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Abstract

Purpose Preeclampsia (PE) is a hypertensive disorder of
pregnancy in which abnormal proliferation and apoptosis of
placenta trophoblast has a pivotal role in its pathophysiology.
The aim of the current study was to examine the association
between Mouse Double Minute 2 (MDM2) T309G and 40 bp
insertion/deletion (I/D) polymorphisms and PE risk.
Methods A case-control study was conducted on 208 PE
women and 164 healthy pregnant women matching age, sex,
and ethnicity. Polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) and PCR methods were
used for genotyping.

Results The MDM2 309GG genotype was associated with
PE, and this genotype was found to be a risk factor for PE.
There was no association between the MDM2 I/D polymor-
phism and PE. The haplotype-based association analysis re-
vealed no association between MDM?2 T309G and 40 bp I/D
polymorphisms and PE. The frequency of TT-DD and GG-
DD combined genotypes were significantly higher in PE
women with marginal P values (P = 0.046).
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Conclusions The MDM2 309GG genotype was associated
with higher risk of PE. The TT-DD and GG-DD combined
genotypes were higher in PE women.
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Introduction

Preeclampsia (PE) is a medical disorder of pregnancy charac-
terized by the onset of hypertension and proteinuria during the
second half of the gestation [1]. The occurrence of preeclamp-
sia ranges from 3 to 7% for nulliparous and 1 to 3% for mul-
tiparous women, and it is dependent on ethnicity [2].
Preeclampsia is a leading cause of maternal mortality and
morbidity, preterm birth, perinatal death, and intrauterine
growth restriction [3]. There are several possible mechanisms
of pathogenesis of preeclampsia such as uteroplacental ische-
mia, endothelial cell dysfunction, and exaggerated maternal
inflammatory response to deported trophoblast, as well as ap-
optosis, but the underlying etiology of preeclampsia remains
unknown [4]. Evidence shows the relation between genetic
factors and preeclampsia because both the maternal and the
paternal family histories of the disease can cause the pre-
eclampsia [5]. Several studies have addressed the association
between apoptosis disruption and PE [6]. The apoptosis or
programmed cell death is a vital component of various pro-
cesses including organ development, tissue remodeling, im-
mune response, tumor suppression, and maintenance of tissue
homeostasis [7, 8]. P53 is a necessary regulatory factor of
apoptosis, triggering apoptosis in response to noxious stimu-
lation by contributing factors including p21, APAF1, Puma,
and Bax; these factors increase the activation of caspases [9,
10]. Under normal conditions, the human homolog of the
mouse double minute 2 (MDM?2) inhibits p53 by translocation
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of it to the cytoplasm and making it accessible for
ubiquitination and targeting it for proteasomal degradation
[11]. MDM2 is a member of E3 ubiquitin-protein ligase fam-
ily, and its increased levels suppress the initiation of apoptosis
and activate the cell cycle. Studies show that suppression of
MDM? gene in mice increases the fetal mortality [12, 13].
MDM? gene is a target for tumor suppressor p53 so that p53
positively regulates MDM?2 expression while MDM?2 nega-
tively regulates p53 levels and activity [11]. Although various
studies have been performed on the effects of p53 levels on PE
[14, 15], the studies about the correlation between MDM?2 and
PE are rare [16]. In addition, there are few published reports
on the association between MDM2 polymorphisms and PE
[17].

Based on the fact that MDM?2 plays an important role in the
apoptosis, it was hypothesized that the functional polymor-
phisms in MDM?2 promoter (T309G and 40 bp insertion/dele-
tion) may be associated with increased risk of PE formation.

Materials and method

Two hundred eight preeclamptic women and 164 normoten-
sive pregnant women were recruited from the Department of
Obstetrics and Gynecology of Ali-ebn-Abitaleb Educational
Hospital of Zahedan University of Medical Sciences.
Informed consent was obtained from all subjects, and the
study protocol was approved by the Ethics Committee of
Zahedan University of Medical Sciences and conducted in
accordance with the Declaration of Helsinki.

Preeclampsia was defined as the presence of increased blood
pressure (>140 mmHg systolic blood pressure [SBP] or
>90 mmHg diastolic blood pressure [DBP] on two or more
measurements at least 6 h apart) and proteinuria >0.3 g/24 h
or >+ | on aurine dipstick after 20 weeks of gestation. Women
with chronic hypertension, underlying renal disease, and/or
insulin-dependent diabetes twins or multiple pregnancies,
hydatidiform mole, hydrops fetalis, diabetes, liver dysfunction,
systemic lupus erythematosus, and all systemic diseases were
excluded from the study. The PE was classified as severe hy-
pertension and severe proteinuria (SBP > 160 mmHg or
DBP > 110 mmHg and urinary protein excretion >5 g per 24 h).

Genomic DNA extraction and genotyping

Genomic DNA was extracted from 200 ul EDTA-treated whole
blood using the salting out method and stored at —20 °C until
analysis. The analysis of MDM2 40-bp insertion/deletion (I/D)
and T309G polymorphisms was performed by the polymerase
chain reaction (PCR) or polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) methods, respec-
tively. The fragment containing the MDM2 40 bp I/D polymor-
phism was amplified using the forward: 5'-TTTC
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CTTTCTGGTAGGCTGG-3" and reverse: 5'-CACC
TACTTTCCCACAGAGA-3' primers. The primers used for
the amplification of the fragment containing the MDM?2
T309G polymorphism were forward: 5'-CGCG
GGAGTTCAGGGTAAAG-3' and reverse: 5'-AGCT
GGAGACAAGTCAGGACTTAAC-3'[18, 19]. The total vol-
ume of the PCR mixture was 25 pl containing 200 ng genomic
DNA, 25 pM of each primer, 0.1 mM dNTP, 1.5 mM MgCl2,
2.5 ul PCR buffer x 10, and 1 U of Taq polymerase (Fermentas,
Lithuania). Amplification was performed in a Bio-Rad thermal
cycler using a thermal profile as previously described.

The 237-bp PCR product of the MDM2 T309G polymor-
phism was digested by MSPAII restriction enzyme
(Fermentas, Lithuania) and was incubated at 37 °C overnight.
The digested products were separated by electrophoresis on
2.5% agarose gel. The MDM2 309T allele had no MSPA1
cleavage site and produced a 237-bp fragment only.
However, the MDM2 309G had one MSPAI cleavage site
and was digested to189 and 48 bp fragments. The PCR prod-
ucts of 40-bp I/D polymorphism were electrophoresed on
2.5% agarose gel and produced 262 and 222 bp fragments
for I and D alleles, respectively.

Statistical analysis

Statistical analyses were performed using SPSS software
(Version 20; SPSS Inc., Chicago, IL, USA). The clinical and
demographic characteristics of the both groups were compared
via independent Student’s ¢ test or Fisher’s exact test. The inde-
pendent effect of each polymorphism and haplotype on PE risk
was assessed via logistic regression analysis. Haplotype frequen-
cy and LD were analyzed using Cube X software [20]. Values of
P < 0.05 were considered statistically significant.

Results

Demographic and clinical characteristics of 208 PE women
and 164 normotensive women are presented in Table 1. The
maternal age, birth weight of neonates, and family history of
PE did not differ between two groups. However, gestational
age, systolic and diastolic blood pressures, and primiparity
were significantly different between PE women and normo-
tensive women.

Genotypes

The genotype frequencies of MDM2 T309G polymorphism
were in Hardy-Weinberg equilibrium in the PE and normoten-
sive women. Although the MDM?2 40 bp I/D polymorphism
was in Hardy-Weinberg equilibrium in normotensive women,
it was deviated from Hardy-Weinberg equilibrium in PE
women (P = 0.002).
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Table 1 Demographic
characteristics of PE women and Variable Controls n = 164 PE n =208 P value OR (95% CI)
controls

Maternal age (mean + SD, years) 26.7+6.4 27.6+75 NS

Gestation age (mean + SD, days) 268 =19 260 +24 <0.001

Birth weight (mean + SD, g) 2932 +470 2807 + 459 0.01

SBP (mean + SD, mmHg) 115+93 144 £222 <0.0001

DBP (mean + SD, mmHg) 71.6 £11.6 90.7 £ 13.8 <0.0001

Primiparity, n (%) 46 (28) 91 (44) 0.002 2(1.3-3.1)

Family history of PE, n (%) 54 (33) 84 (40) NS

NS not significant, SD standard deviation

Table 2 shows the allele and genotype frequencies of
MDM2 T309G and MDM2 40 bp I/D polymorphisms in the
PE women and healthy controls.

The frequency of MDM2 309 TG genotypes was not dif-
ferent between PE and control groups; however, the frequency
of MDM2 309 GG genotype was statistically higher in PE
women, and MDM2 309 GG genotype was associated with
2.3-fold higher risk of PE [OR 2.3 (95% CI 1.1-4.6);
P =0.03]. MDM2 309-G allele was not more frequent in PE
women compared to normotensive women.

The frequency of I/1, I/D, and D/D genotypes and D allele
of MDM2 40 bp I/D polymorphism were not different be-
tween two groups.

Haplotype analysis of MDM?2 T309G and 40 bp I/D
polymorphisms

Table 3 presents the frequency of four haplotypes of MDM2
T309G and 40 bp I/D polymorphisms. Although the

Table2  Allelic and genotypic frequency of MDM2 polymorphisms in
PE women and control group

PE (N=208) Control Pvalue OR (95% CI)
(N=164)

MDM?2 T309G

TT, n (%) 85 (41) 73 (44.5) 1

TG, n (%) 89 (43) 78 (47.5) 0.93 1(0.6-1.5)

GG, n (%) 34 (16) 13 (8) 0.03* 2.3 (1.1-4.6)
Allele

T, n (%) 259 (62.3) 224 (68) 1

G, n (%) 157 (37.7) 104 (32) 0.09 1.3 (1-1.8)
MDM? 40 bp

1, n (%) 112 (53.8) 93 (57) 1

/D, n (%) 68 (32.7) 59 (36) 0.9 1 (0.6-1.5)

D/D,n (%)  28(13.5) 12 (7) 0.08 1.9 (0.9-4)
Allele

I, n (%) 292 (70) 245 (75) 1

D, n (%) 124 (30) 83 (25) 0.2 1.3 (0.9-1.7)
*p < 0.05

frequency of T-D and G-I haplotypes were higher in the PE
women compared to the controls, the haplotype-based associ-
ation analysis revealed that these differences were not statisti-
cally significant. Linkage disequilibrium was calculated for
MDM2 T309G and 40 bp I/D polymorphisms D’ = 0.26,
#*=0.05 in PE and D' = 0.36, 7> = 0.1 in control women.

Combination effects of MDM2 T309G and 40 bp I/D
polymorphisms on PE risk

The association between nine combined genotypes of MDM2
T309G and 40 bp I/D polymorphisms and PE risk is shown in
Table 4. The frequency of TT-DD and GG-DD combined
genotypes were significantly higher in PE women; however,
the P values for these differences were marginal (P = 0.046).

Discussion

The human placenta is surfaced by a continuous layer of ep-
ithelial cells called the trophoblast and plays an essential role
in embryo implantation and interaction with the maternal uter-
us. After fertilization, these cells proliferate and differentiate
into two cell layers, cytotrophoblast (inner layer) and
syncytiotrophoblast (outer layer). The syncytiotrophoblasts
directly contact with the maternal blood; therefore, they are
responsible for the fetal-maternal transfer of gases, nutrients,
and wastes [21, 22].

Oxidative and nitrative stresses created by exogenous stim-
uli affect placental development and lead to placental injury.
Evidences show that oxidative stresses and placental
maldevelopment or damage are associated with pregnancy
complications such as preeclampsia [23, 24].

On the other hand, impairment in trophoblast invasion and
remodeling of maternal uterine spiral arteries that occur in the
first 20 weeks of pregnancy have been introduced as a major
accepted concept in PE etiology. Therefore, the factors that
disrupt the balance between trophoblast proliferation and ap-
optosis could play an essential role in this complication [25].

Apoptosis is an active process by which excessive and
dysfunctional cells are removed for the preservation of normal
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Table 3 Haplotype frequency of

MDM2 T309G and 40 bp I/D MDM?2 T309G MDM?2 40 bp /D PE (N =208) Control (N = 164) P value OR (95% CI)

polymorphisms in PE women and

control group T I 203 (48.7) 188 (57.3) 1
T D 59 (14) 36 (11) 0.08 1.5 (1-2.4)
G I 87 (21) 57 (17.3) 0.09 14 (1-2.1)
G D 68 (16.3) 47 (14.4) 0.2 1.3 (0.9-2)
*p < 0.05

tissue function. During the embryonic development, apoptosis
is introduced as a critical process. In normal conditions, apo-
ptosis is often stimulated in response to stresses. The apoptosis
acts at least through the extrinsic pathway using cell-surface
receptors and the intrinsic pathway that contains mitochondri-
al depolarization [26]. Different studies have proved an in-
creased level of villous trophoblast apoptosis in pregnancies
complicated by preeclampsia [6, 14].

MDM2 as an apoptosis-related factor is the major regulator
of p53 protein. The levels of both MDM2 and p53 proteins are
strongly regulated. In response to genotoxic stresses, p53 in-
duces MDM2 transcription; however, MDM?2 inhibits and
directs p53 for proteasomal degradation. Therefore, MDM2
overexpression has been proposed as an effective mechanism
in p53 inactivation [27]. Taking the effects of p53 and MDM2
proteins on apoptosis, several studies have investigated the
expression levels of p53, MDM2, and other apoptotic proteins
in the placenta of PE women. Sharp et al. illustrated higher
expression of p53, p21, and Bax proteins in the placental
villous tissue of PE women. However, Mdm2 protein levels
significantly decreased in placental villous tissue of PE wom-
en [10]. Heazell et al. showed that the expression of p53, p21,
and MDM2 elevated in trophoblast following exposure to
hypoxia [28].

MDM?2 gene has two promoters: the basal promoter (P1)
situated at upstream of exon 1 and the alternative promoter
(P2) presented in intron 1. P1 regulates MDM2 expression in
non-stress states; however, in presence of pS3-responsive el-
ement in P2 region, it regulates MDM2 expression in cells
under cellular stress [29].

The T-to-G transversion at nucleotide 309 (T309G,
rs2279744) in the P2 promoter increases the binding affinity
of the transcriptional activator Sp1 and leads to increased pro-
duction of MDM2 protein. In addition, the 40-bp insertion/
deletion (I/D) polymorphism (—1208 to —1169, rs3730485)
has been found in the promoter region of the MDM2 gene,
which may alter the expression of MDM2 gene [18, 30].

Considering the effects of MDM2 on apoptosis, several
studies have investigated the association between MDM?2
polymorphisms and different diseases including cancers [31,
32] and uterine leiomyoma [33].

In the current study, it was found that MDM2 309 GG but
not MDM2 309 TG genotype was associated with 2.3-fold
higher risk of PE. MDM2 309 G allele was also associated
with PE. MDM2 40 bp I/D polymorphism was not associated
with PE. However, the synergic effects of TT/DD and GG/DD
genotypes of MDM2 T309G and I/D polymorphisms were
associated with PE risk with marginal P values.

The findings regarding the association between MDM?2
309 GG genotype and PE risk are in accordance with the effect
of MDM2 309 G allele on increased production of MDM2
and inhibition of apoptosis in PE patients. To the best of our
knowledge, there is only one published report on the associa-
tion between MDM2 T309G polymorphism and PE [17], and
there is no published report on the association between
MDM2 40 bp I/D polymorphism and PE. Conversely,
Busatto et al. showed no association between MDM?2
T309G polymorphism and PE in Brazil [17]. However, Fang
et al. found an association between MDM2309 GG genotype
and risk of missed abortion. They showed higher levels of

Table 4 The combination effects

of MDM2 T309G and 40 bp I/D MDM?2 T309G MDM?2 40 bp PE (N =208) Control (N = 164) P value OR (95% CI)
polymorphisms on PE risk
TT I 56 (26.9) 55(33.5) 1
TT ID 19 9.1) 16 (9.8) 0.69 1.2 (0.5-2.5)
TT DD 10 (4.8) 2(1.2) 0.046* 49 (1-23.4)
TG I 43 (20.7) 27 (16.5) 0.15 1.6 (0.9-2.9)
TG ID 41 (19.7) 43 (26.2) 0.82 0.9 (0.5-1.7)
TG DD 8(3.8) 8 (4.9) 0.97 1(0.3-2.8)
GG I 13 (6.3) 11 (6.7) 0.74 1.2 (0.5-2.8)
GG ID 8 (3.8) 0 (0) 1 -
GG DD 10 (4.8) 2(1.2) 0.046* 4.9 (1-23.4)
*p < 0.05
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MDM?2 mRNA and protein in women carrying MDM2
309GG genotype [34]. Moreover, several studies have
reported an association between other apoptotic genes such
as FAS, FAS ligand [35], and caspase 8 [36].

The present study demonstrated an association between
MDM?2 309 GG and PE susceptibility. The synergic effects
of TT/DD and GG/DD genotypes of MDM?2 T309G and I/D
polymorphisms were associated with PE risk. Since these as-
sociations are not strong, further studies in other countries and
ethnic groups are recommended to confirm or refute the cur-
rent results.
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