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Abstract
Introduction: Polymorphisms within miRNAs binding sites are associated with miRNAs function. The aim of  this study 
was to investigate the relationship between rs61764370 polymorphism within let-7 miRNA binding site in KRAS gene and 
the risk of  lung cancer in Iranian population.
Methods: This case-control study was conducted with 100 lung cancer patients and 100 healthy persons. The rs61764370 
polymorphism was analyzed using PCR-RFLP technique and direct sequencing.
Results: We found a significant relationship between rs61764370 (T / G) polymorphism and lung cancer risk, the GT gen-
otype (OR: 6.25; 95% CI = 2.605-15.00; P= 0.000) and G allele (OR: 5.25; 95% CI = 2.259–12.208; P= 0.000) were signifi-
cantly associated with an increased risk of  lung cancer.
Conclusion: According to our findings, there is a significant relationship between the KRAS rs61764370 polymorphism 
and lung cancer risk in Iranian population and this polymorphism may be used as a marker in detection of  lung cancer in 
the future.
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Introduction
Lung cancer is one of  the most common cancers in the 
world, and more than 80% of  patients with lung cancer 
die within the first five years after diagnosis. The two 
major types of  lung cancer are small cell lung cancer 
(SCLC), which accounts for about 20% of  patients with 
lung cancer, and non-small cell lung cancer (NSCLC), 
which accounts for the other 80% of  patients1, 2. En-
vironmental factors and genetic factors are two main 
risk factors of  lung cancer. Identification of  molecu-
lar markers for early diagnosis of  this disease can be 
effective in decreasing the mortality rate and patients 
treatment 3. The KRAS gene is one of  the most im-

portant human oncogenes that span/play an important 
role in MAPK signaling. KRAS mutations, particularly 
mutations in the regulatory region of  this gene, can in-
crease the expression of  this gene and are associated 
with various human cancers including lung cancer 4-5. 
MicroRNAs are a group of  non-coding RNAs of  about 
25-18 nucleotides in length, which play important roles 
in gene regulation, they can change the expression of  
the target gene by coupling with their complementary 
regions in the miRNA of  target gene 6. MicroRNAs reg-
ulate about 60% of  all coding genes and play important 
roles in many biological processes including prolifera-
tion, differentiation, development, cell death and cancer 

7. Single-nucleotide polymorphisms (SNPs) located in 
the KRAS promoter region within miRNA binding site 
can regulate the KRAS gene expression 8. A single-nu-
cleotide polymorphism (T/G) rs61764370 within the 
binding site of  let-7 miRNA in the KRAS 3'UTR re-
gion cause change in the expression of  this gene 9, 10. A 
number of  recent studies have shown that rs61764370 
polymorphism is associated with an increased risk of  
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different cancers, including ovarian cancer, cervical can-
cer, breast cancer, colorectal cancer, and lung cancer 11-

15. In a study on tissue and blood samples in Italy and 
United States, Ratner et al. reported that there is a sig-
nificant relationship between rs61764370 and ovarian 
cancer; they span described this polymorphism as an 
ovarian cancer genetic marker 16. On the other hand, 
some studies reported no association between this pol-
ymorphism and cancer. In a study on the Norwegian 
population, Kjersem et al. reported no significant re-
lationship between rs61764370 polymorphism and 
colorectal cancer17.  Luong et al. did not find a signif-
icant relationship between rs61764370 polymorphism 
and uterine cancer in Australia 18. Considering the im-
portance of  KRAS gene and Let-7 in the development 
of  cancers, we decided to investigate the association 
between this polymorphism and lung cancer risk in the 
Iranian population in this study.

Materials and methods:
Sample collection
This case-control study included 100 patients with lung 
cancer and 100 healthy individuals. The patient group 
included patients with lung cancer who had referred 
to Maseeh Daneshvari Hospital in Tehran from 2017 
to 2018. The control group consisted of  healthy vol-
unteers who had no known systemic disease and who 
were referred to the hospital for periodic examinations; 

a pathologist confirmed lung cancer of  all patients. All 
subjects filled out thinformation forms that included 
age, occupation, and family history, smoking, and alco-
hol use. Then, 4 cc venous blood sample was obtained 
from each person. The blood samples were maintained 
at -20 ° C until DNA extraction. Genomic DNA was 
extracted from 200 μL peripheral blood using a stand-
ard DNA isolation kit (DNPTM, CinnaGen Co, Iran) 
according to the manufacturer’s protocol and stored at 
-70°C for future using.
 
rs61764370 Genotype Determination
PCR-RFLP method was used for rs61764370 geno-
typing. The forward and reverse primers were 5`-GT-
GTCAGAGTCTCGCTCTTGTC-3` and 5`-AGAC-
CACATAGCACTACCTAAGGA-3`,respectively. To 
conduct the PCR reaction, 20mL, Master mix (10μl), 
Forward primer (0.5μl), Reverse primer (0.5μl), ddH2O 
(8μl) and 1μl of  genomic DNA were mixed together. 
Then, the PCR reaction was performed on the Ther-
mosocker in the denaturation stage (95 ° C for two pe-
riods of  15 minutes and 10 seconds), annealing (62 ° C 
for 32 seconds), and an extension stage (72 ° C for 34 
seconds) in 32 cycles. To investigate KRAS gene poly-
morphism (rs61764370), the restriction enzyme Hinf  I 
was used according to the manufacturer's protocol. The 
results of  the Hinf  I enzyme digestion were confirmed 
by direct sequencing (Fig. 1).

 

Fig 1. Gel electrophoresis and direct sequencing results.  
(A) Gel electrophoresis of PCR products after enzyme digestion,  
M: 50bp marker, lanes A and C: Homozygote TT, lane B is TG  
heterozygote genotype. (B) Results of direct sequencing of the PCR products. 
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Statistical analysis
Data were analyzed using SPSS version 23. Chi-square 
and t-test were used to compare the data between the 
two groups. P<0.05 was considered as significant in all 
calculations.

Results
Clinical features of  the subjects
The total number of  patients (patients group) and 

healthy subjects (control group) was 100. The charac-
teristics of  the study population are presented in Table 
1. The average age of  patients group and control group 
were 52 years (range: 77-35 years) and 61 years (range: 
77-34 years), respectively. There was no significant dif-
ference between the control group and the patients 
group in terms of  age, sex and cigarette smoking and 
lung cancer occurrence. 

Table 1. Association between rs61764370 polymorphisms and clinicopathological 
parameters of lung cancer patients. 

   
     TT 

 
    N            % 

TG/GG 
 

N          % 

P-value 
  

Patients   68 68 32 32   
Age Median (quartile) 57.0 57 63.0 63 0.21 
Gender Male 47 47 21 21 0.37 
  Female 21 21 11 11   
Smoking Never 34 34 24 24 0.52 
  Smokers 29 29 13 13   
Stage I 15 15 5 5 0.76 
  II 19 19 3 3   
  III 21 21 9 9   
  IV 13 13 15 15   
Grading G1 19 19 6 6 0.92 
  G2 25 25 10 10   
  G3 15 15 12 12   
  Unknown 9 9 4 4   
Histotype Adenocarcinoma 59 59 26 26 0.63 
  Squamous 3 3 3 3   
  Bronchoalveolar 2 2 1 1   
  Large cells 3 3 1 1   
  Other 1 1 1 1   

  
The association between the rs61764370 and lung 
cancer
The genotypic and allelic frequency of  KRAS 
rs61764370 T>G polymorphisms is shown in table 
2. As shown here, there is a significant difference in 
the distribution of  KRAS rs61764370 polymorphism 
genotypes between lung cancer patients and controls. 

Our results indicate that there is a significant relation-
ship between KRAS gene polymorphism (rs61764370) 
T>G heterozygote TG genotype vs TT and lung can-
cer risk (GG+GT vs TT: OR=6.25, 95%CI= 2.605-
15.00, P=0.000). In addition, regarding the comparison 
between G vs T allele, our analysis indicated that the 
G allele was a significant risk factor for lung cancer 
(OR=5.252, 95% CI= 2.259-12.208, P=0.011).
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Table 2. Genotypic and allelic frequencies of rs61764370 polymorphism in lung cancer 
(case) and control subjects. 

   

Genotype Case (100) Control (100) OR and 95% CI P-
Value 

Rs61764370 G>T         

TT 68 (68 %) 93 (93%) 1 -- 

TG 32 (32%) 7 (7%) 6.25 (2.60- 15.00) 0.000 

GG 0 (0%) 0 (0%) --- --- 

Allele         

T 168 (84%) 193 (96.5%) ---   

G 32 (16%) 7 (3.5%) 5.252 (2.259 – 12.208) 0.011 

 

Discussion
According to the findings of  this study, there is a sig-
nificant relationship between the rs61764370 polymor-
phism and the risk of  lung cancer; the genotype GT 
(OR: 6.25; 95% CI = 2.60-15.00) and G allele (OR: 
5.25; 95% CI = 2.259–12.208) are significantly associat-
ed with an increased risk of  lung cancer in the Iranian 
population. Let-7 is a miRNA with tumor-suppression 
function and plays an important role in multiple cellu-
lar processes such as tumor growth and development 19. 
Lower expression of  Let 7 is reported in tumor sam-
ples of  patients with rs61764370 G allele in comparison 
with T allele 8, These findings indicated that rs61764370 
G and T alleles are associated with expression level of  
Kras as well as the Let 7 expression 20.
Chin et al. used a luciferase reporter for KRAS expres-
sion to determine the effect of  the rs61764370 vari-
ants on KRAS  expression, they transfected a luciferase 
reporter with a KRAS 3′UTR containing the variant 
rs61764370 alleles into A549 cells, they reported a sig-
nificant increase in luciferase activity in cells transfected 
with rs61764370 G allele versus the T allele and they re-
ported an association between the rs61764370 G allele 
and increased risk of  non-small cell lung cancer (NS-
CLC) in the Chinese population 21.

In previous studies, it has been shown that low expres-
sion and decreased level of  the Let-7 is associated with 
different tumors, including lung cancer and the reduc-

tion of  let-7 expression has been considered as a risk 
factor for lung cancer. Hollestelle et al. reported that 
rs61764370 G allele in the KRAS gene was associated 
with an increased risk of  breast cancer22. These findings 
are consistent with our findings for the Iranian popu-
lation, on the other hand, Pharoah et al. did not find 
any association between the rs61764370 genotypes and 
the risk of  ovarian cancer 23. In a meta-analysis study 
Zhang et al, reported no significant relationship be-
tween rs61764370 polymorphism and lung cancer in 
the Caucasian population 24. In previous studies, it has 
been shown that KRAS variants of  RS61764370 inter-
fere with the binding of  Let-7 miRNA and increase the 
expression of  KRAS 20. This polymorphism was first 
introduced as a biomarker for lung cancer in the Amer-
ican population 21.
Due to findings of  this study and previous studies and 
the function of  the Let-7 miRNA as a tumor suppres-
sor miRNA, it seems that the presence of  the G allele at 
the Let-7 binding site blockage Let-7 binding in this re-
gion and results in an increase in the expression of  the 
KARS gene, which can increase the risk of  lung cancer.

Conclusion
We found a significant relationship between the 
rs6176437, G allele and lung cancer risk in Iranian pop-
ulation and it seems that this polymorphism can be used 
as a biomarker for lung cancer in the future, however 
further studies with more samples are recommended to 
confirm the findings of  this study.
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