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Abstract—In this work, the associations of polymorphism of candidate genes of arterial hypertension with the
development of severe preeclampsia (PE) in the population of the Central Chernozem region of Russia were
studied. Genotyping of five polymorphic variants (rs1799945 of the HFE gene, rs8068318 of the TBX2 gene,
rs1173771 of the AC025459.1 gene, rs932764 of the PLCE1 gene, rs167479 of the RGL3 gene) was performed
in 217 women with severe PE and 235 pregnant women with moderate PE. It was revealed that the G allele
and the GG genotype of the rs167479 polymorphic locus of the RGL3 gene were associated with the risk of
severe PE according to allelic (OR = 1.35, рperm = 0.02), additive (OR = 1.36, рperm = 0.02), and recessive
(OR = 1.61, рperm = 0.04) genetic models. It has been established that this polymorphic locus is localized in
a functionally active region of the genome that performs the functions of enhancers and promoters in various
organs and tissues, is an area of hypersensitivity to DNase-1 and a binding site with nine transcription regu-
latory factors, and is associated with the expression level of the CTC-510F12.3 gene in the pituitary gland. In
addition, rs167479 identifies a missense mutation that leads to the substitution of the amino acid Pro162His
in the RalGDS-like3 protein and has a predictor potential of “PROBABLY DAMAGING.”
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INTRODUCTION

Preeclampsia (PE) is one of the most severe com-
plications of pregnancy, which classically manifests
itself as increased blood pressure (DBP more than 90
and/or SBP more than 140 mmHg), proteinuria
(≥0.3 g/day), and the development of obvious or hid-
den edema and is accompanied by an impaired func-
tioning of various organs and systems [1]. According to
the worldwide statistics, PE complicates the course of
pregnancy in 2–8% of all cases and is one of the main
causes of maternal morbidity and mortality [2, 3].
Women with a history of PE represent a cohort of indi-
viduals with a higher risk of developing thrombosis
and strokes, type II diabetes mellitus, arterial hyper-
tension (AH), renal failure, cardiomyopathy, etc.,
within 15 years after childbirth [4, 5]. PE also signifi-
cantly contributes to the structure of perinatal mor-
bidity and mortality. It has been established that
maternal PE significantly enhances the risk of early
neonatal death, the birth of underweight children, the
development of respiratory distress syndrome, and
peri- and intraventricular hemorrhages in newborns
[6, 7]. In addition, PE is an independent risk factor for
developing cardiovascular and neuropsychiatric dis-
eases in the future in children born after this preg-
nancy [8, 9].

PE refers to multifactorial diseases, as are the
majority of human pathologies [10–14]. Genetic
determinants correspond to at least 50% in the devel-
opment of this complication of pregnancy [15].
Recently, specific attention was paid to the study of
the effects of polymorphisms in various groups of can-
didate genes which encode proteins involved in PE
pathogenesis, together with candidate genes of AH, as
one of the fundamental symptoms of this complication
of pregnancy [16–18]. It should be noted that despite
the large number of conducted genetic studies of PE,
the findings obtained are contradictory, and the
results vary depending on the ethnoterritorial charac-
teristics of the examined groups, including those
observed in Russia, which determines the relevance of
further studies of the molecular genetic basis of PE.

The present study aimed to evaluate the associa-
tions of polymorphisms of AH candidate genes with
the development of severe PE.

MATERIALS AND METHODS
The present study involved 452 women with a preg-

nancy complicated by PE (mean age of patients was
27.39 ± 4.05 years), who were under the supervision of
obstetricians and gynecologists at the Perinatal Center
at Belgorod St. Joasaph Regional Hospital and signed
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informed consents to participate in this study. The
group of women with a moderate PE consisted of
235 pregnant women, while the group of women with
severe PE included 217 subjects. The samples con-
sisted of ethnically Russian women who were born and
lived in the Central Chernozem region of Russia and
were unrelated to each other. The diagnosis of PE was
verified on the basis of the presence of arterial hyper-
tension and proteinuria. Severe PE was diagnosed
with the presence of severe hypertension (DBP higher
than 110 mmHg and/or SBP higher than 160 mmHg)
and daily proteinuria higher than 5 g/L combined with
one or more criteria of severe PE specified in the clin-
ical recommendations “Hypertensive Disorders
during Pregnancy, Childbirth, and Postpartum
Period. Preeclampsia. Eclampsia” (2016). A moderate
PE was diagnosed in the case of excluded parameters
of severe PE and AH presence (SBP = 140–159 and/or
DBP = 90–109 mmHg) and proteinuria ≥0.3 g/L [19].
Clinical, clinical anamnestic, and clinical laboratory
screening of pregnant women was carried out at the
time of delivery controlled by the ethics committee at
the Medical Institute at Belgorod National Research
University.

All women with PE were examined via molecular
genetic analysis of five candidate gene polymorphisms
that were previously associated with developing arte-
rial hypertension according to data in the catalog of
genome-wide association studies (GWAS): rs1799945
HFE, rs8068318 TBX2, rs1173771 AC025459.1,
rs932764 PLCE1, rs167479 RGL3 [20–45]. DNA iso-
lation and subsequent genotyping of polymorphic loci
was conducted according to the previously described
approach [46]. Single nucleotide polymorphisms
(SNPs) were included on the basis of the following cri-
teria [47, 48]: they were associated with AH develop-
ment according to two or more GWAS and possessed
a significant regulatory potential in conformance with
the HaploReg (v.4.1) online resource (http://comp-
bio.mit.edu/HaploReg) [49]. The data on the empiri-
cal distribution of genotypes and its correspondence to
the theoretically expected one according to the
Hardy–Weinberg equilibrium were obtained (the
deviations were statistically significant at pbonf ≤ 0.01).
The association analysis of examined SNPs with
developing severe and moderate PE was carried out via
logistic regression analysis (four genetic models were
examined: allelic, additive, recessive, and dominant)
controlling for covariates (age, family history of PE,
and body mass index prior the pregnancy). Genetic
analysis was performed with correction for multiple
testing using the adaptive permutation test (pperm). The
statistically significant level was estimated at pperm <
0.05 [50]. To assess the association between SNPs and
PE, the values of the odds ratio (OR) and 95% confi-
dence interval for OR (95%CI) were determined. All
calculations were conducted in PLINK v. 2.050
(http://zzz.bwh.harvard.edu/plink) [51].
RUSSIA
Polymorphic variants which were significantly
associated with the development of severe PE were
estimated for their effect on the transcriptional activity
(eQTL) and alternative gene splicing (sQTL) using the
online tool GTExportal (http://www.gtexportal.org/)
[52], while epigenetic effects were assigned using
online tool HaploReg (v4.1), http://archive.broadin-
stitute.org/mammals/haploreg/haploreg.php) [53],
the estimate of predictive values of nonsynonymous
substitutions was carried out using the PolyPhen-2
database (http://genetics.bwh.harvard.edu/pph2/) [54].

RESULTS AND DISCUSSION

The population genetic analysis of the observed
distribution of the genotypes of the studied polymor-
phisms of AH candidate genes (rs1799945 HFE,
rs8068318 TBX2, rs1173771 AC025459.1, rs932764
PLCE1, and rs167479 RGL3) demonstrated its corre-
spondence with the expected distribution according to
the Hardy–Weinberg equilibrium (Bonferroni correc-
tion for the number of examined loci was introduced
pbonf ≤ 0.01 (0.05/5)).

The association of rs167479 of the RGL3 gene with
the development of severe PE was revealed. According
to the data obtained in the present study, the minor
G allele and the GG genotype of rs167479 of the RGL3
gene are significantly associated with an increased risk
of developing severe PE according to the allelic (OR =
1.35, 95%CI 1.03–1.76, p = 0.02, рperm = 0.02), addi-
tive (OR = 1.37, 95%CI 1.04–1.79, p = 0.02, рperm =
0.02), and recessive (OR = 1.61, 95%CI 1.02–2.51, p =
0.04, рperm = 0.04) genetic models (Table 1).

On the basis of the GWAS catalog, rs167479 of the
RGL3 gene was significantly associated (p ≤ 5 × 10–8)
with the parameters of blood pressure (BP) and AH
according to the results of eight genome-wide associa-
tion studies. The G allele of the examined SNP was
associated with enhanced SBP, DBP, PP, while the
T allele has a “protective” effect of developing AH and
is associated with a lower BP level (SBP, DBP, PP,
MBP) [38–45]. This completely coincides with the
obtained data on the “risky” effect of the G allele for
PE development. It should be noted that only one of
five studied GWAS-significant SNPs for hypertension
demonstrated the association with PE development in
the population of the Central Chernozem region of
Russia, while four SNPs failed to be associated with
the risk of developing PE, despite their significant
effect in developing hypertension in previous GWAS.
A specificity of genetic determination of AH was also
reported in the population of the Central Chernozem
region of Russia by other studies [55–57]. Therefore,
the results of the present study once again confirm the
necessity for replication studies of GWAS-significant
SNPs in certain populations (including the Central
Chernozem region).
N JOURNAL OF GENETICS  Vol. 58  No. 12  2022
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Table 1. Association of GWAS-significant SNPs of arterial hypertension candidate genes with developing severe PE

SNPs
(gene) Allele, genotype Severe PE

(n = 217), % (n)
Moderate PE

(n = 235), % (n) OR (95%CI) p

rs
17

99
94

5 
(H

FE
)

G 18.31 (78) 22.01 (103) 0.79 (0.56–1.11)
0.19

C 81.69 (348) 77.99 (365) 1.26 (0.89–1.77)

GG 5.63 (12) 4.70 (11) 1.21 (0.48–3.01) 0.81

GC 25.35 (54) 34.62 (81) 0.64 (0.41–0.98) 0.09

CC 69.07 (147) 60.68 (142) 1.44 (0.95–2.17) 0.08

HO/HE
(PHWE)

0.253/0.299
(0.036)

0.346/0.343
(1.000)

Minor G allele (allelic model) 0.79 (0.57–1.10) 0.17

G/G vs. G/C vs. C/C (additive model) 0.81 (0.48–1.11) 0.18

G/G vs. G/C + C/C (dominant model) 0.69 (0.47–1.03) 0.07

G/G + G/C vs. C/C (recessive model) 1.21 (0.52–2.80) 0.65

rs
80

68
31

8 
(T

B
X2

)

C 28.47 (119) 28.38 (130) 1.01 (0.74–1.36)
1.00

T 71.53 (299) 71.62 (328) 1.00 (0.73–1.35)

CC 9.09 (19) 9.61 (22) 0.94 (0.47–1.88) 0.98

CT 38.76 (81) 37.55 (86) 1.05 (0.70–1.58) 0.87

TT 47.85 (109) 52.84 (121) 0.97 (0.66–1.44) 0.96

HO/HE
(PHWE)

0.387/0.407
(0.498)

0.375/0.406
(0.256)

Minor C allele (allelic model) 1.00 (0.75–1.35) 0.98

C/C vs. C/T vs. T/T (additive model) 1.00 (0.75–1.34) 0.98

C/C vs. T/T + T/T (dominant model) 1.03 (0.70–1.49) 0.89

C/C + C/T vs. T/T (recessive model) 0.94 (0.49–1.79) 0.85

rs
11

73
77

1 
(A

C
02

54
59

.1
)

A 43.66 (186) 40.79 (186) 1.13 (0.85–1.48)
0.42

G 56.34 (240) 59.21 (270) 0.89 (0.67–1.17)

AA 19.25 (41) 14.91 (34) 1.36 (0.80–2.31) 0.28

AG 48.83 (104) 51.75 (118) 0.89 (0.60–1.32) 0.60

GG 31.92 (68) 33.46 (76) 0.94 (0.62–1.43) 0.83

HO/HE
(PHWE)

0.488/0.492
(0.890)

0.503/0.487
(0.558)

Minor A allele (allelic model) 1.12 (0.86–1.47) 0.39

A/A vs. A/G vs. G/G (additive model) 1.13 (0.86–1.48) 0.38

A/A vs. A/G + G/G (dominant model) 1.07 (0.71–1.59) 0.75

A/A + A/G vs. A/G (recessive model) 1.36 (0.83–3.24) 0.23
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The estimate of the functional effects revealed that
the examined marker rs167479 of the RGL3 gene was
located in a functionally active genomic region, which
exhibits various tissue/organ-specific regulatory
effects. For instance, in the amnion, placenta, and
mesenchymal and stem cell cultures, the DNA region
including rs167479 functions as both enhancer and
promoter. In the trophoblast, primary peripheral
blood cells, the genomic region residing rs167479 rep-
resents an enhancer. At the same time, the same DNA
region (the place of localization of rs167479) is consid-
ered an evolutionarily conservative site and the region
hypersensitive to DNase-1 and a binding site of nine
transcription factors: AP-1, CNT2, Rd 21, SETDB1,
SP1, R4, WT 1, ZNF219, and Zinc. It should be noted
RUSSIA
that the G allele, which is associated with developing
severe PE based on our findings, significantly
increases the “sensitivity” to transcription factors
CCNT2 (∆LOD scores of G (ref) and T (alt) alleles is
11.9), Rad21 (∆LOD scores of G (ref) and T (alt)
alleles is 11.3), and ZNF219 (∆LOD scores of the G
(ref) and T (alt) alleles is 12.0). According to the
GTExportal online resource, the examined polymor-
phic marker is associated with the expression level of
the CTC-510F12.3 gene in the pituitary gland (p =
0.0000017). Using the PolyPhen-2 database, it was
observed that rs167479 determines a nonsynonymous
proline to histidine amino acid substitution at posi-
tion 162 (Pro162His) of the RalGDS-like3 polypep-
tide (Ral guanine nucleotide dissociation stimulator-
OR—odds ratio, 95%CI—95% confidence interval for odds ratio; р—significance level; HO—observed heterozygosity; HE—expected
heterozygosity, PHWE—significance level of deviation from the Hardy–Weinberg equilibrium.

rs
93

27
64

 (P
LC

E
1)

A 46.98 (202) 47.22 (221) 1.10 (0.83–1.44)
0.52

G 53.02 (228) 52.78 (247) 0.91 (0.69–1.19)

AA 20.93 (45) 22.22 (52) 0.93 (0.58–1.49) 0.83

AG 52.09 (112) 50.00 (117) 1.09 (0.74–1.60) 0.73

GG 26.98 (58) 27.78 (65) 0.96 (0.62–1.49) 0.93

HO/HE
(PHWE)

0.520/0.498
(0.584)

0.510/0.498
(0.637)

Minor A allele (allelic model) 0.99 (0.76–1.28) 0.94

A/A vs. A/G vs. G/G (additive model) 0.99 (0.75–1.29) 0.94

A/A vs. A/G + G/G (dominant model) 1.04 (0.68–1.57) 0.84

A/A + A/G vs. A/G (recessive model) 0.92 (0.59–1.45) 0.73

rs
16

74
79

 (R
G

L
3 

)

G 52.11 (222) 44.61 (207) 1.35 (1.03–1.78)
0.03

C 47.89 (204) 55.39 (257) 0.74 (0.56–0.97)

GG 26.76 (57) 18.53 (43) 1.61 (1.00–2.58) 0.05

GC 50.70 (108) 52.16 (121) 0.94 (0.64–1.39) 0.83

CC 22.54 (48) 29.31 (68) 0.70 (0.45–1.10) 0.13

HO/HE 
(PHWE)

0.507/0.499
(0.891)

0.521/0.494
(0.428)

Minor G allele (allelic model) 1.35 (1.03–1.76) 0.02

G/G vs. G/T vs. T/T (additive model) 1.37 (1.04–1.79) 0.02

G/G vs. G/T + T/T (dominant model) 1.42 (0.93–2.19) 0.10

G/G + G/T vs. T/T (recessive model) 1.61 (1.02–2.51) 0.04

SNPs
(gene) Allele, genotype Severe PE

(n = 217), % (n)
Moderate PE

(n = 235), % (n) OR (95%CI) p

Table 1. (Contd.)
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like 3). The predictor potential of this missense muta-
tion corresponds to the “PROBABLY DAMAGING”
class (sensitivity = 0.70; specificity = 0.97, score =
0.992).

According to the GeneCards database [58], the
RGL3 gene encodes the protein related to guanine
nucleotide exchange factors (GEFs)) and activates the
functioning of small guanosine triphosphate hydro-
lases (GTPases, small G proteins) by facilitating their
dissociation with GDP [59, 60]. GEFs signaling path-
ways, which predominantly belong to the Rho family,
represent a common part of the pathogenesis of diabe-
tes mellitus and cardiovascular diseases, including AH
and coronary and cerebrovascular pathology [61]. It
was established that GEFs were expressed in endothe-
lial and smooth muscle arterial cells and participated
in the regulation of these structures, which determines
the potential role of GEFs in the development of
hypertensive disorders, including PE [62]. Small
GTPases are characterized by a wide spectrum of
effectors, thus regulating multiple biological processes
(regulation of transmembrane transport, cytoskeleton
reorganization, transcription activation, regulation of
gene expression, etc.) [63]. Signaling pathways involv-
ing small G proteins modulate the activity of various
membrane ion channels (epithelial sodium channel
(ENaC), K+ and Ca2+ channels). One of the key fac-
tors regulating the volume of f luid circulating in the
body and, hence, the blood pressure is the reabsorp-
tion of sodium ions in the distal parts of the nephrons
via ENaC [64]. In addition, the RPM/RGL3 expres-
sion inhibits the induction of the Elk-1 transcription
factor involved in cell growth, differentiation, and
migration [65, 66].

The present study demonstrated the association of
GWAS-significant AH polymorphic locus rs167479 of
the RGL3 gene with the development of severe pre-
eclampsia in the population of the Central Chernozem
region of Russia (minor G allele and GG genotype
enhanced the risk of severe PE). The polymorphic
variant rs167479 of the RGL3 gene has significant epi-
genetic effects (is localized in a functionally active
genomic region, which can function as enhancer and
promoter in various organs and tissues, and also rep-
resents a region hypersensitive to DNase-1 and a bind-
ing site with nine transcription regulatory factors) and
is associated with the expression level of the CTC-
510F12.3 gene in the pituitary gland. Moreover,
rs167479 determines a missense mutation resulting in
the Pro162His substitution in the RalGDS-like3 pro-
tein and demonstrates a predictor potential of
“PROBABLY DAMAGING.”
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