a variety of cancers (6). It has recently 
been found that T Nucleotide replacement (instead 
of C Nucleotide) in the DNMT3b promoter area 
(149 bp pairs after transcription initiation site) is 

significantly associated with an increased risk of 
lung cancer (7). Although the mechanism of this 
association is not yet clear, it is assumed that the 
replacement of T instead of C positively regulates 
the expression of the DNMT3b gene, thereby de-
novo causing inappropriate methylation of tumor 
suppressor genes (8). In this study, the rs406193 
DNMT3b polymorphism was genotyped in prostate 
cancer patients and control subjects.

Materials and methods 
Sixty blood samples, including 30 samples 

from prostate cancer patients and 30 from healthy 
individuals, were obtained from Imam Reza Hospital 
in Kermanshah to examine the relationship between 
DNMT3b gene polymorphism and the risk of prostate 
cancer. Blood sampling was performed in tubes 
containing anticoagulant EDTA-K2. QIAamp DNA 
Blood Mini Kits were used to extract DNA, and the 
extraction steps were performed according to the kit’s 
protocol. RFLP-PCR was used to evaluate rs406193 
genotypes. In order to amplify the target area, the PCR 
reaction was performed with specific primers. The 
reaction was performed using Ampliqon MasterMix 
and 100 pmol of each primer with an annealing
temperature of 65 °C for 40 cycles. PCR products
were digested with Avril restriction enzyme at 37 °C 
and resolved on a 3% agarose gel. A p-value ≤0.05 
was considered as significant.
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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.

Keywords:
Lung Carcinoma
K-ras Gene
Point Mutation
DNA Sequencing
© 2020. Personalized Medicine Journal

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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Results 
The wild-type homozygote CC showed a single 

band of 380 bp, the variant TT showed two bands 
of 207 and 173 bp, and the heterozygote CT form 
was identified by the presence of three bands of 380, 
207, and 173 bp on the agarose gel (Fig. 1). Table 

1 shows rs406193 polymorphism frequencies in 
prostate cancer vs. control samples: 23% vs. 30% 
for CC (wild-type), 40% vs. 53% for CT, and 36% 
vs. 16% for TT. These results showed a significant 
association between genotype TT and the risk of 
prostate cancer (p=0.048).

Fig 1. Enzymatic digestion analysis on Agar 2% gel: The wild-type homozygote CC showed a single band of 380 bp, the variant TT showed two 
bands of 207 and 173 bp, and the heterozygote CT form was identified by the presence of three bands of 380, 207, and 173 bp on the agarose gel

Table1. Genotype frequency of polymorphism rs406193 in patients and control group

Genotype Prostate sample Control sample p-Value
CC 7(23%) 9(30%) 0.148
CT 12(40%) 16(53%) 0.133
TT 11(36%) 5(16%) 0.048

Discussion
Promoter methylation is one of the most common 

epigenetic changes seen in cancer cells. As a result 
of these changes which usually occur in the promoter 
area, the expression of the related gene is silenced (9). 
In many cancers, an increase in the gene expression 
of DNMT3b has been reported. This enzyme inhibits 
the expression of many tumor suppressor genes by 
methylation of the promoter sequence and plays 
a key role in the progression of cancer (10). C/T 
polymorphism in the DNA methyltransferase 3b 
(DNMT3b) promoter region results in increased 
activity and has recently been identified as a risk 
factor for many cancers (7, 11). In this study, the 
relationship between polymorphism rs406193 of this 
gene and the risk of prostate cancer was investigated. 
The results showed a significant association between 
genotype TT and the risk of prostate cancer (p=0.048). 
Shen et al. reported an association between DNMT3b 
promoter polymorphisms and lung cancer, in which 
the combined variant genotype (CT + TT) was 
associated with a 2-fold increased risk (12). Singal et 
al. examined the association between polymorphism 
and prostate cancer in an American population and 
reported no significant association between this 
polymorphism and the risk of prostate cancer (13). It 

is recommended that this study be repeated in larger 
populations and that the relationship between this 
polymorphism and gene expression be investigated.
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