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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. 
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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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patients with standard anti-EGFR therapy do not 
respond. 97% of the k-ras somatic mutations are in exon 
two of this gene (12). In this study, we examined the 
frequent mutations in exon two and three of the k-ras 
gene in patients with lung cancer and compared the 
results with clinical and pathological manifestations. 

MATERIALS AND METHODS 

In this study, mutations in codon 12 and 13 of exon two 
were performed in 20 freezer lung tumor specimens 
prepared from the Iranian Institute of Oncology and 30 
paraffin blocks. The samples were then transferred to 
the laboratory of the Personal Medical Research Center 
by cold chain preservation and stored in the freezer-80 
until extraction. For DNA extraction, paraffin-

embedded tissues were the first deparaffinization by 
xylene, then similar to fresh tissues were extracted 
according to Tissue Genomic DNA extraction Favorgen 
Biotech protocol. The quality and quantity of DNA 
obtained were determined by agarose gel 
electrophoresis (Figure 1) and nano-drape. The PCR 
reaction was performed with specific primers for 
sequencing, according to Table 1. The PCR product was 
run on 1.5% agarose gel, and the results were observed 
in Figure 2. The PCR product was sequenced by ABI 
Genetic Analyzer 3500, reads were analyzed by chromas 
software, and genotypes of codons 12 and 13 were 
identified in the samples. Statistical analysis was 
performed by SPSS software, and a p-value of less than 
0.05 was considered significant. 

 

Table 1. Primer Sequence 

Primer name Sequence Annealing Tm Product size 

K-ras-F TGTGACATGTTCTAATATAGTCAC 52c 270bp 

K-ras-R ATTATCTTGTAATAAGTACTCATG   

 

 
Figure 1. DNA Genomic 

 
Figure 2. PCR Product 

 

RESULTS 

The study population consisted of 31 (62%) men and 19 
(38%) women with a mean age of 59.7. 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). 

DISCUSSION 

In this study, we evaluated the mutations in codon 12 
and 13 in exon 2 of the k-ras gene in 50 patients with 
lung cancer. Of the 50 tumor samples, only 13 had 
mutations in these two codons. 2 cases had only 



Pers Med J  Saremi 

3 

mutations in codon 12, and 11 had mutations in both 
codons 12 and 13. No association was found between 
age, sex, stage of the disease, and the incidence of 
mutation. Investigation of k-ras gene mutations is 
essential in the choice of therapeutic approach and, in 
particular, the use of tyrosine kinase inhibitor (TKI) 
drugs. In a study by Saleh Jazi et al. on 52 colorectal 
cancer tumor samples, 15.4% of the samples had a 
heterozygous mutation, and 74.6% of the samples had a 
wild genotype (13). Similar to our study, this group did 
not report any significant association between 
clinicopathological features and mutations in the k-ras 
gene. In another study, Zarifian Yeganeh et al. examined 
the rate of k-ras mutations in codon 12 and 13 exons 2 
of 59 squamous cell carcinoma samples of the head and 
neck (14). The results showed that 17.5% of the samples 
had mutations at codon 12 and 13, of which the highest 
mutation was related to the conversion of glycine to 
aspartate at codon 13. In 2016, Zheng et al. examined 
the K-ras gene mutations in 1368 patients with lung 
adenocarcinoma (15). In study 113 (8.3%), the person 
had K-ras mutations at codons 12, 13, and 61. Accurate 
knowledge of the genetic profile of people with lung 
cancer is crucial in choosing the appropriate treatment 
approach, 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. In this study, we found that this gene can be 
used as a predictor of treatment choice. 

REFERENCE 

1. Saba V. Estimation of Age Standardized Ratio of Lung Cancer 
in Iran in 2014 and 2030. Paramed Sci Military Health. 
2015;10(1):17-23.  

2. Patel JD, Bach PB, Kris MG. Lung cancer in US women: a 
contemporary epidemic. JAMA. 2004;291(14):1763-1768. 
doi: 10.1001/jama.291.14.1763 pmid: 15082704 

3. Barbone F, Bovenzi M, Cavallieri F, Stanta G. Cigarette 
smoking and histologic type of lung cancer in men. Chest. 
1997;112(6):1474-1479. doi: 10.1378/chest.112.6.1474 
pmid: 9404741 

4. Boffetta P, Nyberg F. Contribution of environmental factors to 
cancer risk. Br Med Bull. 2003;68:71-94. doi: 

10.1093/bmp/ldg023 pmid: 14757710 
5. Pecorino L. Molecular biology of cancer: mechanisms, targets, 

and therapeutics: Oxford university press; 2012. 
6. Jancik S, Drabek J, Radzioch D, Hajduch M. Clinical relevance 

of KRAS in human cancers. J Biomed Biotechnol. 
2010;2010:150960. doi: 10.1155/2010/150960 pmid: 
20617134 

7. Krystal GW, Honsawek S, Litz J, Buchdunger E. The selective 
tyrosine kinase inhibitor STI571 inhibits small cell lung cancer 
growth. Clin Cancer Res. 2000;6(8):3319-3326. pmid: 
10955819 

8. Johnson FM, Saigal B, Talpaz M, Donato NJ. Dasatinib (BMS-
354825) tyrosine kinase inhibitor suppresses invasion and 
induces cell cycle arrest and apoptosis of head and neck 
squamous cell carcinoma and non-small cell lung cancer cells. 
Clin Cancer Res. 2005;11(19 Pt 1):6924-6932. doi: 
10.1158/1078-0432.CCR-05-0757 pmid: 16203784 

9. Riely GJ, Marks J, Pao W. KRAS mutations in non-small cell 
lung cancer. Proc Am Thorac Soc. 2009;6(2):201-205. doi: 
10.1513/pats.200809-107LC pmid: 19349489 

10. Johnson L, Mercer K, Greenbaum D, Bronson RT, Crowley D, 
Tuveson DA, et al. Somatic activation of the K-ras oncogene 
causes early onset lung cancer in mice. Nature. 
2001;410(6832):1111-1116. doi: 10.1038/35074129 pmid: 
11323676 

11. Janakiraman M, Vakiani E, Zeng Z, Pratilas CA, Taylor BS, 
Chitale D, et al. Genomic and biological characterization of 
exon 4 KRAS mutations in human cancer. Cancer Res. 
2010;70(14):5901-5911. doi: 10.1158/0008-5472.CAN-10-
0192 pmid: 20570890 

12. Roberts PJ, Stinchcombe TE, Der CJ, Socinski MA. 
Personalized medicine in non-small-cell lung cancer: is KRAS 
a useful marker in selecting patients for epidermal growth 
factor receptor-targeted therapy? J Clin Oncol. 
2010;28(31):4769-4777. doi: 10.1200/JCO.2009.27.4365 
pmid: 20921461 

13. Jazi MS, Zahri S, Navid SL, Talebi A. Relationship between 
common KRAS gene mutations and clinicopathological 
features of patients with colorectal cancer in Isfahan, Iran. 
Govaresh. 2017;22(1):39-46.  

14. Gultekin MA, Turk HM, Besiroglu M, Toprak H, Yurtsever I, 
Yilmaz TF, et al. Relationship between KRAS mutation and 
diffusion weighted imaging in colorectal liver metastases; 
Preliminary study. Eur J Radiol. 2020;125:108895. doi: 
10.1016/j.ejrad.2020.108895 pmid: 32109834 

15. Zheng D, Wang R, Zhang Y, Pan Y, Cheng X, Cheng C, et al. 
The prevalence and prognostic significance of KRAS mutation 
subtypes in lung adenocarcinomas from Chinese populations. 
Onco Targets Ther. 2016;9:833-843. doi: 
10.2147/OTT.S96834 pmid: 26955281

 

http://dx.doi.org/10.1001/jama.291.14.1763
http://ncbi.nlm.nih.gov/pubmed/15082704
http://dx.doi.org/10.1378/chest.112.6.1474
http://ncbi.nlm.nih.gov/pubmed/9404741
http://dx.doi.org/10.1093/bmp/ldg023
http://dx.doi.org/10.1093/bmp/ldg023
http://dx.doi.org/10.1093/bmp/ldg023
http://ncbi.nlm.nih.gov/pubmed/14757710
http://dx.doi.org/10.1155/2010/150960
http://ncbi.nlm.nih.gov/pubmed/20617134
http://ncbi.nlm.nih.gov/pubmed/20617134
http://ncbi.nlm.nih.gov/pubmed/10955819
http://ncbi.nlm.nih.gov/pubmed/10955819
http://dx.doi.org/10.1158/1078-0432.CCR-05-0757
http://dx.doi.org/10.1158/1078-0432.CCR-05-0757
http://ncbi.nlm.nih.gov/pubmed/16203784
http://dx.doi.org/10.1513/pats.200809-107LC
http://dx.doi.org/10.1513/pats.200809-107LC
http://ncbi.nlm.nih.gov/pubmed/19349489
http://dx.doi.org/10.1038/35074129
http://ncbi.nlm.nih.gov/pubmed/11323676
http://ncbi.nlm.nih.gov/pubmed/11323676
http://dx.doi.org/10.1158/0008-5472.CAN-10-0192
http://dx.doi.org/10.1158/0008-5472.CAN-10-0192
http://ncbi.nlm.nih.gov/pubmed/20570890
http://dx.doi.org/10.1200/JCO.2009.27.4365
http://ncbi.nlm.nih.gov/pubmed/20921461
http://dx.doi.org/10.1016/j.ejrad.2020.108895
http://dx.doi.org/10.1016/j.ejrad.2020.108895
http://ncbi.nlm.nih.gov/pubmed/32109834
http://dx.doi.org/10.2147/OTT.S96834
http://dx.doi.org/10.2147/OTT.S96834
http://ncbi.nlm.nih.gov/pubmed/26955281

	all
	pmj-01-03-01-pdf




