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Abstract

Objectives: the present study aimed to evaluate the association between the rs1799998
polymorphism of the CYP11B2 gene and the susceptibility to preeclampsia (PE) in a Brazilian
population.

Methods: the study group comprised 61 women who were diagnosed with PE. The control
group included 116 women who did not show changes in their blood pressure levels during
their pregnancies. The rs1799998 polymorphism of the CYP11B2 gene was amplified by
allele-specific polymerase chain reaction (PCR). A multiple logistic regression analysis was
performed using the SNPStat program to evaluate the risk of the CYP11B2 gene rs1799998
polymorphism contributing to PE.

Results: the PE group had the following genotypes: 1.64% CC, 91.80% CT, and 6.56%
TT. In the control group, the observed genotypic frequencies were: 11% CC, 73% CT, and
16% TT. The genotypic frequency distribution did not fit the Hardy Weinberg Equilibrium
(HWE) in either study group. The multiple logistic regression analysis showed a statistically
significant difference for the rs1799998 polymorphism in the recessive model.

Conclusion: the results suggest an association between the recessive model of C/C geno-
type of the rs1799998 polymorphism of the CYP11B2 gene and susceptibility to PE.
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Introduction

Preeclampsia (PE) is defined as the presence of
hypertension after the twentieth week of pregnancy,
along with proteinuria or other findings, such as
thrombocytopenia, renal failure, elevated transami-
nases, pulmonary edema, and focal and visual neuro-
logical changes.!.2 It affects about 5% of the preg-
nancies worldwide and is the primary cause of
premature births in Brazil .3

Despite its severity, the pathogenesis of PE is not
well understood, since it is a multifactorial disease.
Diabetes, multiple pregnancy, nulliparity, obesity,
maternal age over 40 years, kidney disease, chronic
arterial hypertension, an interval greater than ten
years since the last pregnancy, and personal or
family history of PE are considered as risk factors
for the development of the disease.4.5

Several genes have been linked to the develop-
ment of PE, including genes that encode the proteins
of the renin-angiotensin-aldosterone system
(RAAS), as the Cytochrome P450 Family 11
Subfamily B Member 2 (CYP11B2) gene.6-8 This
gene encodes a member of the cytochrome P450
enzyme superfamily, which has steroidal 18-hydro-
xylase activity to synthesize aldosterone. Haplotypes
in this gene have been associated with a rare
Mendelian form of hypertension, aldosteronism,
which is remedied by glucocorticoids. One of the
most studied polymorphisms is the single nucleotide
polymorphism (SNP) rs1799998, located in the
promoter region of the gene, position 344, where
there is an exchange of cytosine for thymine.%.10 This
SNP and its association with the development of PE
have been studied previously.!! Thus, the present
work aimed to evaluate the association between the
rs1799998 polymorphism of the CYP11B2 gene and
the susceptibility to PE in a sample of the Brazilian
population.

Methods

This study was approved by the Research Ethics
Committee of the Federal University of Tridngulo
Mineiro (CEP / UFTM n° 1115-08), and all partici-
pants signed the Free and Informed Consent Form.
The study group comprised 61 women over 18 years
of age (mean age 28.7 + 8.3 years), diagnosed with
PE, according to the criteria established by the
American  College of Obstetricians and
Gynecologists (ACOG) in 2013.2 The control group
comprised 116 women over the age of 18 years
(mean age of 40.3 + 11.8 years) who did not have
changes in their blood pressure during their pregnan-
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cies. All participants were recruited at the
Gynecology and Obstetrics Service of the Teaching
Hospital of UFTM (Federal University of Triangulo
Mineiro). Women with a history of chronic diseases
were excluded from the study. Clinical information
was obtained through interviews and reviews of
medical records.

Genomic DNA was isolated from 8 mL of
peripheral blood collected by venipuncture, in a
vacuum and sterile tubes (BD Vacutainer®), with
EDTA, using the phenol-chloroform technique
described by Sambrook.12 The rs1799998 polymor-
phism of the CYP11B2 gene was amplified by allele-
specific polymerase chain reaction (AS PCR) using
the following primers: CYP11B2-344C: F-5’-
TTAAAAGAATCCAAGGCT-3%; CYP11B2-344T:
F-5’-TTAAAAGAATCCAAGGCC-3’ and
CYP11B2 Exl: R-5’- AGGTGCAGGTGCTCATAA-
3’. PCR was performed using 200 ng of DNA (1puL),
20 pmol of each primer (1uL), 10X buffer (3uL)
(Invitrogen ™, Carlsbad, California, USA), 5U Taq
DNA polymerase (0.2pL), 2mM dNTP (2uL), 50mM
MgCl12 (2uL), and ultrapure water for a final volume
of 30 pL. Amplification was performed on the
Mastercycler® thermocycler (Eppendorf, Hamburg,
Germany) under the following conditions: denatura-
tion at 94°C for 5 minutes, 35 amplification cycles
(94°C for 30 seconds, 60°C for 30 seconds, 72°C for
30 seconds), and the final extension at 72°C for 10
minutes. The PCR product was electrophoresed on a
2% agarose gel, stained with GelRed®, allowing for
the visualization of a 558-bp band. The images were
acquired by the image capture system, L-PIX®.

The risk assessment of the rs1799998 polymor-
phism of the CYP11B2 gene contributing to PE was
conducted with a multiple logistic regression
analysis performed using the SNPStats program
(available at http://bioinfo.iconcologia.net/
SNPstats_web). In this analysis, the following inhe-
ritance models were used: codominant (wild
homozygous x heterozygous X polymorphic
homozygous), dominant (wild homozygous x
heterozygous + polymorphic homozygous), and
recessive (polymorphic homozygous X wild
homozygous + heterozygous). The SNPStats
program was also used to verify whether the geno-
typic frequency in the groups was aligned with the
Hardy Weinberg's Equilibrium (HWE). The results
were presented as odds ratios (OR), with a 95%
confidence interval (CI). The statistical power
presented at 95.5% for the detection of an associa-
tion. The G POWER 3.1 software was used for
analysis. Statistical significance was defined as
»<0,05.



Results

177 samples were analyzed that included 61 samples
with PE and 116 controls. In the PE group, 1.64%
(1/61) had the CC genotype, 91.80% (56/61) had the
CT genotype, and 6.56% (4/61) had the TT geno-
type. In the control group, the genotypic frequencies
were 11% (13/116), 73% (85/116), and 16% (18/116)
for the CC, CT and TT genotypes, respectively. The
allele frequencies were 0.48 and 0.52 for the C and T
alleles, respectively, in both groups. The distribution
of the genotypic frequency was not in HWE in any
of the studied groups (PE: %2 =43.09, p<0.001;
C: y2=25.43, p <0.001).

The multiple logistic regression analysis showed
a statistically significant difference for the
rs1799998 polymorphism in the recessive model
(»=0.0075) (Table 1).

Discussion

PE is a condition exclusive to human pregnancies
and of great importance for medical practice.13 A
genetic component linked to its etiology has been
demonstrated previously, where daughters of women
who developed PE in their pregnancies had twice the
risk of developing the disease than pregnant women
without a family history. The same study demons-
trated that severe PE was more strongly related to
heredity, thereby strengthening the genetic aspects
of both susceptibility to PE and its severity.4

RAAS maintains plasma sodium concentration,
blood pressure, and extracellular volume. An imba-
lance in this system can result in several pathologies,
such as obesity, diabetes, and hypertension.14

The contribution of the rs1799998 polymor-

Table 1

Polymorphism in CYP11B2 gene and preeclampsia

phism of the CYPIIB2 gene to the regulation of
blood pressure has already been investigated in
different populations, not related to preeclampsia.
However, the results of these studies are controver-
sial as they differ for ethnicity and other socio-
demographic variables.15-17

In this study, the recessive model of the
rs1799998 polymorphism of the CYPI1B2 gene was
associated with greater susceptibility to PE,
suggesting that being homozygous for the C allele
conferred the risk for the development of the disease.
However, Vasconcelos et al.l3 evaluated 303
Brazilian women, of whom 118 were healthy preg-
nant women, 115 had gestational arterial hyperten-
sion, and 70 were diagnosed with PE, and did not
observe a relationship between the CYPIIB2
rs1799998 SNP and gestational hypertensive
syndromes.

A study in South Africa, involving 200 pregnant
women with early-onset PE, 200 with late-onset PE,
and 200 normotensive pregnant women, with or
without infection with the human immunodeficiency
virus (HIV), investigated the r$1799998 polymor-
phism of the CYP11B2 gene and found no associa-
tion between this variant and susceptibility to PE.
However, the frequency of the C allele was higher in
the group of pregnant women with late PE without
HIV than that in the control group.6

Ramirez-Salazar et al.19 evaluated the role of the
151799998 polymorphism of the CYP1IB2 gene in
blood pressure and circulating aldosterone levels in
pregnant women. They observed only a marginal
trend towards lower blood pressure levels in women
with the TT genotype in normotensive pregnant
women and no associations between the investigated
genotypes and circulating aldosterone levels.

Genotype frequency of polymorphism.rs1799998 CYP11B2 gene

Model Genotype PE (N=61) Control (N= 116) OR (C195%) p
n % n %

T 4 6.6 18 15.5 1.00
Codominance T 56 91.8 85 73.3 0.35(0.11-1.09) 0.0041

C/C 1 1.6 13 11.2 3.42 (0.33-35.29)
Dominance T/T 4 6.6 18 15.5 1.00

C/T-C/C 57 93.4 98 84.5 0.39 (0.13-1.23) 0.08

Recessive T/T-C/T 60 98.4 103 88.8 1.00

c/C 1 1.6 13 11.2 8.83 (1.09-71.29) 0.0075

OR= odds ratio; Multiple Logistic Regression.
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However, high levels of aldosterone have been asso-
ciated with lower maternal blood pressure, and gain-
of-function CYP11B2 gene variants appear to reduce
the risk of developing PE.20

A study carried out in Poland with 59 pregnant
women diagnosed with PE and 109 controls found
no association between the polymorphism
rs1799998 of the CYP11B2 gene and PE but found
the TT genotype with greater frequency in the study
group than that in the normotensive pregnant
women. 11

In addition to genetic polymorphisms, epigenetic
changes in the CYP11B2 gene may be responsible
for interindividual and inter-ethnic variations in
disease susceptibility.2! Significantly greater expres-
sion of miRNA-4421, a regulator of the CYPI/IB2
gene, has already been observed in the placenta of
women with PE and is associated with elevated
blood pressure, presence of proteinuria, and low
birth weight. The hyperexpression of miRNA-4421
negatively regulates the expression of the CYP11B2
gene, which inhibits trophoblastic proliferation and
blocks the cell cycle. This suggests that other regula-
tory mechanisms are involved in the gene expression
that contributes to the development of PE, which
should be considered.22

In this study, both the control group and the
study group were not in HWE. HWE depends on
several assumptions, including simple Mendelian
inheritance in diploid organisms, random mating,
infinite population, and absence of mutation, migra-
tion, or selection. In addition to breaking these
assumptions, failure to observe an HWE can be
caused by genotyping error, which can lead to false-
positive results in genetic association studies and by
non-random sampling.23.24

In a truly random sample, each individual in the
population has an equal opportunity to be sampled,
which is virtually impossible to achieve in any real
situation. This bias is minimized through heterozy-
gous individuals, as they are more or less likely to
be sampled than might be due to random chance.25.26
In this study, this sampling bias does not appear to
occur, given the high frequency of heterozygotes in
both groups. Failure to observe the HWE in our
sample suggests that the assumptions that maintain
the HWE are not being followed, thereby influ-
encing how the alleles are distributed over genera-
tions. However, it is not possible to identify which
assumptions are being violated.

One of the limitations of this study is our patient
sample size. However, the selected samples included
women with PE and without other comorbidities,
thus ensuring the homogeneity of the data. Future
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studies with a larger sample size, in collaboration
with other research centers, are necessary to expand
the knowledge of the molecular aspects of the
etiology of PE. Also, studies that carry out the joint
investigation of other RAAS polymorphisms in a
larger number of patients and the influence of
possible environmental factors are needed to vali-
date our data and to determine if the rs1799998 poly-
morphism of the CYP11B2 gene can, in the future,
be used as a molecular marker capable of early
detection of PE susceptibility.

In conclusion, this work suggests an association
between the recessive C/C genotype of the
rs1799998 polymorphism of the CYP11B2 gene and
susceptibility to PE.
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