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ABSTRACT
Objective: Tobacco smoke is composed of cancer-causing chemicals referred to as carcinogens. These carcinogens 
are metabolized by the enzymes of the cytochrome P450 (CYP) family. Our objective was to evaluate the 
correlation of tobacco consumption parameters with CYP1A1, CYP1B1 and CYP2A6 expression using qRT-PCR 
in samples of oral squamous cell carcinoma (OSCC). Material and Methods: The sample was divided into 
2 groups: Cancer (36 subjects) and non-Cancer (12 subjects). The smokers’ participants (36) were evaluated 
regarding their Nicotine dependence (ND) was assessed by the Fagerström test for cigarette dependence (FTCD). 
Questions regarding tobacco consumption like the number of cigarettes/day (CPD), duration of use, and pack-
years were also evaluated. The Mann-Whitney and Spearman correlation tests were used at a significance level 
of 5%. Results: 48 participants were included, 32 men (66.7%), 36 smokers (75%) and 27 smokers with OSCC 
(56.3%). Samples of OSCC expressed more CYP1A1, CYP1B1, and CYP2A6. Especially, the CYP1B1 gene was 
significantly expressed in OSCC samples, regardless gender or tobacco use. No women expressed CYP2A6, as 
well as, non-smokers did not express the CYP1A1 and CYP2A6 genes. CYP1A1 gene was higher among men 
(P = 0.021). Conclusion: Lack of exposure to tobacco may justify the absence of CYP1A1 and CYP2A6 expression 
in non-smokers. The CYP1B1 gene was significantly expressed in the cancer presence despite gender or tobacco 
use. The assessment of ND and quantification of tobacco consumption are important instruments in monitoring 
smokers with benign oral lesions and, especially, in the presence of cancer.
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RESUMO
Objetivo: A fumaça do tabaco é composta de substâncias químicas cancerígenas conhecidas como carcinógenos. 
Esses carcinógenos são metabolizados pelas enzimas da família do citocromo P450 (CYP). Nosso objetivo foi 
avaliar a correlação dos parâmetros do consumo de tabaco com a expressão de CYP1A1, CYP1B1 e CYP2A6 por 
qRT-PCR em amostras de carcinoma de células escamosas bucal (CCEB). Material e Métodos: A amostra foi 
dividida em 2 grupos: Câncer (36 indivíduos) e sem Câncer (12 indivíduos). Os participantes fumantes (36) foram 
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INTRODUCTION

Smoking is the leading cause of preventable 
death worldwide, with devastating consequences 
for health, the environment, and the world 
economy, as well as being responsible for 
an increasing number of premature deaths, 
disability, and loss of life for active smokers, 
as well as passive smokers or ex-smokers [1]. 
At least twelve types of cancer are related to 
tobacco use, including head and neck cancer, 
e.g., oral, pharynx and larynx. Squamous cell 
carcinoma (SCC) is the histological type found 
in more than 90% of cases of oral cases [2,3].

The greater dependence on tobacco, 
combined with the physical and psychological 
discomfort caused by cancer treatment can 
intensify withdrawal symptoms, and decrease 
intention to quit. However, stop smoking 
decreases the chances of tumor recurrence, the 
manifestation of a second primary tumor, and 
treatment complications, and increases patient 
survival and quality of life [4–8]. Due to these 
characteristics, intensive and specialized support 
needs to be aligned with oncologic treatment, 
during and after, in intent to the abstinence. 
In order to achieve best outcomes, basic aspects 
of the smoking profile such as record the amount 
cigarettes, time of use and the degree of nicotine 
dependence, also allow to deduce the amount of 
tobacco carcinogens exposure, guiding the best 
strategy during the cessation process [4,9].

Tobacco carcinogens need to be activated in 
an oxidative phase called Phase I [10]. The main 
groups of carcinogens derived from tobacco 
are polycyclic aromatic hydrocarbons (PAHs), 

nitrosamines, and aromatic amines and all these 
components are metabolized by the enzymes of 
the cytochrome P450 family [10,11]. This enzyme 
family is responsible for 66% of the metabolism 
and bioactivation of carcinogens. Six enzymes, 
CYP1A1, CYP1A2, CYP1B1, CYP2A6, CYP2E1, 
and CYP3A4 account for 77% of all metabolisms 
in this group [10].

CYP1A1 and CYP1B1 enzymes are responsible 
for the metabolism of PAHs, nitrosamines, 
including those specific for tobacco, estrogen, 
and some chemotherapeutic agents [10]. 
The CYP2A6 gene encodes an enzyme responsible 
for the metabolism of almost all nicotine, as well 
as nitrosamines and has become an important 
marker for studies of nicotine dependence [12].

The objective of this work was to evaluate 
the expression of Phase I genes CYP1A1, 
CYP1B1 and CYP2A6 in samples of oral squamous 
cell carcinoma and their correlation with tobacco 
consumption parameters.

MATERIAL AND METHODS

Sample selection

The present study was approved by the Ethics 
Committee (Protocol No. 1.033.312/2015). 
All participants signed the informed consent. 
It was a cross-sectional and ecological design 
study which included subjects older than 
18 years, smokers, or non-smokers, attended 
consecutively at the Head and Neck Surgery 
Service of Hospital Municipal José Carvalho de 
Florence in the city of São José dos Campos/
SP, Hospital and Maternity Celso Pierro of the 

avaliados quanto à dependência nicotínica (DN) pelo teste de Fagerström para dependência de cigarro (TFDC). 
Questões relacionadas ao consumo de tabaco como número de cigarros / dia (CPD), tempo de uso e anos-maço 
também foram avaliadas. Os testes de correlação de Mann-Whitney e Spearman foram utilizados com nível de 
significância de 5%. Resultados: foram incluídos 48 participantes, 32 homens (66,7%), 36 fumantes (75%) e 
27 fumantes com CCEB (56,3%). Amostras de CCEB expressaram mais CYP1A1, CYP1B1 e CYP2A6. Especialmente, 
o gene CYP1B1 foi significativamente expresso em amostras de CCEB, apesar do sexo ou uso de tabaco. Nenhuma 
mulher expressou CYP2A6, assim como, não fumantes não expressaram os genes CYP1A1 e CYP2A6. O gene 
CYP1A1 foi maior entre os homens (P = 0,021). Conclusão: A falta de exposição pode justificar a ausência da 
expressão dos genes CYP1A1 e CYP2A6 entre não fumantes. O gene CYP1B1 foi significativamente expresso na 
presença de câncer, independentemente do sexo ou do uso de tabaco. A avaliação da DN e a quantificação do 
consumo de tabaco são importantes instrumentos no acompanhamento de fumantes com lesões bucais benignas 
e, principalmente, na presença de câncer.

PALAVRAS-CHAVE
CYP1A1; CYP1B1; CYP2A6; Carcinoma; Células escamosas; Transtorno por uso de tabaco.
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Pontifical Catholic University of Campinas/SP 
(PUC-Campinas) and Hospital Municipal Mario 
Gatti from Campinas/SP. All participants were 
diagnosed with oral squamous cell carcinoma 
(OSCC). Benign samples were collected at the 
clinic of Oral Diagnosis from the Department 
of Biosciences and Oral Diagnosis, Institute of 
Science and Technology, Unesp from the gingiva, 
the floor of the mouth, tongue, palate, retromolar 
and buccal area.

The diagnosis followed standard pathological 
features findings. Patients with a history of any 
type of cancer treatment, whether surgery, radio 
or chemotherapy in any organ or system, as well 
as cases of lip cancer, were not included.

Nicotine dependence and smoking profile 
evaluation

The questions regarding tobacco use status 
included the age of initial regular use, number 
of cigarettes smoked per day (CPD), length of 
smoking (years) and pack-years,

The evaluation of nicotinic dependence 
was performed using the Fagerström Test for 
Cigarette Dependence (FTCD). This questionnaire 
consists of six questions scored according to the 
answers into one of five categories: very low 
(0 to 2 points), low (3 to 4 points), moderate 
(5 points), high (6 to 7 points) and very high (8 to 
10 points). The cutoff for nicotine dependence 
(ND) was ≥ 4 points [13].

RNA extraction and analysis

The samples were stored in Allprotect tissue 
reagent solution (Qiagen, CA, USA) overnight in 
Eppendorff flask at 4 ° C, and after this period 
at -80 ° C.

Tota l  RNA was  ex t rac ted  f rom a l l 
samples. It was used a Trizol kit (Ambion, 
Inc., Carlsbad, CA, USA) as recommended by 
the manufacturer. The concentration, purity, 
and quality of the RNA were verified using the 
NanoDrop 2000 spectrophotometer (Thermo 
Fisher Scientific Inc., Wilmington, DE, USA). 
Total extracted RNA (1 μg) was treated with 
DNase I (Turbo DNase Treatment and Removal 
Reagents - Ambion Inc., Carlsbad, CA, USA) and 
transcribed into complementary DNA (cDNA) 
using the SuperScript1 III First-Strand Synthesis 
SuperMix for qPCR Kit (InvitrogenTM, Carlsbad, 
CA, USA) according to the protocol recommended 

by the manufacturer. Initially, three reference 
genes were tested, ACTB (beta actin), GAPDH 
(glyceraldehyde-3-phosphate dehydrogenase), 
and TUBA1C (tubulin, alpha 1c), but at the 
end, the TUB1AC with greater compatibility 
by the sample was selected, as the efficiency 
of amplification (E) of the target and reference 
genes chosen should be approximately equal. 
The E can ideally vary between 90% and 100% 
(-3.6> slope> -3.1). This was determined using 
the equation: E = (10 –1/slope –1) Å~ 100.

Samples were evaluated by adding 
1 microliter (μL) of RNA to measure absorbance at 
260 (A260) and 280 (A280) nm. The quality of the 
RNA was analyzed by means of the A260/A280, 
and A260/A230 ratios, and concerning the 
A260/A280 ratio values   obtained were between 
1.8 and 2.0, and for A260/A230 values   close to 
1.2.

The sequences of the primers were confirmed 
on the NCBI / Gene Bank website, which 
was specific for the Homo sapiens species 
and homology. The primers chosen were 
CYP1A1 (Forward - CTTCCGACACTCTTCCTTCG, 
Reverse -  GGTTGATCTGCCACTGGTTT), 
CYP1B1 (Forward - CAGGCAGAATTGGATCAGGT, 
Reverse - CATAAAGGAAGGCCAGGACA), 
CYP2A6 (Forward - GAGACGTGATCCCCATGAGT, 
Reverse - GGTACACTTCGGTGCCCTTA), and 
TUBA1c (Forward - CCGGGCAGTGTTTGTAGACT, 
Reverse - TTGCCTGTGATGAGTTGCTC). Tests of 
efficiency of the primers and standardization of 
the amount of cDNA, concentration and annealing 
temperature were performed. All primers showed 
efficiency between 95 and 154%.

The qPCR method was applied to evaluate the 
amount of cDNA product in the exponential phase 
of the amplification reaction. The SYBR1 Green 
fluorophore reagent (Platinum1 SYBR1 Green 
qPCR SuperMix-UDG Applied Biosystems, 
Framingham, MA, USA) was used in the 
StepOnePlus ™ System (Applied Biosystems, 
Framingham, MA, USA), and the amplification 
conditions were: 50° C per 2 min, followed by 
95 ° C for 2 min and over 40 cycles of 95 ° C for 
15 s, followed by 30 s at 60 ° C. The analyses 
of the relative changes in gene expression were 
made using the 2-ΔΔCT methods.

Statistical analysis

Calculations of the real power of the Mann-
Whitney comparison tests are made using the 
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sample size of each group, the difference between 
the mean values of the groups and the standard 
deviation. Thus, to estimate the power of the 
tests, graphs were obtained that weighted all the 
variants for each of the genes, and the power of 
the test for the CYP1A1 gene is between 53.0% 
and 80.4%, for the CYP1B1 gene it is between 
94.9% and 99.9% and for the CYP2A6 gene it is 
between 56.33% and 83.60%.

For statistical analysis, the sample was 
divided regarding tobacco use into smokers and 
non-smokers, and cancer stages. The cancer 
samples were classified based on the 8th TNM 
classification (UICC/AJCC), into Initial (Stages I 
and II) and advanced stages (Stages III and IV). 
The normality of the data was evaluated by the 
D’Agostino Pearson test. The non-parametric data 
was represented by the median and interquartile 
rate (IQR), while parametric by mean and standard 
deviation (SD). Comparisons of gene expression 
between the groups were performed by the 
Mann-Whitney test. Spearman’s correlation test 
was used for the correlation of gene expression 
with general data of the sample. A significance 
level of 5% was used for all tests. The GraphPad 

Prisma software version 7.0, 2016 was used to 
analyze the data.

RESULTS

It was included 32 men (67%) and 16 women 
(33%). The mean age was 55 ± 14.5 years. 
Thirty-six participants were smokers, 28 men 
and 8 women. The demographic characteristics 
of the participants and the information 
regarding the smoking profile are described 
in Table 1. The analysis by the Mann-Whitney 
test has demonstrated that the expression of 
the CYP1A1 gene was higher among smokers 
(P = 0.002), compared to non-smokers, and in 
men (P = 0.021), compared to women. No women 
expressed the CYP2A6 gene. Both genes were not 
expressed in nonsmokers. We found no significant 
difference in the expression of CYP1B1 between 
men and women (P = 0.325), as between 
smokers and nonsmokers (P = 0.382).

A matrix of correlations (ρ) between 
the variables studied for the entire sample 
is given in Table 2. It was found significant 
correlations between the presence of OSCC with 

Table 1 - Baseline characteristics of the study population

Male Female p-value*

Participants n (%) 32 (67) 16 (33)

Age, years (median ± IQR) 58±10.25 49.5±23.5 0.015

Cancer n (%) 24 (50) 9 (18.75) 0.161

Smokers n (%) 28 (58) 8 (16.7) 0.010

Age, years (median ± IQR) 57.5±10.75 61±17.75 0.379

Smoking initiation age 16±4.5 16±14.5 0.259

Cigarettes per day (CPD) (median ± IQR) 30±10 20±17 0.029

< 20 3 3

20 – 40 22 5

> 40 3 -

Duration of smoking in years (median ± IQR) 40±18.5 27±15.25 0.024

< 20 2 2

20 – 40 13 5

> 40 13 1

Pack-years (median ± IQR) 49±32.25 20.5±38.88 0.015

< 20 2 4

20 – 40 6 2

> 40 20 2

Fagerström Test 6±2.25 3.5±4.25 0.015

< 4 points 4 4

≥ 4 points 24 4

*Statistically significant differences (P <0.05) were evaluated by Mann–Whitney test.
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CYP1A1 (P = 0.032) and CYP2A6 expression 
(P = 0.021). The CYP1B1 gene expression was 
correlated with the presence of OSCC for men 
(P = 0.011) and women (P = 0.002), as well 
as for smokers (P = 0.002) and nonsmokers 
(P = 0.022). Among men, CYP2A6 expression was 
significant correlated to the duration of cigarette 
use (P<0.001), as well as with the expression of 
CYP1A1 (P = 0.025) and CYP1B1 (P = 0.006).

Thirty-three participants had OSCC (24 men 
and 9 women), among which 27 were smokers. 
Nineteen men and 3 women had ≥ 4 points at the 
FTCD. Smokers with cancer showed significant 
differences related to CYP1A1 (P = 0.045), 
CYP1B1 (P = 0.001) and CYP2A6 (P = 0.026) 
expression, compared to smokers without cancer. 
However, we found no differences regarding the 
number of cigarettes smoked per day (0.185), 
duration of smoking (P = 0.285), pack-years 
(P = 0.268) and FTCD (P = 0.259).

Considering the stages analysis, we observed 
higher ND between individuals in advanced 
stages compared to participants at the early stages 
(P = 0.002). Participants in early stages had 
strongly correlation among CYP2A6 expression 
and the number of cigarettes smoked per day 
(P = 0.005), duration of smoking (P = 0.005) 
and FTCD (P = 0.014).

DISCUSSION

Phase I genes, CYP1A1, CYP1B1, and 
CYP2A6 were more expressed in the samples 
of OSCC. CYP1A1 gene was higher among men 
and CYP2A6 was not expressed in women. 
Both genes were not expressed in nonsmokers. 

The CYP1B1 gene was significantly expressed 
in the cancer presence despite the gender or 
tobacco use.

The OSCC ranks seventh among the top 
ten types of cancer worldwide with more than 
350,000 deaths annually [14]. Numerous 
carcinogenic compounds have already been 
identified in cigarette smoke capable of being 
absorbed on the first contact with the oral 
mucosa. The cytochrome P450 family of enzymes 
is mainly responsible for the biotransformation 
of these substances and some genes such as 
CYP1A1 and CYP1B1 have already been identified 
in several transformations and bioactivation 
networks of carcinogens as possible markers of 
tobacco-related malignancies [15,16].

Potentially carcinogenic substances from 
tobacco and alcohol are metabolized by Phase 
I enzymes into more reactive and soluble 
components, while the Phase II enzymes can 
detoxify and eliminate those intermediate 
elements [10]. The potential carcinogenic 
effects of tobacco derivatives also occur with 
the use of smokeless presentations, such as 
sniffing, sucking, or chewing form. Mallery et al. 
(2014) [17] demonstrated that Phase I and 
II enzymes are present in the healthy oral 
mucosa and may induce the onset of OSCC 
by activating the potentially carcinogenic 
components found in smokeless tobacco. Some 
genes such as CYP1A1 and CYP1B1 have been 
considered as possible markers of tobacco-related 
malignancies due to their presence in several 
networks of carcinogenic transformation and 
bioactivation [15].

Table 2 - Matrix of correlations (ρ) between the variables studied for the entire sample

Age Gender SS CPD Duration FTCD CANCER CYP1A1 CYP1B1 CYP2A6

Age

Gender 0,316*
a SS 0,325* 0,408**

b CPD 0,262 0,471** 0,766**

Duration 0,607 0,476** 0,756** 0,606**
c FTCD 0,199 0,499** 0,740** 0,739** 0,645**

CANCER 0,198 0,191 0,234 0,098 0,229 0,227

CYP1A1 0,058 0,287* 0,414** 0,057 0,285# 0,196 0,309*

CYP1B1 0,178 -0,068 -0,046 -0,078 -0,033 -0,003 0,522 0,209

CYP2A6 0,244 0,445** 0,363* 0,204 0,500** 0,253 0,333* 0,324* 0,275#

Spearman’s correlation test analysis. SS: Smoking Status. CPD: Cigarettes Per Day. FTCD: Fagerström Test for Cigarettes Dependence. * P<0.05. 
** P<0.01 indicating statistically significant correlations. # Borderline correlations (0.05 < P< 0.10).
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The CYP1A1, CYP1B1 and CYP2A6 genes 
encode specific proteins that are also involved 
in the metabolism of endogenous substrates such 
as cholesterol, steroid, and exogenous synthesis 
as drugs, ethanol, and chemotherapeutics. 
Furthermore, its expression can be induced at 
extrahepatic sites according to the need for 
bioactivation of xenobiotics and their relation to 
the carcinogenic process remains controversial 
in some types of cancer [18,19].

The CYP1A1 gene is responsible for the 
carcinogen’s bioactivation found in tobacco, 
especially PAHs. Based on this point of view, it 
was expected that there would be an expression 
of this gene among smokers with OSCC. Due to 
this argument, it was plausible that it was not 
expressed at the non-smoker users [20,21].

The CYP1B1 gene, as well as CYP1A1, is 
related to the metabolism of PAHs, in particular 
benzopyrenes. The study of this gene in smoking 
patients, therefore, is important due to its relation 
to tobacco use and its carcinogens activation 
[22]. In vitro studies have already demonstrated 
increased expression of CYP1B1 in both SCC 
samples by immunohistochemistry technique and 
SCC cell cultures [23,24]. Since their function 
is to metabolize hormones such as estrogen, 
these genes are related to malignant neoplasms 
of the breast and endometrium [18]. We found 
an increased expression of CYP1B1 in the OSCC 
group. Some studies have found similar results 
with a high expression of CYP1B1 in SCC from 
other organs such as the lung and esophagus 
[25,26]. Additionally, we found a high correlation 
of CYP1B1 expression with the cancer presence 
at all subgroups studied regarding gender and 
tobacco use, which seems to us a probable role 
as tumor marker as seen in other studies [27,28].

The CYP2A6 gene has shown to be 
expressed in the respiratory tract epithelium 
from the trachea, indicating an important finding 
considering the possibility of carcinogenic effects 
and the development of lung cancer in smokers 
[19]. Although CYP2A6 is related to nicotine 
metabolism and also nitrosamines and HAPs 
as well, the expression was not detected in 
woman at all, even the smokers. CYP1A1 was not 
expressed in non-smokers for both gender which 
suggests that those specific enzyme production 
was not induced due the absence of tobacco 
compounds exposure [10]. On the other hand, 
it was strongly correlated to time of smoking, 
settling the statement that, at least for men, the 

cigarette smoke induces CYP1A1 expression in 
oral lesions, principally in cancer sample.

The complex role of the tobacco compounds 
on the carcinogenesis process has been studied 
for a long time and processes enrolling multiple 
genes have been discovered. Based on this 
point of view, it was not a surprise that we had 
also found a synergic correlation between de 
CYP1A1, CYP1B1, and CYP2A6 genes, mostly 
in men who also were the biggest tobacco 
consumers in our study. Furthermore, especially 
CYP1A1 and CYP2A6 expressions were related 
to the number of cigarettes smoked per day and 
length of smoking, even in the group without 
cancer. This result suggests that clinical and 
dental professionals, as well as oncologists, can 
use these practical clinical parameters to infer 
the gene expression and carcinogenic activity 
at the oral cavity in smokers without detectable 
malignant lesions.

The group of non-smoker patients with OSCC 
was composed mostly of young women in the 
early stages of the disease. These characteristics 
may be explained by the discomfort of an oral 
lesion discovery in people who never smoked 
and the quick search for health professional’s 
evaluation, especially performed by women. 
Despite that this scenario should be the ideal 
pattern, oral cancer early diagnosis remains a 
challenge, not only in Brazil, but worldwide [29]. 
Best treatment outcomes can be influenced by 
the delay diagnoses that could, in turn be related 
to the lack of knowledge, fear or not concern 
of oral changes aspects [29,30]. Like the OSCC 
group, the control was composed by great tobacco 
consumers with behavior risk patterns and 
likelihood of cancer development in the future. 
This aspect lustrates the reality where educational 
alerts about the risk of oral diseases due to the 
use of tobacco as well as appropriate cessation 
intervention can change this panorama and 
expand the early diagnosis and proper treatment 
of oral cancer [30].

In our study, the FTCD was strongly 
correlated to CYP2A6 expression in early stages 
of cancer in men indicating that, along with other 
simple tobacco profile parameters available like 
cigarettes per day (CPD) and pack-years, it is 
possible to predict the CYP2A6 expression not 
only for the nicotine metabolism but also for 
carcinogenic compounds like specific tobacco 
nitrosamines, which is also substrate for this gene.
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To the best of our knowledge, this is the 
first study to evaluate the main CYP genes 
expression in OSCC related to clinical aspects 
as well as tobacco consumption correlation. 
The complex process of carcinogenesis includes 
many steps and variables, but our study brings 
new research suggestions, such as the correlation 
of gene expression with the dosage of tobacco 
carcinogens in the saliva of patients with OSCC, 
as well as oxidative stress biomarkers that are 
able to estimate the role of each aspect in oral 
carcinogenesis.

Despite the sample size be considered a 
limitation, the carcinogenesis process is extremely 
complex and involves several steps, genes 
pathways, and complicated and expensive tests. 
However, the possibility of a correlation between 
clinical parameters easily assessed in the daily 
clinical routine together with a relatively simple 
method as qRT-PCR and the significant results 
obtained, we are aware that our study can 
contribute to better outcomes in the approach 
of individuals subject to important risk factors 
such as tobacco use. The various aspects raised 
in this study concerning the smoking profile may 
recommend changes in daily clinical practice 
care of patients with benign and malignant oral 
lesions. Simple information like ND, CPD, length 
of smoking and pack-years measurement can 
be useful evidence for patients that the changes 
caused by tobacco compounds at the oral mucosa 
are real and, in addition, can motivate them to a 
smoking quit attempt in near future.

This statement is based on the fact that, 
despite the smoking profile being similar between 
the groups, the expression of the genes CYP1A1, 
CYP1B1, and CYP2A6 was the difference in 
participants with cancer. The strength of the 
correlation between CYP1B1 expression and 
cancer, found mainly among smokers and non-
smokers, might represent a probable marker of 
carcinogenic processes in benign lesions.

In conclusion, this study has illustrated that 
Phase I genes, CYP1A1, CYP1B1, and CYP2A6, were 
more expressed in OSCC samples. CYP1A1 gene was 
higher among men and CYP2A6 was not expressed 
in women, illustrating that although men and 
women may have similar tobacco consumption, in 
oral cancer they do not express tobacco carcinogens 
metabolizing genes in the same way. The absence of 
expression of CYP1A1 and CYP2A6 in nonsmokers 
may be justified by the lack of exposure to tobacco 
compounds. The CYP1B1 gene was significantly 

expressed in the presence of cancer, regardless of 
gender or tobacco use. Smokers with OSCC are 
more dependent on cigarettes and certainly need 
help to quit smoking.
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