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A B S T R A C T

Aims: Lung cancer is still the leading cause of cancer mortality in all over the world. Nicotine and its derivatives
are the most well-known carcinogens that participate in both etiology and progression of lung cancer. The
objective of the current study was to investigate whether single nucleotide polymorphisms (SNPs) rs1051730C >

T in CHRNA3 and rs3842A > G in ABCB1, two genes contributing in the mechanism of disposition and meta-
bolism of nicotine and its derivatives, could modify the risk of developing lung cancer, as well as nicotine
dependence in Iranian.
Main methods: The genotyping analysis for these two SNPs was conducted in a case-control study of 108 lung
cancer cases and 120 healthy controls using ARMS-PCR and Tetra-primer ARMS-PCR techniques. The correlation
between studied SNPs and lung cancer was assessed by the regression analysis.
Key findings:We observed a significant association between lung cancer and rs1051730C > T by using four genetic
models: allele (OR:1.83; 95% CI:1.24–2.6; p ¼ 0.002), dominant (OR: 2.19; 95% CI:1.27–3.78; p ¼ 0.005),
recessive (OR: 2.25; 95% CI: 1.02–4.95; p ¼ 0.043) and additive (TT vs CC: OR:3.25; 95% CI:1.38–7.60; p ¼
0.007, CT vs CC: OR:1.96; 95% CI:1.10–3.48; p ¼ 0.021). Furthermore, a significant association between this
variant and nicotine dependence (OR: 2.27; 95% CI: 1.52–3.39; p ¼ 0.00005) was reported. However, no asso-
ciation was found for rs3842A > G.
Significance: The results suggested that the CHRNA3 rs1051730C > T via a smoking-dependent manner could
modify susceptibility to lung cancer among Iranian population.
1. Introduction

According to the global statistics, lung cancer (LC) is the leading
cancer incidence and mortality with 2.1 million new cases and 1.8
million cause of cancer death throughout the world [1]. LC is the third
most prevalent cancer and second cause of cancer death among Iranian
(Age-standardized incidence rates (ASR) per 100.000 for LC is12.5 in
males and 5.5 in females. Age-standardized mortality rates (ASR) per
100.000 for LC is 9.1 in males and 8.3 in females) [2]. Non-small cell lung
cancer (NSCLC) is the most common type of LC accounts for approxi-
mately 80% of all cases and is classified into three subtypes:
.
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adenocarcinoma (ADC), squamous cell carcinoma (SCC), and large cell
carcinoma (LCC) [3].

LC is frequently mentioned as a disease attributed to environmental
factors more than the other multiple risk factors of this malignancy [4].
Tobacco smoking as an environmental factor is the predominant cause of
LC [5]. Approximately, more than 60 carcinogens have been identified in
tobacco smoke. Nicotine and nicotine derivatives such as 4-(methylni-
trosamino)-1-(3-pyridyl)-1-butanone (NNK) are the most important to-
bacco smoke carcinogens, which could promote proliferation, metastasis
and inhibit apoptosis of LC cells [6]. The majority of studies proved that
over 80% of LC occurrence is associated with direct and indirect tobacco
ugust 2021
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:b.abbasi@nigeb.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e07867&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e07867
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e07867


Table 1. Sequence of primers used for CHRNA3 rs1051730C > T and ABCB1
rs3842A > G genotyping.

SNP Primer Primer sequence TM
(�C)

rs1051730
C > T

Outer Forward (FO) AATCGACGTGACCTACTTCCCGTTT 64.2

Outer Reverse (RO) AGTGATCACCAGGAGAAACACCGTC 64.4

Inner Forward (FI) ATCATCAAAGCCCCAGGCGAC 63.1

Inner Reverse (RI) GCAGCAGTTGTACTTGATGTCGTGTGTA 65.5

rs3842
A > G

Outer forward (FO) TGCAGACTTAATAGTGGTGTTTCA 60.1

Outer Reverse (RO) AAGATATATTCACAGGCAGTTTGG 60.1

Normal Inner
Forward (FN)

ACATCATCAAGTGGAGAGAAATCA 60.1

Mutant Inner
Forward (FM)

ACATCATCAAGTGGAGAGAAATCG 61.8

TM: melting temperature; Oligo Analyzer software was used to design primers.

Table 2. General characteristics of cases and controls.

Variable Case (n ¼ 108) Control (n ¼ 120) P value

Age 0.96

Mean � SD 59.40 � 7.62 58.60 � 10.49

Sex n (%) 0.96

Female 33 (30.5) 37 (30.8)

Male 75 (69.4) 83 (69.1)

Smoking status n (%) 0.02

Yes 68 (62.9) 57 (47.5)

No 40 (37.1) 63 (52.5)

Histologic type n (%)

Adenocarcinoma (AD) 94 (87.1)

Squamous cell carcinoma (SCC) 14 (12.9)

SD: standard deviation; the Student t test was used to determine the age differ-
ence between cases and controls; the Pearson's chi-square test was used to
determine the gender and smoking statues difference between cases and controls;
statistically significant P < 0.05.
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consumption. Nonetheless, only 20% of which develop LC during their
life, that indicates inter-individual difference in the rate of genetic vari-
ation, may be associated with lung carcinogenesis. Single nucleotide
polymorphisms (SNPs) are the most common and stable markers of
human genetic variation, and may be related to the risk of a variety of
cancers including LC [7]. Many SNP sites in association with LC were
obtained by the genome–wide association studies (GWAS) [8].

Several GWAS and case-control studies have identified the chromo-
some 15q25.1 locus as a susceptibility region for smoking behavior,
nicotine dependence (ND) and LC in some populations [9]. This locus
contains a cluster of three nicotinic acetylcholine receptors (nAChRs)
including CHRNA3, CHRNA5, and CHRNB4 [10]. SNP, rs1051730C > T
which is located in the exon5 of CHRNA3 (Cholinergic Receptor Nico-
tinic Alpha 3 Subunit) and causes a synonymous nucleotide substitution,
is shown to be significantly associated with increased risk of ND and LC
[11].

In addition, there are many other SNPs that are associated with LC,
but their effect has not been studied as much as the SNPs on chromosome
15q52.1 region such as rs3842A > G located in 30 untranslated region
(UTR) of ABCB1 (ATP Binding Cassette Subfamily B Member 1) [12].

Considering the association of these two SNPs with LC in a different
population, we assume this association is likely to exist the same in Ira-
nian. Hence, in the present case-control study, we investigated the allele
frequency of CHRNA3 rs1051730C > T and ABCB1 rs3842A > G and
assessed their effect on the susceptibility to NSCLC risk in Iranian
population.

2. Materials and methods

2.1. Subjects

In this study, a total of 108 NSCLC cases and 120 healthy controls of
genetically unrelated Iranian were enrolled from Masih Daneshvari
Hospital, Tehran, Iran, between December 2018 and December 2019.
Patients had histopathologically confirmed NSCLC and exclusion criteria
included previous cancer history. Control participants were frequency-
matched to the cases according to age, gender and residential area, and
exclusion criteria included a personal and familial history of cancer and
lung-related diseases to avoid probable interference from overlapping
genes. Written informed consent was received from each participant and
Iran National Institute of Genetic Engineering and Biotechnology Ethics
Committee approved this study (IR.NIGEB.EC.1398.6.24 C). All the
subjects were given a short questionnaire by personal interview
including age, sex, smoking behavior and ethnicity.

2.2. Genotyping

An approximately 5-mL peripheral blood sample was collected from
each participant in vacuum tubes with EDTA. Genomic DNA was
extracted using a blood DNA extraction kit (Sinacolon, Iran) according to
the manufacturer's instruction. SNP genotyping was conducted by
Amplification Refractory Mutation System-Polymerase Chain Reaction
(ARMS-PCR) and Tetra-primer ARMS-PCR techniques for ABCB1
rs3842A > G and CHRNA3 rs1051730C > T respectively. The primers
were designed by the Oligo Analyzer software (Table 1). PCR was per-
formed in a total volume of 15μL, containing 1μL DNA, 0.5μL of each
primer, 4.5μL deionized water and 7.5μL Tag DNA Polymerase 2x Master
Mix RED. The reaction program was set in a thermal cycler (Eppendorf,
Germany) to an initial denaturation of 5 min at 95 �C followed by 30
cycles of 30 s at 95 �C, 30 s at 64 �C for Tetra-primer ARMS-PCR and 61
�C for ARMS-PCR, 30 s at 72 �C, and then a final extension of 5 min at 72
�C. The amplified products were separated by electrophoresis using 2%
agarose gel. Ten percent of samples were randomly selected to perform
repeated assays for each SNP, and the results were 100% concordant. We
also randomly selected 10% of the samples for direct sequencing to
confirm the results, and the results were also 100% concordant.
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2.3. Statistical analysis

Differences in demographic characteristics and selected variables
among LC patients and healthy control subjects were evaluated using
Student's t-test for continuous quantitative variables or Pearson's chi-
square test for nominal variables. Pearson's chi-square test was also
used to assess the genotype and allele frequency and check whether
genetic frequencies are accorded with Hardy-Weinberg equilibrium
(HWE) or not. Odds ratio (OR) with 95% confidence interval (CI) was
used to assess the association strength. The OR was calculated for
estimating the outcome of four genetic models, allele, dominant and
recessive and additive by using binary logistic regression and
adjusted for age, sex, and smoking status. A P-value less than 0.05
were considered significant. All of the statistical analyses were per-
formed with Statistical Analysis System software (SPSS 24.0 Inc.,
Chicago, IL).

3. Results

3.1. Subject characteristics

The distribution according to age, gender and smoking status among
all individuals were analyzed (Table 2). No significant differences in the
distribution of age and sex were found among cancer patients and control
subjects (P > 0.05), suggesting that subject matching based on these
variables was adequate. However, compared with the control population,
the cases were more likely to be smokers (63% in cases vs 47% in con-
trols; OR: 1.87, 95% CI: 1.10–3.19, P < 0.05).



Figure 2. Genotyping of ABCB1 rs3842A > G by ARMS-PCR. 1: Negative
control, 2: Heterozygote AG, 3: Homozygote AA, 4: Homozygote GG, 5: 100bp
DNA Ladder.
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3.2. Tetra-primer ARMS-PCR

Tetra-primer ARMS-PCR products of three samples including, Het-
erozygote CT, Homozygote CC, and Homozygote TT, are shown in
Figure 1. The 394bp, control band defined by the FO-RO primers, amplify
in all samples. The 249bp, C allele-specific band defined by the FI-RO
primers, amplify just in Homozygote CC samples. The 193bp, T allele-
specific band which defined by the FI-RO primers, amplify just in Ho-
mozygote TT samples. Heterozygote CT samples have all of these three
bands.

3.3. ARMS-PCR

ARMS-PCR products of three samples that include, Heterozygote
AG, Homozygote AA, and Homozygote GG, are shown in Figure 2. The
546bp, control band defined by the FO-RO primers, amplify in all
samples. The 250bp, A allele-specific band defined by the FN-RO
primers, amplify just in Homozygote AA samples. The 250bp, G
allele-specific band defined by the FM-RO primers, amplify just in
Homozygote GG samples. Heterozygote AG samples have all of these
three bands.

3.4. Genotype and allele frequency distribution of SNPs

The genotype and allele frequency of rs1051730C> T and rs3842A>

G are summarized in Table 3. The observed genotype frequencies of SNPs
were in HWE, both in controls and cases (p > 0.05).

3.5. Association of SNPs with lung cancer and nicotine dependence

A significant association between CHRNA3 rs1051730C > T and
increased risk of LC were detected under four genetic models involving,
dominant, recessive, additive and allele. However, no significant asso-
ciation between ABCB1 rs3842A>G and LCwere detected under none of
these genetic models (Table 4). Also we divided the population (com-
bined patients and controls) into two groups, smokers (>10 cigarettes per
day, recently cut down from 20) and never-smokers (never more than
100 cigarettes during their lifetime), then obtained the frequency of C
(34.4%, 47.6%) and T (65.6%, 52.4%) alleles of rs1051730 and A
(80.0%, 77.2%) and G (20.0%, 22.8%) alleles of rs3842 between this two
groups respectively. Furthermore, we found that there is a significant
association between rs1051730 and increased risk of ND under three
genetic models, dominant, recessive, additive (TT vs CC) and allelic.
Figure 1. Genotyping of CHRNA3 rs1051730C > T by Tetra-primer ARMS-PCR.
1: Negative control, 2: Heterozygote CT, 3: Homozygote CC, 4: Homozygote TT,
5: 100bp DNA Ladder.
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However, no significant association between ABCB1 rs3842A > G and
ND were detected under none of these genetic models (Table 5).

4. Discussion

Since the first GWAS study [13] which identified CHRNA3
rs1051730C > T as a polymorphism is related to ND and LC in European
ancestry population, extensive subsequent studies in different pop-
ulations reported the same results [9, 14, 15].

A comprehensive meta-analysis study demonstrated that rs1051730-
T allele might be risk-conferring factor for the development of LC in
European ancestry (OR ¼ 1.31; 95% CI ¼ 1.26–1.37; P < 10�5, OR ¼
1.33; 95% CI ¼ 1.21–1.43; P < 10�5, OR ¼ 1.35; 95% CI ¼ 1.22–1.47; P
< 10�5 under allele, dominant and recessive model respectively) and in
African-Americans (OR ¼ 1.75; 95% CI ¼ 1.38–2.21; P < 10�5, OR ¼
1.87; 95% CI ¼ 1.45–2.33; P < 10�4, OR ¼ 2.00; 95% CI ¼ 1.51–2.66; P
< 10�4 under allele, dominant and recessive model respectively) [16].
Also, a preceding meta-analysis study was conducted with similar results
[17]. However, most studies in Chinese population show no significant
association [7, 18, 19, 20] and just a few studies have reported a weak
association (OR ¼ 2.18; 95% CI ¼ 1.02–4.67; P ¼ 0.045, under allele
Table 3. Genotype and allele frequency of CHRNA3 rs1051730C> T and ABCB1
rs3842A > G among cases and controls.

SNP Case n (%) Control n (%)

rs1051730C > T

C/C 33 (30.6%) 59 (49.2%)

C/T 55 (50.9%) 50 (41.7%)

T/T 20 (18.5%) 11 (9.2%)

C allele 121 (56.0%) 168 (70.0%)

T allele 95 (44%) 72 (30.0%)

rs3842A > G

A/A 65 (60.2%) 77 (64.2%)

A/G 37 (34.3%) 38 (31.7%)

G/G 6 (5.6%) 5 (4.2%)

A allele 167 (77.3%) 192 (80%)

G allele 49 (22.7%) 48 (20%)

Data are expressed as number (percentages); Pearson's chi-square test was used
to assess the genotype and allele frequency.



Table 4. Association of CHRNA3 rs1051730C > T and ABCB1 rs3842A > G with the risk of LC in Iranian.

OR Crude (95%CI) P-value OR Adjusted (95%CI) P-value

rs1051730C > T

Dominant (TT þ CT vs CC) 2.19 (1.27–3.78) 0.005 2.06 (1.19–3.58) 0.010

Recessive (TT vs CT þ CC) 2.25 (1.02–4.95) 0.043 1.74 (0.75–4.03) 0.195

Co-dominant (CT vs CC þ TT) 1.45 (0.86–2.45) 0.162 1.59 (0.93–2.72) 0.089

Additive (TT vs CC) 3.25 (1.38–7.60) 0.007 2.78 (1.06–7.23) 0.036

(CT vs CC) 1.96 (1.10–3.48) 0.021 1.96 (1.10–3.50) 0.021

Allelic (T vs C) 1.83 (1.24–2.69) 0.002 1.64 (1.10–2.43) 0.014

rs3842A > G

Dominant (GG þ AG vs AA) 1.18 (0.69–2.02) 0.536 1.25 (0.72–2.16) 0.419

Recessive (GG vs AG þ AA) 1.35 (0.40–4.56) 0.626 1.28 (0.37–4.39) 0.689

Co-dominant (AG vs AA þ GG) 1.25 (0.64–1.95) 0.677 1.20 (0.68–2.11) 0.514

Additive (GG vs AA) 1.42 (0.41–4.87) 0.576 1.37 (0.39–4.80) 0.617

(AG vs AA) 1.53 (0.65–2.02) 0.618 1.24 (0.70–2.21) 0.449

Allelic (G vs A) 1.17 (0.74–1.83) 0.484 0.82 (0.52–1.29) 0.396

OR: odds ratio; CI: confidence interval; ORs and 95% CIs were calculated by logistic regression with adjustment for age, sex and smoking behavior; statistically sig-
nificant P < 0.05.
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model) [21]. Also, In Japanese population, only a weak association was
observed (OR ¼ 2.57, 95% CI ¼ 1.03–6.87, P ¼ 0.049 under dominant
model) [22] and rs1051730 T allele confer susceptibility to LC just in a
small subgroup of Japanese [23]. In present study as mentioned in re-
sults, we demonstrated that rs1051730 C > T is candidates of risk factor
for ND and LC in Iranian.

The CHRNA3 is a gene which encode a subunit of nAChRs. The
nAChRs which bind to nicotine and nicotine-derived nitrosamines such
as NNK, are expressed on lung epithelial cells and neurons in the brain
region. The binding in lung cell modulates downstream signal trans-
duction through nAChRs, leading to cell proliferation and neoplastic
transformation, while the binding in brain cell can potentially control
smoking behavior and ND [21]. Therefore, we claim that this SNP is
related to LC probably indirectly through smoking carcinogens.
Although, there is debate whether SNPs in the CHRNA3 have a direct
genetic effect for susceptibility to LC.

To sum up, our results are consistent with those from the European
and African-Americans and inconsistent whit East-Asian populations.
There are some points concerning such different results between
different populations, which above all, it may be on account of disequi-
librium of rs1051730 T allele in different populations. The worldwide
Table 5. Association of CHRNA3 rs1051730C > T and ABCB1 rs3842A > G with
the risk of nicotine dependence in Iranian.

OR Crude (95%CI) P-value

rs1051730C > T

Dominant (TT þ CT vs CC) 1.73 (1.01–2.95) 0.044

Recessive (TT vs CT þ CC) 32.21 (4.30–240.84) 0.001

Co-dominant (CT vs CC þ TT) 0.67 (0.39–1.13) 0.137

Additive (TT vs CC) 34.18 (4.47–261.34) 0.001

(CT vs CC) 1.11 (0.63–1.95) 0.696

Allelic (T vs C) 2.27 (1.52–3.39) 0.00005

rs3842A > G

Dominant (GG þ AG vs AA) 0.67 (0.39–1.16) 0.158

Recessive (GG vs AG þ AA) 1.46 (0.41–5.16) 0.549

Co-dominant (AG vs AA þ GG) 0.61 (0.35–1.06) 0.084

Additive (GG vs AA) 1.24 (0.34–4.44) 0.737

(AG vs AA) 0.62 (0.35–1.09) 0.098

Allelic (G vs A) 0.84 (0.53–1.32) 0.464

OR: odds ratio; CI: confidence interval; ORs and 95% CIs were calculated by
logistic regression; statistically significant P < 0.05.
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frequency of the rs1051730 T allele, varies extensively between different
races, with a prevalence of ~35 % among European ancestry, ~16 %
among African-Americans, ~3 % among Chinese, and ~2% among
Japanese. Moreover, in this study, we found a frequency of ~30% in
Iranian. It is conceivable that the rs1051730 T allele frequency in the
East-Asian population is too low to confirm the effects seen in other
populations [16].

The other SNP, rs3842A > G is in ABCB1, which encode the P-
glycoprotein (P-gp) expressed in a range of tissues, including lung. P-gp
play an important role in absorption, distribution, metabolism and
excretion of a multitude of structurally and functionally unrelated sub-
strates such as nicotine and its derivatives especially NNK, in addition to
its original role in multidrug resistance in chemotherapeutics. By playing
this important role, P-gp contribute significantly in maintaining cellular
homeostasis and protect tissues against xenobiotic and many other
carcinogen compounds. Hence, it may influence susceptibility, occur-
rence, development and histopathological features of LC [24, 25, 26, 27].
However, in the present study, we observed no association between
rs3842A > G and LC, as well as ND in Iranian.

To the best of the author's knowledge, a study by Wang et al., in the
Chinese population is the only case-control study that focused on
rs3842A> G which demonstrated that it might contribute to the etiology
of LC because of its strong association with increased risk of LC man-
ifested in women (OR, 2.57; 95% CI, 1.36–4.85; P ¼ 0.003), particularly
for the histological type of adenocarcinoma (OR, 1.42; 95% CI,
1.03–1.99; P ¼ 0.034), and for individuals aged over 60 (OR, 1.50; 95%
CI, 1.05–2.14; P ¼ 0.025). Also, study indicates this SNP as a non-coding
polymorphism in the 30 UTR of ABCB1 may be associated with LC
through a possible miRNA-mediated mechanism [12], because rs3842A
> G lies at a conserved region, very close to the potential targeting stem
for has-miR-374, which also is expressed in lung tissue.

So, our results are entirely in contradiction to the impact of this SNP
in Chinese population. The contradiction between our results and those
from Chinese in both rs3842A> G and rs1051730C> T, gives strength to
the idea of that marker SNPs in Chinese are not reliable candidates to be
examined in Iranian. Probably because of the disequilibrium of allele
frequency between Chinese and Iranian or because of different envi-
ronmental factors which effect each of these populations.

There are some limitations in our study that may have influenced our
obtained results. First, the sample size and statistical power are relatively
small. Hence, more extensive studies are required in the future to confirm
our findings. Second, we focused only on two polymorphisms,
rs1051730C > T and rs3842A > G and did not consider other gene
candidates or polymorphisms specifically those that may be in linked
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with the studied polymorphisms. Further combination analysis might
provide higher power to characterize high-risk populations. Third, except
smoking, we did not consider the other important environmental factors.
The unconsidered mixed factors may cover the role of these poly-
morphisms. Thus, even if the variation has a causal effect on LC, it may
take a long time to be observed. Fourth, Precise data regarding nicotine
equivalents through measuring urinary biomarkers, were not available;
therefore direct associations of risk alleles with tobacco consumption
were not confirmed.

5. Conclusion

Despite these potential limitations, the present study suggests that
ARMS-PCR and Tetra-primer ARMS-PCR, the used techniques in this
study are considered to be easy, reliable, fast and economical techniques
for genotyping. In addition, they demonstrate the blood-based
r1051730C > T increase the risk of LC in an Iranian population, prob-
ably indirectly through smoking behavior. Hence, this variant besides
smoking status can be considered as markers which allow the monitoring
of vulnerable populations for the purpose of LC screening. Future studies
with large samples illustrate whether the association rs1051730C > T
with ND and LC risk in Iranian population to be causal or by chance. Also,
it could deepen our understanding of genetic polymorphism attributing
to the progression of malignancy and pave the way for future clinical
applications, as well as creating more efficient anti-smoking programs,
that are capable of raising the awareness of the population to reduce
long-term risks.
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