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ABSTRACT

Background: Preeclampsia is a multi-organ disease that causes maternal and perinatal
morbidity and mortality, with an unclear pathophysiology and without specific
prevention methods and/or treatments. Objective: To establish the association
between variants -75 G/A in the ApoA1 gene, 2488 C/T in the ApoB100 gene, serum
levels of ApoA1l and ApoB100 and severe preeclampsia in Peruvian pregnant
women. Methods: Blood samples from pregnant women with severe preeclampsia
and healthy women (controls) were processed for DNA extraction and genotyping
with the PCR-RFLP technique. In addition, serum was analyzed to quantify ApoA1 and
ApoB100. Genotypes and alleles were compared between cases and controls, as well
as serum ApoAT1 and ApoB100 levels considering genotypes. Results: No significant
differences were found between the genotypic and allele frequencies of the -75 G/A
variant in the ApoA1 gene and 2488 C/T in the ApoB100 gene of both groups. A
significant difference (p=0.039) was found when comparing serum ApoAT1 in patients
with heterozygous GA genotypes, with lower average levels in severe preeclamptic
(161.37 + 40.21) compared to controls (185.37 + 35.38). Conclusions: Although no
association was found between the variants -75 G/A variants in the APOA1 gene and
2488 C/T in the ApoB100 gene and preeclampsia, however, serum ApoA1 levels were
significantly lower in severe preeclamptic women with GA heterozygous genotype
than in controls. Thus, we contribute to the understanding of preeclampsia in
Peruvian pregnant women.

Key words: Preeclampsia, Pregnant women, Apolipoprotein A-1, Apolipoprotein
B-100, Serum, Peru

RESUMEN

Antecedentes. La preeclampsia es una enfermedad multiorganica que causa
morbimortalidad maternay perinatal, con una fisiopatologia poco claray sin métodos
de prevencion y/o tratamientos especificos. Objetivo. Establecer la asociaciéon entre
las variantes -75 G/A en el gen ApoA1, 2488 C/T en el gen ApoB100, los niveles séricos
de la ApoA1 y ApoB100 y la preeclampsia severa en gestantes peruanas. Métodos.
Se procesaron muestras sanguineas de gestantes con preeclampsia severa y sanas
(controles) para extraccién de ADN y genotipado con la técnica PCR-RFLP. Ademas, se
analizo el suero para cuantificar la ApoA1 y ApoB100. Se compararon los genotipos
y alelos entre los casos y controles, asi como los niveles séricos de ApoA1y ApoB100
considerando los genotipos. Resultados. No se encontraron diferencias significativas
entre las frecuencias genotipicas y alélicas de la variante -75 G/A en el gen ApoA1y
2488 C/T en el gen ApoB100 de ambos grupos. Se hall6é una diferencia significativa
(p=0,039) al comparar el ApoA1 sérico en pacientes con genotipos heterocigotos
GA, siendo los niveles promedio mas bajos en preecldmpticas severas (161,37
+ 40,21) respecto a las controles (185,37 + 35,38). Conclusiones. Si bien no se ha
encontrado asociacion entre las variantes -75 G/A en el gen APOA1 y 2488 C/T en el
gen ApoB100 y la preeclampsia, sin embargo, los niveles séricos de la ApoAT fueron
significativamente menores en las preeclampticas severas con genotipo heterocigoto
GA respecto a los controles. De esta manera, se contribuye en la comprension de la
preeclampsia en gestantes peruanas.

Palabras clave. Preeclampsia, Gestantes, Apolipoproteina A-1, Apolipoproteina
B-100, Suero, Peru
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INTRODUCTION

Preeclampsia (PE) is a disease that complicates
the pregnant woman with arterial hyperten-
sion and vascular compromise of organs and
systems. It affects between 2%-8% of pregnant
women® with greater presence in low- and mid-
dle-income countries, up to 12% of pregnant
women in Lima, Peru®. It contributes significant-
ly to maternal and neonatal morbidity and mor-
tality. It can occur at any time during gestation
-usually in the second half of pregnancy- and no
treatment or indicators for its prevention have
been found so far.

Although personal factors associated with the
risk of PE are known, such as maternal age over
35 years, primigravida, multiple pregnancy, his-
tory of personal or family PE, obesity, diabetes,
arterial hypertension, renal disease or autoim-
mune disease, it is considered that genomic vari-
ants in preeclampsia could play an important
role in the susceptibility of a pregnant woman to
suffer from it. These include DNA single nucle-
otide polymorphisms (SNPs) -involved in angio-
genesis, inflammation and immune response- or
copy number variations, deletions or duplica-
tions of important DNA segments in placental
development and function®=.

On the other hand, maternal serum lipid levels
appear to change throughout pregnancy in preg-
nant women with hypertensive disease, and this
is more significant in women with preeclampsia®.

Apolipoprotein A1 (Apo A1) is the main protein
component of high-density lipoproteins (HDL). It
is @ multifunctional protein involved in choles-
terol transport and regulation of inflammatory
and immune responses!, inhibiting oxidation of
low-density lipoproteins (LDL) and elimination
of toxic phospholipids. Research suggests that
Apo A1 levels in pregnant women may increase
in late gestation in both blood and placental tis-
sues, especially in those with preeclampsia®®®.

Apolipoprotein B100 (apo-B100) is a protein in-
volved in the circulation of cholesterol in the
body as a form of low-density lipoprotein (LDL).
Mutations in the gene that directs the produc-
tion of apolipoprotein B100 can cause condi-
tions such as familial hypercholesterolemia®.
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METHODS

The present study is an associative, observa-
tional design type cases (severe preeclampsia)
and controls (without preeclampsia), conduct-
ed between 2017 and 2019. The women were
pregnant women in the third trimester attended
at the Hospital Docente Madre-Nifio San Bar-
tolomé and at the Instituto Nacional Materno
Perinatal, public institutions of reference in the
city of Lima, belonging to the Peruvian Ministry
of Health.

A pregnant woman was defined as having pre-
eclampsia when she presented blood pressure
>140/90 mmHg and proteinuria 300 mg/24h.
Severe preeclampsia was considered when
there was also evidence of dysfunction of oth-
er maternal organs, such as acute kidney in-
jury (creatinine =90 pmol/L; 1 mg/dL), hepatic
involvement (elevated transaminases) with or
without right upper quadrant or epigastric ab-
dominal pain, neurologic complications (such
as eclampsia, altered mental status, blindness,
stroke, clonus, severe headaches, and per-
sistent visual scotomas), hematologic complica-
tions (thrombocytopenia <150,000/uL, dissem-
inated intravascular coagulation, hemolysis),
or uteroplacental dysfunction (fetal growth re-
striction, umbilical artery Doppler wave abnor-
malities, or fetal death)!?,

Sampling was non-probabilistic (by conve-
nience). Inclusion criterion for the case group
were age >18 years with a diagnosis of severe
preeclampsia in the second half of pregnancy
and confirmed by clinical and laboratory data.
Pregnant women without proteinuria or with
chronic hypertension, diabetes, other medical
conditions or with incomplete information were
excluded. The inclusion criteria for the control
group were age >18 years, apparently healthy
pregnant woman, without preeclampsia and
without relevant diseases.

The research protocol and informed consent were
approved by the Ethics Committee of the Faculty
of Medicine of the Universidad Nacional Mayor
de San Marcos, Lima, Peru, and the Ethics Com-
mittees of the participating hospitals. Informed
consent was obtained from the pregnant women
and data were collected in a clinical record.
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Blood samples were extracted in Vacutainer
tubes (3 mL), kept refrigerated and transferred
to the laboratory for DNA extraction with com-
mercial kits and separation of blood serum for
biochemical evaluation of ApoA-1 and ApoB-100
levels by ELISA.

The DNA obtained was processed by PCR-RFLP
technique to determine the genotypes and al-
leles of the -75/GA polymorphisms in the ApoA-1
gene and 2488C/T (Xbal) in the ApoB-100 gene,
with specific primers and digestion with Mspl
and Xbal restriction enzymes, respectively, ac-
cording to pre-established protocols®.

Allelic and genotypic frequencies were calculat-
ed according to the Hardy-Weinberg equilibrium
hypothesis. To establish the association between
genotypes, alleles and severe preeclampsia, the
chi-square test or Fisher's exact test was per-
formed considering a p < 0.05. In addition, the
risk was established by odds ratio (OR). Calcu-
lations of the mean and standard deviation of
ApoA-1 and ApoB-100 data in cases and controls
were performed, comparing them with the Stu-

women with severe preeclampsia

dent's t-test for independent samples. IBM SPSS
v25 IBM statistical software and population ge-
netics packages were used.

REsuLTs

The number of participating pregnant women
was 52 with severe preeclampsia (cases) and 40
without preeclampsia (controls), with a mean
age of 28 years for both groups (28.8 years + 7.4
standard deviation in severe preeclampsia ver-
sus 28.1 + 6.7 SD in controls).

Table 1 shows the results for the genes evalu-
ated. When comparing patients with severe
preeclampsia and controls, no significant dif-
ferences were found in the genotypic and allelic
frequencies of the -75 G/A variant in the ApoAT
gene and 2488 C/T in the ApoB100 gene, indicat-
ing that there was no association and that the
variants evaluated were not at risk.

Table 2 shows the serum ApoA1 and ApoB100
levels according to genotypes in patients with
severe preeclampsia and controls. No significant

TaBLE 1. VARIANTS IN APOAI AND APoB100 GENES IN PATIENTS WITH SEVERE PREECLAMPSIA AND CONTROLS, LiMA, PERU.

<

| | [severepreeclampsia| Comtrols | ] |
Genotypes and alleles OR(95%C) | _p* |

GG 13(25.0) 11(275) Reference 0916

CA 27(519) 19 (475) 1202 (0.445-3.251)

ApoAl -75 G/A AA 12(231) 10(25.0) 1015 (0.318-3.244)
G 53(51.0) 41(51.3) Reference 0913

51(49.0) 39 (487) 1.012 (0.565-1.812)
X-X-(CC) 28(539) 24(60.0) Reference 0478

X-X+(CT) 14(26.9) 12(30.0) 1.001(0.389-2571)

APOBIOO X+X+ (TT) 10(19.2) 4(10.0) 2143 (0595-7.717)

2488 C/T (Xbal) : i : : :

X-(C) 70(67.3) 60(75.0) Reference 0330

X+(T) 34(327) 20(25.0) 1457 (0.760-2.794)

@ According to chi-square test or Fisher's exact test. The genotypic frequencies of ApoAT -75 G/A in pregnant women with severe preeclampsia and controls are in
Hardy-Weinberg equilibrium

TABLE 2. SERUM APOAT AND APOBIOO LEVELS ACCORDING TO GENOTYPES IN PATIENTS WITH SEVERE PREECLAMPSIA AND CONTROLS, LiMA, PERU.

| | | severepreeclampsian=52 Controls n=40 I
X + SD mg/dL serum X +SD mg/dLserum | _p |

GG 188.23 £ 45.20 17591 + 41.62 0494
GA 161.37 £ 40.21 185.37 £ 3538 0.039*

ApoAl AA 166.83 £39.55 167.00 + 4151 0992
Total, patients 169.35 £ 42.05 17818 + 38.45 0.298

X-X-(CC) 43211829 41331630 0.728

X-X+(CT) 44211553 4458+16.06 0816

ApoBI00

XX+ (TT) 43801596 462511396 0.886

Total, patients 4360 +16.85 42801575 0815

@ According to Student's t-test for independent samples. * p<0.05, significant difference. X + SD = Mean * standard deviation
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differences were found in serum ApoB100 av-
erages overall and with genotypes for the 2488
C/T (Xbal) polymorphism. According to the GG
and AA homozygous genotypes for the -75 G/A
polymorphism, ApoA1 levels showed no differ-
ences between cases and controls. However, a
significant difference (p=0.039) was found when
comparing mean serum ApoA1 in the GA hetero-
zygous genotype, with lower mean ApoA1 levels
in severe preeclamptic pregnant women (161.37
+40.21) compared to controls (185.37 + 35.38).

DiscussioN

Hypertensive disorders of pregnancy is one of
the leading causes of maternal and perinatal
morbidity and mortality worldwide. The under-
lying mechanisms of PE ocurrence remain un-
clear and there are no specific prevention meth-
ods and/or treatments.

In the pathogenesis of PE, it is considered that
a superficial invasion of the trophoblast causes
inadequate remodeling of the spiral arteries,
producing maternal endothelial dysfunction due
to the imbalance between angiogenic and anti-
angiogenic factors that would lead to the clinical
disordert,

The disease may appear suddenly and the warn-
ing of impending severe preeclampsia may be a
sustained systolic blood pressure of 160 mmHg
or more, a new and persistent increase in creat-
inine (90 micromol/L or more, 1 mg/100 mL or
more), increased alanine transaminase (more
than 70 IU/L, or twice the upper limit of the nor-
mal range) or decreased platelet count (less than
150.000/microliter), as well as compromised fe-
tal health™.

Lipoproteins are complex particles with a cen-
tral core containing cholesterol and triglyceride
esters surrounded by free cholesterol, phos-
pholipids and apolipoproteins, elements that
facilitate the formation and work of lipopro-
teins. The functions of apolipoproteins are: 1)
to play a structural role, 2) to act as ligands for
lipoprotein receptors, 3) to guide the formation
of lipoproteins, and 4) to act as activators or
inhibitors of enzymes involved in lipoprotein
metabolism@2. The protein fraction of lipopro-
teins consists of several apolipoproteins and
enzymes whose functions are lipid transport
and metabolism3).

4 Rev Peru Ginecol Obstet. 2024;70(3)

Lipoprotein metabolism is regulated and con-
trolled by specific apolipoproteins (apo-), which
make up various types of lipoproteins®™. They
regulate protein metabolism by transporting
and redistributing lipids to cells and tissues®.
Apo B-100 represents the circulating Apo B par-
ticles in the body and is an LDL. The Apo B-100/
Apo A-1 ratio has been proposed as a reliable
parameter to predict atherosclerosis and fatal
cardiovascular disease events linked to lipid al-
terations(®,

A change in the Apo B/Apo A-1 ratio has been
associated with an increased risk of preeclamp-
sia"). Preeclamptic patients have been report-
ed to have significantly lower Apo A-1 levels and
a higher Apo B-100/Apo A-1 ratio, considering
them as useful markers®®. However, discrepan-
cies can be found in the literature on the rela-
tionship between Apo A-1/Apo B-100 levels and
preeclampsia.

In a previous study of various genetic polymor-
phisms in the Peruvian population, including the
genotypes and alleles of the Apo A-1 and Apo
B-100 genes, as in the present study, no signif-
icant differences were found between pregnant
women with severe preeclampsia and those
without preeclampsia®. However, when com-
paring pregnant women with severe preeclamp-
sia and controls without eclampsia, a significant
difference (p=0.039) in mean serum ApoA1 levels
was found in those with heterozygous GA geno-
type for the -75 G/A polymorphism. Specifically,
mean ApoAT1 levels in severe preeclamptic were
lower compared to controls.

The -75 G/A variant (rs670) in the promoter re-
gion of the ApoA1l gene has an effect on tran-
scriptional activity, mainly due to the presence
of the A allele, associated with a decrease in this
activity and in ApoA1 synthesis29, |n the trend
of our results, it has been shown that hetero-
zygosity in polymorphisms in the promoter re-
gion, including the -75 G/A, results in significant
reduction of gene expression, and therefore in
decreased levels of ApoAl and other biochemi-
cal markers such as HDL-c?".

ApoA1 expression has been reported to be ele-
vated in plasma and placenta of preeclamptic
women in midgestation compared with controls
without preeclampsia. ApoA1 concentration has
also been associated with systolic pressure, but
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during late gestation. In addition, the transcrip-
tional activity of the ApoA1 gene can be regulated
by the PPARYy, protein, influencing, among other
aspects, trophoblast functions®. All this shapes
the importance of ApoAl in preeclampsia and
other related conditions and/or diseases, due to
its multifunctionality and therapeutic potential®?.

The variability among populations and allelic
frequencies in the promoter region of the gene
can differentially modulate the expression of the
ApoA1 gene. In this regard, different variants in
the ApoA1 gene have been evaluated in North
America, including -75 G/A, and specific heredi-
tary patterns have been observed in Asian sub-
groups, with frequencies different from those of
European origin, suggesting that ethnicity may
influence the expression of the ApoA1 gene®),
This aspect is important according to the results
of the present study, where genes, biochemis-
try, genetic ancestry, among the main factors,
may complement each other to influence the
development of preeclampsia, considering that
the patients come from the city of Lima, Peru,
whose inhabitants are characterized by a high
Amerindian component®,

In Latin America, and particularly in Peru, there
are studies on genetic variants and preeclamp-
sia that aim to contribute to the pathophysiol-
ogy of the disease. However, they are still insuf-
ficient, since other factors such as epigenetics,
biochemical markers, among others, should be
considered, complemented with clinical studies
and the use of new massive technologies for
data collection and analysis®@2>29,

The limitations of the present investigation may be
the sample size, the study of other genetic variants
and different biochemical markers, aspects that
should be considered in subsequent studies.

In conclusion, although no association was
found between preeclampsia and the polymor-
phisms -75 G/A in the APOA1 gene and 2488 C/T
in the ApoB100 gene, however, with respect to
serum ApoAl and APOB100 levels, a significant
difference was found when comparing the aver-
age serum ApoA1 in the GA heterozygous gen-
otype among patients, with lower ApoA1 levels
in severe preeclampsia compared to controls.
Thus, we are contributing to the understanding
of the factors involved in the development of
preeclampsia in Peruvian pregnant women.
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