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Abstract
Background: Thyroid cancer is the most common endocrine malignancy, and exact causes remain unknown.
The role of CYP450 1A1 (CYP1A1) in cancer initiation and progression has been investigated. The aim of this work
was to analyze, for the first time, CYP1A1 gene expression and its relationship with several clinicopathological
factors in Mexican patients diagnosed with thyroid cancer. Materials and Methods: Real-time PCR analysis was
conducted on 32 sets of thyroid tumors and benign pathologies. Expression levels were tested for correlations
with clinical and pathological data. All statistical analysis were performed using GraphPad Prism version 3.0
software. Results: We found that female gender was associated with thyroid cancer risk (P<0.05). A positive
relationship was identified between CYP1A1 mRNA levels and the presence of chronic disease, alcohol use,
tumor size, metastasis and an advanced clinical stage (P<0.05). Conclusions: The results suggest that CYP1A1
gene expression could be used as a marker for thyroid cancer.
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Introduction
The worldwide incidence of thyroid cancer has been
increasing over the last four decades (Jung et al., 2014).
The most commonly diagnosed thyroid cancers include
papillary (80%) and follicular (11%) cancers (Pusztaszeri
et al., 2014). In Mexico, thyroid cancer exhibited an
incidence of 2.6 per 100,000 in 2012 (2:1, female:male)
and a mortality of 0.8 per 100,000 (GLOBOCAN, 2012).
Until 2007, thyroid cancer was the third leading cause
of head and neck malignancies in Mexico (Tirado and
Granados, 2007).
Thyroid carcinoma is generally an indolent cancer
characterized by slow progression (Kim et al., 2014).
The exact cause of thyroid cancer is still unknown, but
some environmental, dietary and genetic factors have
been associated with thyroid cancer (Rossing et al., 2000).
The cytochrome P450 (CYP) enzymes are key
enzymes in the metabolism of diverse pro- carcinogenic
and carcinogenic antineoplastic drugs and are involved
in tumor development and the tumor response to therapy
(Dees and Watkins, 2005). CYP1A1 (aryl hydroxylase or
aryl hydrocarbon hydroxylase) contributes to the toxicity
of carcinogens. This enzyme acts on a wide range of
substrates, including xenobiotics, steroids, fatty acids,

vitamins, and prostaglandins. The relationship between the
presence of polymorphic variants of CYP1A1 and the risk
of or protection against lung cancer, head and neck cancer,
liver cancer, leukemia, brain cancer, prostate cancer,
breast cancer, colorectal cancer, cervical cancer and
bladder cancer has been demonstrated in several studies
(Beresford, 1993; He et al., 2014; Wahid et al., 2013; Khlifi
et al., 2013; Lin et al., 2014). Moreover, an association
between the presence of CYP1A1 polymorphisms and the
risk of developing thyroid carcinomas has been observed
in various populations (Bufalo et al., 2006; Siraj et al.,
2008; Reis et al., 2010; Barbieri et al., 2013).
The aim of this work was to analyze CYP1A1
gene expression and its relationship with several
clinicopathological factors, for the first time, in Mexican
patients diagnosed with thyroid cancer.

Materials and Methods
Patients and samples
All thyroid tissue samples were obtained from patients
diagnosed with surgical pathologies of the thyroid (partial
or total thyroidectomy) in the Service of Otolaryngology
and Head and Neck Surgery of Hospital Central Militar,
Secretaria de la Defensa Nacional (SEDENA) in Mexico
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City. The tissues were classified as showing a malignant
(cancer group) or benign (control group) histological type
by the Department of Pathology of the same hospital,
in accordance with standard diagnostic procedures, and
frozen at -80 °C. Considering the inclusion, exclusion
and elimination criteria in the study, 32 thyroid cancer
samples and 32 control group samples were obtained.
Clinico-pathological data were obtained from the patient
medical records. The study was conducted according to
the requirements of the Bioethics Committee (registration
number 64) after the patients were informed of the study
and signed the consent form.
Total RNA isolation
Samples of approximately 100 mg of cancer and
benign thyroid tissue were collected and individually
homogenized in the TRIzol reagent (TRI Reagent®
Solution, RNA/DNA/Protein Isolation Reagent, Ambion,
Waltham, MA, USA). Total RNA was extracted according
to the manufacturer’s protocol. The concentration of total
RNA in each sample was determined with a NanoDrop
spectrophotometer (Delaware, USA) according to the
260 nm/280 nm ratio. The quality of isolated RNA was
determined based on the integrity of the bands of the 28S,
18S and 5S subunits after electrophoresis in 1% agarose
gels stained with ethidium bromide and visualized with
a UV transilluminator (290 EDAS Kodak, New Haven,
CT). The total amount of RNA obtained (1 μg) was
supplemented with 0.5 μL of RNase inhibitor (Boehringer
Mannheim GmbH Germany). The total RNA extracted
was stored at -80°C.
Real-time PCR
The following specific oligonucleotides were designed
and optimized to a temperature of 59 °C for the CYP1A1
gene and the reference genes ribosomal subunit 18S,
glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
glucose 6-phosphate dehydrogenase (G6PDH) and β-actin
(BACT). Sequences were obtained from GenBankTM
(Table 1). The endogenous gene (GAPDH) was validated
using BestKeeper software as described by Pfaff et al.
(Pfaff et al., 2002). RT-PCR conditions were optimized
with a thermocycler (gradient Px2 Thermal Cycler Hybaid,
Franklin, MA). The reaction mixture was composed of
6.25 µL of 2X SYBR® Green Reaction Mix with ROX,
0.25 µL of SuperScript ™ III RT/Platinum® Taq Mix
(Invitrogen, Carlsbad, CA), 0.4 µL of MgSO4, 0.4 µL
of the forward primer, 0.4 µL of the reverse primer, 4 µL
of total RNA and 0.8 µL of nuclease-free water. Reverse
transcription was performed at 52 °C for 10 min. PCR
was performed at 94 °C for 5 min, followed by 40 cycles
at 95 °C for 20 s, 57 °C for 20 s and 72 °C for 20 s, then
a melting temperature of 60-98 °C and a final step of
40 °C for 2 min. The amplification parameters, such as
temperature, primer concentrations, dNTPs and volume,
were transferred to the amplification protocol in real
time with the detection system Rotor-Gene 6.0 (Corbett
Life Science, Sydney City, Australia). The amplification
products of RT-PCR were analyzed via 2% agarose gel
electrophoresis.
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Quantitative determination of mRNA CYP1A1
The CP values for endogenous candidates (GAPDH,
G6PDH, BACT and 18S) and the CYP1A1 gene were
exported to Rotor-Gene 6.0 (Corbett Life Science,
Sydney, Australia) software to calculate the obtained
efficiencies with the statistical model REST© (Pfaffl et
al., 2002; Floriano et al., 2009), and the data were plotted
to construct a linear regression comparing the logarithmic
concentration (total RNA) against the CP values (CP is
defined as the number of cycles in which the fluorescence
intensity increases above the basal fluorescence of the
sample). To obtain the correlations of the endogenous
candidate genes and determine the most stable genes,
BestKeeper software was used, with the CP values
being exported from Rotor-Gene 6.0 software to Excel
to reveal the characteristic melting temperature (Tm) of
each amplified product. Determination of the most stable
endogenous gene was performed using the BestKeeper
statistical model, analyzing the CP values through Pearson
correlation (Tinzl et al., 2004).
Statistical analysis
The χ2 or Fisher exact test was used to estimate the
association between individual clinical-pathological
factors and the risk of thyroid cancer. Data from the
absolute quantification of all samples were normalized
against GAPDH and analyzed with Student’s t test.
In addition, the relationships between CYP1A1 gene
expression and gender, place of residence, weight, familiar
history of cancer, chronic diseases, tobacco and alcohol
use, histology, tumor size, metastasis and clinical stage
were evaluated using Student’s t test or one-way ANOVA.
The Pearson test was employed to assess correlations
between age, T3 and T4 levels and cytochrome expression.
All statistical analyses were performed using GraphPad
Prism version 3.0 software. The results were considered
significantly different at P values lower than 0.05.

Results
Characteristics of study subjects
The clinical and histological data from all patients (32
subjects diagnosed with thyroid cancer and 32 subjects
diagnosed with benign non-cancerous thyroid disease)
are summarized in Table 2. Non-significant differences
were observed between age, place of residence, body
mass index, family history of cancer, the presence of
chronic diseases, the use of tobacco, alcohol and drugs
and exposure to radiation. Only female gender was
significantly associated with an increased risk for thyroid
cancer, of nearly eight-fold.
TNM and clinical stage in the thyroid cancer group
Histopathological analysis in the control group
revealed the presence of multinodular goiters in 34.4%
(11) and papillary carcinoma in 75% (24) of the subjects
in the cancer group. Approximately half of the patients
with thyroid cancer (46.9%) were diagnosed with a
tumor that invaded the limits of the thyroid capsule
and with metastases in the cervical and lymph nodes;
in addition, two patients with distant metastases were
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observed. Regarding the clinical staging results, the
largest proportion of patients (62.5%) exhibited a clinical
stage of level IV, indicating that they were diagnosed
in an advanced stage with an asymptomatic pathology
(Figure 1).

Gene expression of CYP1A1 in thyroid cancer and its
relationship with clinicopathological factors
The CYP1A1 gene was expressed in both thyroid cancer
(9.55±3.18) and control tissue samples (10.29±3.86). No
significant differences were observed in the two groups
(P>0.05). The observed variations in the gene expression
of CYP1A1 were not related to gender, age, T3 and
T4 levels, place of residence, weight, family history of
cancer, the use of tobacco or histology. However, positive
relationships (P<0.05) were found between CYP1A1

mRNA levels and the presence of chronic diseases, the use
of alcohol, tumor size (>2 cm), the presence of metastasis
(gangliar or in other peripheral tissues) and an advanced

Figure 1. Clinical Stages of Thyroid Cancer

Table 1. Sequence of Primers for Endogenous and CYP1A1 Genes
Symbol
BACT
18S
GAPDH
G6PDH
CYP1A1

Nucleotide sequence: Primer forward, Primer reverse
CTGGCACCCAGCACAATG GGGCCGGACTCGTCATAC
GTAACCCGTTGAACCCCAT CCATCCAATCGGTAGTAGC
GAGCCAAAAGGGTCATCATC CCTTCCACGATACCAAAGTT
CCTGGAGGAGCTGAGAATG CGGGCTCTCTCGGTACTTG
TTCTTCGCTACCTACCCAAC CTGCTTCTCCTGACAGTGC

Amplicón size (pb)
143
151
175
159
161

Primers efficiency
2.7
2.6
2.04
2.66
2

Table 2. Distribution of Clinical-pathological, Etiological and Sociodemographic Variables and Putative Risk
Factors for Thyroid Cancer
Characteristics
Age (mean±SD)
< 45
³ 45
Gender
Male
Female
Place of residence
North
Central
South
Obese or overweight
Yes
No
Familiar history of cancer
Yes
No
Comorbidities
Yes
No
Tobacco
Yes
No
Alcohol
Yes
No
Drugs
Yes
No
Exposure to radiation
Yes
No

Thyroid cancer
N
(54.81±14.77)
(32-82 years)
5
27

Control
N
(53.66±13.62)
(23-73 years)
11
21

11
21

P value

OR (95% CI)

0.08

0.4 (0.1-1.1)

2
30

0.005*

7.9 (1.6-39.2)

1
25
6

0
26
6

0.6

_

13
19

11
21

0.8

1.3 (0.5-3.6)

7
25

5
27

0.8

1.5 (0.4-5.3)

20
12

16
16

0.5

1.7 (0.6-4.5)

4
28

7
25

0.5

0.5 (0.1-2)

5
27

1
31

0.2

5.7 (0.6-52.6)

2
30

0
32

0.5

5.3 (0.2-115.6)

1
31

0
32

1

3.1 (0.1-78.9)
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Ta b l e 3 . C Y P 1 A 1 G e n e E x p r e s s i o n a n d
Clinicopathological Parameters in Thyroid Cancer
Patients
Gender
Male (n=11)
Female (n=21)
Age
T3 levels
T4 levels
Place of residence
Central (n=25)
Other (n=7)
Weight
Normal (n=13)
Overweight (n=10)
Obese (n=9)
Familiar history of cancer
Yes (n=7)
No (n=25)
Comorbidities
Yes (n=20)
No (n=12)
Tobacco
Yes (n=4)
No (n=28)
Alcohol
Yes (n=5)
No (n=27)
Histology
Medullary carcinoma (n=3)
Papillary carcinoma (n=24)
Others (n=5)
Tumor size
T(1-2 cm) (n=3)
T(3-4 cm) (n=29)
Metastasis
Yes (n=24)
No (n=8)
Clinical stage
I-II (n=3)
III-IV (n=29)

CYP1A1 mRNA
levels

P value

10.67±3.4
8.90±2.94
Corr. Coef. 0.30
Corr. Coef. 0.0009
Corr. Coef. -0.078

0.13

9.15±3.19
10.66±3.07

0.28

9.06±3.42
10.45±3.13
9.46±3.05

0.11
0.99
0.68

0.59

10.37±2.75
9.39±3.28

0.48

10.77±2.88
8.32±3.07

0.032*

11.03±3.25
9.01±3.04

0.23

13.47±1.72
8.95±2.92

0.0022*

9.87±3.4
9.66±2.81
8.66±5.54

0.82

4.13±1.75
9.94±2.93

0.0022*

10.37±2.86
6.29±2.24

0.001*

4.19±1.24
10.14±2.73

0.0011*

clinical stage (Table 3).

Discussion
Papillary thyroid cancer accounts for approximately
two-thirds of thyroid cases in both males and females.
Our results are consistent with this statistic (Thamnirat et
al., 2015). Papillary thyroid cancer is the most indolent
form of thyroid cancer (Brito et al., 2013) which may
account for the advanced clinical stages detected among
our patients.
Various factors are related to cancer development.
These factors include environmental, genetic and lifestyle
factors, which cause approximately 50% of all cancer
deaths (Kye et al., 2015). Additionally, there is evidence
that the following risk factors are associated with papillary
thyroid cancer and papillary thyroid microcarcinoma:
age, gender, multifocal location, extra-thyroid extension,
lymph node metastasis, tumor size, distance of metastasis
and 131-I therapy (Cooper et al., 2009; Guo et al., 2014).
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In the present study, only female gender was found to be
associated with an increased risk for thyroid cancer, but an
age greater than 45 years also presented a non-significant
association. Factors such as ionizing radiation (Ron et al.,
1995), dietary and environmental factors (Bosetti et al.,
2002) common somatic mutations in the human oncogene
B-RAF (V600E), rearrangements in transformation/
papillary thyroid carcinomas (RET/PTC) and neurotrophin
receptor-tyrosine kinase (NTRK) (Shibru et al., 2008) do
not appear to play a role in the gender disparity in thyroid
cancer. However, several studies in high-risk populations
have found an association between menstrual and
pregnancy history, sex hormones and thyroid cancer risk
(Brindel et al., 2008; Pham et al., 2009). With respect to
age, many publications have shown that age is a predictor
of outcome in thyroid cancer: an age of ≤ 45 years is linked
to better outcomes than an age >45 years (Thamnirat et
al., 2015). It has been demonstrated that the prevalence of
thyroid cancer varies from 19 to 67% and increases with
age, affecting approximately 50% of the population older
than 40 years of age (Cooper et al., 2009; Abel et al., 2015).
CYP1A1 and CYP1A2 play roles in the metabolic
activation of carcinogenic polycyclic aromatic
hydrocarbons (PAH) and heterocyclic aromatic amines/
amides (HAA), the demethylation of aminoazo dyes,
and the dealkylation of phenacetin, caffeine and other
therapeutic agents to electrophilic reactive intermediates
that form DNA and protein adducts, leading to tumor
formation and toxicity (Kim and Guengerich, 2005).
The induction of CYP1A by PAHs is mediated through
AhR. Binding of PAH to AhR elicits sequential signaling
events leading to the activation of AhR and transcription
of CYP1A genes through the dioxin response element
located in the enhancers of these genes (Ma, 2001).
We observed no change in the mRNA levels of
CYP1A1 in thyroid cancers in comparison with the
control group. CYP1A1 is one of the most important
detoxification enzymes, showing a wide distribution
throughout the body. We hypothesize that dietary and
ambient factors can also influence the expression of this
monooxygenase detected in cancer and normal tissues
(Ito et al., 2007).
In this study, we observed a significant increase of
CYP1A1 gene expression in patients with thyroid cancer
in the presence of comorbidities and alcohol use, possibly
because chronic disease and alcohol induce inflammation
or because cells are exposed to toxic metabolites that
lead to oxidative stress and major cell damage (Torres
et al., 2015). It has been demonstrated that oxidative
stress and inflammation increase CYP1A1 expression
(Lingappan et al., 2014; Hussain et al., 2014). Moreover,
in 1976, Williams proposed the hypothesis that alcohol
intake may increase the level of TSH, which regulates
the growth and function of the thyroid gland (Williams,
1976). Several animal and cell culture studies have
demonstrated that alcohol exposure increases benzo-αpyrene adduct formation (Autrup et al., 1992; Izzotti et al.,
1998; Barnes et al., 2000). Changes in thyroid function and
PAH metabolism induced by alcohol consumption might
be another reason for the increase in CYP1A1 mRNA
expression associated with cancer.
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