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Abstract. The tolerance of fetal antigens by intradecidual T-cell involving the Fas-mediated
apoptosis plays an important role in the physiological course of pregnancy. Objective of this study 
is to determine the association of diplotypes of common rs1800682G and rare rs34995925C alleles 
within the STAT1 transcription binding site of the FAS promoter region with preeclampsia. There
were 116 preeclamptic women and 123 healthy control subjects from Hungary and Slovakia enrolled 
in the study. The presence of the GG or GA genotypes on rs1800682 was confirmed in 91 patients
and 85 controls (OR = 1.628, 95% CI 0.907–2.92). The rare rs34995925C allele laying 7 bp further 
from rs1800682 within STAT1 transcription binding site was detected in 3 preeclamptic cases and 
none healthy subjects. Haplotypes GT and AC were defined by common rs1800682G and rare 
rs34995925C alleles, respectively, and were considered as “low” FAS-producing. The combinations
of GT or AC with normal FAS-producing haplotypes AT were considered as “low” FAS-producing 
diplotypes in dominant model. The “low” FAS-producing diplotype group of GT/GT, GT/AT, and 
AC/AT compared to the normal FAS-producing diplotype group of AT/AT showed OR = 1.91 (95% 
CI 1.04–3.48) and p = 0.03 for the association with preeclampsia. 
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Introduction

Preeclampsia is a multisystem disorder with partial genetic 
and immunological etiology. The precise role of genetic
factors in the development of preeclampsia is unclear, how-
ever, the risk of preeclampsia is 2-fold to 5-fold higher 
in pregnant women with maternal history of this disorder 
(Noris et al. 2005; Uzan et al. 2011). In a normal pregnancy, 

extravillous trophoblast from the fetal placenta invades the 
maternal decidua and transforms maternal spiral arteries. 
In preeclampsia, the extravillous trophoblast remodeling 
is incomplete leading to a decrease in placental blood flow,
which causes increased blood pressure of the mother and 
preeclampsia. The presence of placenta is required for the
development of the disorder (Roberts and Hubel 2009; van 
Dijk and Oudejans 2011). 

The mechanism of Fas-mediated apoptosis is believed to
be involved in the removal of the autoreactive lymphocytes 
during normal development of immune system. Mutations 
leading to the reduction or loss of function were shown to 
be involved into autoimmune diseases (Rieux-Laucat et al. 
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1995). The intradecidual T lymphocytes lack immunohisto-
chemically detectable amounts of T-cell receptor molecules 
that enable placental trophoblast to induce Fas-mediated 
cell death of T-cells recognizing fetal antigens what results 
in tolerance of fetal antigens by intradecidual T-cells (Neale 
and Mor 2005; Stoneman and Bennett 2009). 

The role of FAS gene polymorphism rs1800682 (NM_
00043.4:c.-671A>G, former -670A>G) in preeclampsia is 
controversial. Previous reports have shown the association 
of rs1800682 with preeclampsia on Hungarian and Italian 
cohorts with 38 and 50 preeclamptic patients, respectively 
(Sziller et al. 2005; Ciarmela et al. 2010). They assumed
that maternal possession of G allele increases the risk for 
preeclampsia because having influence on gene expression.
Others have shown the association of the rs1800682G allele 
with intrauterine growth restriction (Robinson et al. 2009). 
However, recent findings do not support the role of this
polymorphism in the pathogenesis of preeclampsia (Pola-
varapu et al. 2013). 

The changes in the gene expression of genes in this pathway
can influence the balance in signaling (Kanemitsu et al. 2002).
One of the mechanisms of genetically determined changes 
in gene expression is based on functional single nucleotide 
polymorphisms (SNPs) within the promoter region of genes. 
The polymorphic locus rs1800682 is located in the enhancer
region within a consensus sequence for transcription factor 
signal transducer and activator of transcription STAT1. Us-
ing the electrophoretic mobility shift assay, STAT1 binding
activity was found to be higher in rs1800682A allele of the FAS 
promoter as compared with rs1800682G allele (Kanemitsu 
et al. 2002). One would expect that the G allele is associated 
with decreased gene expression leading to reduced apoptosis 
of intradecidual T-cells whose are then not completely de-
stroyed in FasL-Fas pathway (Ciarmela et al. 2010). 

The rs1800682 is a common SNP with MAF = 0.403
in Caucasian populations (The International HapMap
Consortium, 2007). The rare rs34995925 is laying 7 bp
further from rs1800682 upstream of the FAS gene transcrip-
tional start and within the STAT1 transcription binding site 
(Stepanova et al. 2006) with the MAF < 0.05 according NCBI 
bdSNP (Sherry et al. 2001). Therefore, the rare rs34995925C 
allele might have similar effect of the FAS gene expression 
as the rs1800682G allele. Based on haplotype and diplotype 
analysis, we analyzed the additional effect of rs34995925C 
allele on the association with preeclampsia. 

Methods

Patients

The study is a part of the research carried out in the Centre
of Excellence in Perinatology Research and was approved 

by the Ethical committee of Jessenius Faculty of Medicine. 
The patients and controls signed an informed consent before
entering the study. The study cohort from the Department
of Obstetrics and Gynecology in Martin, Slovakia, consists 
of 46 patients with the diagnosis of preeclampsia and 45 
women with physiological course of pregnancy without previ-
ous history of preeclampsia or hypertensive disorder. From the 
Department of Obstetrics and Gynecology of the Semmelweis 
University in Budapest, Hungary, we included 70 patients with 
preeclampsia and 78 control subjects. The diagnostic criteria
for preeclampsia were identical within both cohorts. The
women were classified according to the clinical guidelines for
assessment of hypertension disorders in pregnancy, using the 
Report of the national High Blood Pressure Education Pro-
gram Working Group on High Blood Pressure in Pregnancy 
(National High Blood Pressure Education Program Working 
Group on High Blood Pressure in Pregnancy 2000). The blood
pressure of patients was equal to or higher than 140/90 mmHg 
after twentieth week of pregnancy in previously normotensive
subjects on two consecutive measurements at least 6 hours 
apart and proteinuria reached at least 300 mg/24 h in women 
with no history of proteinuria at baseline. The control subjects
had no signs of obstetric or systemic disease and normal physi-
ological course of pregnancy. Exclusion criteria were multiple 
gestations, diabetes including gestational diabetes, previous 
cardiovascular diseases, renal disease, autoimmune disease, 
liver disease, hypertension before 20th week of pregnancy, 
pre-existing hypertension or proteinuria, pregnancy-induced 
hypertension, fetal disorder prior to labor onset, in-vitro 
fertilization, infection, placental abruption and HELLP syn-
drome. Patients with history of hydatiforme mole in previous 
pregnancy were excluded from the study.

DNA Extraction

Genomic DNA was extracted from 100 μl of peripheral 
blood with EDTA using DNeasy Blood and Tissue DNA 
Isolation Kit (Qiagen, Germany) according the manufactur-
er’s instructions. Briefly, proteinase K and lyses buffer were
added to 100 μl of peripheral blood and the samples were 
incubated at 56°C for 10 min. After addition of ethanol and
vortexing, the samples were purified using silica-membrane
column and eluted into 100 μl of elution buffer. The concen-
tration was estimated by spectrophotometry at 260 nm. 

Dideoxysequencing

PCR for sequencing was preformed with 100 ng extracted 
DNA in a final volume of 20 μl using FastStart Taq polymerase
(Roche, Switzerland) with 1.5 mM Mg2+ concentration. The
PCR conditions were 10 min 95°C and thirty cycles at 95°C 
30 s, 64°C 30 s and 72°C 30 s. The primers rs1800682Fseq
5´GTACAGGAGCCTTGGCTAA TTG3´and rs1800682Rseq 
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5ˇTTAATATAGCTGGGGCTATGCGA were designed from 
GenBank sequence NG_009089 and the PCR was evaluated 
by agarose electrophoresis. The PCR products were purified
with NucleoSpin Extract II kit (Machery-Nagel, UK) and the 
sequencing reaction was performed using BigDye Termina-
tor kit v1.1 (Applied Biosystems, USA) at 95°C 2 min and 
35 times at 95°C 15 min, 60°C 4 min. The fragments were
separated on automatic genetic analyzer AB3500 and subse-
quently evaluated with DNA Sequencing Analysis Software
v5.4 and Seqscape v2.7 (Applied Biosystems, USA).

Statistical evaluation

Goodness of fit to Hardy-Weinberg equilibrium was calcu-
lated by comparing the observed genotypes frequencies with 
the expected values using the chi-square test. For all patient’s 
cohort, the odds ratios (OR) and 95% confidence intervals
(95%CI) were calculated. The association was determined
by two sided Fisher´s exact test, p < 0.05 was considered as 
significant. Haplotypes were estimated using an expectation-

maximization (EM) method (parameters: maximum EM iter-
ation = 50, EM convergence tolerance = 0.0001). Analysis was 
performed using SNP & Variation Suite v7.7.3 (Golden Helix, 
Inc., Bozeman, USA). For haplotypes, the OR and 95%CI were 
calculated. For diplotypes, the dominant model was applied 
(Lunetta 2008) and the OR and 95%CI determined.

Results

The rs1800682 polymorphism in Slovak, Hungarian and 
united cohorts

The determined genotypes in both, patients and control
cohorts of Slovakian and Hungarian patients as well as 
of united cohort fit the Hardy-Weinberg equilibrium.
Of the 239 singleton pregnancies enrolled into study, 116 
had preeclampsia while 123 were physiological pregnan-
cies. There were determined 119 (51.3%) G and 113 (48.7%)
A alleles at the rs1800682 locus. Compared to 114 G alleles 

Table 1. Results of FAS gene polymorphisms rs1800682 analysis in united Slovak and Hungarian cohorts, in 
Slovak patients only and Hungarian patients only

United Slovak and Hungarian cohorts 

Genotype Preeclamptic patients 
(n = 116)

Physiological pregnancies 
(n = 123) OR (95% CI) p

G 119 (51.3%) 114 (46.3%) a1.22 (0.85–1.74) 0.314
A 113 (48.7%) 132 (53.7%) – –
GG 28 (24.1%) 29 (23.6%) b 1.17 (0.62–2.19)

c1.71 (0.92–3.18)
0.747

GA 63 (54.3%) 56 (45.5%) 0.119
AA 25 (21.6%) 38 (30.9%) – –
GG+GA 91 (78.4%) 85 (69.1%) d1.63(0.91–2.92) 0.108
Slovak patients only 

Genotype Preeclamptic patients 
(n = 46)

Physiological pregnancies 
(n = 45) OR (95% CI) p

G 46 (50%) 40 (44.4%) a1.25 (0.70–2.24) 0.462
A 46 (50%) 50 (55.6%) – –
GG 11 (23.9%) 10 (22.2%) b1.09 (0.38–3.09) 0.87
GA 24 (52.2%) 20 (44.5%) c1.63 (0.62–4.35) 0.458
AA 11 (23.9%) 15 (33.3%) – –
GG+GA 35 (76.1%) 30 (66.7%) d1.59 (0.64–3.98) 0.360

Hungarian patients only 

Genotype Preeclamptic patients 
(n = 70)

Physiological pregnancies 
(n = 78) OR (95% CI) p

G 73 (52.1%) 74 (47.4%) a1.2 (0.76–1.91) 0.485
A 67 (47.9%) 82 (52.6%) – –
GG 17 (24.3%) 19 (24.4%) b1.2 (0.55–2.68) 0.689
GA 39 (55.7%) 36 (46.2%) c1.78 (0.80–3.98) 0.167
AA 14 (20%) 23 (29.4%) – –
GG+GA 56 (80%) 55 (70.6%) d1.67 (0.78–3.58) 0.250

a G vs. A; b GA vs. GG; c GA vs. AA; d GG+GA vs. AA.
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(46.3%) and 132 A allels (53.7%) of the control group, the 
difference was not statistically significant (Table 1). The GG 
and GA genotype in preeclamptic cohort of 116 women was 
detected in 91 cases (78.4%) and in 85 (69.1%) subjects from 
the control group of 123 women (Table 1). However, the ob-
served odds ratio represents 1.628 (95% CI 0.907 to 2.92), the 
p-value determined by Fisher´s exact test is not significant
(p = 0.108). Once the cohorts were analyzed separately, no 
significant differences in frequencies were determined (p > 
0.05). In the Slovak cohort with preeclampsia, 35 (76.1%) 
from 46 patients were carriers of the GG or GA genotypes. In 
the control group, there were 30 (66.7%) from 45 (Table 1). 
The observed OR is 1.59 (95% CI 0.64 to 3.98) and p = 0.36. 
In the Hungarian preeclamptic cohort, 56 (80%) of 70 had 
GG or GA genotypes. In the control group, there were 55 
(70.6%) of 78 (Table 1). The observed OR is 1.67 (95% CI
0.78 to 3.58) and p = 0.25. 

Analysis of the rs34995925, haplotypes and diplotypes

In addition to rs1800682 analysis, we were able to detect 
the rare variant of rs3499592C laying 7 bp further from the 
rs1800682 in two patients with preeclampsia in the Slovak 
cohort; this gives the frequency of heterozygosity 0.04 in the 
Slovak preeclamptic cohort. This allele was present in one
Hungarian preeclamptic woman. In the united cohort, the 
frequency of heterozygosity amounts to 0.03.

Estimating haplotypes, we determined frequencies 
of three different haplotypes within this short promoter
region defined by rs1800682 and rs34995925 (in this order)
GT, AT, and AC (Table 2). The rs1800682G allele of GT hap-
lotype is thought to restrain the FAS gene expression and is 
localized within the transcription binding site of STAT1; 
similarly the rs34995925C allele of the AC haplotype. Both, 
GT and AC have been considered as “low” FAS-produc-
ing haplotypes. The AT haplotype have been suggested as
normal FAS-producing haplotypes. The OR values showed
in Table 2 were calculated using haplotype GT against a sum 
of all others. Statistical evaluation of odds ratio showed 
increased incidence of preeclampsia for GT haplotype with 

OR = 1.253 (95%CI 0.873 to 1.796), however, the p-value 
was not significant (p = 0.221). 

When the dominant model in diplotype analysis was ap-
plied, we obtained diplotype group of “low” FAS-producing 
diplotypes consisting of GT/GT, GT/AT, AC/AT and diplo-
type AT/AT consisting of normal FAS-producing haplotypes. 
In the preeclamptic cohort, we determined 94 “low” and 
22 normal FAS-producing diplotypes. The control group
consists of 85 “low” and 38 normal FAS-producing diplo-
types (Table 3). The statistical evaluation showed OR = 1.91
(95% CI 1.04 to 3.48) and the p-value 0.03 is considered as 
significant.

Discussion

The role of rs1800682 in the association with preeclampsia
is recently controversial. The published reports showed
significant association of G allele with development of preec-
lampsia in Hungarian population (Sziller et al. 2005) as well 
as the association of genotypes GG and GA with preeclamp-
sia in dominant manner in Italian population (Ciarmela 
et al. 2010). The Italian authors Ciarmela et al. considered
that the Italian and Hungarian populations are different.
When we compared the results concerning frequencies 
of rs1800682A>G in Slovak and Hungarian cohorts, we were 
not able to determine significant differences between these
two groups of patients and controls. Patients and control 
cohorts of Slovak and Hungarian patients as well as of united 
cohort fit the Hardy-Weinberg equilibrium. Therefore, we
decided to perform the evaluations of analysis in united 
cohort. Our results focusing on rs1800682 in Slovak and 
Hungarian cohorts as well as within the united cohort and 
recent report from an US group did not confirm the asso-
ciation of rs1800682 with the pathogenesis of preeclampsia 

Table 2. Association of the most frequent haplotypes with pre-
eclampsia estimated from rs1800682 and rs34995925 (in this 
order)

Haplotype Preeclamptic  
pacients (%)

Physiological  
pregnancies (%)

GT 119 (51.3) 114 (46.3)
AT 110  (46.8) 133 (53.7)
AC 3 (1.3) 0

p = 0.221 GT vs. AT; Chi-Squared X2 = 1.501; OR = 1.253; 95% 
CI = 0.873–1.796.

Table 3. Statistical evaluation of the „low” and normal FAS-pro-
ducing diplotypes in dominant model in preeclamptic patients and 
control subjects in united Slovak and Hungarian cohorts

 
Preeclamptic  

patients 
(n = 116)

Physiological 
pregnancies 

(n = 123)

„low“ FAS-producing 
diplotypes 

GT/GT 28 (24.1%) 29 (23.6%)
GT/AT 63 (54.4%) 56 (45.6%)
AC/AT 3 (3.6%) 0

 total 94 (81%) 85 (69%)
normal FAS-producing 
diplotypes AT/AT 22 (19%) 38 (31%)

 total 22 (19%) 38 (31%)
p = 0.03 GT/GT+GT/AT+AC/AT vs. AT/AT; OR = 1.91; 95% 
CI = 1.04–3.48.
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(Polavarapu et al. 2013). However, the reports publishing 
the results of the rs1800682 association with preeclampsia 
are dealing with relative small cohorts between 22 and 50 
of patients (Sziller et al. 2006; Ciarmela et al. 2010; Po-
lavarapu et al. 2013) what is one of the main reasons for 
controversies in SNP association studies. Statistical analyses 
of such cohorts could contain different statistical errors due
to e.g. the number of tested subjects and SNP frequencies. 
Our united cohort with 116 patients and 123 controls repre-
sents the largest one analyzed on FAS gene promoter region 
in preeclampsia. Some studies suggest that preeclampsia is 
a multifactorial and multisystemic disease and this fact may 
influence results of this kind of study (Vatten and Skjaeven
2004; Sziller et al. 2005) accordingly we used criteria based 
on the Report of the National High Blood Pressure Educa-
tion program Working Group (National High Blood Pressure 
Education Program Working Group on High Blood Pressure 
in Pregnancy 2000). The other problem might be the failure
of rare variants identification (Cirulli and Goldstein 2010).
In concordance with the common-disease common-variant 
hypothesis, the most association studies have been focusing 
on the identification of common alleles with frequencies
more than 0.05. However, most of these associated variants 
have very small effect on the heredity so the attention is
shifted to the searching for rare variants with large effects.
The third group of variants is represented by rare variants
of small effect which are very hard to identify (Manolio et
al. 2009).

Therefore, the combination of both common and rare
variants can be necessary to obtain more significant results
(Sykes et al. 2011). While the statistical methods for such 
types of analyses are in development (Aschard et al. 2011) 
and are focusing on the genome-wide analyses, for our evalu-
ation, we decided to use an approach combining haplotypes 
with similar effects on the FAS gene expression (Edwards-
Smith et al. 1999) in dominant model (Lunetta 2008) and 
standard statistical evaluation.

Using this approach, we divided the diplotypes into 
two groups – the “low” FAS-producing diplotypes AT/GT, 
GT/GT and AT/AC and normal FAS-producing diplotype 
AT/AT. In preeclampsia, we had 94 cases of “low” and 22 
cases of normal FAS-producing diplotypes (Table 3). From 
94 cases with “low” FAS-producing diplotypes, 91 are rep-
resented by the common G allele of rs1800682 and 3 by 
rare C allele of rs34995925. We found data concerning the 
frequency of heterozygosity of rs34995925 in NCBI dbSNP 
where the declared value was 0.01 by SNP500 Cancer data-
base obtained by sequencing (Packer et al. 2006). However, 
the frequency in our cohort amounts for 0.03; to obtain more 
accurate results, more patient´s samples have to be analyzed 
in the case of rare SNPs.

One of the mechanisms of genetically determined 
changes in gene expression is based on functional SNPs 

within the promoter region of genes. The rs1800682
within the FAS promoter region is located in the enhancer 
region and abolishes the binding site of gamma-interferon 
activating site GAS ATTCCAGG/AAA, where transcrip-
tion factor signal transducer and activator of transcription 
STAT1 binds (Huang et al. 1997). Using the electrophoretic 
mobility shift assay, it was demonstrated that STAT1 binding
activity was found to be higher in rs1800682A allele of the 
FAS promoter as compared with rs1800682G allele (Kane-
mitsu et al. 2002). We included therefore the AT/GT and 
GT/GT into the group of “low” FAS- producing haplotypes 
in the dominant model. Under normal circumstances, FasL 
secreted by trophoblast is able to induce T-cell death by 
apoptosis through activation of Fas pathway (Abrahams 
et al. 2004). The changes in the FAS gene expression can 
influence the balance in apoptosis signaling and a lower
expression of FAS receptor (CD95) was observed on T-cells 
in preeclamptic women compared to the healthy pregnant 
controls (Miko et al. 2009). Due to the fact that rs34995925 
is laying 7 bp further from rs800682 within the STAT1 TBS 
site, we suggest, that this SNP has influence on the FAS gene 
expression. For that reason, we included the AC haplotype 
with rs1800682A and rs34995925C alleles into the “low” 
FAS- producing haplotype group and obtained a significant
association of the sum of “low” FAS-producing diplotypes 
compared to the sum of all normal FAS-producing diplo-
types with preeclampsia (Table 3). Although, there are no 
functional studies showing the functionality of rs34995925, 
its importance is underlined by the fact, that we determined 
the minor allele in 3 preeclamptic patients and in none 
control subjects. 

The data obtained in this study may represent first report
of combined analysis of common and rare FAS gene pro-
moter variants influencing the FAS gene expression. Because 
of the controversial results of different studies, it will be nec-
essary to develop an allele-specific gene expression assay for
the validation of the functionality of both SNPs in the T- cells 
and inclusion of larger cohorts for the SNP analyses.
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