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Abstract

Preeclampsia (PE), one of the most serious complications of pregnancy, is characterized by endothelial dysfunction and hyperten-
sion. Gastrointestinal complications of preeclampsia can occur and have the risk of being life-threatening for the mother and fetus.
Genetic predisposition is a risk factor for PE. In this context, the genotype rates and allele frequencies of the STOX1 gene rs1341667
(Y153H) polymorphism in peripheral blood and placental tissues (decidua, umblical cord) of 25 PE patients and 25 healthy con-
trols were examined by Light Cycler® Nano Real Time PCR Instrument (Roche Applied Systems). The STOX1 gene rs1341667 poly-
morphism exists in three different genotypes in humans: TT (wild type), TC (heterozygous) and CC (mutant). When the genotype
frequencies of peripheral blood and placenta samples were compared between patients and controls, there was no difference (P >
0.05). The genotype results of the decidua and umblical cord samples, analyzed from the same placenta in all cases, were the same.
There was no difference between allele frequencies of the patients and controls (P > 0.05). In our study, rs1341667 polymorphism
was detected in peripheral blood and placental tissues of preeclamptic mothers. However, this polymorphism was also detected in
healthy pregnant women peripheral bloods and their placental tissues. There was no difference between the frequencies of the C al-
lele, which is the risk allele, in both blood and placental tissues of controls and PE patients. In this regard, we cannot support the view
that the relevant polymorphism predisposes to preeclampsia. However, our study has small number of patients. This polymorphism

needs to be analyzed in large populations.
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Abbreviations Introduction

PE: Preeclampsia; STOX1: Stork Head Box 1; Y153H SNP: Y153H Preeclampsia (PE), one of the most serious complications of
Single Nucleotide Polymorphism; rs1341667: Reference Single pregnancy, is characterized by endothelial dysfunction and hyper-
Nucleotide Polymorphism 1341667; TT: Timin-Timin; TC: Timin-  tension. Although PE is one of the most important health problems

Cytosine; CC: Cytosine-Cytosine; PCR: Polymerase Chain Reaction affecting pregnant women, the genetic factors in the occurrence of
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the disease are still unclear. However, genetic predisposition is a
risk factor for preeclampsia. It has been suggested that the placen-
tally expressed STOX1 gene may be a candidate gene for preeclamp-
sia. It has been suggested that the STOX1 Y153H SNP is present in
all studied families who gave birth with preclamptic pregnancies.
Studies show that preeclampsia is caused by the presence of the
placenta during pregnancy and the symptoms disappear immedi-

ately after the placenta separates after delivery [1,2].

Many studies point to the placenta as the primary cause of pre-
eclampsia. Hypertensive diseases arising from placental defects
affect more than 10% of pregnancies [3]. In the physiopathology
of preeclampsia; as a result of insufficient uteroplacental vascular-
ization, adequate blood supply to the developing fetus cannot be
provided and fetoplacental hypoxia develops. This situation causes
an imbalance between the secretion and metabolism of prostaglan-
dins, endothelin and nitric oxide by the placenta and extraplacental
tissues, and plays a role in the formation of hypertension, platelet
activation and systemic endothelial dysfunction together with lipid

peroxidation and other unspecified factors [4].

Preeclampsia is proteinuria and/or edema accompanying hy-
pertension in pregnancy. In a patient with normal blood pressure
at the beginning of pregnancy, a blood pressure of 140/90mmHg or
higher after the 20th gestational week or an increase of 30 mmHg
in systolic pressure and 15 mmHg in diastolic pressure compared
to previous values are diagnostic for hypertension. Proteinuria, on
the other hand, is the detection of 300 mg/dl or more protein in at
least two urine samples taken 6 hours apart. Edema is common; it

is especially evident on the back of the hand and face [5].

Pathogenesis of preeclampsia

The mechanisms underlying the pathogenesis of preeclampsia
are multifactorial and there are many gaps regarding this issue [6].
Hypotheses such as immune maladaptation, endothelial dysfunc-
tion, oxidative stress, placental ischemia, angiogenesis and genetic
conflict theories have been proposed to explain the etiology and
pathogenesis of PE [7-9]. However, PE is a multisystem syndrome
that includes genetic and environmental factors [10-12]. There are
two stages involved in the development of PE; The first stage is
weak placentation producing substances that interact with genetic
and environmental structural factors, leading to the second stage of

the clinical maternal syndrome.
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The underlying mechanism for PE is an impaired placentation
resulting from inadequate trophoblast invasion of the uterine spi-
ral arteries. In addition to genetics playing a role, placental vascu-
lar insufficiency, micro-thrombosis and vasoconstriction seem to
be the main causes in the pathophysiology of PE. Oxidative stress
causes the release of factors such as antiangiogenic agents, proin-
flammatory cytokines, cell-free fetal DNA and exosomes into the
maternal circulation, impairing maternal endothelial function,
resulting in a systemic inflammatory response and hypertension.
Other manifestations of the disease may include cardiac, pulmo-
nary, haematological, renal, neurological and hepatic dysfunction
[8,13]. Ersch.,, et al. [14] reported that feeding problems occurred
in 46% of the preeclamptic group. Preeclampsia is associated with
an increased relative risk for the development of end-stage kidney
disease in the mother [15]. Beside, gastrointestinal complications
of preeclampsia can occur and have the risk of being life-threaten-

ing for the mother and fetus [16].

STOX1 gene and its role in preeclampsia

The STOX1 (Storkhead Box 1) gene is a protein-coding gene. It is
located in the 10q22.1 region. Diseases associated with the STOX1
gene include Pre-Eclampsia. Gene Ontology (GO) annotations for
this gene include specific DNA binding to the RNA polymerase Il
regulatory region sequence. That is, the protein encoded by this
gene can function as a DNA binding protein. Additionally, it is in-
volved in the regulation of the levels of reactive oxidative species
and reactive nitrogen species, and mitochondrial homeostasis in
the placenta. Mutations in this gene are associated with preeclamp-
sia/eclampsia 4 (PEE4) [17].

It has been suggested that the placentally expressed STOX1 gene
may be a candidate gene for preeclampsia. Oudejans., et al. [18]
presented evidence of an epigenetic phenomenon for preeclampsia
in their study with Dutch women. van Dijk,, et al. [19] suggested the
STOX1 gene as a new imprinted gene for preeclampsia in their com-
bined linkage analysis with candidate genes in the first trimester
placenta. STOX1 is expressed in the early placenta and is preferen-

tially expressed from the maternal allele.

STOX1 encodes a putative DNA-binding protein and is involved
in the differentiation of trophoblasts. van Dijk., et al. [19] hypoth-
esized that maternal transmission of the variant allele to the fetus

triggers premature trophoblast differentiation resulting in pre-
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eclampsia and causes insufficient trophoblast invasion. It has been
suggested that the paternal imprinted allele is silenced and the ma-
ternal allele is dominantly expressed. In addition, mutations in the
STOX1 gene have been reported to predispose to preeclampsia. All
preeclamptic women they studied had the STOX1 Y153H variant
[19]. Van Dijk,, et al. [20] defined that STOX1 functions in the fe-
tal placenta by influencing trophoblast invasion, moreover, STOX1
Y153H SNP is present in all studied families who gave birth with

pre-clamptic pregnancies.

Defective placenta formation, preeclampsia, and fetal growth
retardation are common pregnancy disorders in humans. The pres-
ence of broad placental types in mammals has led to limited use of
animal models for understanding human placental development.
However, new directions, including three-dimensional organoids,
stem cell culture systems, and single cell RNA sequencing, provide

new perspectives in this field [21].

In this study, it was aimed to investigate the frequency of STOX1
rs1341667 (Y153H) polymorphism in preeclamptic and control

group placentas and in blood samples of mothers.

Materials and Methods
Patients and ethics

All the placentas from the PE patients (n = 25) and healty mo-
thers (n = 25) (aged 18-45) after giving birth were collected from
the polyclinic of the Afyonkarahisar Health Sciences University,
Faculty of Medicine, Department of Obstetrics and Gynecology.
This study was approved by the Afyonkarahisar Health Sciences
University Clinical Ethics Committee with the decision number 162
dated 01.06.2018. All patients have given their written consent for
the use of their placenta and peripheral venous blood sample. The
absence of a history of hypertension before pregnancy, the arterial
blood pressure = 14/90mmHg in two measurements at least six
hours apart after the 20th week of pregnancy, and = 0.3 g protein
excretion in the 24-hour urine were taken into account for the diag-
nosis of pre-eclampsia. Exclusion criterias for PE patients: no his-
tory of pre-pregnancy hypertension, no twin or multiple pregnan-
cy, hydrops fesalis, mole hydatiform, renal disease, diabetes, heart
disease, liver failure, malignancy, autoimmune disease. Exclusion
criterias for healty mothers: no history of hypertension before and
during pregnancy, no twin or multiple pregnancy, hydrops fesalis,

hydatid mole, renal disease, diabetes, heart disease, liver failure,
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malignancy, autoimmune disease, no family history of pre-eclamp-

sia.

Collecting tissue and blood samples

Within the scope of the study, approximately 1 cm® samples
were taken from the placental tissue expelled during normal birth
or cesarean section, without any additional intervention and/or
application of any additional medical agents other than those rou-
tinely required during the delivery process (decidua and umblical
cord). The samples were stored at -20°C until isolation of DNA. In
addition, 2cc blood samples were taken from the volunteers in 5cc
EDTA tube.

Genomic DNA isolations and chemicals used for analysis

Genomic DNA extractions of each tissue and blood samples
were performed by using EZ-DNA total extraction kit (Biological
Industries, Israel Beit Haemek Ltd, Cat. No: 20-600-50), RBC Ly-
sis Solution (Biological Industries, Israel Beit Haemek Ltd, Cat. No:
01-888-1), HEPES Buffer (Biological Industries, Israel Beit Haemek
Ltd, Cat. No: 03-025-1) according to the manufacturer’s protocol.
DNA quantity and purity were determined with Promega Quant
Fluor E6090 (Promega, Madison, USA) and stored at -20°C until

use.
For the analysis of STOX1 gene rs1341667 polymorphism.

Light Snip Assay (TIB MOLBIOL, GmbH, Berlin, Germany, LOT:
48602001) was used. Kit includes DNase RNAz free water, Reagent
Mix, FastStart DNA Master HybProbe (Roche Diagnostic).

Genotyping
Genotyping analyses of STOX1 gene rs1341667 polymorphism

were completed with LightCycler® Nano Real Time PCR Instrument
(Roche Applied Systems) using Real-Time PCR method. Prepara-
tion of the reaction mix is given in Table 1.

Solution Quantity per reaction
H,0 (DNaz, RNaz free) 14.4 pl
Reaction mix 1.0 ul
FastStart DNA Master HybProbe 2.0 ul

MgCl2 (25mM) 1.6 ul

DNA 1.0l

Last volume 20 ul

Table 1: Preparation of the Reaction Mix.
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The STOX1 gene rs1341667 polymorphism amplification proto-
col is as follows: After 10 minutes of denaturation at 95°C, 40 cycles
of denaturation at 95°C for 10 seconds, extension and amplification
at 60°C for 10 seconds and at 72°C for 15 seconds were performed.
Subsequently, melting curve analysis was performed at 95°C for 20
seconds, at 40°C for 20 seconds, and at 40°C for 30 seconds after

rising to 85°C.

Results
Genotype data

Genotype ratios and allele frequencies of STOX1 gene rs1341667
polymorphism were analyzed in peripheral blood and placental tis-
sues (decidua, umblical cord) of 23 patients with preeclampsia and
23 healthy controls. Genotype analysis results of two cases belong-
ing to each group could not be obtained. Sample genotype analysis

curves are shown in Figure 1.

Figure 1. Results of blood and placental genotype analysis of

the same preeclampsia patient.
X: Peripheral blood, Y: Decidua, Z: Umblical Cord.

Genotype ratios of STOX1 gene rs1341667 polymorphism

The STOX1 gene rs1341667 polymorphism exists in three dif-
ferent genotypes in humans: TT (wild type), TC (heterozygous) and
CC (mutant).

In the control group, in 19 cases found as a result of peripheral
blood DNA analysis; The number of individuals with the TT gen-
otype was determined as 5 (26.30%), the number of individuals
with the TC genotype as 7 (36.84%) and the number of individu-
als with the CC genotype as 7 (36.84%) (Table 2). Analysis results
could not be obtained from the blood samples of 4 control individ-

uals. Considering the placental genotyping of the controls, the gen-
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otype results of the decidua and umblical cord samples analysed
belonging to the same placenta were the same. The genotype of 6
placenta samples was determined as TT (31.58%), the genotype of
9 placenta samples was determined as TC (47.37%), and the geno-
type of 4 placenta samples was determined as CC (21.05%) (Table
3). The genotype analysis results of 3 placenta samples could not
be obtained.

In 16 cases found as a result of DNA analysis of peripheral blood
in the preeclampsia patient group; The number of individuals with
the TT genotype was 7 (43.75%), the number of individuals with
the TC genotype was 7 (43.75%), and the number of individuals
with the CC genotype was 2 (12.50%) (Table 2). Analysis results
could not be obtained from the blood samples of 7 patients. When
the placental genotyping of the patients is examined, the genotype
results of the decidua and cord samples analyzed belonging to the
same placenta are the same. The genotype of 8 placenta samples
was determined as TT (36.36%), the genotype of 6 placenta sam-
ples was determined as TC (27.28%), and the genotype of 8 pla-
centa samples was determined as CC (36.36%) (Table 3). Analysis

result of 1 placenta sample could not be obtained.

Genotype | Control group n =19 | PE patient groupn =16
TT 5 (%26,30) 7 (%43,75)
TC 7 (%36,84) 7 (%43,75)
cC 7 (%36,84) 2 (%12,50)

Table 2: Genotype distribution of STOX1 gene rs1341667 poly-

morphism in peripheral blood samples.

Genotype | Control group n =19 | PE patient group n = 22
TT 6 (%31,58) 8 (%36,36)
TC 9 (%47,37) 6 (%27,28)
CC 4 (%21,05) 8 (%36,36)

Table 3: Genotype distribution of STOX1 gene rs1341667

polymorphism in placental tissue samples.

Allele frequencies of STOX1 gene rs1341667 polymorphism

Frequency of T allele was 17 (44.74%) and frequency of C allele
was 21 (55.26%) in DNA samples obtained from peripheral blood
samples of control group, Frequency of T allele was 21 (65.63) and
the frequency of the C allele was 11 (34.38%) in DNA samples ob-
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tained from peripheral blood samples of PE patient group. T and C
allele frequencies of STOX1 gene rs1341667 polymorphism were
analyzed using the x? test. There was no difference between the al-

lelic frequencies of the two groups (P > 0.05) (Table 4).

The frequency of the T allele was 21 (55.26%) and the frequen-
cy of the C allele was 17 (44.74%) in DNA samples obtained from
placental tissue samples of the control group, while the frequency
of T allele was 22 (%50) and the frequency of the C allele was 22
(50%) in DNA samples obtained from placental tissue samples
from the PE patient group. T and C allele frequencies of STOX1 gene
rs1341667 polymorphism were analyzed using the x? test. There
was no difference between the allele frequencies of the two groups
(P >0.05) (Table 5).

Control group | PE patient P o
Allele n=38 R DL OR (95% CI)
17 (%44,74) 21 (%65,63) | 0.08 0.424
C 21 (%55,26) 11 (%34,38) (0.161-1.119)

Table 4: Distribution of allele frequencies of STOX1 gene
rs1341667 polymorphism in peripheral blood samples.

Allele Control group | PE patient P OR (95%
n =38 group n = 44 ()]
21 (%55,26) 22 (%50) 0.63 1.235
C 17 (%44,74) 22 (%50) (0.517-2.95)

Table 5: Distribution of allele frequencies of STOX1 gene

rs1341667 polymorphism in placental tissue samples.

Discussion

Preeclampsia is a major cause of perinatal morbidity and mor-
tality, and it is very strongly associated with fetal growth retarda-
tion. It has been suggested that the placentally expressed STOX1
gene may be a candidate gene for preeclampsia. Oudejans., et al
[18] presented evidence of an epigenetic phenomenon for pre-
eclampsia in their study with Dutch women. van Dijk, et al. [19]
suggested the STOX1 gene as a new imprinted gene for preeclamp-
sia in their combined linkage analysis with candidate genes in the
first trimester placenta. STOX1 is expressed in the early placenta
and is preferentially expressed from the maternal allele. STOX1 en-
codes a putative DNA-binding protein and is involved in the differ-

entiation of trophoblasts. On contrary to van Dijk,, et al. ’s studies,
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Iglesias-Platas [22] suggested that STOX1 is not imprinted and is
not likely to be involved in preeclampsia. Both suggestions are in-

teresting.

In the study of Zhao., et al. [23], 65 women with preeclampsia
were included in the study to investigate the relationship between
STOX1 expression and the pathogenesis of early-onset preeclamp-
sia. The expression and localization of STOX1 mRNA and protein in
the placenta were evaluated by immunohistochemistry, RT-qPCR
and Western blot consisting of three maternal groups. Expression
of STOX1 in the placenta has been reported mainly in the cytoplasm
of placental syncytiotrophoblasts, cytotrophoblasts, vascular en-
dothelial and mesenchymal cells, with a few scattered in the cell
nucleus. Staining intensity in the late-onset group was found to
be similar to the control group. Positive expression rates of STOX1
protein in the early-onset group, late-onset group, and control
group were 96.8% (30/31), 70.6% (24/34) and 67.6% (23/34) in
the early-onset group, respectively. There was no statistical differ-
ence between the late-onset group and the control group in terms
of STOX1 levels (P = 0.793). Expression levels of STOX1 mRNA were
higher in the early-onset group than in the late-onset group (P <
0.05). There was no statistical difference between the late-onset

group and the control group (P > 0.05).

Van Dijk,, et al. [19] determined a decreased progression in vil-
lus explants carrying the STOX1 HH genotype associated with pre-
eclampsia. They suggested that this was consistent with the fact
that the STOX1 HH genotype was associated with a decreased cell-
cell adhesion and a regressed differentiation towards an invasive
phenotype. In addition, it has been suggested that STOX1 Y153H is
effective in the invasion of extravilus trophoblast and plays a cen-

tral role in the etiology of preeclampsia.

Similarly, Pinarbast., et al. [24] reported that STOX1 Y153H poly-
morphism is a risk factor for early-onset preeclampsia (P = 0.03),
however, itis nota risk factor for late-onset preeclampsia. Berends.,
etal [25] reported the C allele as the dominant allele in the Dutch
population. In their study with 149 preeclampsia patients and 154
controls, the C allele frequency was 65% (genotype distribution;
43.5% CC, 43.5% CT and 13% TT) in controls, while the C allele
frequency was 64% (genotype distribution; 43% CC, 43% CT and
14% TT). It was determined that the frequency of C allele increased
to 71% in those with a family history of preeclampsia. Contrary to

these studies, another study found no relationship between STOX1
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Y153H polymorphism and preeclampsia in preeclamptic Finn-
ish women [26]. Iglesias-Platas., et al. [22] also suggested that the
STOX1 gene and Y153H SNP had no effect in their study.

Conclusion

In our study, rs1341667 (Y153H) polymorphism was detected
in the peripheral blood and placental tissues of preeclamptic moth-
ers. However, this polymorphism was also frequently detected in
healthy pregnant women and their placental tissues. There was no
difference between the frequencies of the C allele, which is the risk
allele, in both blood and placental tissues of controls and PE pa-
tients. In this respect, we cannot support the view that the related
polymorphism predisposes to preeclampsia, since there was no
difference between the risk allele frequencies of controls and PE
patients. The sample size of our study may be not large enough to
reach statistically significant results. The absence of a family his-
tory of PE in our patients may be another limitation of our study. In
this regard, we cannot support the view that the relevant polymor-
phism predisposes to preeclampsia. However, our study has small
number of patients. This polymorphism needs to be analyzed in

large populations.
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