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Abstract. — OBJECTIVE: The aim of this study
was to investigate the correlation between ad-
enosine triphosphate (ATP) 2B1 gene polymor-
phism in cerebral infarction (Cl) patients and the
onset of Cl.

PATIENTS AND METHODS: A total of 100 CI
patients (Cl group) and 88 healthy people who re-
ceived physical examination (Control group) were
enrolled as study subjects. Meanwhile, 4 mL of
venous blood was extracted from each subject.
The single nucleotide polymorphisms of rs19203,
rs13412 and rs28313 in the promoter region of ad-
enosine triphosphate (ATP) 2B1 gene were classi-
fied via conformation-difference gel elect -
resis. Chi-square was adopted to test whe
frequency of ATP2B1 genotype distributio
formed to genetic equilibrium law. Meanwhild

alyzed. Enzyme-linked immug
(ELISA) was performed to dg

pression level of VE
RESULTS: Hard
sis revealed that

. A ccordlng
lation analysis, the

on between the poly-
nd rs13412 and the ex-
was found in Cl patients

of the ATP2B1 gene are cor-
ne onset of Cl. However, rs28313
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mortality and disability rate.
ome a major public hygien-
the health of people all over
en recognized that risk factors
ge, sex, hypertension, blood lipid
rrnahtles obesity, diabetes mellitus, smok-
emperance. However, even with sim-
Yar envitonmental factors, the incidence rate of
ClI varies among different populatlons worldwide.
This suggests that genetic factors may play a cer-
tain role in the onset of CI>>.

Adenosine triphosphate (ATP) 2B1 can encode
plasma membrane calcium ion transporting AT-
Pase 1. Meanwhile, it maintains intracellular cal-
cium homeostasis by regulating the concentration
of calcium ions. Therefore, ATP2BI is critical for
depolarization after muscle contraction®. Studies’
have manifested that ATP2BI is closely correlat-
ed with the occurrence and development of hy-
pertension. The possible underlying mechanism
may be associated with the effect of ATP2B1 on
vascular remodeling in the resting state. In In-
dian populations, the polymorphism of ATP2B1
1s2681472 is closely related to the occurrence of
essential hypertension. The TT genotype and T
allele of rs2681472 are risk factors for essential
hypertension among Indian women!. Lin et al?
have shown that people with ATP2B1 rs17249754
carrying major alleles, especially those ingesting
low calcium and high Na/K, are more vulnerable
to hypertension.

Currently, the correlation between ATP2BI
gene polymorphism and the occurrence and prog-
nosis of cerebral infarction has not been report-
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ed yet. In this work, the distribution of ATP2B1
gene polymorphism and allele genotype among
CI patients and healthy people was analyzed. Our
study might provide certain reference for further
exploring the genetic pathogenesis of CI.

Patients and Methods

Patients

A total of 100 CI patients treated in our hospital
from January 2015 to November 2017 were select-
ed as study subjects, including 48 males and 52
females aged (57.81+12.74). All CI patients man-
ifested typical neurological deficits. Meanwhile,
responsible foci were discovered through imag-
ing examinations, including computed tomogra-
phy (CT) and (or) magnetic resonance imaging
(MRI). The diagnostic standard was based on the
China Guidelines for the Diagnosis and Treat-
ment of Acute Ischemic Cerebral Stroke (2014).
Exclusion criteria were as follows: 1) patients with
coronary heart disease and peripheral arteriove-
nous thrombosis, 2) patients who suffered from
heart, liver, kidney or lung dysfunctions or sgae
infection, 3) patients who took vitamin B
ly, or 4) patients who experienced cardid

these healthy controls did ng
brovascular diseases preyd

gen Biotech Co., Ltd., Beijing, China), GoldViwe
(Solarbio, Beijing, China), and 50xTAE (Beijing
ComWin Biotech Co., Ltd., Beijing, Chigs

DNA Extraction
4 mL of blood sample was firg

ollected from

sub-packaged in 500
burg, Germany) tube

D),,,/OD,,, ratio of
of DNA, and these

9203, rs13412 and rs28313 in the
gigmoter region of ATP2B1 gene were designed
for amplification. All primer sequences
vere shown in Table I. Polymerase Chain Reac-
tion (PCR) system was as follows: 2.0 uL. of DNA
template, 10.0 uLL of MIX (2 x), 0.4 uL of forward
primer, 0.4 uL of reverse primer and 7.2 uL of
ddH,0O. The PCR amplification conditions were:
95°C for 120 s, 94°C for 30 s, 57°C for 90 s, a total
of 30 cycles followed by extension at 72°C for 10
min. Subsequently, the amplification of the gene
segment was detected via AGE.

Ligase Detection Reaction

Forward and reverse probes used in this reac-
tion were designed and synthesized by BGI. Af-
ter phosphorylation modification at the 5° end, all
forward probes were prepared into 12.5 pmol/uL
of probe mixture. The ligase detection reaction

and product size of different sites in the promoter region of ATP2BI1 gene.

Primer sequence

Product (bp)

Forward: AGCTGGACCCGGCTGAGGAGG 245
Reverse: TGGGCTAGCTGGCGTAGGGCA

Forward: AAGTCGACGTTTTCGATCCCC 301
Reverse: GTGACTTAGGCGATGCTGAT

Forward: AGGCAACGATCGTAGCTAG 371

Reverse: ACGGGCTAGTCGTAGCTACG
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Table II. Ligase reaction probe sequences and product size of different ATP2B1 gene sites.

Site Probe Probe sequence 5°-3’ Product

519203 519203 PCCGATGCTAGCTTTTTTTTTTTTTTTT-FAM
1rs19203-C TTTTTTTTTTTTTTTACCCATTTTTTTTTAT
rs19203-T TTTTTTTTTTTTTTTGCGACGAGCATTTTTTTTTAAA
rs13412 rs13412 P-AGTTTCCCAATTTTTTTTTTTTTTTTTTT-FAM
rs13412-A ACGGGACTTTTTTTTTTTTTTTTTTTTCGTAGCTAAA!
rs13412-T TGCCAAATTTTTTTTTTTTTTTTTTTTTTACGATCG
rs28313 rs28313 P-ACGGGATGCCATTTTTTTTTTTTTTTTTTT-FA

rs28313-A ACGGGACTTTTTTTTTTTTTTTTTTTTGCGACC
rs28313-C GGCTATCGGATTCTTTTTTTTTTTTTTGCG

system (3.05 uL) was as follows: 0.05 uL of li-
gase, 1 uL of buffer solution, 1 uL of PCR prod-
uct and 1 uL of probe mixture. PCR amplification
conditions were as follows: 95°C for 120 s, 94°C
for 15 s, 50°C for 25 s, a total of 30 cycles. After
all cycles, the concentration was determined by
an ultraviolet spectrophotometer. Then, BIG was
entrusted to perform sequencing and segasent
analysis for target genes. All data were a
using GeneMapper (Applied Biosystems, 8iC clinical information of the two
City, CA, USA) (Table II).

The #-test and analy-

the control group, patients in the CI group exhib-
ited significant differences in smoking history,
drinking history, diastolic pressure, systolic pres-
sure, and fasting blood glucose (p<0.05). Howev-
er, there were no statistical differences in age, sex
; v composition, body mass index (BMI) and blood
each subject. (2) A's 3 was prepared lipid level between the two groups (p>0.05).
i i i e kit (R&D

Analysis of rs19203, rs13412 and rs28313
in the Promoter Region
of ATPZB1 Gene

Rs19203, rs13412 and rs28313 in CI and Con-
trol groups were first cut off using BstUI restric-
tion endonuclease. Rs19203 showed two alleles
of C and T and three genotypes of CC, CT and
TT. Rs13412 showed two alleles of A and T and
three genotypes of AA, AT, and TT. Meanwhile,
rs28313 showed two alleles of A and C and three
genotypes of AA, AC and CC.

g Fata were expressed as frequency Hardy-Weinberg Equilibrium Test

X percentage and mean + standard deviation, Hardy-Weinberg equilibrium formula was uti-
pectively. After the frequency of genotypes lized to detect linkage disequilibrium at different
alculated in each sample, it was tested with ATP2B1 gene sites. As shown in Table 1V, all
einberg genetic equilibrium formula. sites were in accordance with the equilibrium law
The X?-test was performed for multiple compar- (°<0.33).
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Table Ill. Basic clinical information of study subjects.

Variable Control group (n=100) Cl group (n=88)
Age (years old) 57.81+12.74 57.36+11.41
Sex (male/female) 48/52 40/48

BMI (No less than 24 kg/m?, %) 47.00 53.94
Smoking history (%) 28.00 13.83
Drinking history (%) 36.00 12.58
Diastolic pressure (mmHg) 89.14+12.94 78.36+14.52
Systolic pressure (mmHg) 161.34+7.38 124.54+12.57
Blood lipid level (mmol/L)

TC 5.00+1.07 5.21+1.61

TG 1.54+0.27 1.58+0.44
LDL 3.82+41.23 3.43+£1.92
HDL 3.25+0.55 3.42+0.8
Fasting blood glucose (mmol/L) 7.88+1.21

Note: TC: total cholesterol, TG: triacylglycerol, LDL: low-density lipoprotein

Correlation Between ATP2B1 Gene
Polymorphism and CI

The frequency of polymorphism genotypes of
all sites in the two groups was shown in Table V.
It was revealed that the polymorphism of rs19203
and rs13412 was markedly associated with the on-
set of CI (p<0.05). However, there was no sigifi-
cant correlation between rs28313 and the
CI (p>0.05).

Correlation Between ATP2B1 Allele
Genotypes and the Onset g

ge equilibrium among all

rZ
rs19203 rs13412 rs28313
- 0.009 0.245
0.009 - 0.189
0.245 0.189 -

: total cholesterol, TG: triacylglycerol, LDL: low-
density lipoprotein, HDL: high-density lipoprotein.

The results indicated that the
19203 and rs13412 were sig-

Discussion

Cerebrovascular disease is one of the most
common causes of death in China'®. CI, a kind
of irreversible brain tissue injury, is mainly char-
acterized by a high incidence rate, disability and
mortality rate. Studies have suggested that CI re-
sults from synergistic effects of multiple factors,
including environment, heredity and vascular
change. However, its specific molecular pathogen-
esis has not been fully revealed yet''"*. Therefore,
the identification of genes susceptible to the onset
of Cl is of great significance for early diagnosis,
precision treatment and prognosis of patients.
Current studies have revealed the correlations
of numeral genes with the onset of CI, such as
VEGF", MCP?, and SNHG 14, All these genes
play critical roles in cerebrovascular diseases, ei-
ther by acting as transcription factors or by ex-
pressing important cytokines and structural pro-
teins. Hence, the polymorphism of these genes
may have certain effects on the occurrence and
development of CI. For example, the polymor-
phism of the lipoprotein lipase (LPL) gene is cor-
related with atherosclerosis-induced CI in Japa-
nese patients. The polymorphism of the LPL gene
Hind III site is statistically correlated with the
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Table V. Distribution of different genotypes of ATP2B1 gene sites in CI.

rs19203 rs13412 rs28313
Group CC CT TT AA AT TT AA
CI group 35.2% 60.0% 4.8% 10.1% 50.9% 39.0% 20.1% 9%  29.0%
Control group 23.5% 59.4% 17.1% 24.0% 51.2% 24.8% 19.3% 29.5%
v 2.341 1.642
P 0.018 0.021

Table VI. Distribution of allele genotypes of ATP2BI gene sites in CI.

rs19203 rs13412
Group C T A
CI 75.21% 24.79% 30.00% 45.23% 54.77%
Control group 76.22% 23.78% 82.11% 42.08% 57.92%
v 2.131 1.82 0.734
P 0.013 0.721

Table VII. Association between different genotypes of ATPB21 g

ion level of VEGF in CI patients.

rs19203

Group CC CT
High expression group | 41.8% 52.0%
Low expression group 20.6%  55.4%

2

X
)4

rs28313
AA AC CC
46.0% 23.1% 50.9% 26.0%
23.2% 20.8%  50.2%  29.0%
0.542
0.738

Chinese people have
hism of CD40-1C/T
the occurrence of CI.
this site can not only in-

1m expression of CD40. In the present
ation between the polymorphlsms
rsl9203 rs13412 and rs28313 in the ATP2BI1
oter region among Chinese populations and
urrence was analyzed. A peripheral blood
¥ was collected from healthy people receiv-
ing physical examinations and CI patients, and
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whole genome DNA was extracted. Genotyping
was first performed for target gene sites, and sta-
tistical analysis was conducted for the distribution
of genotype frequency of all sites and their alleles.
The results demonstrated that the genotype and
gene polymorphisms of ATPB21 rs19203 and
rs13412 had significant correlations with the oc-
currence of CI (p<0.05). People with rs19203 gen-
otype CC were more likely to suffer from CI than
those with genotype TT. However, people with
rs13412 genotype TT were more vulnerable to CI
than those with genotype AA (p<0.05). However,
rs28313 genotype and gene polymorphisms were
not substantially correlated with the occurrence
of CI (p>0.05). In addition, there was a correla-
tion between the polymorphisms of rs19203 and
rs13412 and the expression level of VEGF in CI
patients (p<0.05). Nevertheless, there were some
limitations in this study: 1) the clinical sample
size was relatively small, 2) this study lacked
prognostic information of CI patients because of
the loss of follow-up information, and 3) only the
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Chinese population was taken as study subjects,
so the results might vary among Europeans and
Americans.

Conclusions

The present work found that there were cor-
relations of rs19203 and rs13412 in ATP2BI gene
promoter region with the occurrence of CI. Both
Han people with rs19203 genotype CC and those
with rs13412 genotype TT were more likely to be
attacked by CI. However, there was no correla-
tion between gene polymorphism of rs13412 in
the promoter region and CI occurrence.
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