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Abstract

The polymorphic variants of CYPIAI and the deletion of GSTM1 are present in the Peruvian mestizo population. Wild type and mu-
tated genotypes (WT/*2A and *2A/ *2A) were identified, whose allele frequencies are 0.31 (T allele) and 0.69 (C allele), respectively;
53% with wild type GSTMI (+) and 47% with null GSTM1. The frequency in Iquitefio emigrants was 0.72 CYPIAI*2A and 25%
GSTMI (-); from Lima 0.67 CYPIA1*2A and 33% of GSTM1I (-). The Hardy-Weinberg equilibrium test for the studied population
showed that both frequencies are out of balance, p > .05.

The presence of the risk allele of the CYPIAI1*2A polymorphism and the deletion in the GSTM1I gene are high, which could be
indicative of a phase I and II metabolic imbalance in this group of Peruvian populations, with potential risks of activating agents
procarcinogens thus affecting the incidence of tumor pathologies with an environmental component.
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Introduction

and 16,059 men), the first cause of death was stomach can-

Cancer is a priority disease for national and global public
health; being the second cause of death worldwide. The
year 2020 registered 19.3 million new cases and 9.9 million
deaths related to cancer, many of these cancers have an en-
vironmental component (Sung et al. 2021); in Peru, morta-
lity from cancer in 2018 was 33,098 deaths (17,039 women

cer (13.8%), followed by lung cancer (8.6%). Estimating for
the same year, 42,849 prevalent cases of cancer, 23,734 wo-
men and 19,115 men. In men the most prevalent locations
were prostate, followed by colorectal, stomach and leuke-
mia, while in women they were breast, followed by cervix,
thyroid and colorectal (Vallejos-Sologuren et al. 2020).

Copyright Alvarado AT et al. This is an open access article distributed under the terms of the Creative Commons Attribution License QPENWFI-@

(CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source

are credited.


mailto:eaa.alvarado@hotmail.com
https://doi.org/10.3897/pharmacia.68.e71621

748

Alvarado AT et al.: CYPTAT*2A polymorphisms and deletion of the GSMTT7 gene

Route A: G&j

Benzopyrene
iw Route B:
oo o P o W
-— 900
:0; &
3-Hydroxy 2,3-Epoxide 7,8-Epoxide 4,5- Epoxlde 7,8~ dlhydroxy -7,8-dihydro o
Benzopyrene Benzopyrene Benzopyrene Benzopyrene Benzopyrene N :
NH,
Con]ugated benzopyrene glutathione
is excreted in bile
SO
OH
7,8-dihydroxy Benzopyrene
0%
104 NH, ;sl' T
" W, W@l CYP3AL ) f‘\NH
T\“)& M Route C: W N N“J\N /-\ Original
D D W D L el 300 g L
HO HO HO Original
OH OH OH iy
c db 8,9,10-tetrahydroxy-7,8,9,10 LELL, s
onjugated benzopyrene 7,8,9,10-tetrahydroxy-7,8,9,10- i ~ . o]
glutathione is excreted in tetrahydro Benzopyrene 7,8 dlhydl‘OXy 9,10-oxi Guanine: -Benzopyrene Induce mutagenic and carcinogenic processes

bile Benzopyrene

Figure 1. Mechanism of action of CYP1A1 and GSTM1.

The CYPIAI, CYP2C19, CYP2D6 and CYPI7 genes
that encode their respective isoenzymes are associated
with different types of cancer (Lee et al. 2006), by par-
ticipating in the phase I metabolism of procarcinogens
[polycyclic aromatic hydrocarbons (benzopyrene), ar-
ylamines, N-nitrosamines and dioxins] forming reactive
metabolites that produce DNA adducts (Lee et al. 2006;
Attia 2010; Jin et al. 2011; Rahal et al. 2013; Acevedo et al.
2014; Wongpratate et al. 2020); of them, the CYPIAI gene
(Santes-Palacios et al. 2016), has greater susceptibility to
various types of cancer (Wongpratate et al. 2020), such as
gastric, colorectal, buccal, esophageal, laryngeal, mamma-
ry, cervix, lung , thyroid, prostate and kidney (Jin et al.
2011; Balaji et al. 2012; Meng et al. 2015; Li et al. 2016;
Ding et al. 2017).

The CYPIAI gene is located on the arm of chromosome
15in region 24.1 (15q24.1) and consists of seven exons and
six introns (Masson et al. 2005); which presents four sin-
gle nucleotide polymorphisms (SNPs), called CYPIAIm1,
m2, m3 and m4 (Acevedo et al. 2014). The CYPIAI*1A
(m1, T3801C, rs4646903) genotype contains a thymine (T)
for cytosine (C) substitution at nucleotide 3801 (T3801C)
of the 3' noncoding region of polyadenylation resulting in
a restriction site for Mspl endonuclease (CYP1A1 Mspl
or CYP1A1*2A) associated with increased enzyme activi-
ty. The CYPIAI*2A polymorphism generates three geno-
types, one wild-type that is a homozygous *1A/*1A allele
without the MsplI site (genotype A, T/T, m1/m1), a hete-
rozygous *1A/*2A allele (genotype B, T/C, m1/m2) and a
rare homozygous recessive *2A/*2A allele with the Mspl
site (genotype C, C/C, m2/m2) (Zhuo et al. 2012; Khlifi et
al. 2013; Acevedo et al. 2014; Rosero et al. 2016).

The GSTMI gene is located on the short arm of chro-
mosome 1 in region 13.3 (1p13.3), and has four polymor-

Adduct

phisms, called GSTM1*A, GSTM1*B, both due to changes
in a single nitrogen base; GSTM1*1 x 2 which is a dupli-
cation and the GSTM1*0 generated by a deletion (Here-
dia et al. 2017). These genes encode different glutathione
S-transferase (GST) isoenzymes classified into seven fam-
ilies (GST alpha, kappa, mu, pi, sigma, theta and zeta)
that differ from each other due to their sequencing and
functional activity (Strange et al. 2001; Usategui-Martin
et al. 2014). GSTM1 (GST mu), GSTP1 (GST pi) and
GSTT1 (GST theta) are the most frequent, which are ex-
pressed in the gastrointestinal tract (Board and Menon
2013; Usategui-Martin et al. 2014; Rosero et al. 2016;
Garcia-Martinez et al. 2017). GSTM1mu is encoded by
five genes that constitute the isoforms GSTM1, GSTM2,
GSTM3, GSTM4, and GSTM5 (Xu 1998). The GSTM1*0
variant is the product of a homozygous deletion, due to
an unequal recombination between two highly conserved
regions of 4.2 kb that are located at the 5' and 3' ends of the
gene respectively, generating a null allele that expresses an
enzyme without activity (Board and Menon 2013; Rosero
et al. 2016; Heredia et al. 2017), which leads to genomic
instability that predisposes to various types of cancer (He-
redia et al. 2017; Satinder et al. 2017). Figure 1 outlines the
action of the CYP1A1 enzyme (expressed by the CYPIAI
gene) on benzopyrene (Route A), which converts it into a
bioactive metabolite (7,8-dihydroxy-9,10-oxy-benzopyr-
ene) that binds to the guanine of DNA generating the ben-
zopyrene guanine adduct that induces mutagenic and car-
cinogenic processes (Lee et al. 2006; Acevedo et al. 2014;
Wongpratate et al. 2020); at the same time, the mechanism
of conjugation of 4,5-benzopyrene epoxide (Route B) and
7,8,9,10-tetrahydroxy-7,8,9,10-tetrahydro ~ benzopyrene
(Route C) is represented by action of reduced glutathione
(GSH g-Glu-Cys-Gly) which is expressed by GSTMI;
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additionally, GSH conjugates different reactive oxygen
species (ROS), protecting cells from cytotoxic effects and
oxidative stress (Board and Menon 2013; Usategui-Martin
et al. 2014; Garcia-Martinez et al. 2017).

After reviewing the PubMed-NCBI database of poly-
morphic studies of the CYPIAI and GSTM1I gene in Peru-
vian populations, it is evident that they are still scarce, so it
is necessary to know and describe the frequencies of these
polymorphisms. In this sense, we have decided to study
CYPIAI1*2A and GSTM1I, which were selected for being
the most frequent in various populations and for being re-
lated to susceptibility to different types of cancer.

Our objective was to identify and describe the frequen-
cy of CYPIAI*2A polymorphisms and the deletion of the
GSTM1 gene in a sample of a Peruvian mestizo population
and compare them with data previously reported in Cau-
casian, African and Asian populations, which are part of
the migratory offspring of Peruvians.

Materials and methods
Study type and design

Observational, descriptive, cross-sectional study with
prospective recruitment between January 2019 and De-
cember 2020. The residents of Lima were summoned to
the Molecular Pharmacology Laboratory of the School
of Medicine, San Ignacio de Loyola University (USIL), to
inform about the objectives and importance of the study,
after that, the volunteers were selected by type sampling
non-probabilistic and for convenience. The sample size
was 81 Peruvian individuals residing in Lima (22 women;
59 men). It was distributed into two groups according to
the place of origin and based on the declaration of each
participant: 30 migrant individuals from the jungle area
of Iquitos and 51 migrants from other provinces of Peru.

Inclusion and exclusion criteria

To establish the inclusion criteria, we have used the migra-
tory pattern, linguistic tree, surnames and the percentage
of Peruvian mestizos.

The internal migration pattern of Peruvians is a com-
plex phenomenon, which is generated by natural disasters,
internal security, displacement from the countryside to the
city, by the economic crisis (Yamada 2010; Carrillo-Lar-
co et al. 2017), for continuing studies university students
and by the aspiration to seek better socioeconomic levels
or living conditions (Carrillo-Larco et al. 2017); to be con-
sidered as a migrant, the citizen indicated his or her place
of birth, previous place of residence, duration of current
residence and place of residence on a fixed date; having
reported that 11.9% of residents in Lima are migrants
from various provinces of Peru, and within them, 16.1%
are from the city of Iquitos (INEI 2020); the linguistic tree
(built with phonemes) was considered, which is a non-mo-
lecular marker of miscegenation and the surnames that

indicate their historical migratory patterns, population
structure and phylogenetic relationships between popula-
tions (Herrera-Paz 2013). At the same time, the percentage
of mestizos in Peru was considered, with 67.7% of mesti-
zos living in Lima and 75.9% in Iquitos (INEI 2018).

In this sense, the present study included all Peruvians
who declared to be mestizo with a surname of Spanish,
African, Chinese and Japanese descent, originally from
Iquitos (jungle area) and other provinces of Peru who re-
sided in Lima for a time greater than one year, both sexes,
over 18 years of age and without a family relationship. At
the clinical examination, by a surgeon, the participants
had to be in good health (systolic blood pressure of 110-
139 mm Hg and diastolic blood pressure of 60-89 mm
Hg, abdominal circumference less than 95 cm in men and
82 cm in women and not having a diagnosis of diabetes),
not consuming drugs of abuse or alcohol, which was es-
tablished through an interview, six months before taking
the sample, not to consume medications and give written
consent. All subjects who could not give their consent and
those who did not meet the inclusion criteria were exclud-
ed from the study (Alvarado et al. 2019).

Ethical considerations

The study was developed in strict compliance with natio-
nal ethical standards, criteria of the Belmont Report, De-
claration of Helsinki of 1975 with the current revision and
based on the informed consent approved by the Metho-
dological Research Committee of the Santa Rosa Hospi-
tal by means of certificate No. 16-19-CMI-HSR. All were
assigned a code to ensure anonymity and confidentiality.

Obtaining genomic DNA

The buccal sample of non-keratinized stratified flat epit-
helial tissue was obtained by swabbing, rubbing the inner
cheek mucosa six times with the swab to guarantee an
adequate amount of scaly cells, from which genomic DNA
(DNAg) was extracted. Subsequently, the swab was im-
mersed for 60 seconds in 300 uL of lysis buffer solution and
the resulting mixture was refrigerated at 4 °C for a time not
exceeding 18 hours. The DNAg was extracted using the in-
nuPRE DNA Master kit (Analytik Jena ), following the ma-
nufacturer’s protocol, a procedure performed at the Mole-
cular Pharmacology Laboratory of the School of Medicine,
USIL. The DNAg was quantified by spectrophotometry
using Denovix equipment (model DS-11, FX, Spectropho-
tometer Series, USA). Samples with absorbance ratios of
260/280 nm and 260/230 nm equal to or greater than 1.8
were considered suitable for the study. The samples were
stored at -20 °C until analysis (Alvarado et al. 2019).

Genotypic analysis

After extracting the DNAg, it was amplified by polymera-
se chain reaction and subsequent digestion with restricti-
on enzymes (Lee et al. 2006; Yun et al. 2014).
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Detection of the polymorphism of the CY-
P1A1 gene

The restriction fragment length polymorphism technique
based on polymerase chain reaction (PCR-RFLP) was used
to detect the CYPIA1*2A polymorphism, using primer se-
quences such as the first forward 5'-CAGTGAAGAGGT-
GTAGCCGCT-3' and first reversed 5-TAGGAGTCTT-
GTCTCATGCCT-3". After an initial denaturation at 94 °C
for 3 min, the samples were subjected to 30 cycles for 30 s
at 94 °C, 30 s at 55 °C, and 1 min at 72 °C, followed by the
final extension at 72 °C for 5 min. Subsequently, the ampli-
cons were digested with Mspl enzyme (GIBCO BRL, Life
Technologies, Inc. Gaithersburg, MD) at 37 °C for 3 hours
(Acevedo et al. 2014). The digestion system contained 5 uL
of PCR products, 1 pL of 10xT buffer, 1 pL of 0.1% BSA,
0.6 uL of Mspl, 2.4 pL double-distilled water (Yun et al.
2014). The digested products were separated by 2% agaro-
se gel electrophoresis and then visualized under ultraviolet
light. The presence of the wild genotype *1A/*1A (T/T) is
observed by a single band of 340 bp, the genotype *1A/*2A
(T/C) is identified by three bands 340, 200 and 140 bp and
the genotype *2A/*2A (C/C) is identified by two bands of
200 and 140 bp (Lee et al. 2006; Yun et al. 2014).

Detection of the GSTM1 gene polymorphism

The detection of the deletion of the GSTMI gene was deter-
mined using two primers, 5GAACTCCCTGAAAAGC-
TAAAGC-3' and 5-GTTGGGCTCAAATATACGGT-
GG-3' for 30 cycles of amplification with 1 min at 94 °C
for denaturation, 1 min at 59 °C for primer hybridization,
1 min at 72 °C for extension. The amplicons were subjec-
ted to electrophoresis in a 2% agarose gel, the presence of
positive GSTM1 was identified by staining with ethidium
bromide and analysis under ultraviolet light, observing
the 215 bp fragment and the null GSTMI was determined
by the absence of the mentioned snippet.

Polymorphism nomenclature

The international nomenclature was used for the CYPI1AI
gene, the wild genotype being *1A/*1A, the heterozygous
*1A/*2A and the homozygous recessive *2A/*2A (San-
tes-Palacios et al. 2016). For the GSTM1 gene, the null ge-
notype [GSTM1 (-)] corresponds to the homozygous de-
letion of the gene that generates absence of expression and
enzymatic activity; the present genotype [GSTM1 (+)]
corresponds to the wild variant that has the active gene
(homozygous or heterozygous) (Lee et al. 2006).

These analyzes were carried out at the Laboratory of
Chemical Carcinogenesis and Pharmacogenetics, Faculty
of Medicine, University of Chile.

Statistical analysis

The expected genotype frequencies for CYPIAI and
GSTM1 were determined by direct counting from the alle-
le frequencies. To determine if the distribution of the geno-
types studied was in Hardy-Weinberg equilibrium (HWE),

the Chi-square test (X?) was used, considering a degree of
freedom and a p value <.05. X? values greater than 3.88 in
the comparison indicated the rejection of the null hypo-
thesis, therefore, the observed frequencies differed signi-
ficantly from those expected (Alvarado et al. 2019). The
analysis included allele frequencies described in populati-
ons of Peruvian descent (African, Asian, and Caucasian).
The Statistical Software GraphPad Prism 9 was used. Versi-
on 9.1.2 (Acevedo et al. 2014; Alvarado et al. 2019).

Results

CYPIAI*2A polymorphisms and deletion of GSTMI were
detected in a population of 81 Peruvian individuals living
in Lima for more than one year, of which 30 were migrants
from the jungle area of Iquitos who resided in Lima and 51
subjects from the other provinces of the country (Chin-
cha, Ica, Trujillo). Their ages and genders are described
in Table 1.

Table 1. Demographic characteristics of the study population of
Peruvian mestizo volunteers.

Sampleby  Sample by

. . A
Resi‘qents M Gender gender province ge (years)
ima
n (%) n (%) Mean DS

Vari Female 13 (25.49 22.31 +10.51
arious 2549 <) (6296)

provinces Male 38 (74.51) 25.53 +7.30

i Female 9 (30.00) 25.78 +2.33
Iquitos 30 (37.04)

Male 21 (70.00) 24.24 +2.07

Total 81(100.00) 26.31 +7.08

DS: standard deviation.

Figure 2 shows the analysis of the genotypes studied in
2% agarose gel.

Samples > 1 2 3 4 5 6 7 8

Figure 2. Genotypic analysis of CYPIAI*2A and GSTMI (-)
(2% agarose gel). Std represents the 100 bp molecular weight

marker. The 340 bp amplicon represents the undigested CYP1A1
gene fragment. The 200 bp and 140 bp fragments correspond to
the fragments cut with the enzyme Mspl. The 273 bp amplicon
corresponds to the presence of GSTM1I.

Table 2 describes the identified genotypes: wild type
(T/T) and mutated genotypes (heterozygous T/C (WT/*2A)
and homozygous C/C (*2A/*2A), whose allelic frequencies
are 0.31 (T allele) and 0.69 (C allele), respectively; 53% with
active wild type GSTMI (+) and 47% with GSTM1I null
() due to homozygous deletion of the gene (del/ del). The
HWE showed that both frequencies are out of balance (X?
value greater than 3.84, 1 degree of freedom and p > .05).

In migrants from the jungle area of Iquitos, it is observed
that the frequency of the CYPIAI*2A polymorphism (X?
value 1.60) and GSTM1I (X? value 3.33) are in HWE; while



Pharmacia 68(4): 747-754 751
Table 2. Genotype frequencies for CYPIAI1*2A and GSTMI in a sample of a Peruvian mestizo population.
Genotype Polymf)rphlc Genotypic Allele n Allelic x p-Value
variant frequency frequency
T/T *1A/X1A 4 4.94 T 8 0.31
T/C *1A/*2A 43 53.09 86
CYPIAI*2A C 0.69 4.30 0.119
C/C *2A/2A 34 41.98 68
Total 81 100.00 162 1.00
GSTM1 + 43 53.00
GSTM1 GSTM1 - 38 47.00 7.60 0.017
Total 81 100.00

X2, Chi square; Homozygous wild type T/T genotype; Heterozygous genotype T/C; Homozygous genotype C/C. GSTM1 (+) wild type genotype; Null GSTM1 (-) genotype.

the inhabitants come from other provinces of the country
that reside in Lima, it is observed that the frequency of the
CYP1AI*2A polymorphism is in HWE (value X?2.82) and
the deletion of GSTM1 is not (value X? 4.32) (Table 3).

Table 3. Frequencies of CYP1A1*2A polymorphisms and deletion
of the GSTM1I gene in a sample of residents of Lima and Iquitos.

Genotype Liman (%) Iqltt:;s n Fre&t::cy X: FI—I:?::::Y 2
*1A/*1A 3 (5.88) 1(3.33) 0.33 0.28

*1A/2A 28 (54.90) 15 (50.00) 2.82 1.60
*2AF2A 20(39.22) 14 (46.67) 067 072

Total 51 (100.00) 30 (100.00) 1.00 1.00

GSTM1 +  28(54.90) 15 (50.00) 77.00 3 75.00 233
GSTM1-  23(45.10) 15 (50.00) 33.00 25.00

Total 51 (100.00) 30 (100.00) 100.00 100.00

Table 4 shows the frequency of combined genotypes
of GSMTI (+), GSMTI1 (-) with CYPIAI*2A of mi-
grants from Iquitos and other provinces residing in the
city of Lima, observing that the global frequency is 0.26
(GSMTI null + CYP1A1*2A T/C) and 0.17 (GSMT1I null
+ CYPIAI*2A C/C).

Table 4. Frequencies of the combined genotypes of GSMT1I (+),
GSMT1 (-) with CYPIAI*2A in a Peruvian mestizo population
sample.

Genotypes Iquitos Lima Global Peru
GSMT1 CYPIAI*2A f (n) f (n) f (n)
T/T 0.03 (01) 0.00 (00) 0.01 (01)
T/C 0.20 (06) 0.31 (16) 0.27 (22)
c/C 0.27 (08) 0.24 (12) 0.25 (20)
/T 0.00 (00) 0.06 (03) 0.04 (03)
T/C 0.30 (09) 0.24 (12) 0.26 (21)
- C/C 0.20 (06) 0.16 (08) 0.17 (14)
Total 1.00 (30) 1.00 (51) 1.00 (81)

f, frequency; n, number of individuals.

Table 5 shows the comparison of the genotype frequen-
cies of the double mutated genotype of (*2A/*2A), which
is present in mixed-breed Peruvian populations, such as

Table 5. Percentages of CYPIAI (*2A/*2A) and GSTMI (-)
polymorphism in populations related to the Peruvian mestizo

population.
African Caucasian  Peruvian
G Allel Asian (%
enotypes eles %) sian (%) %) Mestizo (%)
*2A/*2A C - 33 7-10 41.98
GSTM (-) Null 33 49-63 50-58 46.91

in Japanese and Caucasians (Sato et al. 1999). For the null
genotype of GSTM1, the average of the frequencies in our
population samples is 46.91%, and it is present in Africans
(Dandara et al. 2002), Asians and Caucasians (Heredia et
al. 2017), with a great variability between populations.

Discussion

In the present study, the CYPIAI*2A genetic poly-
morphism and the deletion of GSTMI were described in
samples of 81 mestizo residents living in Lima and of both
sexes; when comparing the CYPIAI1*2A genotype by sex,
sex with alleles of CYPIAI*2A and sex versus GSMTI,
Pearson’s X? test revealed a p value>.05 (0.422, 0.999 and
0.999 respectively), indicating that there is not enough
evidence to conclude that the variables are associated; and
due to the type of sampling there is likely to be a bias.

In the mestizo Peruvian sample, it has been found that
the frequency of the CYPIAI*2A polymorphism is 0.69;
this variant expresses highly active enzymes that biotrans-
form procarcinogenic substances into mutagenic and car-
cinogenic metabolites. While the frequency of the deletion
of GSTM1 is 47%; GSTMI (-) expresses an enzyme of the
glutathione S-transferase family, which cannot conju-
gate glutathione with procarcinogens; when performing
the combination analysis of the global frequencies of the
genotypes, we observe that it is 0.26 for the combina-
tion GSMTI null vs. CYPIAI*2A T/C and 0.17 for null
GSMT1 vs. CYPIAI*2A C/C, increasing the possibility of
mutagenesis, in this group of individuals. Peruvian misce-
genation is based on global migration generated between
Europeans and American populations, with the current
tricontinental miscegenation (European, African and In-
do-American) in varying degrees (Hunley et al. 2011; Her-
rera-Paz 2013), on local miscegenation, linguistic tree, sur-
names (Herrera-Paz 2013), percentage of mestizos and in
native genetics, described by Harris et al. (2018) who have
shown that the Peruvian mestizo population (mixtures of
multiple Native American communities that occurred be-
fore and during the Inca Empire, Spanish dominance and
migration among the Peruvian populations of the three ge-
ographic regions, mostly from the high Andes to the coast
and the low-lying Amazon) have between 60% and 70%
native genes, in some more geographic locations 80%.

The reported frequencies of the polymorphism
(CYPIAI1*2A) and of the deletion (GSTM1) differ signif-



752

Alvarado AT et al.: CYPTAT*2A polymorphisms and deletion of the GSMTT7 gene

icantly, indicating that they are not in HWE in the total
population studied. In the analysis by migrants and resi-
dents, the observed and expected frequencies are the same
in Iquiteno emigrants, while, for residents in Lima from
other provinces of the country, the test for the GSTM1
deletion deviates from the HWE; this deviation could
be explained by evolutionary selection (Hao and Storey
2019), by mutations (new alleles created), migrations (by
immigrants and migrants) (Llorca et al. 2005), probable
genotyping errors (Llorca et al. 2005; Hao and Storey
2019) or to alleles not detected by the technique used
(Arrunategui et al. 2013). Several studies show that evo-
lution drives an adaptive change in populations, with the
environment (consumption of processed foods and envi-
ronmental chemical agents) being a conditioning factor
for allelic variants that can be beneficial in one territory
and not in another, increasing or decreasing over the gen-
erations, producing a disruptive or deleterious mutation
(causing various diseases, premature death or infertility in
the individual) or a neutral mutation, which only cause
slight changes in the phenotypes that will be expressed
as normal variants (Porta and Crous 2005; Herrera-Paz
2013; Carrillo-Larco et al. 2017); Diaz and Glaves (2020),
indicate that diet is a critical determinant for cancer risk,
estimating that dietary factors are responsible for around
30% of cancers in industrialized countries and 20% in de-
veloping countries, like Peru. Molina et al. (2016) mention
that the inhabitants of the Peruvian Amazon have stopped
consuming their regional products, to introduce various
processed and canned foods into their diet. Geography
and migration is another factor to consider, since there are
differences between individuals in a community, between
communities in a territory, between territories in the same
geographical area, between areas on the same continent,
and between continents (Herrera-Paz 2013). In a study
by Thoudam et al. (2010) it was shown that the frequen-
cy of the GSTMI (-) genotype in the Indian population
varies according to geography, being 12.4% in the central
population, 16.8% in Indian populations. south, 19% in
northern residents and 32.7% in northeastern residents;
while in seven Iranian populations the frequencies were
reported to range from 43.8 to 53.0% (Nasseri et al. 2015).
When comparing our results of the mutated homozy-
gous CYPIAI genotype (*2A/*2A) with previously pub-
lished studies, we can observe that, in Asians it is 33% and
in Caucasians between 7 and 10% (Sato et al. 1999), being
lower than that found in our study (41.98%); likewise, re-
garding GSTM1 (-) our results (47%) are closer to those
reported for Asians (49-63%) and Caucasians (50-58%)
(Heredia et al. 2017), not so with respect to Africans,
whose frequency is 33% (Dandara et al. 2002), this is pos-
sible due to their natural population evolution, since the
arrival of the first Spaniards, Africans, Chinese and Jap-
anese, more than 488 years have passed (Vilchez 2016).
These findings could be useful as a tool for defining
cancer risk susceptibility due to exposure to environmen-
tal xenobiotics and help in an early diagnosis of it, main-
ly in individuals who are exposed to polycyclic aromatic

hydrocarbons present in cigarette smoke, in processes of
incomplete combustion of meat and other organic sub-
stances (Lee et al. 2006). For many years, there have been
various studies that support that CYPIAI polymorphisms
are associated with cancer.

The homozygous recessive *2A/*2A genotype increas-
es the risk of oral cancer, as demonstrated by Park et al.
(1997) in Caucasian American patients, later (Sato et
al. 1999) indicated it in Asian populations. Marques et
al. (2006) studied it in a Brazilian population, Cha et al.
(2007) described it in a Korean population. In another
study (Lee et al. 2006) it was reported that the *1A/*2A and
*2A/*2A polymorphisms by themselves are not associated
with gastric cancer, but they are in individuals who smoke
or drink alcohol. Lakkireddy et al. (2015) reported that
the CYPIA1*2C (SNP A4889G) polymorphism presents a
greater susceptibility to acute lymphoid leukemia (ALL);
while Jin et al. (2011) have linked it to colorectal cancer.

The limitations of our study are in the size of the sam-
ple (n = 81), which in subsequent studies will need to be
increased to achieve greater statistical power and corrobo-
rate the results obtained. On the other hand, the selection
of volunteers, which despite requiring selection criteria
is not necessarily representative of the Peruvian mestizo
population. The other variants of the CYPIAI gene, the
genetic variants of CYPIA2, GSTTI and GSTPI, which
are relevant for the analysis of cancer susceptibility, were
not studied, so they are being considered in future studies
by our research group. Notwithstanding the foregoing, we
believe that the results presented in this study are relevant,
as a first tool to evaluate the prevention of cancer risk ac-
cording to genotype and in this way help the early diag-
nosis of cancer, at the same time as an incentive to reduce
consumption cigarettes and processed foods.

Conclusions

In conclusion, our results indicate the presence of CY-
PIAI*2A and GSTMI null polymorphisms in high fre-
quency in the Peruvian mestizo population, which varies
considerably when considering migrant ethnic groups, in
this case from Iquitos. The presence of these genetic variants
establishes a metabolic imbalance of phase I and II of xeno-
biotic metabolism in this group of Peruvian settlers, which
denotes a high bioactivation of procarcinogenic agents that
translates into mutagenic and carcinogenic metabolites. This
motivates us to continue researching in this area in a greater
number of inhabitants from different regions of the country;,
to help prevent cancer inducible by environmental agents.

Acknowledgements

Latin American Society of Pharmacogenomics and Per-
sonalized Medicine and Latin American Network for the
Implementation and Validation of Clinical Pharmacoge-
nomics Guidelines (RELIVAF-CYTED), Madrid, Spain.



Pharmacia 68(4): 747-754

753

References

Acevedo C, Quinones L, Caceres D, Huidobro C, Cabezas J, Roco A
(2014) Polimorfismo de citocromo P-450 (CYP1A1*2A) como fac-
tor de riesgo y prondstico del cdncer de prostata. Rev. Chilena de
Urologia 79(4): 14-25.

Alvarado AT, Munoz AM, Loja B, Miyasato JM, Garcia JA, Cerro RA,
Quinones LA, Varela NM (2019) Estudio de las variantes alélicas
CYP2C9*2 y CYP2C9*3 en muestras de poblacién mestiza peruana.
Biomedica 39(3): 601-610. https://doi.org/10.7705/biomedica.4636

Arrunategui AM (2013) Frecuencias alélicas, genotipicas y haplotipicas
del sistema HLA clase I y I en donantes de una poblacion del suroc-
cidente colombiano. Acta Médica Colombiana 38(1): 16-21.

Attia SM (2010) Deleterious effects of reactive metabolites. Oxidative
Medicine and Cellular Longevity 3: 238-253. https://doi.org/10.4161/
oxim.3.4.13246

Balaji L, Singh KB, Bhaskar LV (2012) CYP1A1 genotypes and haplo-
types and risk of oral cancer: A case-control study in South Indi-
ans. Genetics and Molecular Biology 35(2): 407-412. https://doi.
org/10.1590/51415-47572012005000024

Board PG, Menon D (2013) Glutathione transferases, regulators of cellu-
lar metabolism and physiology. Biochimica et Biophysica Acta (BBA)
- General Subjects 1830(5): 3267-3288. https://doi.org/10.1016/j.
bbagen.2012.11.019

Carrillo-Larco RM, Ruiz-Alejos A, Bernabé-Ortiz A, Gilman RH,
Smeeth L, Miranda JJ (2017) Cohort Profile: The PERU MIGRANT
Study — A prospective cohort study of rural dwellers, urban dwellers
and rural-to-urban migrants in Peru. International Journal of Epide-
miology 46(6): 1752-1752. https://doi.org/10.1093/ije/dyx116

Cha IH, Park JY, Chung WY, Choi MA, Kim H]J, Park KK (2007) Poly-
morphisms of CYPIA1 and GSTM1 genes and susceptibility to
oral cancer. Yonsei Medical Journal 48(2): 233-239. https://doi.
org/10.3349/ymj.2007.48.2.233

Dandara C, Sayi ], Masimirembwa CM, Magimba A, Kaaya S, De Som-
mers K, Snyman JR, Hasler JA (2002) Genetic polymorphism of cy-
tochrome P450 1A1 (CyplA1l) and glutathione transferases (M1, T1
and P1) among Africans. Clinical Chemistry and Laboratory Medi-
cine 40(9): 952-957. https://doi.org/10.1515/CCLM.2002.167

Diaz MC, Glaves A (2020) Relacion entre consumo de alimentos procesa-
dos, ultraprocesados y riesgo de cancer: una revision sistematica. Re-
vista Chilena de Nutricion 47(5): 808-821. https://doi.org/10.4067/
s0717-75182020000500808

Ding M, Duan X, Feng X, Wang P, Wang W (2017) Application of CRS-
PCR-RFLP to identify CYP1Al gene polymorphism. Journal of
Clinical Laboratory Analysis 31(6): €22149. https://doi.org/10.1002/
jcla.22149

Garcia-Martinez A, Gamboa-Loira B, Tejero ME, Sierra-Santoyo A, Ce-
brian ME, Lépez-Carrillo L (2017) CYP1A1, CYP1B1, GSTM1 and
GSTTlgenetic variantsand breast cancer risk in Mexican women. Sa-
lud Publica de México 59(5): 540-547. https://doi.org/10.21149/8527

Harris DN, Song W, Shetty AC, Levano KS, Caceres O, Padilla C, Bor-
da V, Tarazona D, Trujillo O, Sanchez C, Kessler MD, Galarza M,
Capristano S, Montejo H, Flores-Villanueva PO, Tarazona-Santos
E, O’Connor TD, Guio H (2018) Evolutionary genomic dynamics
of Peruvians before, during, and after the Inca Empire. Proceed-
ings of the National Academy of Sciences of the United States
of America A 115(28): E6526-E6535. https://doi.org/10.1073/
pnas.1720798115

Hao W, Storey JD (2019) Extending Tests of Hardy-Weinberg Equilibri-
um to Structured Populations. Genetics 213(3): 759-770. https://doi.
org/10.1534/genetics.119.302370

Heredia Ruiz D, Herrera Martinez M, Fernandez Caraballo D, Lopez
Ocampo LG (2017) Asociacién entre polimorfismos de Glutation
S-transferasa y cdncer cérvico uterino. Revista Cubana de Gine-
cologia y Obstetricia 43(3): 163-172.

Herrera-Paz EF (2013) La genética de poblaciones y el origen de la diver-
sidad humana. Revista Médica Hondurefia 81(1): 40-45.

Hunley K, Healy M (2011) The impact of founder effects, gene flow,
and European admixture on native American genetic diversity.
The American Journal of Physical Anthropology 146(4): 530-538.
https://doi.org/10.1002/ajpa.21506

INEI (2018) Resultados definitivos. Instituto Nacional de Estadistica e
Informética, INEI https://www.inei.gob.pe/media/MenuRecursivo/
publicaciones_digitales/Est/Lib1544/00TOMO_01.pdf [Consultado
10 Junio 2021]

INEI (2020) Efectos de la migracion interna sobre el crecimiento y estruc-
tura demogréfica 2012-2017. Instituto Nacional de Estadistica e In-
formatica, INEL https://www.inei.gob.pe/media/MenuRecursivo/pub-
licaciones_digitales/Est/Lib1732/libro.pdf [Consultado 10 Junio 2021]

Jin JQ, Hu YY, Niu YM, Yang GL, Wu YY, Leng WD, Xia LY (2011) CY-
P1A1 Ile462Val polymorphism contributes to colorectal cancer risk:
a meta-analysis. World Journal of Gastroenterology 17(2): 260-266.
https://doi.org/10.3748/wjg.v17.i2.260

Khlifi R, Messaoud O, Rebai A, Hamza-Chaffai A (2013) Polymorphisms
in the human cytochrome P450 and arylamine N-acetyltransferase:
susceptibility to head and neck cancers. BioMed Research Interna-
tional 2013: 582768. https://doi.org/10.1155/2013/582768

Lakkireddy S, Aula S, Avn S, Kapley A, Digumarti R, Jamil K (2015)
Association of The Common CYP1A1*2C Variant (Ile462Val Poly-
morphism) with Chronic Myeloid Leukemia (CML) in Patients
Undergoing Imatinib Therapy. Cell Journal 17(3): 510-519.

Lee K, Caceres D, Varela N, Csendes A, Rios H, Quinones L (2006)
Variantes alélicas de CYP1A1 y GSTM1 como biomarcadores de
susceptibilidad a cancer géstrico: influencia de los habitos tabdquico
y alcoholico. Revista medica de Chile 134: 1107-1115. https://doi.
0rg/10.4067/50034-98872006000900004

Li S, Li G, Kong E Liu Z, Li N, Li Y, Guo X (2016) The Association of
CYP1A1 Gene With Cervical Cancer and Additional SNP-SNP In-
teraction in Chinese Women. Journal of Clinical Laboratory Analysis
30(6): 1220-1225. https://doi.org/10.1002/jcla.22006

Llorca J, Prieto-Salceda D, Combarros O, Dierssen-Sotos T, Berciano ]
(2005) Riesgos competitivos de muerte y equilibrio de Hardy-Wein-
berg en estudios de casos y controles sobre asociacion entre genes
y enfermedades. Gaceta Sanitaria 19(4): 321-324. https://doi.
org/10.1157/13078032

Marques CF, Koifman S, Koifman RJ, Boffetta P, Brennan P, Hatagima
A (2006) Influence of CYP1A1, CYP2E1, GSTM3 and NAT?2 genetic
polymorphisms in oral cancer susceptibility: results from a case-con-
trol study in Rio de Janeiro. Oral Oncology 42(6): 632-637. https://
doi.org/10.1016/j.oraloncology.2005.11.003

Masson LE Sharp L, Cotton SC, Little J (2005) Cytochrome P-450 1A1
gene polymorphisms and risk of breast cancer: a HuGE review.
American Journal of Epidemiology 161(10): 901-915. https://doi.
org/10.1093/aje/kwil21


https://doi.org/10.7705/biomedica.4636
https://doi.org/10.4161/oxim.3.4.13246
https://doi.org/10.4161/oxim.3.4.13246
https://doi.org/10.1590/S1415-47572012005000024
https://doi.org/10.1590/S1415-47572012005000024
https://doi.org/10.1016/j.bbagen.2012.11.019
https://doi.org/10.1016/j.bbagen.2012.11.019
https://doi.org/10.1093/ije/dyx116
https://doi.org/10.3349/ymj.2007.48.2.233
https://doi.org/10.3349/ymj.2007.48.2.233
https://doi.org/10.1515/CCLM.2002.167
https://doi.org/10.4067/s0717-75182020000500808
https://doi.org/10.4067/s0717-75182020000500808
https://doi.org/10.1002/jcla.22149
https://doi.org/10.1002/jcla.22149
https://doi.org/10.21149/8527
https://doi.org/10.1073/pnas.1720798115
https://doi.org/10.1073/pnas.1720798115
https://doi.org/10.1534/genetics.119.302370
https://doi.org/10.1534/genetics.119.302370
https://doi.org/10.1002/ajpa.21506
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1544/00TOMO_01.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1544/00TOMO_01.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1732/libro.pdf
https://www.inei.gob.pe/media/MenuRecursivo/publicaciones_digitales/Est/Lib1732/libro.pdf
https://doi.org/10.3748/wjg.v17.i2.260
https://doi.org/10.1155/2013/582768
https://doi.org/10.4067/S0034-98872006000900004
https://doi.org/10.4067/S0034-98872006000900004
https://doi.org/10.1002/jcla.22006
https://doi.org/10.1157/13078032
https://doi.org/10.1157/13078032
https://doi.org/10.1016/j.oraloncology.2005.11.003
https://doi.org/10.1016/j.oraloncology.2005.11.003
https://doi.org/10.1093/aje/kwi121
https://doi.org/10.1093/aje/kwi121

754

Alvarado AT et al.: CYPTAT*2A polymorphisms and deletion of the GSMTT7 gene

Meng FD, Ma P, Sui CG, Tian X, Jiang YH (2015) Association between
cytochrome P450 1A1 (CYP1A1) gene polymorphisms and the risk
of renal cell carcinoma: a meta-analysis. Scientific Reports 5: 8108.
https://doi.org/10.1038/srep08108

Molina G, Moreno R, Garcia M, Vaquero M (2016) Nutritional assess-
ment of the most frequently consumed dishes in a slum in Iquitos,
Peruvian Amazon. Nutricion Hospitalaria 33(1): 70-79. https://doi.
0rg/10.20960/nh.21

Nasseri G, Zahedi T, Mousavi-Kazerooni F, Saadat M (2015) Prevalence
of Null Genotypes of Glutathione S-Transferase T1 (GSTT1) and M1
(GSTM1) in Seven Iranian Populations. Iranian Journal of Public
Health 44(12): 1655-1661.

Park JY, Muscat JE, Ren Q, Schantz SP, Harwick RD, Stern JC, Pike V,
Richie Jr JP, Lazarus P (1997) CYP1A1 and GSTM1 polymorphisms
and oral cancer risk. Cancer Epidemiology, Biomarkers & Preven-
tion 6(10): 791-797. [Erratum in: Cancer Epidemiology, Biomarkers
& Prevention 1997, 6(12): 1108.]

Porta M, Crous M (2005) La acumulacion de alteraciones genéticas y epi-
genéticas: un proceso causal clave entre el medio ambiente y las en-
fermedades de etiologia compleja. Gaceta Sanitaria 19(4): 273-276.
https://doi.org/10.1157/13078023

Rahal M, Herrera MJ, Quifiones L, Farfan N, C4ceres D, Roco A (2013)
Frecuencia de los polimorfismos CYP1A1*2A y delecién del gen
GSTM1 en pacientes con carcinoma de células escamosas de lar-
inge en relacion al habito tabaquico: Estudio piloto en Chile. Revista
de Otorrinolaringologia y Cirugia de Cabeza y Cuello 73(1): 7-16.
https://doi.org/10.4067/S0718-48162013000100002

Rosero CY, Corredor M, Mejia L (2016) Polimorfismos en genes
implicados en el desarrollo de cincer gastrico: revision. Revis-
ta Colombiana de Gastroenterologia 31(4): 391-402. https://doi.
org/10.22516/25007440.114

Santes-Palacios R, Ornelas-Ayala D, Cabanas N, Marroquin-Pérez A,
Hernandez-Magana A, Del Rosario Olguin-Reyes S, Camacho-Car-
ranza R, Espinosa-Aguirre JJ (2016) Regulation of human Cyto-
chrome P4501A1 (hCYP1A1): A plausible target for chemopreven-
tion? BioMed Research International 2016: 5341081. https://doi.
org/10.1155/2016/5341081

Sato M, Sato T, Izumo T, Amagasa T (1999) Genetic polymorphism
of drug-metabolizing enzymes and susceptibility to oral cancer.
Carcinogenesis  20(10): 1927-1931. https://doi.org/10.1093/car-
¢in/20.10.1927

Satinder K, Sobti RC, Pushpinder K (2017) Impact of single nucleo-
tide polymorphism in chemical metabolizing genes and exposure
to wood smoke on risk of cervical cancer in North-Indian women.
Experimental Oncology 39(1): 69-74. https://doi.org/10.31768/2312-
8852.2017.39(1):69-74

Strange RC, Spiteri MA, Ramachandran S, Fryer AA (2001) Glutathi-
one-S-transferase family of enzymes. Mutation Research 482(1-2):
21-26. https://doi.org/10.1016/S0027-5107(01)00206-8

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,
Bray F (2021) Global Cancer Statistics 2020: GLOBOCAN Estimates
of Incidence and Mortality Worldwide for 36 Cancers in 185 Coun-
tries. CA: A Cancer Journal for Clinicians 71(3): 209-249. https://
doi.org/10.3322/caac.21660

Thoudam RD, Yadav DS, Mishra AK, Kaushal M, Thsan R, Chattopad-
hyay I, Chauhan PS, Sarma J, Zomawia E, Verma Y, Nandkumar A,
Mahanta J, Phukan R, Kapur S, Saxena S (2010) Distribution of gluta-
thione S-transferase T1 and M1 genes polymorphisms in North East
Indians: a potential report. Genetic Testing and Molecular Biomark-
ers 14(2): 163-169. https://doi.org/10.1089/gtmb.2009.0132

Usategui-Martin R, Corral E, Alonso M, Calero-Paniagua I, Carran-
co-Medina TE, Quesada-Moreno A, Sanchez-Gonzilez MD, Hidal-
go-Calleja C, Pérez-Garrido L, Montilla Morales C, Mirén-Canelo
JA, Gonzalez-Sarmiento R, del Pino-Montes ] (2014) Estudio de las
deleciones de los genes GSTMI1 y GSTT1 y del polimorfismo Ile-
105Val del gen GSTPI1 en pacientes con enfermedad 6sea de Pag-
et. Journal of Osteoporosis and Mineral Metabolism 6(4): 83-88.
https://doi.org/10.4321/S1889-836X2014000400003

Vallejos-Sologuren C, Aguilar-Cartagena A, Flores-Flores CJ (2020)
Situacion del cancer en el Pert. Diagnostico 59(2): 77-85. https://
doi.org/10.33734/diagnostico.v59i2.221

Vilchez H (2016) Hacia una nueva diversidad: Migraciones asidticas en
América Latina. Tiempo y Espacio 26(65): 99-119.

Wongpratate M, Ishida W, Phuthong S, Natphopsuk S, Ishida T (2020)
Genetic Polymorphisms of the Human Cytochrome P450 1A1 (CY-
P1A1) and Cervical Cancer Susceptibility among Northeast Thai
‘Women. Asian Pacific Journal of Cancer Prevention 21(1): 243-248.
https://doi.org/10.31557/APJCP.2020.21.1.243

Xu S, Wang Y, Roe B, Pearson WR (1998) Characterization of the human
class Mu glutathione S-transferase gene cluster and the GSTM1 dele-
tion. Journal of Biological Chemistry 273(6): 3517-3527. https://doi.
org/10.1074/jbc.273.6.3517

Yamada G (2010) Patrones de migracion interna en el Peru reciente.
Centro de Investigacion, Universidad del Pacifico, Lima, 34 pp.

Yun YX, Wang YP, Wang P, Cui LH, Wang KJ, Zhang JY, Dai LP (2014) CY-
P1A1 genetic polymorphisms and risk for esophageal cancer: a case-con-
trol study in central China. Asian Pacific Journal of Cancer Prevention
14(11): 6507-6512. https://doi.org/10.7314/APJCP2013.14.11.6507

Zhuo W, Zhang L, Wang Y, Zhu B, Chen Z (2012) CYP1A1 MspI poly-
morphism and acute myeloid leukemia risk: meta-analyses based on
5018 subjects. Journal of Experimental & Clinical Cancer Research
31(62): 1-10. https://doi.org/10.1186/1756-9966-31-62


https://doi.org/10.1038/srep08108
https://doi.org/10.20960/nh.21
https://doi.org/10.20960/nh.21
https://doi.org/10.1157/13078023
https://doi.org/10.4067/S0718-48162013000100002
https://doi.org/10.22516/25007440.114
https://doi.org/10.22516/25007440.114
https://doi.org/10.1155/2016/5341081
https://doi.org/10.1155/2016/5341081
https://doi.org/10.1093/carcin/20.10.1927
https://doi.org/10.1093/carcin/20.10.1927
https://doi.org/10.31768/2312-8852.2017.39(1):69-74
https://doi.org/10.31768/2312-8852.2017.39(1):69-74
https://doi.org/10.1016/S0027-5107(01)00206-8
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1089/gtmb.2009.0132
https://doi.org/10.4321/S1889-836X2014000400003
https://doi.org/10.33734/diagnostico.v59i2.221
https://doi.org/10.33734/diagnostico.v59i2.221
https://doi.org/10.31557/APJCP.2020.21.1.243
https://doi.org/10.1074/jbc.273.6.3517
https://doi.org/10.1074/jbc.273.6.3517
https://doi.org/10.7314/APJCP.2013.14.11.6507
https://doi.org/10.1186/1756-9966-31-62

	Frequency of CYP1A1*2A polymorphisms and deletion of the GSMT1 gene in a Peruvian mestizo population
	Abstract
	Introduction
	Materials and methods
	Study type and design
	Inclusion and exclusion criteria
	Ethical considerations
	Obtaining genomic DNA
	Genotypic analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References

