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Abstract. – OBJECTIVE: The aim of this 
study was to analyze the association of ATPase 
plasma membrane Ca2+ transporting 1 (ATP2B1) 
gene polymorphism with the incidence of ec-
lampsia, and to investigate the possible under-
lying mechanism.

PATIENTS AND METHODS: ATP2B1 geno-
type and allele distributions in umbilical venous 
blood cells were analyzed in 50 control subjects 
and 117 eclampsia patients via Reverse Tran-
scription-Polymerase Chain Reaction (RT-PCR) 
and TaqMan genotyping technique. Meanwhile, 
the differences in the single nucleotide polymor-
phisms at rs2681472 and rs17249754 in the case 
group and control group were analyzed using 
the χ2-test. The risk factors for eclampsia were 
analyzed via univariate, multivariate, and Logis-
tic regression analyses. Furthermore, the asso-
ciations of rs2681472 gene polymorphism with 
risk factors for eclampsia (hypertension and 
lower extremity edema) were verified via χ2-test.

RESULTS: The statistically significant differ-
ences were observed in the gestational week, 
body mass index, blood pressure, and incidence 
rates of proteinuria and lower extremity edema 
of pregnant women between the case group 
and the control group (p<0.05). Meanwhile, the 
genotype and allele distributions at rs2681472 
in the case group were remarkably different 
from those of the control group (p<0.05). How-
ever, no evident differences were observed at 
rs17249754 between the two groups (p>0.05). 
According to univariate, multivariate, and logis-
tic regression analyses, hypertension, and low-
er extremity edema were significantly associat-
ed with the incidence of eclampsia (p<0.05). In 
addition, the gene polymorphism at rs2681472 
showed significant differences among subjects 
with and without hypertension and lower ex-
tremity edema (p<0.05).

CONCLUSIONS: ATP2B1 gene polymorphism 
at rs2681472 shows significant differences be-
tween eclampsia patients and normal controls. 
Moreover, its gene polymorphism is closely re-
lated to the occurrence of hypertension and low-
er extremity edema.
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Introduction

Eclampsia is a multi-system pregnancy-spe-
cific disease that affects 5-8% of pregnancy1. 
Meanwhile, it is also the major cause of peri-
natal morbidity and mortality in the world. The 
risks of eclampsia in women with cardiovascular 
events, as well as metabolic and mental disorders 
in descendants, are extremely high2. Currently, 
the etiology and pathogenesis of eclampsia re-
main unclear, with no effective prevention and 
treatment methods. The genetic susceptibility is 
considered as an important etiology. In recent 
years, the single nucleotide polymorphism (SNP) 
of genes has been widely discussed. It has been 
found that multiple genes are associated with an 
increased risk of eclampsia3. Meanwhile, multi-
ple susceptibility gene mutations or SNPs may 
contribute to the development of eclampsia4. To 
fully clarify the role of the genetic factors in 
the pathogenesis of preeclampsia, more genetic 
studies are needed. Eclampsia is usually charac-
terized by proteinuria, edema, and vasoconstric-
tion in the late trimester of pregnancy. This may 
result in a decline in uterine placental blood flow 
and maternal characteristic hypertension5. Xu et 
al6 have demonstrated that the susceptibility to 
hypertension and arteriosclerosis in the Chinese 
population is closely related to ATP2B1 gene 
polymorphism. However, whether ATP2B1 gene 
polymorphism is associated with susceptibility to 
eclampsia has not been fully elucidated.

ATPase plasma membrane Ca2+ transporting 
1 (ATP2B1) gene plays a key role in intra-
cellular calcium homeostasis7. Levy et al8 have 
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found that the ATP2B1 gene is closely related 
to systolic blood pressure (SBP), diastolic blood 
pressure (DBP), and hypertension. In fact, AT-
P2B1 mutation increases the susceptibility to 
hypertension in Asians9. ATP2B1 gene polymor-
phism is a marker for hypertension, which is also 
closely related to the incidence of hypertension 
and eclampsia. Therefore, the association of AT-
P2B1 gene polymorphism with the incidence of 
eclampsia has been widely explored. ATP2B1 
has SNPs at such loci as rs2070759, rs10858911, 
rs2681472, rs17249754, rs2854371, and rs1401982. 
According to previous investigations, the gene 
polymorphisms at rs2681472 and rs17249754 are 
associated with the susceptibility to hypertension. 
Therefore, the associations of ATP2B1 rs2681472 
and rs17249754 SNPs with the incidence of ec-
lampsia were analyzed in this study. Our findings 
might help to determine whether the ATP2B1 
gene polymorphism promoted the incidence of 
eclampsia.

Patients and Methods

Patients
A total of 117 eclampsia patients and 50 normal 

control pregnant women aged 24-34 years old 
were enrolled in this study. The following infor-
mation was collected, including age, gestational 
week, height, body mass index (BMI), blood 
pressure, proteinuria, and lower extremity ede-
ma. The exclusion criteria were as follows: those 
with chronic hypertension, multiple pregnancies, 
history of kidney, autoimmune, metabolic, or 
cardiovascular disease. This study was approved 
by the Ethics Committee of the Affiliated Hospi-
tal of Southwest Medical University. The signed 
written informed consents were obtained from all 
participants before the study.

Main Reagents 
The main reagents were: protein extraction 

lysis buffer TRIzol (Sigma-Aldrich, St. Louis, 
MO, USA), peripheral blood lymphocyte extract 
(Haoyang, Tianjin, China), reverse transcription 
kit (Sigma-Aldrich, St. Louis, MO, USA), dNTP 
reagent (Promega, Madison, WI, USA), DNA 
polymerase and amplification primers forward 
and reverse primers of glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH), rs2681472 and 
rs17249754 (SBS Genetech Co. Ldt., Shanghai, 
China).

Total RNA Extraction and 
Reverse Transcription (RT)

A total of 5 mL of maternal venous whole blood 
was collected into ethylenediaminetetraacetic ac-
id (EDTA)-containing tubes. The middle buffy 
coat was obtained via density-gradient centrifu-
gation. The cells were washed, centrifuged, and 
lysed with TRIzol on ice for 30 min, followed by 
centrifugation with chloroform and precipitation 
of the total RNA. Subsequently, the concentration 
of the total RNA was measured using a spectro-
photometer. RT system (20 μL) was constructed 
according to relevant instructions. Briefly, 1000 
ng of RNA was loaded, and the kit reagents were 
added successively. Then, the diethyl pyrocarbon-
ate (DEPC)-treated water (Beyotime, Shanghai, 
China) was added until the total volume was 20 
μL. The specific RT conditions were as follows: 
reaction at 37°C for 15 min, and 85°C for 5 min. 
Finally, RT products were taken out after cool-
ing to 4°C, and the complementary deoxyribose 
nucleic acid (cDNA) was stored at -80°C for use.

PCR Amplification 
According to the instructions of the ampli-

fication kit, a 25 μL amplification system was 
prepared, including 1 μL of amplification tem-
plate, 1 μL of forward primers, 1 μL of reverse 
primers, 12 μL of 2× TapMaster Mix, and 10 
μL of DEPC-treated water. The mixture was 
vibrated and mixed evenly, followed by cen-
trifugation and precipitation. PCR amplification 
was as follows: preheating at 94°C for 2 min, 
94°C for 40 s, 55°C for 30 s, and 72°C for 30 
s, for a total of 40 cycles. After electrophore-
sis at 72°C and 120 V for 30 min, the images 
were analyzed using a gel imager (Bio-Rad, 
Hercules, CA, USA). The primer sequences used 
in this study were as follows: rs2681472, F: 
5’-CAAGCACCACGGCTCTAC-3’, R: 5’-CGTC-
GTATAGGCGTGTCCAGGA-3’; rs17249754, F: 
5’-ATCTGCCGTGGACACATGCCGACTG-3’, 
R: 5’-GCGACACGAGTCGTGTGCG-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, 
R: 5’-ATCCGTTGACTCCGACCTTCAC-3’.

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 22.0 software (IBM Corp., Armonk, NY, 
USA) was used for all statistical analysis. The 
χ2-test was performed for the enumeration data of 
patients’ features, and the independent-samples 
t-test was applied for the measurement data. Har-
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dy-Weinberg genetic equilibrium test was con-
ducted for the enrolled subjects. The χ2-test was 
adopted for the comparison of the genotype and 
allele frequency distributions. The risk factors 
for eclampsia were statistically analyzed using 
multivariate logistic regression analysis. The as-
sociations of the risk factors and clinical features 
of patients with gene polymorphism were detect-
ed using univariate and multivariate regression 
analyses. The correlations between the related 
risk factors (hypertension and lower extremity 
edema) and rs2681472 gene polymorphism were 
analyzed via χ2-test. p ≤ 0.05 was considered sta-
tistically significant.

Results

Clinical Features of Subjects
As shown in Table I, there were no statisti-

cally significant differences in age and height 
of pregnant women between the case group and 
control group (p>0.05). However, the case group 
showed significantly longer means of the gesta-
tional week, higher BMI, and mean blood pres-
sure (p<0.05). Furthermore, the occurrence rates 
of proteinuria and lower extremity edema were 
higher than the control group (p<0.05). 

Hardy-Weinberg Genetic Equilibrium 
Test of Subjects

To verify the ATP2B1 genetic equilibrium in 
subjects, the χ2-test was performed for rs2681472/
rs17249754 genotype frequency. The results 
found that the subjects in the case group and the 
control group met the rs2681472/rs17249754 ge-
netic equilibrium (p>0.05) (Table II).

Rs2681472/rs17249754 Genotype and 
Allele Distributions

After RT-PCR and gel electrophoresis, the 
genotype results of all subjects were analyzed. 
The χ2-test results demonstrated that the statis-
tically significant differences were observed in 
rs2681472 genotypes and alleles between the two 
groups (p<0.05). However, there were no evident 
differences in rs17249754 genotypes and alleles 
between the two groups (p>0.05). This indicated 
that the gene distributions were remarkably dif-
ferent at rs2681472, whereas were not different at 
rs17249754 between the two groups (Table III).

Logistic Regression Analysis of 
Risk Factors for Eclampsia

According to the clinical features of patients 
and normal controls, the age of pregnant women, 
gestational week, height, BMI, blood pressure, 

Table I. Clinical features of subjects.

	 Case group	 Control group	 F/χ2	 p

Age of pregnant women	 28.34 ± 4.42	 27.93 ± 3.65	 1.73	 0.74
Gestational week	 36.79 ± 4.27	 38.62 ± 2.78	 6.33	 0.016
Height (cm)	 159.36 ± 11.61	 157.97 ± 13.39	 2.07	 0.67
BMI (kg/m2)	 27.43 ± 4.35	 24.17 ± 3.64	 7.65	 0.014
Blood pressure				  
    SBP	 153.75 ± 24.26	 118.16 ± 13.94	 23.21	 < 0.001
    DBP	 98.36 ± 15.89	 72.62 ± 8.97	 10.73	 < 0.01
Proteinuria (+/-)	 53/64	 13/37	 5.549	 0.019
Lower extremity edema (+/-)	 67/50	 12/38	 15.55	 < 0.01

Table II. Hardy-Weinberg genetic equilibrium test.

				    Case group			   Control group	

	 Gene 	 Genotype 	 No. = 117	 χ2	 p	 No. = 50	 χ2	 p

rs2681472	 AA	 38	 0.004	 0.95	 18	 1.01	 0.315
	 AG	 61			   20		
	 GG	 18			   12		
rs17249754	 GG	 31	 1.89	 0.169	 16	 0.16	 0.689
	 GA	 49		    	 23		
	 AA	 37			   11		
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Table III. Rs2681472/rs17249754 genotype and allele distributions.

			               Case group    	           Control group				                 Case group   	            Control group

	 Gene	 Genotype	 No. 	 %	 No. 	 %	 χ2	 p	 Allele	 No.	 %	 No. 	 %	 χ2	 p

rs2681472	 AA	 38	 32.48	 12	 24	 8.811	 0.012	 A	 137	 58.55	 44	 44	 5.972	 0.015
	 AG	 61	 52.14	 20	 40			   G	   97	 41.45	 56	 56		
	 GG	 18	 15.38	 18	 36									       
rs17249754	 GG	 31	 26.50	 11	 22	 0.421	 0.810	 G	 111	 47.44	 45	 45	 0.167	 0.683
	 GA	 49	 41.88	 23	 46			   A	 123	 52.56	 55	 55		
	 AA	 37	 31.62	 16	 32									       
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proteinuria, and lower extremity edema in case 
group and control group were analyzed (Table 
IV). Subsequently, the influences of the age of the 
pregnant women, gestational week, height, BMI, 
blood pressure, proteinuria, and lower extremity 
edema on the incidence of eclampsia were detect-
ed via multivariate logistic regression analysis. 
The results showed that blood pressure, protein-
uria, and lower extremity edema were the major 
risk factors for eclampsia [OR (95% CI) = 9.33 
(1.67-16.18), 4.64 (1.22-6.86), and 4.97 (1.34-7.31), 
p<0.05] (Table V).

Correlations Between rs2681472 
Gene Polymorphism and Risk Factors 
for Eclampsia Patients

The above analysis indicated that rs2681472 
gene polymorphism was significantly associated 
with the incidence of eclampsia. Therefore, the 
degree of the correlation between rs2681472 
gene polymorphism and clinical features of pa-
tients was analyzed. As shown in Table VI, 
rs2681472 gene polymorphism showed remark-
able associations with BMI (p=0.001), blood 
pressure (p=0.0248), and proteinuria (p=0.028). 
All these results indicated that, combined with 
Logistic regression analysis results, the blood 
pressure and proteinuria were high-risk factors 
for eclampsia.

Correlation Analysis of rs2681472 Gene 
Polymorphism with Hypertension and 
Lower Extremity Edema

The genotype and gene frequency of rs2681472 
were detected via χ2-test in subjects with and 
without hypertension and lower extremity edema. 
The results revealed that the genotype and gene 
frequency of rs2681472 exhibited evident differ-
ences among the subjects with and without hy-
pertension and lower extremity edema (p<0.05) 
(Table VII). Combined with logistic regression 
analysis and univariate and multivariate regres-
sion analyses, it could be concluded that hyper-
tension and lower extremity edema were risk 
factors for eclampsia, which could also affect 
rs2681472 gene polymorphism.

Table IV. Logistic regression analysis and variable assign-
ment.

	 Variable 	 Assignment 

Age of pregnant women	 < 30 = 1, ≥ 30 = 0
Gestational week	 < 36 = 1, ≥ 36 = 0
Height (cm)	 < 160 = 1, ≥ 160 = 0
BMI (kg/m2)	 < 24 = 1, ≥ 24 = 0
Blood pressure	 < 135/< 85 = 1, ≥ 135/85 = 0
   (SBP/DBP, mmHg)
Proteinuria 	 Yes = 1, No = 0
Lower extremity edema	 Yes = 1, No = 0

Table V. Logistic regression analysis of risk factors.

Independent variable	 β	 S*	 OR	 95% CI	 p

Blood pressure	 3.11	 0.79	 9.33	 1.67-16.18	 0.0029
Proteinuria 	 1.82	 0.41	 4.64	 1.22-6.86	 0.032
Lower extremity edema	 2.18	 0.51	 4.97	 1.34-7.31	 0.027

Table VI. Univariate and multivariate regression analyses.

	Variable/Univariate analysis (n = 117)	 Type 	 OR (95% CI)	 p

rrs2681472 gene polymorphism	 GA	 0.978 (0.536-1.94)	 0.031
Age of pregnant women	 < 30 = 1, ≥ 30 = 0	 0.046 (0.021-0.67)	 0.355
Gestational week	 < 36 = 1, ≥36 = 0	 0.64 (0.41-0.72)	 0.0391
Height (cm)	 < 160 = 1, ≥160 = 0	 0.076 (0.012-0.194)	 0.413
Blood pressure (SBP/DBP, mmHg)	 < 135/< 85 = 1, ≥ 135/85 = 0	 1.984 (0.819-4.341)	 0.0013
Proteinuria 	 Yes = 1, No = 0	 1.358 (0.323-3.291)	 0.022
Lower extremity edema	 Yes = 1, No = 0	 1.657 (0.531-4.710)	 0.017
Multivariate analysis (n = 117)			 
rs2681472 gene polymorphism	 GA	 1.162 (0.661-2.109)	 0.0345
BMI (kg/m2)	 < 24 = 1, ≥ 24 = 0	 2.157 (1.274-3.653)	 0.0023
Blood pressure (SBP/DBP, mmHg)	 < 135/< 85 = 1, ≥ 135/85 = 0	 1.634 (0.518-4.736)	 0.0248
Proteinuria 	 Yes = 1, No = 0	 1.158 (0.313-3.824)	 0.028
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Table VII. Correlation analysis of rs2681472 gene polymorphism with hypertension and lower extremity edema.

			                  Hypertension 	          No hypertension		          	Lower extremity edema	    No lower extremity edema

	 Gene	 Genotype	 No. 	 %	 No. 	 %	 χ2	 p	 No.	 %	 No. 	 %	 χ2	 p

rs2681472	 AA	 17	 24.64	 33	 33.67			   22		  31			 
	 AG	 29	 42.03	 52	 53.06	 9.685	 0.008	 32		  42		  6.096	 0.047
	 GG	 23	 33.33	 13	 13.27			   25		  15			 
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Discussion

The association between ATP2B1 gene poly-
morphism and susceptibility to hypertension was 
first reported in the European population8,10. This 
has been confirmed in 2 independent cohort 
studies involving 4,818 subjects in China that 
the ATP2B1 gene is significantly correlated with 
hypertension11. The pathological feature of ec-
lampsia is calcium metabolic disorder. Current 
studies have found that Ca2+ concentration in 
plasma declines, while that in cytoplasm in-
creases in eclampsia patients. This may lead to 
dysfunction of vascular smooth muscles closely 
related to Ca2+ concentration. Moreover, it can 
interfere in the regulation of blood pressure by 
smooth muscles12-14 and result in characteristic 
hypertension and other clinical phenomena in 
eclampsia. According to other studies, ATP2B1 
gene polymorphism is also closely correlated 
with the incidence of asymptomatic atheroscle-
rosis in hypertension patients. This is helpful for 
early identification of patients with asymptomatic 
atherosclerosis15. In this paper, considering that 
ATP2B1 gene polymorphism and eclampsia are 
associated with elevated blood pressure, AT-
P2B1 gene polymorphism was analyzed in the 
case group and control group, respectively. The 
results manifested that although rs2681472 and 
rs17249754 polymorphisms were related to blood 
pressure, rs2681472 polymorphism was closely 
related to eclampsia. These results demonstrat-
ed that the genes associated with hypertension 
were not necessarily the same ones leading to 
eclampsia. The above findings suggested that in 
the research on the pathogenesis of eclampsia 
and treatment of the related symptoms, it was 
necessary to study the functions of the genes and 
the related proteins. In addition, it is important to 
control the blood pressure, such as the alteration 
of the genetic background of the ATP2B1 gene 
and the regulation of the expression of Ca2+ trans-
port-associated proteins.

According to Hernandez-Diaz et al16, pre-
eclampsia is a syndrome rather than a defi-
nite disease. Its incidence is closely related to 
heredity and environment. In one sequencing 
analysis of 124 candidate genes for suscepti-
bility to eclampsia in the Finnish population, it 
has been found that rs13406336 and rs4556933 
SNPs are closely related to patients with a his-
tory of eclampsia17. Therefore, the blood pres-
sure-related gene ATP2B1 was analyzed in this 
paper. ATP2B1 gene located on 12q21.3 encodes 

the plasma membrane Ca2+ transport-associat-
ed protein, which is involved in the regulation 
of the intracellular free calcium concentration. 
Meanwhile, it also affects the intracellular signal 
transduction18 and contraction or relaxation of 
vascular smooth muscles, thereby participating 
in the blood pressure regulation19. Currently, the 
pathophysiological significance of the ATP2B1 
gene product in the development of hypertension 
remains uncertain. Kobayashi et al20 has proved 
that the genetic mutations caused by changes 
in ATP2B1 SNP can be stably inherited in hy-
pertension patients. This may result in genetic 
hypertension in descendants. In mice with spe-
cific knockout of the ATP2B1 gene, it has been 
proved that ATP2B1 in vascular smooth muscle 
cells is associated with hypertension. The mRNA 
and protein levels of ATP2B1 in the aorta are 
significantly declined when compared with those 
in the wild-type control mice. However, Ca2+ 
concentration in smooth muscle cells and SBP are 
remarkably elevated in the gene knockout mice20. 
Based on the association between the incidence 
of eclampsia and ATP2B1 gene polymorphism, 
whether the risk factors for eclampsia are related 
to ATP2B1 gene polymorphism was explored in 
this study. Univariate, multivariate, and Logistic 
regression analyses illustrated that blood pres-
sure and proteinuria were important risk factors 
for the incidence of eclampsia. Further analysis 
showed that hypertension and proteinuria were 
associated with ATP2B1 gene polymorphism. 
The elevated blood pressure might be due to the 
fact that Ca2+ pathway dysfunction regulated by 
ATP2B1 affects Ca2+ transport and blood pres-
sure regulation. However, the proteinuria might 
be associated with the decline in the protein 
reabsorption function in the kidney. The specific 
mechanism still needs further research. Eclamp-
sia is a maternal-fetal disease. Therefore, only the 
maternal genotypes were detected in this paper. 
In the future, more attention should be paid to the 
role of fetal or paternal genes in the development 
of eclampsia.

Conclusions

This study demonstrated that the ATP2B1 gene 
polymorphism at rs2681472 shows significant dif-
ferences between eclampsia patients and normal 
controls. Furthermore, its gene polymorphism is 
closely related to the occurrence of hypertension 
and lower extremity edema.
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