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Apolipoprotein E receptor 2 Gene Polymorphisms
Associated with Dyslipidemia among Thai Population
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Background: Dyslipidemia is an abnormal amount of lipids and/or lipoproteins in the blood. It is a major risk factor of
coronary heart disease and atherosclerosis.
Objective: This study investigated two single nucleotide polymorphisms (SNPs) in the apolipoprotein E receptor 2 (ApoER2)
gene in association with risk of dyslipidemia in the Thai patients.
Material and Method: Four hundred blood samples including dyslipidemia patient (200) and unrelated normal control (200)
were included in this study. Serum lipids were examined. DNAs were extracted and genotyped by using polymerase chain
reaction (PCR) followed by high-resolution melting (HRM) analysis. The differences in genotype distribution between patient
and normal control were assessed by Chi-square test of the SPSS software version 11.5.
Results: The data analysis revealed that two SNPs (rs3737984 and rs2297660) in ApoER2 gene had significant association
with dyslipidemia. The rs3737984 showed significant association at p-value = 0.001, in which A alleles informed the
decreased risk of dyslipidemia [odds ratio and 95% CI of A allele, 0.42 (0.28-0.65)]. In contrast, the rs2297660 exhibited
strongest association with an increase risk of dyslipidemia [p-value = 0.001, odds ratio and 95% CI for the A allele was 2.38
(1.49-3.80)].
Conclusion: The rs2297660 may be used as biomarker for the risk of dyslipidemia in Thai ethnic.
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Dyslipidemia is an abnormal amount of lipids
(e.g. cholesterol and triglyceride) and/or lipoprotein
in the blood. It may be exhibited by an increase of
the total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C) and triglyceride (TG)
concentrations, and a decrease in the high-density
lipoprotein cholesterol (HDL-C) concentration in the
blood(1). Normally, dyslipidemia causes no symptoms
but it is a major risk factor for atherosclerosis,
cardiovascular, coronary heart, cerebrovascular and
peripheral arterial diseases. Primary and secondary
causes lead to dyslipidemia in varying degrees(2,3). The
primary causes are single or multiple gene mutations
that result in either overproduction or defective
clearance of triglyceride and LDL cholesterol, or in

underproduction or excessive clearance of HDL(4). The
secondary causes contribute to most cases of
dyslipidemia in adults such as lifestyle with excessive
intake of fats, alcohol overuse, diabetes mellitus,
chronic kidney disease, hypothyroidism, primary biliary
cirrhosis and other cholestatic liver diseases(4).

The genetic variability of several genes were
observed to be associated with dyslipidemia including
the Thr56Met missense mutation of the autosomal
recessive hypercholesterolemia (ARH) gene(5). The
P143L polymorphism of the LCAT gene was assumed
to play a role in decreased HDL-C levels, and increase
risk of dyslipidemia(6). A genome-wide association
study (GWAS) examined the concentrations of HDL-C
and triglycerides in European ethnic(7-11) and identified
the SNPs at 15 loci which  associated with HDL-C levels
(such as, APOA1/C3/A4/A5 gene cluster) and SNPs at
12 loci which associated with triglycerides (such as
APOB, APOE genes). A meta-analysis of GWAS of
blood lipoprotein and lipid phenotypes in
European population showed SNPs at 30 loci were
associated with LDL-C, HDL-C and triglyceride(7).
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Gene db SNPs ID Location Primer sequence 5’ to 3’ PCR product (bp)

ApoER2 rs2297660 CDS*3 F1: TAGTTCCGCTTCACCAGGTC 153
R1: AAGCCAGTGGCAGAGTCTTG

ApoER2 rs3737984 intron F3: GCATTTCGGGAAAAGGAATTA 185
R3: TTGAGTCTGGAGAGGGGATA

Table 1. SNP primers of ApoE receptor 2 (ApoER2) gene used in PCR amplification

Polymorphisms on the apolipoprotein E (ApoE) locus
have consistently showed a significant association with
total and LDL-cholesterol.

ApoE is a class of apolipoprotein found in the
chylomicron and intermediate-density lipoprotein (IDL)
that binds to a specific receptor on liver cells and
peripheral cells(8). ApoE gene polymorphism positions
among the major factors involved in determining inter-
individual differences in the initiation and progression
of atherosclerosis(9,10). It plays an important role in the
particle lipoprotein and bind to LDL receptor (LDLR)
on the liver cell(11).

Apolipoprotein E receptor, a members of low
density lipoprotein receptor (LDLR) family, is involved
in cellular recognition and internalization of ApoE
lipoproteins. VLDLR modulates the binding and uptake
of ApoE containing lipoprotein, including chylomicron
and VLDL, and regulates TG level in plasma(12). The
specific receptor of three isoforms of ApoE (E2, E3,
E4) is apolipoprotein E receptor 2 (ApoER2), that they
have similar affinity to this receptor. The ApoER2 is a
member of the LDLR gene family that plays a role in
endocytosis and signal transduction. Human ApoER2
related gene spans approximately 60-kb and contains
19 exons(13).  It located on chromosome 1p32.3 that
encodes 963 amino acids protein.

This study two SNPs in ApoER2 gene were
investigated for their association with risk of
dyslipidemia in the Thai ethnic.

Material and Method
Participants

Two hundred dyslipidemia patients (78 males
and 122 females) and 200 unrelated normal controls (82
males and 118 females) participated in this study based
on their serum lipid levels. Dyslipidemia was defined
as either triglyceride levels >150 mg/dL, total
cholesterol >200 mg/dL, LDL-C >100 mg/dL and HDL-
C <60 mg/dL, whereas normal control was defined as
triglyceride <150 mg/dL, total cholesterol <200 mg/dL,
LDL-C <100 mg/dL, and HDL-C >60 mg/dL(14). The
characteristics of dyslipidemia subject were classified

as the high range of total cholesterol and triglyceride
levels whereas LDL was in borderline high while
HDL of both patient and healthy control were within
normal ranges(14). This study was approved by the
ethical committees of the Faculty of Medicine,
Srinakharinwirot University, Thailand. Written informed
consent was obtained prior to participation.

Determination of serum lipids level
Level of serum triglycerides and total

cholesterol were determined by the enzymatic
colorimetric method(15,16) whereas HDL-C and LDL-C
were analyzed by using homogeneous method(17). The
analysis was performed at laboratory of HRH Princess
Mahachakri Sirindhorn Medical Center, Faculty of
Medicine, Srinakharinwirot University. All lipid profile
tests were run on Dimension RXL chemistry analyzer
(Dade Behring, USA).

DNA extraction and genotyping
Genomic DNAs of patient and control were

extracted from whole blood (5 ml) using Flexigene DNA
kit (Qiagen, Germany). Two SNPs (rs3737984 and
rs2297660) in ApoER2 gene were selected from JSNP,
NCBI database with a minor allele frequency (MAF)
exceeding 0.2 in populations of Japanese descent(18).
PCR primers were designed from website http://
snp.ims.u-tokyo.ac.jp/search.html. The nucleotide
sequence of PCR primers of each SNPs were shown in
Table 1.

Genotyping was accomplished by using real-
time PCR and HRM. The PCR reaction was performed
in a total volume of 10 μl composed of 1 μl of DNA (25
ng), 0.5 μl of 10 μM forward primer, 0.5 μl of 10 μM
reverse primer, 5 μl of quantiprobe, 1 μl of Syto 9 green
fluorescent, and 2 μl of sterile-distilled water. PCR
reaction was carried out for 40 cycles as follows pre-
denaturing at 95°C for 10 min, denaturation at 95°C for
10 sec, annealing at 66.8°C for rs2297660 or 57.5°C for
rs3737984 for 15 sec, and extension at 72°C for 20 sec.
HRM analysis was performed at temperature ranging
from 70°C to 85°C using a rotor gene 6000 (Corbett,
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Variables of subjects Normal control Dyslipidemia p-value

Sample number (n) 200 200
Male   82 (42%)   78 (39%)
Female 118 (58%) 122 (61%)
Age (years)   47.91+0.5   47.01+0.5 0.220
Total cholesterol (TC) 194.04+2.7* 243.09+4.2* 0.001
Triglyceride (TG) 117.81+5.7* 288.04+53.5* 0.001
Low-density lipoprotein (LDL) 114.49+3.2** 149.31+7.3** 0.001
High-density lipoprotein (HDL)   58.81+1.3**   51.04+0.8** 0.001

* Number of control = 200, and patients = 200; ** Number of control = 164, and patients = 167

Table 2. Clinical characteristic of dyslipidemia patients and unrelated normal controls

SNPs ID Genotype        Allele p-value* OR (95%CI)**

rs2297660 A/A A/C C/C A C
Patients 109 (54.5%) 56 (28.0%) 35 (17.5%) 0.27 0.13 0.001 2.38 (1.49-3.80)
Controls 54 (27.0%) 79 (39.5%) 67 (33.5%) 0.19 0.21
rs3737984 A/A A/C C/C A C
Patients 28 (14.0%) 84 (42.0%) 88 (44.0%) 0.14 0.26 0.001 0.42 (0.28-0.65)
Controls 56 (28.0%) 94 (47.0%) 50 (25.0%) 0.21 0.19

* The p-vaules of Chi-square test of genotype frequencies; ** Odds ratio and the 95% CI confidence intervals of allele
frequencies

Table 3. Distributions of genotype and allele frequencies of ApoER2 SNPs in dyslipidemia and controls

Australia). Genotype was validated by sequencing
using ABI 3730xl (Applied Biosystems).

Statistical analysis
Clinical characteristics of patient and normal

controls were compared using the t-test. The goodness-
of-fit test for Hardy-Weinberg equilibrium (HWE) was
performed using the equation p2 + q2 + 2pq, where p
and q represented the wild-type and variant allele of a
gene. Association analysis was accomplished using
Pearson’s Chi-square test implemented in SPSS program
version 11.5 for Windows. Statistical significant level
was set at p<0.05.

Results
The clinical characteristic of dyslipidemia

patients and normal controls are summarized in Table
2.  Number of normal control and patient were equal.
Age and sex were not significantly difference. Levels
of total cholesterol, triglyceride, LDL-C of dyslipidemia
patient were higher than control (p-value = 0.001)
whereas HDL-D was lower with p-value = 0.001.

The goodness-of-fit test was equal to 1
indicated that both of SNPs tested were in Hardy-
Weinberg equilibrium. The genotype and allele
frequencies of rs2297660 and rs3737984 of ApoER2 gene
in patients and controls and association analysis are
summarized in Table 3. The SNPs in ApoER2 gene
showed significant differences in the genotype
distribution between patients and controls in the Thai
population (p<0.05). The rs2297660 and rs3737984 in
ApoER2 gene were significantly associated with
dyslipidemia (p-value = 0.001, OR and 95% CI were 2.38
(1.49-3.80) and (p-value = 0.001, OR and 95% CI were
0.42 (0.28-0.65), respectively.

Discussion
Dyslipidemia is mainly characterized by high

levels of total cholesterol, triglyceride and low-density
lipoprotein cholesterol, and low levels of high-density
lipoprotein cholesterol. It is an important etiological
factor for the development of cardiovascular disease
(CVD)(19). GWAS of an ethnic Indian demonstrated a
strong association of the cholesterol ester transfer
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protein (CETP) rs3764261 with HDL-C, and SNPs
(rs964184 and rs12286037) from BUD13-ZNF259 near
the APOA5-A4-C3-A1 genes with TG levels(20). A
variety of genetic studies reported several genes
associated with dyslipidemia such as ApoA1, ApoC3,
ApoA4, ApoA5, ApoB, ApoE, LPL, LCAT, LDLR, and
CETP, etc.

Apolipoprotein E receptor 2 are members of
the LDL receptor family, a group associated with cellular
cholesterol homeostasis(21). In human, ApoE ligand has
a key role in lipid transport both in the plasma and in
the central nervous system by binding specifically to
apolipoprotein E receptor 2. Polymorphisms of ApoER2
gene may affect the affinity of binding and normal
function of ApoE in transportation of lipid leading to
the development of dyslipidemia.

The polymorphisms in ApoER2 gene in
association with lipid level in dyslipidemia were
investigated in Thai ethnic. The first SNP, rs3737983,
which is in coding region of the ApoER2 gene was
shown to associate with dyslipidemia(22). The other two
SNPs in the exon and intron regions of ApoER2 gene-
rs2297660 and rs3737984, respectively, appeared to be
significantly associated with a risk of dyslipidemia in a
Thai population (p<0.05). Among the three SNPs, the
rs2297660 tend to be the strongest SNP that associated
with risk of dyslipidemia because of its low p-value (p
= 0.001) and higher odd ratio value and 95% CI [2.38
(1.49-3.80)], in which the A allele imparted the increase
risk of dyslipidemia. The rs3737984 was significantly
associated with dyslipidemia (p = 0.001), whereas the A
allele informed the decreased risk of dyslipidemia [odds
ratio and 95% confidence interval of the A allele, 0.42
(0.28-0.65)]  Because the strong association of
rs2297660, it may be used as biomarker for indicating
the risk of dyslipidemia in Thai ethnic.

Conclusion
Two SNPs in exon and intron regions of ApoE

receptor 2 gene, rs2297660 and rs3737984, were
significantly associated with dyslipidemia. The
rs2297660 showed the strongest association, therefore,
it may be used as biomarker for a risk of dyslipidemia in
the Thai population.

What is already known on this topic ?
The polymorphisms in ApoER2 gene in

association with lipid level in dyslipidemia were first
investigated in Thai ethnic by our group.

The rs3737983, which is in the coding region
of the ApoER2 gene, showed association with

dyslipidemia.

What this study adds ?
This study analyzed two more SNPs, rs2297660

and rs3737984, in ApoER2 gene and found that both
SNPs were significantly associated with a risk of
dyslipidemia.

Among the three SNPs, the rs2297660 was
the strongest SNP that associated with risk of
dyslipidemia in the Thai ethnic and can be used as
biomarker for this disease.

Acknowledgement
This study was supported by the research

grant from HRH Princess Mahachakri Sirindhorn
Medical Center (355/2554), Faculty of Medicine,
Srinakharinwirot University, Thailand.  Authors thank
Dr. Alfredo Villarroel for proof reading the article.

Potential conflicts of interest
None.

References
1. Fredrickson DS, Lees RS. A system for phenotyping

hyperlipoproteinemia. Circulation 1965; 31: 321-7.
2. Assmann G, Schulte H. Relation of high-density

lipoprotein cholesterol and triglycerides to
incidence of atherosclerotic coronary artery
disease (the PROCAM experience). Prospective
Cardiovascular Munster study. Am J Cardiol 1992;
70: 733-7.

3. Ross R, Harker L. Hyperlipidemia and atheros-
clerosis. Science 1976; 193: 1094-100.

4. Greenland P, Bowley NL, French CA, Meiklejohn
B, Gagliano S, Sparks CE. Precision and accuracy
of a portable blood analyzer system during
cholesterol screening. Am J Public Health 1990;
80: 181-4.

5. Harada K, Miyamoto Y, Morisaki H, Ohta N,
Yamanaka I, Kokubo Y, et al. A novel Thr56Met
mutation of the autosomal recessive
hypercholesterolemia gene associated with
hypercholesterolemia. J Atheroscler Thromb 2010;
17: 131-40.

6. Zhang K, Zhang S, Zheng K, Hou Y, Liao L, He Y,
et al. Novel P143L polymorphism of the LCAT gene
is associated with dyslipidemia in Chinese patients
who have coronary atherosclerotic heart disease.
Biochem Biophys Res Commun 2004; 318: 4-10.

7. Kathiresan S, Willer CJ, Peloso GM, Demissie S,
Musunuru K, Schadt EE, et al. Common variants



J Med Assoc Thai Vol. 98 Suppl. 9  2015                                                                                                                  S89

at 30 loci contribute to polygenic dyslipidemia.
Nat Genet 2009; 41: 56-65.

8. Cai L, Zhang L, Liu A, Li S, Wang P. Prevalence,
awareness, treatment, and control of dyslipidemia
among adults in Beijing, China. J Atheroscler
Thromb 2012; 19: 159-68.

9. Davignon J, Gregg RE, Sing CF. Apolipoprotein
E polymorphism and atherosclerosis. Arterios-
clerosis 1988; 8: 1-21.

10. Zannis VI. Genetic polymorphism in human
apolipoprotein E. Methods Enzymol 1986; 128: 823-
51.

11. Tontonoz P, Mangelsdorf DJ. Liver X receptor
signaling pathways in cardiovascular disease. Mol
Endocrinol 2003; 17: 985-93.

12. Go GW, Mani A. Low-density lipoprotein receptor
(LDLR) family orchestrates cholesterol
homeostasis. Yale J Biol Med 2012; 85: 19-28.

13. Kim DH, Magoori K, Inoue TR, Mao CC, Kim HJ,
Suzuki H, et al. Exon/intron organization,
chromosome localization, alternative splicing, and
transcription units of the human apolipoprotein E
receptor 2 gene. J Biol Chem 1997; 272: 8498-504.

14. Executive summary of the third report of the
National Cholesterol Education Program (NCEP)
expert panel on detection, evaluation, and
treatment of high blood cholesterol in adults (adult
treatment panel III). JAMA 2001; 285: 2486-97.

15. Naito HK, David JA. Laboratory considerations:
determination of cholesterol, triglyceride,
phospholipid, and other lipids in blood and tissues.
Lab Res Methods Biol Med 1984; 10: 1-76.

16. Deeg R, Ziegenhorn J. Kinetic enzymic method for
automated determination of total cholesterol in
serum. Clin Chem 1983; 29: 1798-802.

17. Nauck M, Marz W, Wieland H. New immuno-
separation-based homogeneous assay for HDL-
cholesterol compared with three homogeneous
and two heterogeneous methods for HDL-
cholesterol. Clin Chem 1998; 44: 1443-51.

18. Hirakawa M, Tanaka T, Hashimoto Y, Kuroda M,
Takagi T, Nakamura Y. JSNP: a database of common
gene variations in the Japanese population. Nucleic
Acids Res 2002; 30: 158-62.

19. Kalra S, Gandhi A, Kalra B, Agrawal N.
Management of dyslipidemia in children. Diabetol
Metab Syndr 2009; 1: 26-31.

20. Braun TR, Been LF, Singhal A, Worsham J, Ralhan
S, Wander GS, et al. A replication study of GWAS-
derived lipid genes in Asian Indians: the
chromosomal region 11q23.3 harbors loci
contributing to triglycerides. PLoS One 2012; 7:
e37056.

21. Beffert U, Stolt PC, Herz J. Functions of lipoprotein
receptors in neurons. J Lipid Res 2004; 45: 403-9.

22. Thongket P, Chatsuriyawong S, Seesom W,
Sukhumsirichart W. Single nucleotide polymor-
phism in exon of of ApoE receptor 2 gene
associated with dyslipidemia in a Thai population.
International multi-conference on trends in
engineering and technology (IMTET’2012) and
International Multi-conference on management,
chemical, environment and medical sciences
(IMMCEM’12), Thailand; November 23-24, 2012:
67-9.



S90                                                                                                                  J Med Assoc Thai Vol. 98 Suppl. 9  2015

⌦⌫⌫⌫  ⌫ 

    ⌫ ⌫  

 ⌫⌫⌫ ⌫⌫  
  
 ⌦  ⌫⌫⌫   

⌫    ⌫⌫   ⌫⌫
   ⌫ ⌫⌫⌫  
⌫⌫      
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