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SUMMARY

BACKGROUND: This study aimed to investigate the deletion polymorphisms of the genes of the glutathione S-transferase family GSTT1
and GSTMT in patients with Polycystic Ovarian Syndrome (PCOS), comparing them with a control population.

METHODS: Blood was collected from 219 women (110 with PCOS and 109 controls) and genomic DNA was extracted. For the analysis
of polymorphisms, the technique used was multiplex PCR. In the statistical analysis, the chi-square test and multiple logistic regression
were used.

RESULTS: There is no association between the GSTM1 null and GSTT1 null genotypes with PCOS when analyzed separately (P = 0.616
and P = 0.188). The analysis of the combined genotypes showed differences between the groups (P < 0.05), evidencing that the geno-
typic combination GSTTT positive and GSTMT negative is more frequent among patients. In the multivariate analysis, smoking was
more frequent in the control group (OR = 0.22; 95% Cl - 0.87-0.57; P = 0.002) while the presence of a family history of PCOS (OR =2,
96; 95% Cl - 1.54-5.68; P = 0.007) was more frequent in women with PCOS.

CONCLUSIONS: In the studied sample, the deletion polymorphisms of the GSTT1 and GSTMT1 genes isolated are not associated with
PCOS, but in combination, they may be implicated in the etiology of the condition.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a very com-  on the Rotterdam criteria, that is characterized by
mon endocrine-metabolic disorder that affects women  the presence of at least two of the following crite-
of reproductive age (18 to 44 years) and one of the  ria: chronic anovulation, clinical and/or biochemical
main causes of female infertility. Its diagnosis is based  signs of hyperandrogenism, and polycystic ovaries,
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characterized by the ultrasonographic examination.
High levels of androgens cause hirsutism and acne.
There is some insulin resistance that leads to obesity
and diabetes type 2'.

The syndrome has a multifactorial character;
therefore, genetic factors play an important role in its
etiology, with emphasis on single-nucleotide polymor-
phisms (SNPs)'. In addition to genetic predisposition,
oxidative stress can contribute to the pathogenesis of
PCOS, and oxidative stress parameters can be used
as biomarkers for the early diagnosis and screening
of high-risk groups?3.

Figure 1illustrates how oxidative stress plays a key
role in the physiopathology of PCOS3. The family of
Glutathione S-transferase enzymes is involved in the
detoxification of reactive oxygen species, which are
generated in large quantities during oxidative stress.
In this sense, polymorphisms in genes of this fam-
ily can alter the functions of enzymes that act on the
metabolism of these molecules and, consequently, be
associated with the clinical conditions of PCOS. Such
polymorphisms reduce or eliminate the detoxification
activities of these enzymes and could increase people’s
susceptibility to diseases, including PCOS*.

Genes GSTM1 and GSTT1, located at 1q13.3° and
22q11.28, respectively, belong to the family of GST.
Polymorphisms of complete deletion of these genes
have already been extensively investigated in type 2
diabetes mellitus (DMT2), a clinical consequence of
PCOS™™. However, only two studies have evaluated
the polymorphisms of genes GSTT1 and GSTM1 in
PCOS14'15-

Thus, based on the evidence presented, the objec-
tive of this study was to investigate the deletion poly-
morphisms of the genes GSTT1 and GSTM1 in patients
with a PCOS and in a control group.

METHODS

The project was approved by the Research Ethics
Committee of the Federal University of Triangulo
Mineiro (UFTM), under protocol number 1,796, and
all participants signed the Informed Consent Form.

The study had the participation of 219 women
(110 patients with PCOS and 109 controls), who were
being followed-up in the outpatient clinic of General
Gynecology, Endocrine Gynecology, and Endocri-
nology of the Maria da Gléria Outpatient Clinic, of

FIGURE 1. FLOWCHART ILLUSTRATING THE ROLE OF THE GLUTATHIONE S-TRANSFERASE ENZYME
FAMILY IN OXIDATIVE STRESS, A PROCESS THAT CAN CONTRIBUTE TO HYPERANDROGENISM AND
ANOVULATION, ALL CLINICAL CHARACTERISTICS OF PCOS.
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UFTM, Uberaba, MG, Brasil, at the moment of the
study, constituting a sample by convenience. The
patients with PCOS were diagnosed with the condi-
tion based on the Rotterdam criteria, and the control
group was comprised of women of reproductive age,
without a history or sign of PCOS. As the exclusion
criteria, we did not evaluate patients with Cush-
ing’s syndrome, 21-hydroxylase deficiency, thyroid
dysfunction, hyperprolactinemia, diabetes, andro-
gen-secreting tumors, antiandrogens, statins, gluco-
corticoids, or infertility medications.

We collected 8 mL of peripheral blood, in vacuum
tubes with EDTA; the DNA was extracted using the
salting-out technique™.

The analysis of the deletion polymorphisms of
genes GSTM1 and GSTT1 was carried out using the
multiplex PCR technique. The primers for the poly-
morphism of the gene GSTM1 were sense: 5> GAA CTC
CCT GAA AAG CTA AAG C 3’ and antisense: 5’GTT
GGG CTC AAA TAT ACG GTG G 3’ (219 bp) and of gene
GSTT1 sense: 5’ TTC CTT ACT GGT CCT CAC ATC TC
3’ and antisense: 5’ TCA CCG GAT CAT GGC CAG CA
3’ (480 bp). The sequence of primers for gene CYP1A1
was sense: 5° GAA CTG CCA CTT CAG CTG TCT 3’
and antisense: 5’ CAG CTG CAT TTG GAA GTG CTC 3’
(312 bp), and this gene was used as an internal positive
control for the reaction.

The PCR reaction was carried out on a final vol-
ume of 30 ul, containing 0.2 mM dNTP, 1x PCR
buffer, 3 pmol of each primer, 1 unit of Taq DNA
Polymerase, and approximately 100 ng of genomic
DNA. The PCR amplification consisted of an initial
stage at 94 °C for 5 minutes, followed by 35 cycles at
94 °C for 2 minutes (denaturation), 59°C for 1 min-
ute (annealing), 72°C for 1 minute (extension), and
a final extension at 72 °C for 10 minutes. The PCR
products were applied in 1.5% agarose gel, stained
using GelRed™, and analyzed under ultraviolet light
for genotyping.

We used the chi-square test to compare data from
the case and control groups. The multiple logistic
regression model was used to determine the effects
of risk factors (smoking, family history of PCOS, alco-
holism, and presence of polymorphisms) in PCOS.
The results of the logistic regression analysis were
presented in odds-ratio (OR) and with a confidence
interval of 95% (95% CI). For all analyzes, the level of
significance was set at 5% (p<0.05).

RESULTS

The mean age of the patients and the control group
was 26 years (+7.54) and 31 years (+9.25), respectively.
Regarding the risk factors, the data show that 13.8%
of the participants are smokers, something that was
more frequent in the control group. With regard to
alcoholism, it was observed that 27.8% of the women
studied had this habit, but no significant differences
were found between the groups. Observing the family
history of PCOS, 29.3% of the participants had rela-
tives with PCOS, with a significant difference between
the groups, and the patients had a greater number of
relatives with PCOS (67.6%) compared to the control
group (32.4%).

In Table 1 it is possible to see the frequency of the
deletion polymorphisms of genes GSTT1 and GSTM1
in women with PCOS and in the control group. No sig-
nificant differences were observed between the groups
when they were analyzed individually.

The analysis of the combined genotypes showed

TABLE 1. GENOTYPIC DISTRIBUTION OF
POLYMORPHISMS GSTT1TAND GSTMTIN PATIENTS
WITH PCOS AND CONTROLS.

Genes Total Patients Controls P
n (%) n (%) n (%)

GSTT1 219 (100) 110 (50.2) 109 (49.8) 0.616
[+] 162 (100) 83(51.2) 79 (48.8)

[-] 57 (100) 27 (474) 30 (52.6)

GSTM1 219 (100) 110 (50.2) 109 (49.8) 0188
[+] 129 (100) 60 (46.5) 69 (53.5)

[-] 90 (100) 50 (55.6) 40 (44.4)

Note: Values of P =0.05 are significant; [+]: Presence of the gene; [-]: Deletion of the

gene.

differences between the group of patients and the con-
trols ((2=11.534, p<0.05) (Table 2). This analysis shows
that the combination of genotypes GSTT1 +/GSTM1- is

more frequent in patients.

The multivariate analysis carried out to determine

TABLE 2. FREQUENCY OF THE GENOTYPES GSTT1 AND
GSTM1 COMBINED IN PATIENTS AND CONTROLS.

Genotypes Patient Control P
n (%) n (%)
<0.05
GSTT1+/GSTMT + 44 (40) 52 (47.7)
GSTT1+/GSTMT - 38 (34.5) 17 (15.6)
GSTT1-/GSTMT + 16 (14.5) 27 (24.8)
GSTT1-/GSTMT - 12 (10.9) 13 (11.9)
Note: Values of P =0.05 are significant; [+]: Presence of the gene; [-]: Deletion of the

gene.
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the effects of risk factors (smoking, family history of
PCOS, alcoholism, and presence of polymorphisms)
in PCOS showed that smokers were more frequent in
the control group (odds ratio=0.22; CI 95% - 0.87-0.57;
p=0.002), while a family history of PCOS (OR=2.96;
95% CI: 1,54-5,68; p=0.001) was more frequent among
women with the syndrome, with a significant differ-
ence between the groups. The variables of alcohol-
ism and deletion polymorphisms of genes GSTT1 and
GSTM1 presented no statistically significant differ-
ences between the groups analyzed.

DISCUSSION

Glutathione S-transferases (GSTs) are a superfam-
ily of detoxifying enzymes involved in maintaining
cellular integrity, oxidative stress, and protection
against DNA damage. Many polymorphisms have
been reported to occur in GST coding genes, which
can reduce their efficiency and increase the risk of
certain human diseases, such as cancer®.

A study explored the association between PCOS
and oxidative stress and examined the relationship
between biomarkers of oxidative stress and insulin
parameters, concluding that oxidative stress may be
a contributing factor for future risk of cardiovascular
disease in these women, in addition to known charac-
teristics such as dyslipidemia and obesity”. Besides
obesity, there is evidence that sex hormones, partic-
ularly estradiol, in PCOS can contribute to increased
oxidative stress?.

In the present study, no association was found
between the deletion of genes GSTT! and GSTM1 and
PCOS in isolation, only in combination. A previous
study suggests that the combined effect of CYP1A1 and
the mutant genotypes GSTM1 and GSTT! confers an
increased risk of the syndrome in Indian women™.
Another study analyzed parameters of oxidative stress
and GST polymorphisms in non-obese adolescents,
with normal levels of insulin, and recently diagnosed
with PCOS. Regarding the molecular data, girls with
PCOS, carriers of the null GSTM1 genotype showed
significantly lower testosterone in comparison with
those carriers of the active GSTM1 genotype®.

Another study investigated the four most common
polymorphisms of GST (GSTM1, T1, A1, and P1) in epi-
thelial ovarian cancer and found that these can affect
both the susceptibility to and the progression of this
type of cancer'®.

Polymorphisms in genes GSTT1 and GSTM1 were

analyzed in gynecological conditions such as endo-

metriosis™®? 23.24

and pre-eclampsia®?*, with divergent
results (Table 3), even in populations of the same
country of origin. The discrepancy between the
results may be due to the particularities of the samples
investigated in regarding their ethnicity and genetic
background. It is also important to highlight that, in
addition to PCOS, endometriosis is one of the main
causes of female infertility.

DMT?2 is highly prevalent in patients with PCOS®.

TABLE 3. STUDIES THAT EVALUATED POLYMORPHISMS
IN THE GENES GSTTTAND GSTMTIN GYNECOLOGICAL
CONDITIONS AND THE PRESENCE (YES) ORNO
PRESENCE OF ASSOCIATION, ACCORDING TO THE
CONDITION INVESTIGATED.

Study/Country of | Sample Association
origin

Henidi et al.®/ 105 women with endometriosis | Yes

Tunisia 150 controls

Kubiszeski et al?°/ | 121 women with endometriosis | No - GSTM1
Brasil 97 Controls Yes - GSTT1

Tuo et al#/China 262 women with endometriosis | No

275 controls

49 women with endometriosis | No
83 controls

Batista et al. 2/
Brasil

Guan et al®/China | 232 women with pre-eclampsia | Yes

293 controls

Sljivancanin Jakovl-
jevic et al.24/Serbia

50 women with pre-eclampsia | Yes
50 controls

Seven studies investigated the polymorphisms in the
genes GSTTI and GSTM1 in patients with DMT2 and
positively associated them with the condition, either
individually or in combination”™®. One of these stud-
ies was carried out with 120 Brazilian patients with
DMT2 and it suggests that the null GSTM1 and GSTT1
genotypes may contribute to the clinical course of the
disease™. A meta-analysis of 25 studies concluded that
the null GSTM1 and GSTT1 genotypes increase the
risk of DMT?2 alone, in combination, or with respect
to ethnicity?®.

In this study, the multiple logistic regression model
showed an increased frequency of smokers in the con-
trol group, which may be a peculiar characteristic
of the sample. The increased frequency of PCOS in
the study group is associated with the multifactorial
nature of the condition, which demonstrates the con-
tribution of genetic factors in its etiology.

Recently, a multicenter study was published in
Brasil that could guide public strategies specific for
primary and secondary prevention of metabolic and
reproductive comorbidities in the population with
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PCOS in the country. This information is extremely
relevant in view of the extension of our country asso-
ciated with a population of mixed ethnic origin and
marked variation of diet and cultural characteristics.
These characteristics provide a unique opportunity
to investigate the association of factors related to
lifestyle, environment, genetics, epigenetics, and the
phenotypic expression of PCOSZ.

One limitation of our study was the sample ana-
lyzed, considered small for research with genetic poly-
morphisms. However, the scarcity of studies published
on polymorphisms in the genes GSTM1 and GSTT! in
PCOS compromised the comparison with the results
found herein but emphasizes the need for additional
studies regarding the contribution of these polymor-
phisms to the development of this endocrinopathy.

It is also important to highlight that the lack of
association in our study may be due to the ethnicity
and genetic background of the population investigated.
Another interesting approach, in subsequent studies,
would be to examine whether there is an association
between comorbidities such as DMT2, central obesity,
and cardiovascular disease and the polymorphisms
analyzed. However, this would require dividing the
patients into subgroups, which might not have statis-
tical significance.

It is also worth mentioning that there are environ-
mental, behavioral, and psychological factors that can
interfere with the phenotype of PCOS?, and that the
sample does not reflect the community, since they were

patients who sought care. Therefore, further studies are
needed in order to minimize this sample bias. Thus, the
lack of association of the gene polymorphisms studied
and the syndrome should also be explored.

CONCLUSIONS

The deletion polymorphisms of genes GSTT1 and
GSTM1 in isolation are not associated with PCOS;
however, in combination, they may be involved in the
etiology of the condition in the sample investigated.
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OBJETIVO: Este estudo teve como objetivo investigar os polimorfismos de delegdo dos genes da familia glutationa S-transferase GSTT1
e GSTM1 em pacientes com sindrome dos ovdrios policisticos (SOP), comparando-as com uma populagdo controle.

METODOS: Foi colhido sangue de 219 mulheres (1710 com SOP e 109 controles) e extraido o DNA genémico. Para andlise dos polimorfis-
mos, a técnica empregada foi PCR multiplex. Na andlise estatistica foi utilizado o teste do qui-quadrado e regressdo logistica mdltipla.

RESULTADOS: Ndo hd associagdo dos gendtipos GSTM1T nulo e GSTTT nulo com SOP quando analisados isoladamente (p=0,616 e p=0,188).
A andlise dos gendtipos combinados mostrou diferencas entre os grupos (p<0,05), evidenciando que a combinagdo genotipica GSTT1
positivo e GSTMT negativo é mais frequente entre as pacientes. Na andlise multivariada, o hdbito tabagista foi mais frequente no grupo
controle (OR=0,22; IC 95% - 0,87-0,57; p=0,002), enquanto que a presenga do histérico de SOP familiar (OR=2,96; IC 95% - 1,54-5,68;

p=0,001) foi mais frequente nas mulheres com SOP.

CONCLUSOES: Na casuistica estudada, os polimorfismos de delecdo dos genes GSTT1e GSTMT1 isolados ndo estdo associados a SOP,
mas em combinagdo podem estar implicados na etiologia da condigdo.

PALAVRAS-CHAVE: Reacdo em cadeia da polimerase multiplex. Sindrome do ovdrio policistico. Polimorfismo genético.
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