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Abstract: In this study, whether the gene polymorphism of LXR« is associated with the pathogenesis of ischemic
stroke in Han population in northern China is under investigated. A case-control study was applied. 413 patients
with ischemic stroke (IS) in Han population in northern China were selected. Another 477 cases of healthy individu-
als served as controls. Single nucleotide extension method (Multiplex SNaPshot) was used to detect the polymor-
phism of LXRa gene sites (rs2167079, rs2279238). The results demonstrated that the frequency of rs2279238 TT
genotype and T allele of LXRa gene was significantly higher in the IS group (P = 0.006, P = 0.013). After adjustment
for gender, age, hypertension, diabetes, smoking, drinking and other traditional risk factors, the frequency of TT
genotype and T allele of rs2279238 was still relevant with the incidence of ischemic stroke (OR = 1.65, 95% ClI:
1.02-2.68, P = 0.042; OR = 1.76, 95% CI: 1.29-2.45, P = 0.013). In the subgroup with artery atherosclerosis, the
frequency of rs2279238 TT genotype and T allele of LXRa was also higher in the IS group (P =0.001 and P = 0.005,
respectively). After adjustment for the above confounding factors, TT genotype and T allele were still associated
with the pathogenesis of artery atherosclerotic ischemic stroke (OR = 2.35, 95% Cl: 1.18-4.68, P = 0.015; OR =
1.89, 95% Cl: 1.32-2.68, P = 0.005). Therefore, our study shows that the polymorphism of LXRa gene rs2279238
is associated with the pathogenesis of artery atherosclerotic ischemic stroke in Han population in northern China.
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Introduction family, including two homologous subtypes,
LXRa and LXRp [8]. LXRa is highly expressed in
liver, as well as in other lipid metabolism closely
related tissues, such as macrophages, small
intestine, adipose tissue, adrenal gland, kidney
and lung [9-11]. Human LXRa gene is located in
11p11.2, containing 9 exons and 10 introns,
consisted by 1759 bases [9].

Stroke is a disease with high mortality, morbid-
ity and recurrence rate, and is a major cause of
disability and death worldwide [1]. The report
of the Global Burden of Disease 2013 pub-
lished by Lancet this year demonstrated that
stroke remains the first cause of death in China
[2]. There are 1.5-2 million new stroke cases
in Chinese each year, of which 70% were isch-
emic stroke (IS) [3]. It has been shown that
ischemic stroke is a multifactorial disease, of
which both genetic and environmental factors
participate in the procedure of pathogene-
sis [4]. The genetic rate of ischemic stroke is
37.9%. Although its exact hereditary mecha-
nism is still unclear, it has been proved that
the variation of gene such as HDAC9, PITX2,
ZFHX3, etc. is associated with the pathogene-
sis of ischemic stroke [5-71].

Studies have shown that LXRa receptor plays
an important role in the regulation of lipid
metabolism and inflammation [12]. LXRa re-
ceptor is activated when the concentration
of hydroxyl, an intracellular cholesterol sterol
metabolite, increased [13]. Through adjusting
transcription of transporter protein ABCAI and
ABCGI, apolipoprotein E (ApoE) of its target
gene ATP-binding cassette (ABC), LXRa recep-
tor regulates cholesterol efflux of macrophage,
promotes reverse transport of cholesterol, and
Liver X receptors (LXR) is a member of tran- further regulates metabolism and cholesterol
scription factors in the nuclear receptor super- metabolism by promoting bile secretion and
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conversion to fatty acids and other ways [9].
Besides, LXRa receptor is also able to regulate
immune response by inhibiting macrophage
inflammatory response [14]. Plasma cholester-
ol level and inflammatory processes play impor-
tant roles in the formation of atherosclerotic
plaques, thus LXRa receptor has been exten-
sively studied as a new therapeutic target in
the prevention of atherosclerosis and other dis-
eases. The correlation study of LXRa gene and
heart or brain vascular disease has become a
hot spot in related fields [12]. Animal experi-
ments had proven that the formation of athero-
sclerotic lesions was weakened by LXRa ago-
nist in rats, which also acted as a protective
effect in an animal model of ischemic stroke
neuronal injury [15, 16]. The model of LXR«
knockout mice was more susceptible to athero-
sclerosis further provides evidence for the cor-
relation of LXRa and ischemic stroke pathogen-
esis [17]. A Denmark Copenhagen City Heart
Study (N = 10281) and a Copenhagen General
Population Study (N = 51429) based on large
population sample indicated that the polymor-
phism of rs6189605 and rs12221497, which
locate in the LXRa gene promoter region, can
predict the risk of ischemic heart disease, myo-
cardial infarction, ischemic stroke and other
ischemic vascular disease [18]. Zhou et al. [19]
recently found that the polymorphism of LXRa
gene rs12221497 increased the risk of coro-
nary heart disease in Han population.

There is no study reporting that the polymor-
phism of LXRa gene correlates with ischemic
stroke of Han population in northern China.
Therefore, in this study, a case-control study on
polymorphism sites of LXRa gene rs2167079
and rs2279238 was performed to examine the
gene polymorphism of LXRa and hereditary
predisposition of IS of Han population in north-
ern China, which provides molecular epidemio-
logical evidence for understanding the under-
lying genetic mechanisms of pathogenesis of
ischemic stroke.

Materials and methods
Subjects

A total of 413 acute ischemic stroke patients
(249 males, 164 females) treated in neuro-
logy department of Shenyang 202 Hospital of
People’s Liberation Army between May 2011
and December 2014 were chosen for the IS
group. All patients had acute, burst, lasting

11959

more than 24 hours of focal neurologic defi-
cits, confirmed as ischemic stroke via the clini-
cal, head MRI, and/or head CT diagnosis, with
the exclusion of transient ischemic attack,
hemorrhagic infarction, cerebral hemorrhage
and subarachnoid hemorrhage, excluding in-
farction caused by other reasons such as car-
diac disease, arterial inflammation, tumor,
drugs, trauma, blood disease, vascular malfor-
mation or aneurysm, etc., and with the exclu-
sion of liver diseases, kidney diseases, thyroid
diseases, etc. Diagnosis was done by profes-
sional neurologists. A total of 477 healthy peo-
ple (279 males and 198 females) under physi-
cal examination from Shenyang People’s Libe-
ration Army 202 Hospital at the same period
were selected as control group, age and gender
of which matched the IS group. All subjects had
no cerebrovascular diseases and other neuro-
logical diseases, liver diseases, kidney diseas-
es, blood diseases, tumor, peripheral vascular
diseases, autoimmune diseases, etc. via the
examination of medical history, physical exami-
nation and clinical examination. All subjects
were Han population in Liaoning Province of
northern China, and there was no blood rela-
tionship between the individuals in this study.
This study was approved by the ethics commit-
tee of 202 Hospital. All subjects had signed
informed consent. Relevant information of all
subjects, including age, gender, height, weight,
blood pressure, cholesterol, fasting blood su-
gar, medical history, smoking history, drinking
history, etc. was collected through question-
naires, physical examination and laboratory
tests, as seen in Table 1. The patients were
divided into Large-artery atherosclerosis (LAA)
group and Small-artery occlusion (SAO) also
called lacunar infarction group according to the
TOAST classification criteria [20].

Genotyping

3 ml blood was drawn from each subject, was
then used for extraction of genomic DNA using
DNA extraction kit (Wizard Genomic DNA puri-
fication kit; Promega, USA) after anticoagula-
tion by EDTA. The concentration and purity of
extracted DNA was measured using the UV
spectrophotometer. DNA samples were stored
at-20°C.

Rs2167079 and rs2279238 of gene LXRa
were selected as genetic marker sites using
NCBI's dbSNP database (http://www.ncbi.nim.
nih.gov/SNP/) by browsing human genome data.
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Table 1. The comparison of general clinical and serum data in

IS group and control group

10 s, 52°C 5 s, 60°C 30 s). 1U
SAP enzyme was added in 10

Clinical data IS group Control group p gL oextension product, bathed in
(n = 413) (n = 477) value 7°C temperature for one hour,
Age composition 63.47+11.57 62.68+6.32  0.196 and then inactivated in 75°C for
Gender (Male/Female) 249,164 279/198  0.638 15 minutes. 0.5 uL purified ex-
Body mass index (kg/m?)  24.28+3.85  24.013.72  0.509 tension products was taken to
Systolic pressure (mmHg)  143.63+18.35 132.04+14.46 <0.001 be mixed with 0.5 L L|.21.20 SIZE
STANDARD and 9 pl Hi-Di, dena-
Diastolic pressure (mmHg) 83.87+10.32 78.76+8.82 <0.001 tured in 95°C for 5 minutes, and
FBG (mmol/L) 6.41+2.60 5.85+1.71 <0.001 then ABI3130XL sequencer was
TC (mg/dl) 5.15+0.86 4.99+111  0.024 applied. The raw data were col-
TG (mmol/L) 2.02+3.49 1.63+1.16 0.024 lected by GeneMapper 4.0 (Ap-
HDL-C (mmol/L) 1.31+0.32 1.33+0.21 0.149 plied Biosystems Co., Ltd., USA)
LDL-C (mmol/L) 2.95+0.70 2.95+0.64 0.967 to analyze genotyping type.
Hypertension (n%) 261 (63.5%) 174 (36.5%) <0.001
Diabetes (n%) 102 (24.7%)  78(16.4%)  0.020 Statistical analysis
Smoking history (n%) 172 (41.6%) 101 (21.2%) <0.001 .
Drinking history (n%) 122 (29.5%) 63 (13.2%) <0.001 A database was established us-

Notes: P<0.05 was considered statistically significant between the IS group

and control group.

Genotyping was performed using SNaP shot
multiple micro sequencing [21].

The genomic DNA was amplified by multi-
plex PCR reaction, of which the system (20
yL) contained 1x GC buffer I, 3.0 mM Mg?*, 0.3
mM dNTP, 1 U HotStarTag polymerase (Qia-
gen Inc.), 1 yL DNA sample and 1 pL multi-
plex PCR primers. Primer sequences are as
follows: rs2279238F: 5-TGGCTGAGTCAGGGA-
GAACATGA-3’; rs2279238R: 5-GGAAGCCCGA-
GGCCTTGTC-3’; rs2167079F: 5-GGCCTTTGCC-
CTTTTAGCTTCA-3’; rs2167079R: 5’-GGCTCTCC-
TCCAGCTCCTTCTC-3..

PCR cycling program: 95°C 2 min; 11 cycles
(94°C 20 s, 65°C-0.5°C/cycle 40 s, 72°C 1
min 30 s); 24 cycles (94°C 20 s, 59°C 30 s,
72°C 1 min 30 s); 72°C 2 min. Thereafter 1U
SAP enzyme (Promega) and 1U Exonuclease |
enzyme (Epicentre) were added in a 10 pL
PCR product, bathed in 37°C temperature
for one hour, and then inactivated in 75°C
for 15 minutes. So the PCR product was puri-
fied. SNaPshot multiple single base extension
reaction was performed after the purification:
extending reaction system (10 pylL) comprised
with 5 yL SNaPshot Multiplex Kit (ABI), 2 uL
purified multiplex PCR products, 1 uL exten-
sion primer mix and 2 uL ultrapure water. PCR
cycling program: 96°C 1 min; 28 cycles (96°C
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ing all experimental data in SPSS
16.0 software. Data were expre-
ssed as mean + standard devia-
tion or percentage. Demographic
data, risk factors, genotype, allele frequencies
were compared using the Student’s t-test or
Pearson’s x2 test. ANOVA analysis was used to
compare the influence of genotype on lipid lev-
els between the two groups. To evaluate the
correlation between gene polymorphism and
ischemic stroke, odds radio (OR) as well as 95%
confidence interval (Cl) before and after the
adjustment were calculated. Chi-squared test
was used to verify whether frequency of SNP
genotype of each site was in accord with Hardy-
Weinberg equilibrium. SHEsis online software
was used for the linkage disequilibrium and
haplotype analysis of the two SNPs sites of
LXRa gene. P<0.05 was considered statistical-
ly significant.

Results

Basic information of both groups was collected
and compared, as seen in Table 1. There was
no significant difference in age composition,
gender composition, body mass index, low-den-
sity lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C) in the two
groups. While other indicators such as hyper-
tension, diabetes, smoking history, drinking his-
tory, systolic blood pressure, diastolic blood
pressure, fasting blood glucose (FBG), total
cholesterol (TC), triglyceride (TG), were signifi-
cantly higher in the IS group (P<0.05) (Table 1).
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Table 2. Frequency of genotype and allele of 2 sites of LXRa gene

Genotype Controls (%) Patients (%) OR (95% ClI) P Adjusted OR (95% ClI) P
Rs2167079
cC 7 (7.8) 39 (9.4) 1.00
CT 193 (40.5) 176 (42.6) 0.87 (0.53-1.42) 0.566 0.73 (0.43-1.24) 0.245
T 246 (51.7) 198 (47.9) 0.75 (0.51-1.10) 0.138 0.74 (0.48-1.12) 0.737
C allele 267 (28.0) 254 (30.8)
T allele 685 (72.0) 572 (69.2) 1.14 (0.93-1.40) 0.211
Rs2279238
cC 63 (13.2) 39 (9.4) 1.00
CT 229 (48.0) 171 (41.4) 1.21 (0.77-1.88) 0.410 1.10 (0.68-1.77) 0.709
T 185 (38.8) 203 (49.2) 1.77 (1.13-2.77) 0.012 1.65 (1.02-2.68) 0.042
C allele 355 (37.2) 249 (30.1)
T allele 599 (62.7) 577 (69.9) 1.76 (1.29-2.45) 0.013

Notes: Having gender, age, hypertension, diabetes, smoking, drinking, serum TC, LDL-C and blood glucose adjusted.

Table 3. The distribution frequency of genotype and allele in LAA and SAO subgroup

LAA SAO
Patients (%) Controls (%) Patients (%) Controls (%) P
Rs2169079
cC 22 (10.4) 7 (7.8) 0.553 17 (8.5) 37 (7.8) 0.660
CT 93 (43.9) 193 (4 5) 83 (41.3) 193 (40.5)
T 97 (45.8) 246 (51.7) 101 (50.2) 246 (51.7)
C 137 (32.3) 267 (28.0) 0.300 117 (29.1) 267 (28.0) 0.660
T 287 (67.7) 685 (72.0) 285 (70.9) 685 (72.0)
Rs2279238
cC 17 (8.0) 63 (13.2) 0.001 22 (10.9) 63 (13.2) 0.795
CT 82 (38.7) 229 (48.0) 89 (44.3) 229 (48.0)
T 113 (53.3) 185 (38.8) 90 (44.8) 185 (38.8)
C 116 (27.4) 355 (37.2) 0.005 133 (33.1) 355 (37.2) 0.547
T 308 (72.6) 599 (62.7) 269 (66.9) 599 (62.7)

The distribution of genotype of rs2167079 and
rs2279238 were in line with Harding-Weinberg
equilibrium (P>0.05), 0.990 and 0.493 in the
IS group, 0.92 and 0.55 in the control group,
respectively. Indicating there was group repre-
sentative in the samples we selected in this
study. Analysis of frequency of two SNP sites
and allele in IS and control group is seen in
Table 2. Results illustrated that there was no
significant difference in frequency distribution
of genotype and allele of rs2167079 (P>0.05)
in IS and control group, while the frequency
of TT genotype and T allele of rs2279238
was significantly higher in the IS group (P =
0.006, P = 0.013). Data of artery atherosclero-
sis (LAA) and small artery occlusion (SAQO) sub-
groups are seen in Table 3. Results showed
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that the frequency of TT genotype and T allele
of rs2279238 was also significantly higher (P =
0.001, P = 0.005) in the LAA subgroup. How-
ever, there was no significant difference in the
SAO subgroup. The frequency of TT genotype
and T allele was still relevant with the incidence
of ischemic stroke after adjusting confounding
factors such as gender, age, smoking, alcohol
consumption, hypertension, history of diabe-
tes, blood lipids, blood glucose levels, etc., thus
it could be considered as the pathogenic factor
(OR =1.65, 95% CI: 1.02-2.68, P =0.042; OR =
1.76, 95% Cl: 1.29-2.45, P = 0.013). Analysis
of LAA subgroup also exhibited similar results
(OR=2.35,95%Cl: 1.18-4.68, P =0.015; OR =
1.89, 95% CI: 1.32-2.68, P = 0.005), as seen in
Table 4.

Int J Clin Exp Med 2016;9(6):11958-11965
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Table 4. The regression analysis of LAA subgroup

was due to small blood vessels hyaliniza-

Adjusted OR 95% CI

tion, arteriosclerosis or cellulose necro-

Rs2169079 cC 1 -
CT 0.68 (0.33-1.39)
T 0.63 (0.31-1.26)
Rs2279238 cC 1.00 -
CT 111 (0.56-2.23)
T 2.35 (1.18-4.68)

sis caused by high blood pressure or
diabetes. There was no significant di-
fference in the distribution frequency
of genotype and allele of LXRa gene
rs2167079 between IS and control
group, while frequency of rs2279238 TT
genotype and T allele in the IS group

Notes: Having gender, age, hypertension, diabetes, smoking, drinking,

serum TC, LDL-C and blood glucose adjusted.

Table 5. LXRa gene haplotype analysis in IS group and

control group

was significantly higher (P = 0.006, P =
0.013). After adjustment for traditional
risk factors such as gender, age, hyper-
tension, diabetes, smoking, drinking,
etc., frequency of rs2279238 TT geno-
type and T allele was still relevant with

Frequency of Frequencyof P OR the incidence of ischemic stroke (OR =

IS group  control group value (95% ClI) 1.65, 95% CI: 1.02-2.68, P = 0.042; OR

cC  22.7% 27.9%  0.198 1.144[0.932-1.404] = 1.76, 95% Cl: 1.29-2.45, P = 0.013),
TC 7.5% 9.4% 0.164 0.786 [0.559-1.104] indicating that rs2279238 TT genotype
T 61.8% 62.7%  0.706 0.964[0.795-1.168] ~ and T allele were independent risk fac-

SHEsis online software was used for matching
linkage disequilibrium test of two sites. Results
showed that linkage effect was weak in
rs2167079- rs2279238 sites (D’ = 0.897, r? =
0.574).

SHEsis software was used to calculate the dis-
tribution frequency of possible haplotypes in
two sites (rs2167079, rs2279238) of LXR«
gene in the IS and control group. Results
showed that the frequency of each haplotype
exhibited no significant difference (P>0.05), as
seen in Table 5.

LXRa is closely related to lipid metabolism;
therefore we further analyzed the correlation
between genotypes of rs2279238 with lipid
levels and BMI, as seen in Table 6. There was
no significant difference of the index between
the two groups.

Discussion

In this study, LXRa gene rs2167079 and
rs2279238 SNP sites were selected to con-
duct a case-control study with the Han po-
pulation of northern Chinese with ischemic
stroke. According to the classic TOAST classifi-
cation, only patients with atherosclerotic aorta
orsmall arteries occlusive were chosen, exclud-
ing other types. The former occurred when ath-
erosclerosis leads to large or medium cerebral
vascular stenosis or occlusion, while the latter
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tors for the pathogenesis of IS in Han
population in northern China, the risk
of which increased to 1.65 times. After adjust-
ing traditional risk factors, the frequency of TT
genotype and T allele in LAA subgroup was still
significantly higher, of which the risk increased
to 2.35 times (OR = 2.35, 95% CI: 1.18-4.68, P
= 0.015; OR = 1.89, 95% CI: 1.32-2.68, P =
0.001). No correlation or differences was found
in small artery occlusion subgroup. Therefore,
our findings suggested that genetic polymor-
phism of rs2279238 in Han population in
northern China might be genetic risk markers
of ischemic stroke, especially large artery ath-
erosclerotic ischemic stroke. Previous animal
experiments proved that activation of LXRa
receptor exhibited anti-atherosclerotic effect
[15-17], but our study on Han population in
northern China found that gene polymorphism
of rs2279238 increased the risk of IS, espe-
cially large artery atherosclerotic IS, which was
consistent with Stender et al. [18], who found
that carrying LXRa gene-840AA/-115AA in-
creased the risk of IS to 1.7 times, and the risk
of ischemic heart disease and myocardial in-
farction increased to 1.3 and 1.6 times respec-
tively. Recently, a US INVEST-GENES study on
patients with hypertension and coronary heart
disease showed that rs2279238 increased
the risk of primary endpoint events [22], pre-
sumably that was relevant with the activation
of LXRa, resulting in the produce of trigly-
ceride-rich LDL which lead to atherosis [23].
Rs2279238, which located in the promoter re-
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Table 6. The comparison of effect on various genotypes of rs2279238 on blood lipid levels and BMI
in IS group and control group

IS Group Control Group P
cc CT T pa cC CT T pa
TC 5.25+1.03 5.23+0.89 5.06+0.80 0.112 4.97+1.08 5.02+1.13 4.98+1.09 0.717 0.475
TG 1.79+1.20 1.84+1.19 2.20+4.83 0.564 1.63+1.43 1.63+1.06 1.65+1.18 0.981 0.421
LDL-C 2.85+0.75 2.91+0.68 3.00+0.70 0.326 2.97+0.69 2.95+0.65 2.88+0.57 0.394 0.969
HDL-C 1.21+0.29 1.32+0.38 1.32+0.28 0.142 1.36+0.21 1.32+0.22 1.35+0.21 0.37 0.518
BMI  24.93+5.11 23.84+3.41 24.32+3.91 0.214 23.39+6.87 24.09+2.39 24.11+3.56 0.37 0.658

Notes: ?t test was used to compare the IS and control group, and P value represents effects of each genotype on blood lipid
levels, PANOVA analysis was used to compare the IS and control group, and P value represents effects of each genotype on

blood lipid levels. P<0.05 was statistically significant.

gion of exon of SRp55 binding sites that con-
tained shear factor, possibly played a role in
affecting LXRa function by regulating transcrip-
tion or linkage disequilibrium of a certain site
with a direct impact on LXR« function.

Genetic polymorphism of LXRa was associ-
ated with metabolic abnormalities. A study of
559 cases on Swedish population illustrated
that polymorphism of -115C/T (rs2279238)
had significant correlation with the elevated
BMI, while the wild-type CAAGCC haplotype
that carried C allele was associated with a
reduced BMI [24]. A study of 732 cases based
on French- Canadian population by Robitaille
et al. [25] demonstrated that polymorphism
of rs12221497, rs61896015 and rs3758674
was associated with plasma total cholesterol
levels. Two studies of 1130 cases and 1160
cases of the French population by Legry et al.
[26] proved that the mutation of -6G>A in
LXRa gene was associated with HDL levels,
and could reduce the risk of metabolic syn-
drome. They also proved that the polymorphism
did not change expression of LXRa and tran-
sporter protein ABCA1 in macrophages, sug-
gesting that it may affect the efficiency of trans-
lation. The birth cohort of genome-wide asso-
ciation analysis of more than 4000 people
in northern Finland indicated that polymor-
phism of rs2167079 and rs7120118 of LXR«
gene was correlated with the increased HDL
levels [27]. The recent HELENA study on Euro-
pean adolescents (n = 1144) demonstrated
that rs11039155 of LXRa gene was asso-
ciated with elevated levels of HDL-C, while
rs12221497 was related with the reduced lev-
els of HDL-C [28]. Our study did not confirm
whether polymorphism of rs2279238 gene
was associated with BMI or lipid levels. The
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results were not entirely consistent with other
population, that possibly because there were
genetic differences between racial back-
grounds and environmental factors as well as
the study design and statistical methods, etc.,
indicating LXRa may affect the susceptibility of
stroke by lipid-independent pathway.

Taken together, the current research on poly-
morphism of LXRa gene and IS in domestic or
foreign is rare. Our study found that T allele and
TT genotype of rs2279238 in LXRA gene could
increase the risk of aorta atherosclerosis IS of
Han population in northern China, which may
be susceptibility genes of large artery athero-
sclerotic IS. However, there are also some limi-
tations in this study, such as the sample size is
small, so are the research sites, and there is no
simultaneously measurement of mRNA or pro-
tein expression levels of LXRa, etc. Therefore,
in the future, research on LXRa should be con-
tinued, so as to further clarify the pathogenesis
mechanisms and genetic predisposition of IS.
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