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SUMMARY

OBJECTIVE: The relationship between the clinicopathological and sociodemographics characteristics of acral melanomas diagnosed at
BACKGROUND: This study aimed to investigate the frequency of VEGF gene insertion (1) / deletion (D) polymorphism (rs35569394) in
patients with Polycystic Ovarian Syndrome (PCOS) and to compare with a control population to verify its association with the pathology.

METHODS: 206 women participated in this study, 103 with PCOS (group of patients) and 103 without the disease (control group). After
extraction of genomic DNA from the samples, molecular analysis was performed by Polymerase Chain Reaction (PCR) and electro-
phoresis in polycrylamide. Descriptive analysis, univariate analysis and logistic regression model were used. Results were presented in
odds ratio (OR) and 95% confidence interval (95% Cl), considering the significance of p <0.05.

RESULTS: There were no statistical differences between patients and controls for allele frequencies (y 2 = 1.16, p = 0.56). The genotypic
frequency distribution was in Hardy Weinberg equilibrium for the patients (x2 = 2.42; p <0.05), but not for the control group (x2 = 7.26;
p <0.05). Regarding risk factors for the syndrome, a history of familial PCOS is more frequent among women with the syndrome.

CONCLUSIONS: In the present study, there is no association between VEGF gene | / D polymorphism and PCOS.

KEYWORDS: Polycystic ovary syndrome. Polymorphism, Genetic. Polymerase chain reaction.

INTRODUCTION

Polycystic Ovary Syndrome (PCOS) is an endo-  that consists of at least two of the following three
crine metabolic pathology that affects 5% to 20% of  findings: (1) oligoovulation or chronic anovulation,
women of reproductive age and is considered one of  (2) clinical and/or laboratory evidence of hyperandro-
the main causes of female infertility.' The diagnosis ~ genism and (3) pelvic ultrasound indicative of poly-
of this condition is based on the Rotterdam criteria  cystic ovaries.? Secondary manifestations may also
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occur, such as metabolic disorders related to obesity,
insulin resistance, type II diabetes mellitus, cardio-
vascular disease, endometrial carcinoma and dyslip-
idemia. Women with PCOS are also at increased risk
for gestational diabetes, pre-eclampsia and pregnancy
complications with early pregnancy loss and / or neo-
natal complications.?

PCOS is a multifactorial disease and studies show
that genetic predisposition and exposureto environ-
mental factors such as toxins, diet, nutrition and eth-
nicity are in the etiology of this pathology.*

Among the genes studied in PCOS, changes in the
Vascular Endothelial Growth Factor/VEGF gene, which
encodes a protein that participates in the physiolog-
ical regulation of ovarian angiogenesis, stabilization
of blood vessels, formation, function and regression
of the corpus luteum, can play an important role in
the etiology of the syndrome.’ The correct formation
and regression of vascular vessels during each ovarian
cycle is important for proper follicular development,
ovulation and formation of the corpus luteum. The
small follicles are avascular and depend on stromal
vessels for nutrition and hormonal supply. Blood ves-
sels develop within the ovarian theca, regulated by
angiogenic factors, and each follicle depends on its the-
cal vascular pathway to survive and mature.! Studies
have shown an association of alterations in the VEGF
gene when abnormalities occur in the angiogenesis
process.®” Another study also showed that changes in
ovarian angiogenesis in different gynecological condi-
tions may contribute to an increased risk of ovulation
disorders, hyperandrogenism and infertility, which
are characteristics of PCOS.*

This gene is highly polymorphic and is located in
the chromosomal region 6p21.3.1t consists of eight
exons and seven introns, exhibiting alternative splic-
ing to form a family of proteins.® An 18 base pair
insertion/deletion (I/D) polymorphism was located in
the promoter region at position -2549 of the VEGFA
gene (rs35569394). This alteration affects the gene
expression and the increased transcriptional activ-
ity by allele D (deletion) compared to allele I (inser-
tion).® This genetic variant was associated to some
gynecological conditions, such as risk of recurrent
spontaneous abortion,® severe pre-eclampsia,’ uter-
ine leiomyoma™ and susceptibility to breast cancer.™
However, recent bibliographic surveys do not show
published data on the rs35569394 polymorphism
in PCOS. In spite of that, it is known that patients
with PCOS have increased VEGF protein expression

and VEGF polymorphisms contribute to the etiology
of this endocrine metabolic condition.”*" Recent
studies conducted by our group have shown that the
VEGF gene rs1570360 polymorphism is associated
with PCOS and the TGC haplotype may be associated
with protective factors.® A meta-analysis included 29
case-control studies of 11 polymorphisms of the VEGF
gene and concluded that such genetic variants may
become early biomarkers of PCOS."®

In view of the above, this study aimed to determine
the frequency of the polymorphism of the VEGF gene
(rs3569394) in patients with PCOS and to compare it
with a control population in order to verify the associ-
ation of this polymorphism with the syndrome.

METHODS

This is a case-control study approved by the
Research Ethics Committee (CEP) of the Federal
University of Triangulo Mineiro (UFTM), protocol
n° 1796. The sample consisted of 206 women from
the Gynecology and Obstetrics Clinics at UFTM, 103
diagnosed with PCOS and 103 women of reproductive
age, between 14 and 53 years old, with no history of
hyperandrogenism, menstrual dysfunction, infertil-
ity or sonographic sign of PCOS, metabolic disorders,
which constituted the control group.

Rotterdam criteria were used for the diagnosis
of PCOS. Exclusion criteria were applied to women
with Cushing’s syndrome, 21-hydroxylase deficiency,
thyroid dysfunction, hyperprolactinemia, diabetes,
androgen-secreting tumors, antiandrogens, statins,
glucocorticoids or infertility medications. Patients
with the mentioned pathologies or in use of these
drugs were excluded from the sample, as these condi-
tions may cause hormonal changes and be conflicting
factors for the diagnosis of PCOS. The patients were
considered “smokers” when at least 100 cigarettes
were consumed during their lifetime. With regards
to alcohol, those who consume at least four doses per
week were considered “alcohol users”..”

The genomic DNA was extracted from 5mL of
peripheral blood using the salting-out procedure,
described by Miller et al. (1988)®. This technique is
fast, simple and very efficient for obtaining high qual-
ity DNA. The quantification of genomic DNA was per-
formed by spectrophotometry and the ratio between
the A260 / A280 readings was approximately to 1.8.
The rs 35569394 polymorphism was analysed by
Polymerase Chain Reaction (PCR) using the following
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sequences of the primers sense 5’GCT GAG AGT GGG
GCT GAC GAG TAG GTA 3’ and antisense 5 ‘GTT TCT
GAC CTG GCT ATT TCC AGG 3.

The genomic DNA was amplified in a final volume
of 25 uL containing approximately 100 ng of genomic
DNA, 1X PCR bulffer, 2m M of MgCl2, 2 uM de dNTP
and 1 U of Taq DNA polymerase (Invitrogen, Brasil). To
the reaction, 20 pmol of each primer (Exxtend, Brasil)
were also used. All PCR experiments were performed
with negative control, that is, the components of the
reaction without genomic DNA. Amplification condi-
tions were: initial denaturation at 95°C for 10 minutes,
followed by 35 cycles with denaturation at 95°C for 45
seconds, annealing at 60°C for 45 seconds, extension
at 72°C for 45 seconds and final extension at 72°C
for 10 minutes. PCR products were visualized on 10%
polycrylamide gel, coloured with ethidium bromide
for 10 minutes and visualized in UV light for genetic
determination, with the 229 bp products correspond-
ing to the insertion of 18 bp (allele I) and the 211 bp
the deletion (allele D). Thus, three genotypes can be
found: 11 (one band in the electroforesis of 229 bp), ID
(two bands, one of 229 bp and other of 211 bp) and DD
(one band of 211 bp) (Figure 1).

FIGURE 1. PCR AMPLIFICATION PATTERNS FOR
GENOTYPES I (A SINGLE BAND OF 229 BP IN THE
ELECTROPHORESIS), ID (TWO BANDS, ONE WITH 229
BP AND THE OTHER WITH 211 BP) AND DD (ONE 211 BP
BAND) IN ONE 10% POLYACRYLAMIDE GEL STAINED
WITH ETHIDIUM BROMIDE. COLUMN 5 REPRESENTS
GENOTYPE Il; COLUMNS 2, 3,4 AND 7 REPRESENT THE
HETEROZYGOUS ID GENOTYPE AND COLUMNS 1TAND
6, THE DD GENOTYPE.

4—229 bp
<4—211bp

In the statistical analysis, the chi-square test was
used to analyse the genotypic and allelic distribution
of the polymorphisms and the Hardy Weinberg equi-
librium was also tested by the same test, consider-
ing the significance of p<0.05. The multiple logistic
regression model was used to determine the effect of
risk factors on PCOS (family history of PCOS, smok-
ing, alcoholism and the presence of polymorphism)
and was analysed in 94 patients and 83 controls who
had complete data for all variables analysed. Multiple
logistic regression was performed only for the patients
and the model included the clinical consequences of
PCOS and the polymorphism studied.

RESULTS

In the control group (n = 103), 6.8% (7/103) had
genotype II, 58.2% (60/103) had ID genotype and 35%
(36/103) presented the DD genotype. In the patients
group (n=103), the genotype frequencies were 9.7%
(10/103); 53.3% (55/103) and 37% (38/103), for geno-
types II, ID and DD, respectively. No statistical differ-
ences were observed between patients and controls
for genotype frequencies (32 = 0.80; p = 0.67). Allelic

TABLE 1. DISTRIBUTION OF POLYMORPHISM OF
RS35569394 OF VEGF GENE AND RISK FACTORS IN
PATIENTS WITH POLYCYSTIC OVARY SYNDROME
(PCOS, N =94) AND CONTROLS (SPCOS, N = 93), THAT
HAD COMPLETE DATA FOR THE ANALYZED VARIABLES.

VARIABLE PCOS n | CPCOSn | OR p
ANALYZED (%) (%) (CI-95%)

Smoker <0.05
Yes 06 (6.38) |21(28.09) | 0.28

No 88(9362) | 72 (71.01) | (010-078)

Alcohol con- 0.68
sumption

Yes 25(26.59) | 31(33.33) | 0.86

No 69 (7341) | 62 (6664) | (043-173)

PCOS Family 3.87 <0.05
History (1.85-811)

Yes 38 (40.42) | 15(16.13)

No 56 (59.58) | 78 (83.87) 0.89

Polimorphism of (0.30-262) | 0.83
VEGF gene

I 9(957) | 7(752)

ID/ DD 85(90.43) | 86 (92.48)
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TABLE 2. DISTRIBUTION OF POLYMORPHISM OF
RS35569394 OF VEGF GENE AND CLINICAL OUTCOMES
IN PATIENTS (N =94) WITH GENOTYPE Il VERSUS
PATIENTS WITH GENOTYPES ID OU DD.

VARIABLE Patients Patiens with | O.R (CI p
ANALYZED with geno- | genotypes 95%)
type IDorDD, n
I, n (%) (%)

Absence of 3.60 (0.26-

Pregnancy 48.89)

Yes 02 (22.2) 65 (76.5) 0.33

No 07 (77.8) 20 (23.5)

Abortation 0.21(012-
3.86)

Yes 01 (M) 05(5.9) 030

No 08 (88.9) 80 (94.7)

Menstrual 2.83(047- | 0.25

Irregularity 16.76)

Yes 04 (44.4) 54 (63.5)

No 05 (55.6) 31(36.5)

Hirsutism 3.20 (0.55- | 019
18.47)

Yes 03(33.3) 51(60)

No 06 (66.7) 34 (40)

Acne 119 (017- | 0.85
810)

Yes 04 (44.4) 55 (64.9)

No 05 (55.6) 30 (35.)

Qiliness 144 (012- | 0.76
16.40)

Yes 07 (77.8) 64 (75.3)

No 02 (22.2) 21(24.7)

Hair Loss 142 (0.23- | 0.70
8.71)

Yes 04 (44.4) 56 (65.9)

No 05 (55.6) 29 (34.1)

TABLE 3. RECENT STUDIES PUBLISHED IN THE
LITERATURE ON THE VEGF - 2549 | / D POLYMORPHISM
IN DIFFERENT GYNECOLOGICAL CONDITIONS.

Author Condition Conclusion
Keshavarzi et al., Uterine leiomy- Significant association
2017y omas between genotype .

Bruno et al., (2018)*

Endometriosis

Variant was not
associated with the
investigated condition.

Hashemi et al.,
(2018)8

Recurrent sponta-
neous abortion

Significant association
between polymor-

phism and the risk of
recurrent miscarriage.

Gala-Bladzinska et
al.., (2019)%*

Vascular compli-
cations in patients
with type 2 diabe-
tes mellitus

The presence of the
I/ D allele may be
associated with heart
failure and strokes.

Keshavarzi et al.,
(2019)°

Pre eclampsia

No association was
found between the
studied polymor-
phisms.

Vidyadhari et al.,
(2019)%

Recurrent pregnan-
cy loss

Polymorphism was
associated with abort-
ed fetuses.

frequencies were 0.36 and 0.64 for alleles I and D in
both groups. The distribution of genotypic frequen-
cies was in HWE to the patients (y2= 2.42; p<0.12),
but not to the control group (2= 7.26; p<0.05). There
were also no differences between allele frequencies
(x2=1.16, p=0.56).

In the multiple logistic regression model (Table 1)
it was evidenced that family history was more fre-
quent in patients with PCOS (OR=3.87, 95% CI: 1.85-
8.11, p <0.05), smoking was more frequent in controls
(OR=0.28; 95% CI: 0.10-0.78, p<0.05) and there were
no differences in alcohol consumption (OR=0.86,
95% CI: 0.43.1.73, p=0.68) and in the distribution of
polymorphism (OR=0.89, 95% CI: 0.30-2.62, p= 0.83).
There were no differences between patients with the
presence of polymorphism and clinical consequences
of disease (Table 2).

DISCUSSION

The VEGF gene is expressed and secreted in the
human ovary and plays an important role in the fol-
liculogenesis of the ovarian cycle. Deregulation of
ovarian angiogenesis contributes to abnormal fol-
licular development in women with PCOS, with an
imbalance in angiogenic factors.! Two recent studies
evaluated polymorphisms of the VEGF gene in patients
with PCOS, one of which evaluated Single Nucleotide
Polymorphisms/SNPs in 55 patients and 52 controls™
and the other, two SNPs (rs2010963 and rs833061)
in 118 and 130 patients and controls, respectively™.
Both confirmed the participation of genetic variants of
the VEGF gene for the pathogenesis of the syndrome.
However, there are no published studies on the contri-
bution of the rs35569394 polymorphism of the VEGF
gene to the development of PCOS. In addition, a pre-
vious study conducted by our group also showed that
the rs1570360 polymorphism is associated with PCOS
and the TGC haplotype is associated with protective
factors™, which made us investigate the contribution
of this other SNP of the VEGF gene to the development
of this condition.

The absence of studies of this SNP in PCOS makes
it difficult to discuss the results obtained, but it high-
lights the originality of our research. In the pres-
ent study, according to the univariate analysis (103
patients and 103 controls), the rs35569394 polymor-
phism did not show statistically significant differ-
ences in the distribution of genotypic frequencies
between patients with PCOS and controls. Similar
results have been reported in other studies conducted
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in patients with endometriosis™ and hepatocellular
carcinoma.?® The present study observed that the
genotypic frequency of the control group was not
in HWE as in the study by Bruno and collaborators
in 2018, which suggests a protective effect of the
polymorphic allele.

It has been reported that the presence of the D
allele in the -2549 promoter region leads to a 1.95-
fold increase in transcriptional activity, increasing
the expression of VEGF.® Our results showed high
frequencies in both ID and DD genotypes, and the lit-
erature has associated the frequency of the D allele
to cases of diabetic nephropathy?' and severe pre-ec-
lampsia.? According to previous research?, the inher-
itance of the D allele can alter the VEGFA in the gene
expression of the embryo, causing abnormalities in
protein levels that may lead to spontaneous abortion
and abnormal angiogenesis. However, it is important
to highlight that there are controversies regarding the
potential of the D allele as a risk factor for clinical con-
ditions, since a published study positively associated
genotype II and/or allele I with pathologies such as
uterine leiomyoma.'

The increase in the frequency of smoking in
the control group is not in accordance with a pre-
vious study®, in which women with PCOS showed
higher frequency in relation to smoking, as well as
a greater risk of worsening the metabolic profile.
The increased frequency of family recurrence of
PCOS in the study group is supported by the liter-
ature that evidences genetic factors in the etiology
of this pathology, leading to a shared genetic predis-
position.? The risk factors established for PCOS are
related to the increased risk to develop infertility,
cardiovascular disease, metabolic syndrome, type 2
diabetes and endometrial cancer. Pregnant women
with PCOS have a higher risk of pregnancy compli-
cations, such as pre-eclampsia, spontaneous abor-
tion, gestational diabetes and premature birth." No
differences were found between clinical manifesta-
tions of PCOS and the analyzed polymorphism. It
is known that hyperandrogenism is characterized
by an increase in the production of ovarian andro-
gen due to the increased synthesis of the hormone
by follicular theca cells, which shows an increased
expression of several genes that encode these ste-
roids.® However, in the study analyzed, no associa-
tions were found between these parameters and the
investigated polymorphism.

PCOS is multifactorial and the presence of the
D allele can be a risk factor for the clinical conse-
quences of the pathology, as it leads to the overpro-
duction of androgen hormones responsible for the
clinical manifestations of this condition, such as
menstrual irregularity, acne, hirsutism, polycystic
ovarian morphology, insulin resistance and obesity."?
The literature reports that the high vascularization
promoted by high levels of VEGF in the stroma can
lead to abnormal growth of the theca - an important
site for androgenic steroidogenesis.®

In the present study, this genetic polymorphism
was not associated with PCOS. However, previous
studies on other gynecological conditions have shown
divergent results (Table 3).

The present study faced a certain limitation
because there was no dosage of the various bio-
chemical parameters related to PCOS and VEGF
serum levels to assess the association between gen-
otypes. However, it is important mentioning that
our study so far is the only one to evaluate this
polymorphism in PCOS and, although it has not
been individually associated with PCOS, the study
in (of?) haplotypes may present significant effects.

1325 show the importance of this

Previous studies
type of analysis to help understanding the etiology
of complex diseases. In conclusion, the VEGF -2549
I/D polymorphism is not associated with PCOS in

the investigated sample.
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RESUMO

OBJETIVO: Este estudo teve como objetivo investigar a frequéncia do polimorfismo de inser¢do (1)/ delecdo (D) do gene VEGF (rs35569394)
em pacientes com Sindrome dos Ovdrios Policisticos (SOP) e comparar com uma populagdo controle para verificar sua associagdo
com a patologia.

METODOS: Participaram desse estudo 206 mulheres sendo 103 com SOP (grupo de pacientes) e 103 sem a doenga (grupo controle). Apés
extragdo do DNA genémico das amostras, a andlise molecular foi realizada por Reagdo em Cadeia da Polimerase e eletroforese em gel
de poliacrilamida. Utilizou-se andlise descritiva, andlise univariada e modelo de regressdo logistica. Os resultados foram apresentados
em odds ratio (OR) e intervalo de confian¢a de 95% (1C-95%), considerando a significancia de p < 0,05.

RESULTADOS: Ndo houve diferengas estatisticas entre as pacientes e controles para as frequéncias alélicas (x 2 = 1,16, p = 0,56). A
distribuicdo da frequéncia genotipica estava em equilibrio de Hardy Weinberg para as pacientes (x2= 2,42; p<0,12), mas ndo para o
grupo controle (x2= 7,26; p<0,05). Em relagdo aos fatores de risco para a sindrome, a histéria de SOP familiar é mais frequente entre
as mulheres com a sindrome.

CONCLUSOES: Na casuistica estudada, ndo hd associagdo entre o polimorfismo I/D do gene da VEGF e a SOP.

PALAVRAS CHAVE: Sindrome do ovdrio policistico. Polimorfismo genético. Reagdo em cadeia da polimerase.
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