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ABSTRACT. In the present study, the correlation of polymorphisms
of the apolipoprotein E (apoE) gene with the susceptibility of essential
hypertension (EH) was investigated. Single nucleotide polymorphisms
of the apoFE gene at the -491 A>T, +969 C>G, and +2836 G>A sites
were determined in 221 non-EH individuals and 109 subjects with EH
of Chinese Hui ethnicity using polymerase chain reaction-restriction
fragment length polymorphism analysis. The results showed that
neither the genotypic frequency nor the allelic frequency at the -491
A>T and +969 C>G sites exhibited a statistically significant difference
between these two groups (P > 0.05). However, a significant difference
was observed in genotypic frequency and allelic frequency at the
+2836 G>A site between EH patients and non-EH individuals (P <
0.01). In addition, a significantly higher frequency of the A allele at
the +2836 G>A site was also detected in EH patients (83%) compared
with controls (47.5%) (P < 0.01; OR = 4.82, 95%CI = 3.25-7.17);
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in contrast, the frequency of the G allele at the +2836 G>A site was
significantly lower (17%) in the patient group in comparison with the
non-EH cohorts (52.5%) (P < 0.01; OR = 0.21, 95%CI = 0.14-0.31).
These results suggest that the polymorphism at the +2836 G>A site in
the apoFE gene is strongly correlated with the susceptibility to EH in the
Chinese Hui ethnic population.
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INTRODUCTION

Apolipoprotein E (ApoE), along with ApoA, ApoB, ApoC, ApoD, ApoM, ApoH,
Apol, and ApoL, are members of the apolipoprotein gene family (Dawar et al., 2010). The
apoE gene consists of 4 exons and 3 introns, spanning 3597 nucleotides, and encoding a
299-amino acid polypeptide. This gene is located on chromosome 19q13.2 and is closely
linked to the apoC-I/C-II gene complex (Scott et al., 1985). ApoE is mainly produced in the
liver, but other organs and tissues such as the brain, spleen, kidneys, gonads, adrenals, and
macrophages also produce this protein (Mahley, 1988). Accumulating evidence reveals that
the polymorphism of the apoE gene is genetically associated with many diseases, including
essential hypertension (EH), coronary artery disease, polycystic ovary syndrome, Alzheimer’s
disease, psoriasis, vascular dementia, gallbladder stone disease, and cerebrovascular disorders
(Karpouzis et al., 2009; Chaudhary et al., 2012; Liu et al., 2012a; Xue et al., 2012; Yin et al.,
2012; Zhou et al., 2012).

Hypertension is a major risk factor for cardiovascular disease, stroke, and end-stage
renal disease and prevails globally; thus, the prevention of hypertension remains an important
public health goal worldwide (Izawa et al., 2003). EH, also known as primary hypertension, is
a common disease influenced by polygenic and multifactorial disorders that are likely due to
interactions between the genetic constitution of populations as well as environmental factors
(Li, 2012), which is one of the most common complex diseases, accounting for 95% of all
cases of hypertension (Niu et al., 2007a). To date, approximately 1 billion people are suffering
from EH worldwide, and the current occurrence of EH in China is about 11.8%. In addition,
approximately 2 million new cases of cerebrovascular diseases are added annually in China,
60% of which are associated with EH (data from the Ministry of Health of the People’s Repub-
lic of China) (Li and Liu, 2012). Therefore, discovering a novel EH-associated gene may pro-
vide insight into the pathogenesis of EH and help to develop novel therapeutic strategy for EH.

Previous studies have demonstrated that genetic variations and polymorphic asso-
ciations of TIM genes and susceptibility to rheumatoid arthritis in the Chinese Hui minority
ethnic population (Xu et al., 2012a,b). The association between the polymorphisms of the
apoE gene with the susceptibility to EH, together with the genetic variations of the apoE
gene among different ethnic populations (Mahfouz et al., 2006; Niu et al., 2007b), imply that
genetic polymorphism of the apoF gene may be correlated with the susceptibility to EH in the
Chinese Hui population. The objective of this study was to explore the association of the apoE
gene and the susceptibility to EH in this ethnic population by examining the polymorphisms
of the -491 A>T, +969 C>G, and +2836 G>A loci of the apoE gene.
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MATERIAL AND METHODS

Subjects

Blood samples were collected from 109 EH patients and 221 non-EH control individu-
als of the Chinese Hui population. All individuals were living in the Ningxia Hui Autonomous
Region of China. There was no genetic relationship among these individuals. All the samples
were collected under informed consent. The World Health Organization criteria for the classi-
fication of EH were used to diagnose patients with EH (Gan et al., 2012). The non-EH controls
were recruited from the general Hui population and had undergone comprehensive medical
screening at the Affiliated Hospital of Ningxia Medical University. All subjects were included
in this study based on 2 criteria: 1) of purely Hui descent for at least 3 generations and 2) indi-
vidual ancestors lived in the Ningxia region for at least 3 generations.

Single nucleotide polymorphism (SNP) analysis

Genomic DNA was extracted from white blood cells. Polymerase chain reaction-re-
striction fragment length polymorphism (PCR-RFLP) and nested-PCR were performed on 3
SNPs, the -491 A>T, +969 C>G and +2836 G>A sites, of the human apoE gene. PCR was
performed in a 25-pL reaction volume using 200 ng genomic DNA. The DNA was amplified
using 35 cycles at 94°C for 30 s, 55°-65°C for 45 s (Table 1), and 72°C for 45 s, with a final ex-
tension at 72°C for 5 min with a BioRad MyCycler thermal cycler (BioRad Laboratories, Her-
cules, CA, USA). Genotyping of the -491 G>T, +969 C>G and +2836 G>A SNPs of the apoE
gene was performed by nested-PCR as previously reported (Roks et al., 1998). PCR-RFLP
analysis was employed for genotyping of these polymorphic sites as described previously. The
primer sets used for PCR as well as restriction endonucleases used for digestion are listed in
Tables 1 and 2, respectively. For PCR-RFLP analysis, the PCR products were purified using
a PCR purification kit, followed by digestion with restriction endonucleases Dral, BspLIl, and
Scal (Table 2). The digested PCR products were separated on non-denatured PAGE, and the
gels were stained by silver nitrate (Perry and Peyvandi, 1999). The size of the PCR products
and their corresponding digested products are listed in Table 2. The PCR kit, PCR purification
kit, and restriction endonucleases were purchased from Takara Biologicals (Tokyo, Japan).

Table 1. Sequences of primers for amplification of the apoE gene in this study.

Sites Primers sequence Annealing temperature (°C) Size of PCR products (bp)
-491 A>T P1: 5-CAAGGTCACACAGCTGGCAAC-3' 55 227
P2: 5'-“TCCAATCGACGGCTAGCTACC-3'
969 C>G P1: 5-“TGAGAAGCGCAGTCGGGGGCA-3' 65 104
P2 : 5'-“AGGTCCAGTCCCCTGCTGCT-3"
2836 G>A  PI1: 5-GCTTTCCAAGTGATTAAACCGACT-3' 55 197

P2: 5'-CTCCGGCTCTGTCTCCACCGCGAGCT-3'

Statistical analysis

The genotype and allele carrier frequencies were defined as the percentage of indi-
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viduals carrying the genotype and allele, respectively, of the total number of individuals. The
¥? test and Fisher exact test of SPSS 17.0 for Windows (SPSS, Chicago, IL, USA) were used
to test for deviation from the Hardy-Weinberg equilibrium and to compare to the frequency of
discrete variables between EH patients and control individuals. P values less than 0.01 were
considered to be statistically significant.

RESULTS

The 3 SNPs of the apoE gene and the polymorphic associations with susceptibilities
to various diseases in different populations have been demonstrated (Ahmed et al., 1999). To
determine if these SNPs are also associated with susceptibility to EH in the Chinese Hui popu-
lation, we analyzed the polymorphism of the apoFE gene using SNPs of -491 G>T, +969 C>G,
and +2836 G>A in 109 EH patients and 221 non-EH control individuals from the Hui popula-
tion using PCR-RFLP. Following Dral, BspLl, and Sacl digestion of PCR products of these 3
polymorphic sites, respectively, all three genotypes were determined for each SNP (Figure 1
and Table 2). The genotypes of SNP -491 G>T were TT, GT, and GG; the genotypes of SNP
+969 C>G comprised GG, GC, and CC; and the genotypes detected for the +2836 G>A SNP
were AG, GG, and AA (Figure 1 and Table 2). The characteristics of the genotype and the al-
lelic frequencies of the 3 SNPs of the apoE gene are shown in Table 3.

AT AT ATAT_I\LTT AA AT A

300 —
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CC GG cceGG M CG CG CC
200—
4—104
‘—96
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AG AG GG AG AG M AG AA AA  (C

- —175
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+2836 G=A SNP PCR-RFLP

Figure 1. Genotype analyzed by polymerase chain reaction-restriction fragment length polymorphism method
(PCR-RFLP). The PCR amplified products were digested with: A. Dral (for -491 G>T SNP), B. BspLI (for +969
C>G SNP), and C. Sacl (for +2836 G>A SNP) before they were resolved using SDS-PAGE and visualized by silver
nitrate. Lane M shows DNA molecular ladders. All other lanes show the corresponding genotypes indicated at the
top of each picture.
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Table 2. Determination of genotype by PCR-RFLP assay.

SNPs Restricted enzymes Genotype Digested fragments (bp)
-491 A>T Dral TT 227

AA 206, 21

AT 227,206, 21
969 C>G BspLI GG 104, 38, 21

cC 95,38,21,9

CG 104, 95, 38, 21,9
2836 G>A Sacl AA 197,

GG 175,22

AG 197, 175,22

Table 3. Distributions of genotypic and allelic frequencies of the three SNPs in the apoE gene of essential
hypertension (EH) patients and non-EH controls.

SNPs Genotypes Control [N (%)] EH [N (%)] b P OR (95%CT)
-491 A>T TT 1(0.5) 0(0) 1.3 >0.05 T

AA 188 (85.1) 97 (89.0) A

TA 32(14.5) 12 (11.0)

T 34 (7.7) 12 (5.5) 1.1 >0.05 0.70 (0.35-1.38)

A 408 (92.3) 206 (94.5) 1.43 (0.73-2.83)
969 C>G GG 75 (34.0) 33(30.3) 1.0 >0.05

cC 55(25.0) 25(22.9)

CG 91 (41.0) 51 (46.8)

G 240 (54.5) 118 (53.7) 0.002 >0.05 0.99 (0.72-1.38)

C 202 (45.5) 100 (46.3) 1.01 (0.73-1.39)
2836 G>A AA 39 (17.6) 78 (71.6) 93.3 <0.01

GG 41 (18.5) 6(5.5)

AG 141 (64.0) 24 (22.4)

A 219 (47.5) 180 (83.0) 66.6 <0.01 4.82(3.25-7.17)

G 223 (52.5) 38(17.0) 0.21 (0.14-0.31)

Polymorphic analysis of the -491 G>T and +969 C>G SNPs showed no statistical dif-
ference in the genotypic and allelic frequencies between the EH patients and the controls, as
determined by a Hardy-Weinberg equilibrium analysis (P > 0.05) (Table 3). However, a statisti-
cally significant difference in the genotypic frequency of the +2836 G>A SNP was detected be-
tween the EH patients and the non-EH individuals (P < 0.01) (Table 3). The relative frequencies
of AA, AG, and GG were 71.6, 22.4, and 5.5% in EH patients; 17.6, 64.0, and 18.5% in non-EH
individuals. The allelic frequency at the +2836 G>A polymorphic site was also significantly
different between the EH patients and the controls (Table 3). The frequency of the A allele at
this site was significantly higher (83.0%) in the EH patient group relative to the control group
(47.5%) (P <0.01; OR =4.82, 95%CI = 3.25-7.17); the frequency of the G allele at the +2836
G>A site was significantly lower (17.0%) in the patient group compared with the control group
(52.5%) (P<0.01; OR=0.21, 95%CI = 0.14-0.31). These findings suggested that the polymor-
phism at the +2836 G>A site in the apoE gene is strongly correlated with the susceptibility to
EH in the Chinese Hui ethnic population, in which individuals with the G allele were less likely
to have EH, while those with the A allele might be at risk for EH in the Chinese Hui ethnicity.

DISCUSSION

We studied the correlation between the apoE gene and susceptibility to EH in the Chi-
nese Hui population by determining the polymorphism of 3 SNPs, -491 A>T, +969 C>G and
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+2836 G>A. The results demonstrated that there was no significant difference in the genotype
and allele distributions of the -491 A>T and +969 C>G SNPs between the EH patients and
non-EH controls. Interestingly, the distributions of the genotypes and alleles of the +2836
G>A SNP were significantly different between patients with EH and non-EH cohorts in the
Hui population living in the Ningxia area (P < 0.01), suggesting that the polymorphism at
+2836 G>A of the apoE gene was strongly associated with the susceptibility to EH, where the
A allele of the apoE gene may be a risk factor for EH in Hui individuals and the G allele may
serve as a protective factor for EH. This genetic variation at the +2836 G>A site of the apoE
gene was first described by Matsunaga et al. (1995), who demonstrated that the G>A mutation
resulted in the change of a glutamic acid to a lysine residue. Additionally, polymorphisms of
the apoE gene have also been correlated with the plasma lipid level (Utermann et al., 1979)
and susceptibility to hypertension in a variety of ethnic groups (Liu et al., 2012b), although
inconsistent results have been reported.

The increasing incidence of hypertension in China, and in other countries worldwide,
suggests that hypertension has complex multifactorial causes. The risk factors of hyperten-
sion can be from the daily diet, obesity, contraceptive use, lifestyle, obstructive sleep apnea
syndrome, as well as genetic variants (Ramu et al., 2009; Zhu et al., 2009; Chen et al., 2010;
Xi et al., 2012a). Furthermore, recent molecular epidemiology studies revealed that certain ge-
netic variants are associated with susceptibility to hypertension. In particular, polymorphisms
of genes, including the leptin receptor, angiotensinogen, cytochrome P450, vascular endothelial
growth factor, adrenoceptor, ApoB, bradykinin beta 2 receptor, and apolipoprotein CIII, have
been associated with the susceptibility to this disease (Charita et al., 2012; Fowdar et al., 2012;
Gu et al., 2012; Hamedian et al., 2012; Li and Liu, 2012; Shin et al., 2012; Tang et al., 2012;
Xi et al., 2012b). Similar to variants of other genes in the apolipoprotein family, apoE gene
polymorphisms may also contribute to the occurrence of hypertension in various populations.
Indeed, data from this study demonstrated a strong correlation between the +2836 G>A poly-
morphism and susceptibility to EH in the Chinese Hui population.

In summary, the results presented in this study demonstrated a strong correlation be-
tween +2836 G>A polymorphisms of the apoE gene and susceptibility to EH in the Chinese
Hui population, in which individuals with the A allele at the +2836 G>A site of the apoE gene
may be susceptible to EH, while those who have the G allele may have less likelihood to
contract this disease. These findings indicate that this SNP may be a potentially useful genetic
marker for EH in this ethnic population. However, haplotype analysis may be necessary to
discover the accurate genetic marker for EH. Moreover, studies with different populations are
also required to elucidate the relationship between polymorphisms of the apoE gene and EH
as well as the molecular mechanisms of the ApoE protein in the pathogenesis of EH.

ACKNOWLEDGMENTS

Research supported by the Natural Science Foundation of Ningxia Hui Autonomous
Region of China (Grant #NZ1120) and the Scientific Research for Colleges and Universities
in Ningxia Hui Autonomous Region (2011).

REFERENCES

Ahmed AR, MacGowan SH, Culpan D, Jones RW, et al. (1999). The -491A/T polymorphism of the Apolipoprotein E gene
is associated with the ApoEepsilon4 allele and Alzheimer’s disease. Neurosci. Lett. 263: 217-219.

Genetics and Molecular Research 13 (1): 1212-1219 (2014) ©FUNPEC-RP www.funpecrp.com.br



Y. Yang et al. 1218

Charita B, Padma G, Sushma P, Deepak P, et al. (2012). Estimation of risk and interaction of single nucleotide
polymorphisms at angiotensinogen locus causing susceptibility to essential hypertension: a case control study. J.
Renin Angiotensin Aldosterone Syst. 13: 461-471.

Chaudhary R, Likidlilid A, Peerapatdit T, Tresukosol D, et al. (2012). Apolipoprotein E gene polymorphism: effects on
plasma lipids and risk of type 2 diabetes and coronary artery disease. Cardiovasc. Diabetol. 11: 36.

Chen C, Li Y, Chen F, Pan H, et al. (2010). Estrogen receptor beta genetic variants and combined oral contraceptive use
as relates to the risk of hypertension in Chinese women. Arch. Med. Res. 41: 599-605.

Dawar R, Gurtoo A and Singh R (2010). Apolipoprotein Al gene polymorphism (G-75A and C+83T) in patients with
myocardial infarction: a pilot study in a north Indian population. Am. J. Clin. Pathol. 134: 249-255.

Fowdar JY, Lason MV, Szvetko AL, Lea RA, et al. (2012). Investigation of homocysteine-pathway-related variants in
essential hypertension. Int. J. Hypertens. 2012: 190923.

Gan W, Wu J, Lu L, Xiao X, et al. (2012). Associations of CFH polymorphisms and CFHR1-CFHR3 deletion with blood
pressure and hypertension in Chinese population. PLoS One 7: ¢42010.

Gu P, Jiang W, Chen M, Lu B, et al. (2012). Association of leptin receptor gene polymorphisms and essential hypertension
in a Chinese population. J. Endocrinol. Invest. 35: 859-865.

Hamedian AA, Esteghamati A, Noshad S, Mozafari M, et al. (2012). Vascular endothelial growth factor (VEGF) +405
C/G polymorphism is associated with essential hypertension in a population from Tehran of Iran. Mol. Biol. Rep.
39:6213-6218.

Izawa H, Yamada Y, Okada T, Tanaka M, et al. (2003). Prediction of genetic risk for hypertension. Hypertension 41:
1035-1040.

Karpouzis A, Caridha R, Tripsianis G, Michailidis C, et al. (2009). Apolipoprotein E gene polymorphism in psoriasis.
Arch. Dermatol. Res. 301: 405-410.

Li W and Liu C (2012). The -344C/T polymorphism in the CYP11B2 gene is associated with essential hypertension in the
Chinese. J. Renin Angiotensin Aldosterone Syst. Doi: 10.1177/1470320312466928.

Li YY (2012). Alpha-Adducin Gly460Trp gene mutation and essential hypertension in a Chinese population: a meta-
analysis including 10,960 subjects. PLoS One 7: €30214.

Liu B, Shen Y, Cen L and Tang Y (2012a). Apolipoprotein E gene polymorphism in a Chinese population with vascular
dementia: a meta-analysis. Dement. Geriatr. Cogn. Disord. 33: 96-103.

Liu CF, Yang QF, Chen XL and Liu CY (2012b). Apolipoprotein a5 gene polymorphism and risk for metabolic syndrome:
a meta-analysis. Genet. Test. Mol. Biomarkers 16: 1241-1245.

Mahfouz RA, Sabbagh AS, Zahed LF, Mahfoud ZR, et al. (2006). Apolipoprotein E gene polymorphism and allele
frequencies in the Lebanese population. Mol. Biol. Rep. 33: 145-149.

Mahley RW (1988). Apolipoprotein E: cholesterol transport protein with expanding role in cell biology. Science 240:
622-630.

Matsunaga A, Sasaki J, Moriyama K, Arakawa F, et al. (1995). Population frequency of apolipoprotein E5 (Glu3—Lys)
and E7 (Glu244—Lys, Glu245—Lys) variants in western Japan. Clin. Genet. 48: 93-99.

Niu N, Zhu X, Liu Y, Du T, et al. (2007a). Single nucleotide polymorphisms in the proximal promoter region of
apolipoprotein M gene (apoM) confer the susceptibility to development of type 2 diabetes in Han Chinese. Diabetes
Metab. Res. Rev. 23: 21-25.

Niu W, Guo X, Su 'Y and Qiu C (2007b). Apolipoprotein E and low-density lipoprotein receptor gene polymorphisms in
dyslipidemias-associated essential hypertension. J. Hum. Hypertens. 21: 337-339.

Perry DJ and Peyvandi F (1999). Detection of DNA by silver staining. Methods Mol. Med. 31: 63-64.

Ramu P, Rajan S, Shewade DG, Swaminathan RP, et al. (2009). Genetic variants of beta(l)-adrenoceptor gene
polymorphisms (Ser49Gly and Arg389Gly) and essential hypertension in a south Indian Tamil population. Clin.
Exp. Pharmacol. Physiol. 36: 576-582.

Roks G, Cruts M, Bullido MJ, Backhovens H, et al. (1998). The -491 A/T polymorphism in the regulatory region of the
apolipoprotein E gene and early-onset Alzheimer’s disease. Neurosci. Lett. 258: 65-68.

Scott J, Knott TJ, Shaw DJ and Brook JD (1985). Localization of genes encoding apolipoproteins CI, CII, and E to the
pl3—cen region of human chromosome 19. Hum. Genet. 71: 144-146.

Shin DJ, Kwon J, Park AR, Bae Y, et al. (2012). Association of CYP2C19*2 and *3 genetic variants with essential
hypertension in Koreans. Yonsei Med. J. 53: 1113-1119.

Tang Z, Li X and Liao D (2012). Associations of polymorphisms in the beta2-adrenergic receptor gene with essential
hypertension in Han Chinese population. Mol. Biol. Rep. 39: 9339-9345.

Utermann G, Pruin N and Steinmetz A (1979). Polymorphism of apolipoprotein E. III. Effect of a single polymorphic gene
locus on plasma lipid levels in man. Clin. Genet. 15: 63-72.

Genetics and Molecular Research 13 (1): 1212-1219 (2014) ©FUNPEC-RP www.funpecrp.com.br



Polymorphisms of the apoE gene in the Chinese Hui population 1219

Xi B, Cheng H, Shen Y, Zhao X, et al. (2012a). Physical activity modifies the associations between genetic variants and
hypertension in the Chinese children. Atherosclerosis 225: 376-380.

XiB, ShenY, Yan Y and Mi J (2012b). Association of polymorphisms in the AGT gene with essential hypertension in the
Chinese population. J. Renin Angiotensin Aldosterone Syst. 13: 282-288.

XulJ, Yang Y, Liu X and Wang Y (2012a). Genetic variation and significant association of polymorphism rs7700944 G>A
of TIM-4 gene with rheumatoid arthritis susceptibility in Chinese Han and Hui populations. Int. J. Immunogenet.
39:409-413.

Xu JR, Yang Y, Liu XM, Sun JY, et al. (2012b). Polymorphisms of the TIM-1 gene are associated with rheumatoid
arthritis in the Chinese Hui minority ethnic population. Genet. Mol. Res. 11: 61-69.

Xue P, Niu WQ, Jiang ZY, Zheng MH, et al. (2012). A meta-analysis of apolipoprotein E gene epsilon2/epsilon3/epsilon4
polymorphism for gallbladder stone disease. PLoS One 7: e45849.

Yin YW, Li JC, Wang JZ, Li BH, et al. (2012). Association between apolipoprotein E gene polymorphism and the risk of
vascular dementia: a meta-analysis. Neurosci. Lett. 514: 6-11.

Zhou X, Miao H, Rausch WD, Long M, et al. (2012). Association between apolipoprotein E gene polymorphism and
Alzheimer’s disease in Uighur and Han populations. Psychogeriatrics 12: 83-87.

Zhu HY, Wang SW, Liu L, Chen R, et al. (2009). Genetic variants in mitochondrial tRNA genes are associated with
essential hypertension in a Chinese Han population. Clin. Chim. Acta 410: 64-69.

Genetics and Molecular Research 13 (1): 1212-1219 (2014) ©FUNPEC-RP www.funpecrp.com.br



