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Abstract

Background: Preeclampsia (PE) is a pregnancy-associated hypertensive disorder and a leading cause of maternal and
neonatal morbidity and mortality. While its pathogenesis remains ill defined, several candidate genes for PE have been
identified, but results remain inconclusive. We investigated the association of the angiotensinogen (AGT) gene variants
M235T and T174M with PE, and we analyzed the contribution of both variants to the severity of PE.

Methods: This case-control study enrolled 550 Tunisian pregnant women: 272 with PE, of whom 147 presented with
mild, and 125 with severe PE, along with 278 unrelated age- and ethnically matched control women. AGT genotyping was
performed by polymerase chain reaction-restriction fragment length polymorphism.

Results: Significantly higher M235T minor allele frequency (MAF) was associated with increased risk of PE (p < 0.001).
Decreased frequency of heterozygous T174M genotype carriers were found in control women (p = 0.015), suggesting a
protective effect of this genotype (odds ratio (95% confidence interval) = 0.51 (0.29-0.89)). Two-locus haplotype analysis
demonstrated MM and TT haplotypes to be negatively and positively associated with PE, respectively. MAF of M253T,
but not T174M, was higher in the severe PE group, and carrying M235T or T174M minor allele was associated with
increased body mass index (p < 0.001) among unselected PE women.

Conclusions: AGT M235T and T174M variants contribute to an increased risk of developing PE, and for M235T to PE
severity.
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Introduction

Preeclampsia (PE) is a significant pregnancy complication
characterized by hypertension and proteinuria,! affecting
2%—-8% of all pregnancies worldwide.? PE is defined as
systolic blood pressure (SBP) of 2140 mmHg, and/or dias-
tolic blood pressure (DBP) of 290 mmHg on at least two
occasions separated by six hours, and following 20 weeks
of amenorrhea combined with proteinuria.? PE is severe if
SBP or DBP exceed 160 mmHg or 110 mmHg usually
with abnormal proteinuria (at least 5 g/24 hours).3 PE is
multifactorial and is accompanied by maternal multi-organ
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dysfunction, fetal complications, and growth restriction,*
and is considered a disease of theories.® The progression of
PE is related to several factors, including abnormal placen-
tal development, trophoblast invasion, and remodeling of
uterine spiral arteries,® along with dysregulated immunity,’
placental ischemia,® oxidative stress? and thrombosis.!?

The renin-angiotensin-aldosterone (RAAS) system reg-
ulates BP, vascular tone, electrolyte balance and fluid
homeostasis.!! RAAS effects result from cleavage of angi-
otensinogen (AGT) by renin to angiotensin I,'> which sub-
sequently cleaves by angiotensin-converting enzyme
(ACE) to (biologically active) angiotensin Il (Ang II).!?
Ang II stimulates aldosterone synthesis, resulting in water
retention and salt reabsorption in the renal tubes and sys-
temic arteriolar vasoconstriction.!# In addition, accumulat-
ing evidence highlights the contribution of extra-renal
RAAS (brain, heart, ovary, placenta) in carrying out simi-
lar effects as renal RAAS.415 In particular, decidual spiral
arteries show expression of AGT, renin, ACE and Ang 11
type 1 (AT1) receptors.'617

During normal pregnancy, there is an increase in mater-
nal blood volume, a decrease in total resistance and ele-
vated plasma concentrations of renin, Ang II and
aldosterone.!18:19 This increase in the RAAS components,
due to increased estrogen levels, mediates the expansion of
extracellular and blood volumes typical for the normal
adaptive mechanism of pregnancy.'> In the placenta, all
components of the RAAS are distributed and trophoblasts
cells are rich in AT1 receptors and thus are responsive to
the changes in Ang II concentrations.'8 Furthermore, it has
also been shown that Ang II and aldosterone have a crucial
role in placental development, and thus fetal perfusion.?

In PE, the intravascular blood volume and cardiac out-
put are reduced, while the total peripheral resistance is
increased and the components of circulating RAAS are
downregulated, including plasma renin activity, plasma
Ang I, Ang II, Ang-(1-7) and aldosterone.!*2! PE is a mul-
tifactorial disease, and modifiable and non-modifiable risk
factors contribute to its physiopathology, the latter includ-
ing genetic susceptibility factors.?? The AGT gene, located
on chromosome 1 (1q42—43), encodes the precursor of all
angiotensin peptides, and has been described as a candi-
date gene of hypertension?? and PE.?4? The AGT gene is
polymorphic, and 1249 variants distributed between near
gene (154), untranslated regions (76), exons (355) and
intron (664) regions have been reported, of which M235T
(rs699) and T174M (rs4762) have been the most investi-
gated. These variants were associated with a rise in serum
AGT levels in patients with essential hypertension,? lead-
ing to increased SBP and DBP,?” and abnormal remodeling
of the uterine spiral arteries, an early cause of PE.?8 Here
we investigate the association of AGT M235T and T174M
variants with PE among (North African) Tunisian Arab
women, and correlate the impact of carrying the minor
allele of these variants on the severity of PE.

Materials and methods

Study participants

From 1 May 2012, to 31 July 2014, 345 women with PE
(mean age 31.3 = 7.0 years), and 323 normotensive control
women with normal pregnancy (mean age 30.5 + 5.8
years) were recruited from the outpatient Obstetrics &
Gynecology service of Fattouma Bourguiba University
Hospital (Monastir, Central Tunisia), Farhat Hached
University Hospital (Sousse, Central Tunisia), Taher Sfar
University Hospital (Mahdia, Eastern Tunisia) and Gafsa
Regional Hospital (Gafsa, Southern Tunisia). Inclusion
criteria for cases were PE during natural pregnancy, which
was defined as gravidic hypertension, and assessed as SBP
>140 mmHg, DBP >90 mmHg, and/or rise in SBP >30
mm, or DBP >15 mmHg on at least two occasions six
hours apart, following 20 weeks of gestation, and with evi-
dence of marked proteinuria (> 300 mg/24 hours), or >2+
proteinuria as determined by the dipstick method.

Control women with no known personal or family his-
tory of PE were recruited from the same geographical area.
Inclusion criteria for controls were uncomplicated preg-
nancy after 20 weeks of gestation, and negative proteinu-
ria. Exclusion criteria for PE cases and control women
were arterial hypertension, gestational hypertension,
hemolysis, elevated liver enzymes, and low platelets syn-
drome and non-Arab origin. The investigation was
approved by local ethics committees, and all participants
were asked for, and provided written informed consent.
Demographic data of participants and clinical characteris-
tics of the patients are shown in Table 1.

AGT genotyping

Peripheral venous blood samples were collected in ethylen-
ediaminetetraacetic acid-containing vacutainer tubes.
Plasma was recovered following centrifugation at 3000
revolutions per minute for 15 minutes, and stored in small
aliquots at —20°C pending analysis. Genomic DNA was
extracted by the salting-out method.?® AGT genotyping was
performed by polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP). Briefly, PCR
was performed in a final-volume 15 pl containing genomic
DNA (50 ng), 0.2 uM of forward and reverse primers, 0.2
mM deoxynucleotide mix (Invitrogen, Carlsbad, CA, USA)
and 1 U GoTagDNA polymerase (Promega, Madison, W1,
USA). For M235T, the following primers were used: for-
ward, 5’-CAgggTgCTgTC CAC ACT ggA CCC C-3°, and
reverse, 5°- CCg TTT gTgCAgggCCTggCT CTC T-3". For
T174M, the following primers were used: forward, 5’-gAT-
gCg CAC AAggTC CTg-3’, and reverse, 5°, CAg ggTgCT-
gTC CAC ACT ggCTCg C-3’. The 165 base pair (bp)
M235T and 303 bp T174M amplicons were digested with
Thermus thermophilus strain 111 Tth1111 at 65°C or
Nocardia corallina (Ncol) at 37°C, respectively (New
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Table I. Characteristics of study participants?.

Characteristic Control (278) All PE (272) Mild PE (147) Severe PE (125)
Age 30.6 £ 5.9 31.3+£7.0 3.1 £5.7 31879

BMI (kg/m?)® 285+ 4.2 32.1 £5.0¢ 322 5.1 322+5.0
Obesityed 89 (31.6) 173 (59.5) 92 (58.6) 81 (60.4)
Systolic BP (mmHg)® 1123 £94 155.2 + 14.8¢ 144.5 £ 5.6 167.0 + 12.5f
Diastolic BP (mmHg)® 687 +79 95.0 + 8.6¢ 91.3+49 99.3 £ 10.0
Gestation (weeks)® 382 3.1 35.8 + 3.5¢ 357+ 3.6 355+43
Baby weight (g)° 3344.0 + 398.6 2987.0 + 634.8¢ 2959.9 + 574.3 3017.6 + 697.3
Proteinuria (mg/24 hours)® NA 6172+1017.0 6284 + 1189.2 604.3 + 7784
Fasting glucose (mmol/l)® 48+t 1.6 50+ 1.6 50+ 1.6 50+ 1.6
Creatinine (umol/l)® 63.1 £27.3 66.4 + 25.1 66.3 £ 256 754 £ 295
Urea (mmol/l)® 46+ 14 36+ 1.8 35+ 1.8 40+32
Positive family historyc NA 135 (39.1) 85 (46.4) 70 (43.2)
Miscarriage® 0 (0.00) 104 (30.1) 51 (27.9) 53 (32.7)
Cesarean section delivery© 107 (33.1) 167 (48.4) 85 (46.4) 82 (50.6)

Fetal complications® 0 (0.0 19 (5.5) 12 (6.6) 7 (4.3)

aStudy participants comprised 272 PE cases and 278 control women.
®Mean + SD.

‘Number (percentage of individuals within group or subgroup).
dObesity defined by BMI greater than 30.

ep < 0.05 (controls vs. All PE cases), fp < 0.05 (mild vs. severe PE cases), Student’s t-test (two tailed) for continuous variables, Pearson’s chi-square

test for categorical variables.
PE: preeclampsia; BMI: body mass index; BP: blood pressure.

England Biolabs, Ipswich, MA, USA). Digested fragments
were separated by electrophoresis on 3% agarose gel, and
yielded 141 bp + 24 bp for M235T, and 211 bp + 92 bp for
T174M, respectively.

Statistical analysis

Statistics were performed by SPSS version 20 (SPSS,
Chicago, IL, USA). Continuous data are presented as mean
+ SD, and analyzed by Student #-test, while categorical
data are presented as frequencies, and tested by x? test.
Allele frequencies were calculated by the gene-counting
method, and each polymorphism was tested for the Hardy—
Weinberg equilibrium using Haploview 4.2 (www.broad-
institute.org/haploview). Calculation of the power for
detecting association between AGT variants and PE was
performed using the Genetic Power Calculator (http://
pngu.mgh.harvard.edu/~purcell/cgi-bin/cc2k.cgi). The
parameters used were number of PE cases and control
women, genotypic relative risk for heterozygote (1/2) and
homozygous minor allele (2/2), and minor allele frequency
(MAF) for PE cases and control women for the two tested
AGT single-nucleotide polymorphisms (SNPs), and
assuming a 3.5% prevalence of PE. Assuming these param-
eters, the overall power (53.4%) was calculated as the
average power of the two tested SNPs. Logistic regression
analysis was performed to build nested prediction models
of PE. The corresponding crude odds ratio (OR) and 95%
confidence interval (95% CI) were calculated. For all anal-
yses, statistical significance was considered at p < 0.05.

Results

Characteristics of study participants

Baseline and clinical characteristics of study participants
are described in Table 1. The total number of study women
was 550. First we compared the clinical characteristics of
all PE cases (N = 272) to control pregnant women (N =
278). After that, we subdivided the PE cases into two
groups (mild PE and severe PE form) and compared the
severe PE (N = 147) to the mild PE form (N = 125).
While women with PE were matched to controls accord-
ing to age and Cesarean section delivery, PE cases had a
higher mean body mass index (BMI) than the control group
(» <0.001). Women with PE had significantly lower gesta-
tional age at blood sampling, and lower newborn weight.
Accordingly BMI, regional origin, newborn weight, gesta-
tion age, and pregnancy status were selected as the covari-
ates that were controlled for in subsequent analysis. Apart
from SBP and DBP readings (p < 0.001), the characteristics
of severe PE cases were compared to those of mild PE cases.

Association of AGT SNPs with PE

The AGT SNPs investigated were selected based on their
MAF of >5% in Tunisians, and association with hyperten-
sion and adverse pregnancy complications, including PE.
The allele distributions of the tested AGT SNPs between
PE cases and control women are summarized in Table 2.
The genotype distribution of M235T (p = 0.46) and T174M
(p = 1.00) were in Hardy—Weinberg equilibrium among
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Table 2. Distribution of AGT alleles in PE cases and control women.

SNP Position? MAF  PE Controls HWE 2 p aOR® (95% Cl)  Power %
M235T (rs699) 230710048 T 161 (0.30) 114 (0.21) 0.46 12.12 50x10* 1.63 (1.24-2.15) 67.5
TI174M (rs4762) 230710231 M 26 (0.06) 37 (0.09) 1.00 3.00 0.08 0.63 (0.38-1.07) 72.3

2Location on chromosome based on the Single Nucleotide Polymorphism database build 125.

baOR: adjusted OR, adjusted for body mass index, gestation, and baby weight.

AGT: angiotensinogen; PE: preeclampsia; SNP: single-nucleotide polymorphism; MAF: minor allele frequency; T: threonine; M: methionine; HWE:
Hardy—Weinberg equilibrium; CI: confidence interval.

Table 3. Association of AGT genotypes with PE.

SNP Genotype PE cases Controls p OR (95% ClI) p aOR® (95% ClI)

M235T MM 137 (0.50)2 176 (0.63) 0.003 1.00 (reference) 0.006 1.00 (reference)
MT 109 (0.40) 90 (0.32) 1.56 (1.09-2.22) 1.79 (1.18-2.71)
TT 26 (0.10) 12 (0.04) 2.78 (1.36-5.72) 2.43 (1.05-5.63)

T147M TT 196 (0.89) 167 (0.82) 0.015 1.00 (reference) 0.031 1.00 (reference)
™ 22 (0.10) 37 (0.18) 0.51 (0.29-0.89) 0.49 (0.25-0.96)
MM 2 (0.01) 0 (0.00) NA NA

2Number (frequency).
baOR: adjusted OR, adjusted for body mass index, gestation, and baby weight.
AGT: angiotensinogen; PE: preeclampsia; SNP: single-nucleotide polymorphism; T: threonine; M: methionine; OR: odds ratio; Cl: confidence interval.

study women (Table 2). MAF of M235T (p = 5.0 x 104), respectively. The negative association of MT haplotype
but not T174M (p = 0.08), were significantly higher among (corrected p (p.) = 0.02) and positive association of TT
PE cases than control women, which persisted after cor- haplotype (p. = 7.0 x 10*) with PE persisted after correct-
recting for multiple comparisons. This translated into high  ing for multiple comparisons. On the other hand, none of
risk of PE associated with M235T (OR (95% CI) = 1.63 the four two-locus haplotypes was associated with severity
(1.24-2.15)), but not T174M. of PE, even before correcting for multiple comparisons
(Table 5). This was evidenced by the comparable haplo-
AGT genotypes. A significant difference in the distribution type frequencies among severe versu mild PE cases.
of M235T (p = 0.003) and T174M (p = 0.015) genotypes
was seen between PE cases and healthy controls (Table 3).
Taking a homozygous wild-type genotype as a reference
(OR = 1.00), increased PE risk was seen with M235T, while ~ Insofar as RAAS stimulation and increased levels of its
T174M was associated with decreased risk of PE. This per- ~ components regulate physiologic hypervolemia during nor-
sisted after controlling for BMI, gestation age, and baby = mal pregnancy, decreased RAAS activity resulting in vas-
weight (Table 3). Stratification of PE cases into mild and  cular resistance was seen in women with PE. AGT, the
severe PE (Table 4) resulted in the loss of M235T (p =  precursor of angiotensin peptides, especially (vasoactive)
0.053) and T174M (p = 0.518) effects, demonstrating that ~ Ang II, is key to vascular remodeling.3%-3! Genetic associa-
neither variant was associated with altered PE severity  tion studies demonstrated a strong link between variation in
(Table 4). However, these findings need to be evaluated  the AGT gene and its gene expression, and altered plasma
with caution, given the relatively low power associated with AGT levels.?2 AGT M235T and T174M were previously
M235T (76.9%) and T174M (29.9%), resulting in an overall associated with altered susceptibility to vascular diseases,
power of 53.4%. Carrying either M235T or T174M minor including hypertension, atherosclerosis and PE.?? This is
alleles (1/2 + 2/2) was associated with increased BMI (p < the first study that evaluates the contribution of these com-
0.001) among unselected PE patients. On the other hand, mon SNPs to PE in (North African) Tunisian women.
carrying M235T and T174M minor alleles was not linked The main finding of this study is that the M235T minor
with BMI changes among subgroups of PE cases. allele increases the risk of PE by almost three-fold. Haplotype
analyses confirmed this association, as the 235T-T174 haplo-
Haploview analysis. Results from Table 5 demonstrated  type was positively associated with PE, which remained sig-

Discussion

enrichment of threonine threonine (TT) and reduced fre-  nificant after controlling for potentially confounding
quency of methionine (M)T haplotypes among PE cases variables. While T174M was not significantly associated
compared with control women, thereby assigning PE sus- with PE at the allele level, in partial agreement with two

ceptibility and protective nature to these haplotypes, recent meta-analyses that reported that T174M is not
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Table 4. Distribution of AGT alleles in mild type PE and severe PE.

SNP MAF Severe PE Mild PE HWE 2 p aOR2 (95% Cl) Power (%)
M235T T 88 (0.35) 73 (0.25) 0.56 3.750 0.053 .60 (0.99-2.53) 76.9
T174M M 9 (0.05) 17 (0.07) 0.16 0573 0518 0.715 (0.29-1.71) 29.9

2Number (frequency),

baOR: adjusted OR, adjusted for body mass index, gestation, and baby weight.
AGT: angiotensinogen; PE: preeclampsia; SNP: single-nucleotide polymorphism; MAF: minor allele frequency; HWE: Hardy—Weinberg equilibrium; T:

threonine; M: methionine; OR: odds ratio; Cl: confidence interval.

Table 5. Haplotype frequencies across AGT SNPs? in PE cases and control women.

Haplotype®  PE cases, controls  y2 pe aOR (95% Cl) Severe PE, mild PE 2 pe aOR (95% Cl)
MT 0.67,0.73 520  0.023 1.34 (1.04-1.73)  0.63, 0.696 232 1.00 1.00

T 0.27,0.19 493 70x10* 1.6l (1.22-2.13) 0.32,0.233 203 0.06 1.48(0.99-2.21)
MM 0.04, 0.07 352 0.06 0.02, 0.05 .37 023 045 (0.12-1.65)
™ 0.02, 0.02 0.09 0.76 0.03, 0.02 0.70 0.5l (0.28-13.26)

aSNP within AGT haplotypes were M235T and T174M.
®Underline indicates minor allele.

cAdjusted p value, adjusted for body mass index, regional origin, baby weight, gestation age, and pregnancy status.
AGT: angiotensinogen; SNP: single-nucleotide polymorphism; PE: preeclampsia; T: threonine; M: methionine; OR: odds ratio; Cl: confidence interval.

associated with PE,?*35 a protective effect of T174M emerged
when genotypes were examined. The association of M235T
with PE was first reported for Caucasians in 1993,%¢ and an
earlier meta-analysis demonstrated significant association of
M235T with PE, under dominant and recessive genetic mod-
els.’” An ethnic contribution to M235T was suggested,
exemplified by a meta-analysis involving 32 studies that
reported an association of M235T with higher PE risk in
Caucasians and Mongolians, but not in Black South Africans
and African Americans.>* Another meta-analysis involving
22 studies reported evidence of an association of M235T
with PE in Caucasians, but not in Indian, Black South
African, African American, and Asian populations.?®

Carrying AGT M235T and T174M minor alleles posi-
tively associated with BMI among unselected PE patients
suggests gene-environment interaction in determining PE
risk. A recent meta-analysis reported that increased BMI
is associated with heightened risk of PE, suggesting that
obesity constitutes a predictor of PE development.?* Our
results are in agreement with an earlier Japanese study
that reported a positive association of M235T with vis-
ceral obesity in obese women,*® and with morbid obesity
in patients with type 2 diabetes mellitus (T2DM).!
Obesity and hypertension are two parameters of meta-
bolic syndrome; our result is favorable for the hypothesis
that PE is considered a metabolic syndrome. In the
Tunisian population, M235T has been investigated to be
associated with atherosclerotic stroke*? and T2DM,* and
to affect the susceptibility to nephropathy in T2DM
patients,** increased risk of heart failure and death.*

We examined the prognostic role of M235T and
T174M as determinants of the severity of PE by analyzing

the effects of carrying the minor allele in mild versus
severe PE women. There was a trend toward increased
risk of severe PE in the presence of M235T, but it did not
reach statistical significance (p = 0.053); no significance
was noted in the case of T174M between both groups.
Parallel studies that examined the contribution of M235T
to PE severity did not find a significant association.*-48 A
recent Iranian study reported that carrying the M235T
minor allele with the —217A allele increased the risk of
severe PE 2.23-fold.*® Concerning AGT T174M, our study
is the first to investigate the association of this variant
with PE severity.

Mechanistically, the contribution of AGT M235T to PE
was suggested earlier to be exacted at the level of local
elevation of Ang II, and hence abnormal physiologic
remodeling of the uterine spiral arteries.?® Higher plasma
AGT levels were seen in PE women carrying 235T/T or
235M/T compared to 235M/M genotypes,3® which was
associated with a parallel increase in Ang II production,
and hence vascular tone and vascular hypertrophy.>* When
combined with AGT promoter —6G>A, carrying the AGT
M235T minor allele was associated with augmented AGT
expression.3> Moreover, placental abruption because of
defective spiral artery remodeling was associated with
AGT M23T minor allele in 63% of women with PE, and
60% in intrauterine growth restriction compared with nor-
mal pregnancy.*>! On the other hand, MAF of AGT
T174M is lower in Tunisians and European, Asian, and
African American populations, but was found to be at
lower frequencies in PE cases than in control pregnant
women. While no study addressed the impact of AGT
T174M genotypes on plasma AGT levels in PE, it was
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shown that plasma AGT levels were significantly lower in
women without a medical history of essential hypertension
who were carriers of 174M/M or 174T/M rather than
174M/M genotypes.5?

The pathogenesis of PE results from the altered expres-
sion of angiogenic factors, including placental growth fac-
tor (PIGF),>? and anti-angiogenic antagonists, like soluble
fms-like tyrosine (sFl1t1),3* both of which are implicated in
regulating placental vasculogenesis.®> This carries the
potential to offer major advances in the diagnosis and
management of this obstetric complication even in early
gestation.>3%57 A recent study of a Chinese population
showed that AGT M235T may contribute to altered PIGF
and sFItl concentrations, with plasma sFlt1 levels higher
and PIGF lower in PE patients carrying 235T/T compared
with 235M/M genotypes.>8

To the best of our knowledge, this is the first study in
North Africa that investigates the association of these SNPs
with PE and its severity. The strengths of our study are the
homogeneity of the population tested, which minimizes the
problems of differences in genetic background inherent in
gene-association studies, and that potential covariates were
controlled for. Some potential limitations should be consid-
ered in our study. Our study population has a relatively
small sample size in terms of PE manifestation, in particular
when PE patient subgroups were analyzed separately, which
affected overall study power. Further studies with larger
samples are necessary to augment our findings. Another
limitation is that we have used two missense SNPs located
in the coding region, but we did not investigate polymor-
phisms —-6G>A and —20A>A in the promoter region that are
in linkage disequilibrium with AGT M235T and T174M,
respectively. In conclusion, AGT M235T and T174M con-
tribute to an increased risk of developing PE in Tunisians
and to BMI excess in women with PE, and AGT M235T
may predispose patients to severe PE.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Myatt L and Roberts JM. Preeclampsia: Syndrome or dis-
ease? Curr Hypertens Rep 2015; 17: 83.

2. Jeyabalan A. Epidemiology of preeclampsia: Impact of obe-
sity. Nutr Rev 2013; 71 (Suppl 1): S18-S25.

3. Sibai BM. Diagnosis and management of gestational hyper-
tension and preeclampsia. Obstet Gynecol 2003; 102: 181—
192.

4. Mol BWIJ, Roberts CT, Thangaratinam S, et al. Pre-
eclampsia. Lancet 2016; 387: 999—-1011.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kanasaki K and Kalluri R. The biology of preeclampsia.
Kidney Int 2009; 76: 831-837.

Kaufmann P, Black S and Huppertz B. Endovascular troph-
oblast invasion: Implications for the pathogenesis of intrau-
terine growth retardation and preeclampsia. Biol Reprod
2003; 69: 1-7.

Matthiesen L, Berg G, Ernerudh J, et al. Immunology of
preeclampsia. Chem Immunol Allergy 2005; 89: 49—-61.
Shah D and Khalil R. Bioactive factors in uteroplacental and
systemic circulation link placental ischemia to generalized
vascular dysfunction in hypertensive pregnancy and preec-
lampsia. Biochem Pharmacol 2015; 95: 211-226.

Guerby P, Vidal F, Garoby-Salom S, et al. Oxidative stress
and preeclampsia: A review [article in French]. Gynecol
Obstet Fertil 2015; 43: 751-756.

Buurma AJ, Turner RJ, Driessen JH, et al. Genetic variants
in pre-eclampsia: A meta-analysis. Hum Reprod Update
2013; 19: 289-303.

Manrique C, Lastra G, Gardner M, et al. The renin angio-
tensin aldosterone system in hypertension: Roles of insulin
resistance and oxidative stress. Med Clin North Am 20009,
93: 569-582.

Matsusaka T and Ichikawa 1. Biological functions of angio-
tensin and its receptors. Annu Rev Physiol 1997;59:395-412.
Bernstein KE, Ong FS, Blackwell WL, et al. A modern
understanding of the traditional and nontraditional biologi-
cal functions of angiotensin-converting enzyme. Pharmacol
Rev 2012; 65: 1-46.

Bader M and Ganten D. Update on tissue renin-angiotensin
systems. J Mol Med (Berl) 2008; 86: 615-621.

Lumbers ER and Pringle KG. Roles of the circulating renin-
angiotensin-aldosterone system in human pregnancy. Am J
Physiol Regul Integr Comp Physiol 2014; 306: 91-101.
Anton L and Brosnihan KB. Systemic and uteroplacental
renin-angiotensin system in normal and pre-eclamptic preg-
nancies. Ther Adv Cardiovasc Dis 2008; 2: 349-362.
Pringle KG, Tadros MA, Callister RJ, et al. The expression
and localization of the human placental prorenin/renin-angi-
otensin system throughout pregnancy: Roles in trophoblast
invasion and angiogenesis? Placenta 2011; 32: 956-962.
Irani RA and Xia Y. The functional role of the renin-angi-
otensin system in pregnancy and preeclampsia: A review.
Placenta 2008; 29: 763-771.

Irani RA and Xia Y. Renin angiotensin signaling in normal
pregnancy and preeclampsia. Semin Nephrol 2011; 31: 47-58.
Gennari-Moser C, Khankin EV, Schiiller S, et al.
Regulation of placental growth by aldosterone and cortisol.
Endocrinology 2011; 152: 263-271.

Verdonk K, Visser W, Van Den Meiracker AH, et al. The
renin-angiotensin-aldosterone system in pre-eclampsia: The
delicate balance between good and bad. Clin Sci (Lond)
2014; 126: 537-544.

Miitze S, Rudnik-Schéneborn S, Zerres K, et al. Genes and
the preeclampsia syndrome. J Perinat Med 2008; 36: 38-58.
Yagil Y and Yagil C. Candidate genes, association studies
and haplotype analysis in the search for the genetic basis of
hypertension. J Hypertens 2004; 22: 1255-1258.

Bernard N and Giguére Y. Genetics of preeclampsia: What are
the challenges? J Obstet Gynaecol Can 2003; 25: 578-585.
Yang J, Shang J, Zhang S, et al. The role of the renin-
angiotensin-aldosterone system in preeclampsia: Genetic



Zitouni et al.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

polymorphisms and microRNA. J Mol Endocrinol 2013;
50: R53-R66.

Wu SJ, Chiang FT, Chen W, et al. Three single-nucleotide
polymorphisms of the angiotensinogen gene and suscepti-
bility to hypertension: Single locus genotype vs. haplotype
analysis. Physiol Genomics 2004; 17: 79-86.

Robinson M and Williams SM. Role of two angiotensino-
gen polymorphisms in blood pressure variation. J Hum
Hypertens 2004; 18: 865-869.

Morgan T, Craven C, Lalouel JM, et al. Angiotensinogen
Thr235 variant is associated with abnormal physiologic
change of the uterine spiral arteries in first-trimester
decidua. Am J Obstet Gynecol 1999; 180: 95-102.

Miller SA, Dykes DD and Polesky HF. A simple salting out
procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res 1988; 16: 1215.

Campbell DJ. Circulating and tissue angiotensin systems.
J Clin Invest 1987; 79: 1-6.

Naftilian A, Zuo W, Ingelfinger J, et al. Localization and
differential regulation of angiotensinogen mRNA expres-
sion in the vessel wall. J Clin Invest 1991; 87: 1300-1311.
Inoue 1., Nakajima T, Williams C, et al. A nucleotide
substitution in the promoter of human angiotensinogen is
associated with essential hypertension and affects basal
transcription in vitro. J Clin Invest 1997; 99: 1786-1797.
Powe CE, Levine RJ and Karumanchi SA. Preeclampsia,
a disease of the maternal endothelium: The role of antian-
giogenic factors and implications for later cardiovascular
disease. Circulation 2011; 123: 2856-2869.

Lin R, Lei Y, Yuan Z, et al. Angiotensinogen gene M235T
and T174M polymorphisms and susceptibility of pre-
eclampsia: A meta-analysis. Ann Hum Genet 2012; 76:
377-386.

Zhang G, Zhao J, Yi J, et al. Association between gene
polymorphisms on chromosome 1 and susceptibility to pre-
eclampsia: An updated meta-analysis. Med Sci Monit 2016;
22:2202-2214.

Ward K, Hata A, Jeunemaitre X, et al. A molecular variant
of angiotensinogen associated with preeclampsia. Nat Genet
1993; 4: 59-61.

Medica I, Kastrin A and Peterlin B. Genetic polymorphisms
in vasoactive genes and preeclampsia: A meta-analysis. Eur
J Obstet Gynecol Reprod Biol 2007; 131: 115-126.

Ni S, Zhang Y, Deng Y, et al. AGT M235T polymorphism
contributes to risk of preeclampsia: Evidence from a meta-
analysis. J Renin Angiotensin Aldosterone Syst 2012; 13:
379-386.

Poorolajal J and Jenabi E. The association between body
mass index and preeclampsia: A meta-analysis. J Matern
Fetal Neonatal Med 2016; 29: 3670-3676.

Yasuto T, Toshihide Y, Keiji Y, et al. Angiotensinogen gene
polymorphism (Met235Thr) influences visceral obesity and
insulin resistance in obese Japanese women. Metabolism
2006; 55: 819-824.

Pacholczyk M, Ferenc T, Kowalski J, et al. Angiotensinogen
gene M235T and T174M polymorphisms in patients with
morbid obesity and type 2 diabetes mellitus. J Diabetes
Metab 2015; 6: 479.

Saidi S, Mallat SG, Almawi WY, et al. Association
between renin-angiotensin-aldosterone system genotypes

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

and haplotypes and risk of ischemic stroke of atheroscle-
rotic etiology. Acta Neurol Scand 2009; 119: 356-363.
Mehri M, Koubaa N, Hammamia S, et al. Genotypic
interactions of renin-angiotensin system genes with dia-
betes type 2 in a Tunisian population. Life Sci 2010; 87:
49-54.

Mtiraoui N, Ezzidi I, Turki A, et al. Renin-angiotensin-
aldosterone system genotypes and haplotypes affect the
susceptibility to nephropathy in type 2 diabetes patients. J
Renin Angiotensin Aldosterone Syst 2011; 12: 572-580.
Imen T, Grissa MH, Boubaker H, et al. AGT M235t poly-
morphism and heart failure in a cohort of Tunisian popula-
tion: Diagnostic and prognostic value. Int J Clin Exp Med
2015; 8: 16346-16351.

Aggarwal S, Dimri N, Tandon I, et al. Preeclampsia in North
Indian women: The contribution of genetic polymorphisms.
J Obstet Gynaecol Res 2011; 37: 1335-1341.
Coral-Vazquez RM, Romero Arauz JF, Canizales-Quinteros
S, et al. Analysis of polymorphisms and haplotypes in genes
associated with vascular tone, hypertension and oxidative
stress in Mexican-Mestizo women with severe preeclamp-
sia. Clin Biochem 2013; 46: 627—-632.

Tempfer CB, Jirecek S, Riener EK, et al. Polymorphisms
of thrombophilic and vasoactive genes and severe preec-
lampsia: A pilot study. J Soc Gynecol Investig 2004; 11:
227-231.

Shahvaisizadeh F, Movafagh A, Omrani MD, et al.
Synergistic effects of angiotensinogen —217 G—A and
T704C (M235T) variants on the risk of severe preeclampsia.
J Renin Angiotensin Aldosterone Syst 2014; 15: 156-161.
Jeunemaitre X, Soubrier F, Kotelevtsev YV, et al. Molecular
basis of human hypertension: Role of angiotensinogen. Cell
1992; 71: 169-180.

Zhang XQ, Craven C, Nelson L, et al. Placental abruption is
more frequent in women with the angiotensinogen Thr235
mutation. Placenta 2007, 28: 616-619.

Balam-Ortiz E, Esquivel-Villarreal A, Alfaro-Ruiz L, et al.
Variants and haplotypes in angiotensinogen gene are associ-
ated with plasmatic angiotensinogen level in Mexican popu-
lation. Am J Med Sci 2011; 342: 205-211.

Ben Ali Gannoun M, Bourrelly S, Raguema N, et al.
Placental growth factor and vascular endothelial growth
factor serum levels in Tunisian Arab women with suspected
preeclampsia. Cytokine 2016; 79: 1-6.

Maynard SE, Min JY, Merchan J, et al. Excess placental
soluble fms-like tyrosine kinase 1 (sFltl) may contribute
to endothelial dysfunction, hypertension, and proteinuria in
preeclampsia. Clin Invest 2003; 111: 649-658.

Cerdeira AS and Karumanchi SA. Angiogenic factors in
preeclampsia and related disorders. Cold Spring Harb
Perspect Med 2012; 1: 2.

Hagmann H, Thadhani R, Benzing T, et al. The promise of
angiogenic markers for the early diagnosis and prediction of
preeclampsia. Clin Chem 2012; 58: 837-845.

Verlohren S, Stepan H and Dechend R. Angiogenic growth
factors in the diagnosis and prediction of pre-eclampsia.
Clin Sci (Lond) 2012; 122: 43-52.

Song C, Xie S, Wang J, et al. Association of angiotensinogen
gene polymorphisms and angiogenic factors with preeclampsia
in Chinese women. Gynecol Obstet Invest 2013; 76: 64-68.





