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ABSTRACT
Objective: To determine the polymorphic allele and genotype frequencies of LDLR Arg471Gly. It is aimed to elucidate the 

association of the polymorphic allele and genotypes with clinical profiles such as total cholesterol (TC), high- density lipoprotein 
(HDL), low- density lipoprotein (LDL) and homocysteine level in the Iban ethnic group in Sarawak.

Material and methods: One hundred and fourteen (114) individuals of the Iban ethnic group were recruited as the study sub-
jects. The Allele Specific PCR (AS-PCR) was used in the genotyping. Association for genotype frequencies and clinical profile 
was calculated using One Way ANOVA. As for the association of allele frequencies and clinical profile Independent Sample T 
test was used.

Results: Allele and genotype frequency association with homocysteine level showed statistically significant difference with p 
value less than 0.05. The wildtype and variant genotypes of LDLR Arg471Gly shows significant association with high homocys-
teine level with F (2,112) = 7.048, p < 0.05. Similarly, the variant allele of LDLR Arg471Gly is significantly associated with high 
level of homocysteine with t(2.267), p value of 0.024.

Conclusion: Our results showed that the genetic diversity of LDLR gene influences the susceptibility to increased level of 
homocysteine in the Malaysian population and support the involvement of LDLR mediated pathways in the process of familial 
hypercholesterolemia (FH).
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INTRODUCTION

The low-density lipoprotein receptor (LDLR) gene family consists 
of cell surface proteins involved in receptor-mediated endocytosis of 
specific ligands. LDLR gene is located on chromosome 19p13.1-13.3 
with 18 exons and 17 introns that encodes 839 amino acid. Mutation can 
occur in the promoter, intron or in the exon of the LDLR gene. The 
LDLR gene encodes the functional structure of the LDL-receptors 
found on the liver cell surface. LDL-receptors function to remove the 
LDL particles from the serum (Goldstein & Brown, 1973). 

Familial Hypercholesterolemia (FH) is a genetic disease that is 
characterized by high levels of low density lipoprotein cholesterol 
(LDLC) and early cardiovascular disease (CVD). Defects in the LDLR 
gene was found to be associated with Familial Hypercholesterolemia 
(FH) which gave rise to a well-characterized clinical phenotype 

(Scriver, 2001). The same study suggested that FH is strongly influ-
enced by the genetic background. On the other hand, the lipid profile, 
frequencies of xanthomas and onset as well as severity of cardiovascular 
disease exhibit great variability in their phenotypic expression. FH was 
found to be associated with increased risk of coronary disease and pre-
mature death (Shivraj & Lye, 2011). Monogenic FH was found to attri-
bute to the defective LDLR and other genes such as Apolipoprotein B 
100 (APOB-100) and Proprotein convertase subtilisin kexin type 9 
(PCSK9) gene (Rajih & Al-Talib, 2016). About 4% of FH patients were 
found to have mutation in the promoter region of the LDLR gene 
(Khoo, Van Acker, Tan, & Deslypere, 2000). 

Homocysteine is an intermediate product of amino acid methionine 
and cysteine. It is produced via demethylation of dietary methionine that 
is found abundantly in animal protein (Faeh, Chiolero, & Paccaud, 
2006). Hyperhomocysteinemia is a medical condition whereby higher 
level of homocysteine (more than 15 micromolar per liter) is detected in 
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the blood (Guo, Chi, Xing, & Wang, 2009). Hyperhomocysteinemia 
may be influenced by genetic mutation on enzymes that are involved in 
homocysteine metabolism. Prevalence of hyperhomocystienemia varies 
between populations and is dependent on age, diet and genetic back-
ground. 

Sarawak is the largest state of Malaysia. The indigenous groups 
made up about 50% of the total population of 2.6 million people. Iban is 
the largest indigenous group which is comprised of 38% and Bidayuh, 
the second largest after the Iban, make up about 10% of the population 
(Vasudevan, Fathihah, & Patimah, 2011). The incidence of Iban and 
Bidayuh individuals with Coronary Vascular Disease (CVD) was higher 
compared to other ethnic groups in Borneo ( Sabah & Sarawak) (Fong 
et al., 2014). 

Untreated FH patients are 3-4 times at higher risk to develop coro-
nary heart disease, compare to individual without FH (Huijgen, Kindt, 
Defesche, & Kastelein, 2012). Although LDLR and FH are related, 
genetic data is inadequate in the Malaysian population and none has 
been reported in Sarawak. Thus, the current study was conducted to 
determine the polymorphic allele and genotype frequencies of LDLR 
Arg471Gly as well as to elucidate the association of the polymorphic 
allele and genotypes with clinical profiles such as total cholesterol (TC), 
high- density lipoprotein (HDL), low- density lipoprotein (LDL) and 
homocysteine level in the Iban ethnic group in Sarawak.

MATERIALS  AND  METHODS

Sample collection

Prior to the blood sampling, the study commenced upon receiving 
approval from the Research Review Board and Ethnics Committee of 
Universiti Malaysia Sarawak (UNIMAS). All subjects signed the 
informed consent form agreeing to participate in this research. One hun-
dred and fourteen (114) individuals of the Iban ethnic group in Sarawak 
functioned as the study subjects. Each subject was required to fast for 
10-hours prior to blood sampling. Participants must be more than 18 
years old. 

Inclusion criteria

The inclusion criteria were based on ethnicity of Iban without inter-
mixed marriage with other ethnic groups for up to two generations.

Exclusion criteria

Respondents who were still under medication for anti-hypertension, 
anti-cholesterol and respondents who underwent any major surgery 6 
months prior to the study were excluded.

DNA extraction

Peripheral blood samples of 114 individuals of the Iban ethnic 
group were collected in EDTA tubes, after the participants signed the 
written informed consent form. The collected samples were stored at 
-20℃ till use. Genomic DNA was extracted QIAamp DNA Blood Mini 
Kit (QIAGEN) and the gene of interest was amplified using appropriate 
primers. Single nucleotide polymorphism Arg471Gly in the LDLR gene 
was determined using allele specific PCR. 

Genotyping

The allele specific primers were 5  GTGGCCAGGCCCTCAGAA-3 
(wildtype) or 5  GTGGCCAGGCCCTCAGAG -3 (variant). The con-
sensus primer used was 5  GAGATGGAGTGAAGTTTGGA -3 (giving 
a PCR product of 124 bp). PCR was performed using PCR master mix 
comprising of 80 ng DNA template, 0.2 μM each of the primer, 2.0 mM 
MgCl2, 10 x PCR buffer, 10mM dNTP and 1.25 Unit taq DNA poly-
merase (GoTaq(R) Flexi DNA Polymerase) in a total volume of 25 μl. 
The PCR products were analysed on 2% agarose gels and visualized 
under UV with ethidium bromide. The LDLR Arg471Gly polymorphic 
genotypes were categorized into homozygous wild, heterozygous and 
homozygous variant. 

Statistical Analysis

All genotypes and allele frequencies were calculated. Association of 
LDLR Arg471Gly genotype with lipid profile and homocysteine level 
were calculated using One Way ANOVA. The result was confirmed by 
post hoc analysis Tukey Test to determine the parameter involved. As 
for the association of the allele of LDLR Arg471Gly with lipid profile 
and homocysteine level, Independent Sample T test was used.

RESULTS 

Genotype and allele frequencies of LDLR Arg471Gly and 
clinical data

On comparing the genotype frequencies of LDLR Arg471Gly with 
clinical data (Table 1), LDLR Arg471Gly genotypes showed statistically 
significant different in homocysteine level ≥ 15 μmol/L with p value 
less than 0.05.

Table 2 compares the allele frequencies of LDLR Arg471Gly with 
clinical data, the variant allele showed statistically significant difference 
in normal level of homocysteine compared to wildtype allele (P < 0.05).

Table 1. Genotype frequencies of LDLR Arg471Gly and Clinical data
 Clinical Data  LDLR Arg471Gly  
  Wildtype (AA) Heterozygous (AG) Variant (GG) Total P value

Total Cholesterol     
< 6.2 mmol/L 12 (13.33%) 57 (63.34%) 21 (23.33%) 90 0.555
≥ 6.2 mmol/L 5 (20.00%) 13 (52.00%) 7 (28.00%) 25
LDL
< 4.1 mmol/L 12 (12.77%) 56 (59.57%) 26 (27.66%) 94 0.406
≥ 4.1 mmol/L 5 (23.81%) 14 (66.67%) 2 (9.52%) 21
HDL
≥ 1 mmol/L 13 (13.00%) 62 (62.00%) 25 (25.00%) 100 0.379
< 1 mmol/L 4 (26.67%) 8 (53.33%) 3 (20.00%) 15
Triglycerides
< 2.3 mmol/L 10 (11.36%) 55 (62.50%) 23 (26.14%) 88 0.164
≥ 2.3 mmol/L 7 (25.93%) 15 (55.56%) 5 (18.52%) 27
Homocysteine
< 15 μmol/L 0 (0%) 16 (61.64%) 10 (38.46%) 26 0.021*
≥ 15 μmol/L 17 (19.10%) 54 (60.67%) 18 (20.23%) 89

* Statistically significant 
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Association of genotype and allele frequencies of LDLR 
Arg471Gly with Clinical Data

An analysis of variance showed that, wildtype and variant genotype 
of LDLR Arg471Gly significantly associated with the level of homocys-
teine, F (2,112) = 7.048, p < 0.05 as shown in Table 3 and Table 4. 

For allele frequencies analysis, wildtype and variant allele of LDLR 
Arg471Gly are significantly associated with homocysteine level with 
t(2.267), p value of 0.024. (Table 5)

DISCUSSION 

The first report of LDLR gene defects in the Malaysian population 
was by Khoo et al. (2000) (Khoo et al., 2000). A total of 86 unrelated 
FH patients were recruited and 23 unrelated patients were analyzed for 
LDLR gene defects among the Chinese, Malay and Indian ethnics. 
LDLR gene mutation could help in the prediction of cardiovascular dis-
ease among the Malaysian FH patients (A. Al-Khateeb, Al-Talib, 
Mohamed, Yusof, & Zilfalil, 2013). Some of the FH expressed did not 
clinically show in LDL level. For instance, a group of Lebanon identi-

Table 2. Allele frequencies of LDLR Arg471Gly and Clinical data
Clinical Data LDLR Arg471Gly
 A G Total p value

Total Cholesterol
< 6.2 mmol/L 78 (45.09%) 95 (54.91%) 173 0.224
≥ 6.2 mmol/L 26 (45.61%) 31 (54.39%) 57 0.597
LDL
< 4.1 mmol/L 96 (44.44%) 120 (55.56%) 216 0.117
≥ 4.1 mmol/L 8 (57.14%) 6 (42.86%) 14 0.791
HDL
≥ 1 mmol/L 88 (44.00%) 112 (56.00%) 200 0.104
< 1 mmol/L 16 (53.33%) 14 (46.67%) 30 0.856
Triglycerides
< 2.3 mmol/L 75 (42.61%) 101 (57.39%) 176 0.059
≥ 2.3 mmol/L 29 (53.70%) 25 (46.30%) 54 0.683
Homocysteine
< 15 μmol/L 16 (30.77%) 36 (69.23%) 52 0.008*
≥ 15 μmol/L 88 (49.44%) 90 (50.56%) 178 0.940

* Statistically significant 

Table 3. Association of LDLR Arg471Gly and Clinical data
  Sum of   Mean 
  Squares df Square F Sig.

Total Cholesterol Between Groups 0.992 2 0.496 2.990 0.054
 Within Groups 18.573 112 0.166  
 Total 19.565 114   
LDL Between Groups 0.284 2 0.142 0.942 0.393
 Within Groups 16.881 112 0.151  
 Total 17.165 114   
HDL Between Groups 0.850 2 0.425 3.902 0.023
 Within Groups 12.194 112 0.109  
 Total 13.043 114   
Triglycerides Between Groups 1.070 2 0.535 3.059 0.051
 Within Groups 19.591 112 0.175  
 Total 20.661 114   
Homocysteine Between Groups 2.249 2 1.125 7.048 0.001*
 Within Groups 17.872 112 0.160  
 Total 20.122 114   

* Statistically significant

Table 4. Tukey HSD test on LDLR Arg471Gly and Homocysteine
     95% Confidence Interval
(I) LDLRARG (J) LDLRARG Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound

Wildtype Hetero 0.229 0.111 0.102 -0.03 00.49
 Variant 0.357* .126 0.015* 0.06 .66
Hetero Wildtype -0.229 .111 0.102 -0.49 0.03
 Variant 0.129 0.092 0.342 -0.09 0.35
Variant Wildtype -0.357* 0.126 0.015* -0.66 -0.06
 Hetero -0.129 0.092 0.342 -0.35 0.09

* Statistically significant 
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fied to have heterozygous mutation on LDLR have been found to have 
normal lipid levels with no treatment (Fahed et al., 2011). The study 
suggested that, combined heterozygosity mutation in LDLR gene can 
cause a severe phenotype as the homozygous mutation in the Lebanese 
allele. Another studies on the LDLR of severe mutations shows mild to 
moderate phenotype expressions of FH in Tunisian (Jelassi et al., 2010).

In the current study, genetic screening on normal individuals of the 
Iban ethnic group in Sarawak, was conducted. This study aimed to ana-
lyze the association of single nucleotide polymorphisms (SNPs) of 
LDLR Arg471Gly with lipid profile and homocysteine level. Both the 
allele and genotype frequency of this SNPs showed statistically signifi-
cant difference for homocysteine level. The wildtype and variant geno-
types of LDLR Arg471Gly are statistically significant associated with 
homocysteine level. Similarly, the allele frequencies was significantly 
different and significantly associated with homocysteine level. These 
result show that, in Malaysian population especially within the Iban 
population, changes in LDLR Arg471Gly is associated with increased 
homocysteine level. The LDLR Arg471Gly variant was found to have 
higher incidence among the Malaysian FH patients (Malay, Chinese and 
Indian) with frequencies of 0.11 (17 over 154 patients) (Alyaa 
Al-Khateeb et al., 2011). In the same year, another report on the LDLR 
gene was published: twenty-nine gene sequence variants were identified 
among the FH patients. Among these, eight of the gene sequence vari-
ants (all from the northern area of Malaysia-Kelantan) were reported for 
the first time and they were noticed in familial hypercholesterolemic 
patients, but not in the controls (p.Asp100Asp, p.Asp139His, p.
Arg471Gly, c.1705+117 T > G, c.1186+41T > A, 1705+112C > G, Dup 
exon 12 and p.Trp666ProfsX45).

LDLR Arg471Gly was shown to be significantly associated with 
increased homocysteine level and thus leads to hyperhomocystenemia. 
Thus LDLR Arg471Gly was suggested to be a risk factor for atheroscle-
rotic vascular disease (Shenoy, Mehendale, Prabhu, Shetty, & Rao, 
2014). Elevated homocysteine is also associated with higher risk of cor-
onary artery disease (Veeranna et al., 2011).

Single nucleotide polymorphisms (SNPs) with higher allele or gen-
otype frequency from group of affected individuals are said to be high 
risk indicated with the specific disease (Lewis & Knight, 2012). 
Association study is the most applicable tools to access the gene suscep-
tibility to complex diseases that involve high interaction between genet-
ic and environmental factors. Many complex diseases have a variety of 
genetic variants that affect the disease risk even though with minimal 
effect.

Genetic screening is considered a cost-effective strategy for detect-
ing index cases of FH (Nordestgaard et al., 2013). It is necessary to 
identify FH susceptible allele in a population and screen the population 
for early and effective disease management. Very few population genet-
ic studies reported are from the Asian countries which may have a dif-
ferent spectrum of mutations from the Western countries. It is a chal-
lenging task to conduct suitable genetic testing in Malaysia especially 
within the indigenous population in Sarawak. Iban and Bidayuh individ-
uals with cardio vascular disease (CVD) was higher compared to other 
ethnic groups in Borneo (Sabah and Sarawak, Malaysia) (Fong et al., 
2014). 

Not enough genetic testing is being carried out and should be done 

on a larger scale which can estimate the growing number of true FH 
patients. Current clinical diagnostic assessment without suitable genetic 
screening is unable to detect younger patients with FH as they will show 
no clear symptoms. FH is caused by several mutations found in autoso-
mal dominant hypercholesterolemia (ADH) genes such LDLR, APOB, 
PCSK9 and others (Marais, 2004).

CONCLUSION

In conclusion, to the best of our knowledge this is the first study of 
association of LDLR Arg471Gly polymorphism with clinical data such 
as total cholesterol, LDL, HDL, Triglycerides and homocysteine level in 
the Iban ethnic group in the Malaysian population. Our results showed 
that the genetic diversity of LDLR gene influences the susceptibility to 
increased level of homocysteine in the Malaysian population and thus 
support the involvement of LDLR mediated pathways in the process of 
FH. 
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