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GENETICS

Association of PCSK9 g.24382G > A with Increased 
Homocysteine Level among Bidayuh Ethnic  

Group in Sarawak Population 
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Maybelline Goh Boon Ling1),  Helmy Hazmi3)

ABSTRACT
Objective: To determine the polymorphic allele and genotype frequencies of Proprotein Convertase Subtilisin/Kexin type 9 

PCSK9 g.24382G > A. It 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 Bidayuh 
ethnic group in Sarawak.

Material and Methods: One hundred and thirty-nine (139) individuals from the Bidayuh ethnic group in Sarawak participat-
ed as study subjects. The Allele Specific PCR (AS-PCR) was used in the genotyping of PCSK9 g.24382G > A to detect the select-
ed SNPs variant (Polymorphisms). Association of genotype frequencies with clinical profile was calculated using One Way 
ANOVA. As for the association of allele frequencies with clinical profile, Independent Sample T test was used.

Results: Heterozygous genotype was statistically higher in normal level of total cholesterol level, LDL and homocysteine level 
whereas high level of total cholesterol and HDL ratio was statistically higher in variant genotype compared to homozygous geno-
type (p < 0.05). Heterozygous and variant genotypes of PCSK9 g.24382G > A show that it is significantly associated with high 
homocysteine level, F (1,137) = 5.018 (p = 0.027).

Conclusion: Our results showed that the genetic diversity of PCSK9 gene influences the susceptibility to increased level of 
homocysteine in the Malaysian population and also support the involvement of LDLR mediated pathways in the process of 
Familial Hypercholesterolemia. 
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INTRODUCTION

The low-density lipoprotein (LDL) receptors pathway could be reg-
ulated by several enzymes in cholesterol homeostasis. One of the 
enzymes is proprotein convertase subtilisin/kexin type 9 (PCSK9), as it 
has major influence in decreasing the hepatic LDL receptors in two sep-
arate routes shown by mechanistic studies (Grefhorst, McNutt, Lagace, 
& Horton, 2008; McNutt, Lagace, & Horton, 2007). By inhibiting 
PCSK9 activity, LDL receptors would bind to the LDL lipoprotein and 
lower the cholesterol level in the blood. PCSK9 was found to be 
involved in intracellular and extracellular LDL receptors pathway 
(Poirier et al., 2009). PCSK9 was originally known as neural apoptosis 
regulated convertase (NARC-1) and is mainly expressed in liver and 
intestines (Seidah et al., 2003). The gene is located on 1p32.3 and spans 
approximately 22-kb. It contains 12 exons and 11 introns (Seidah & 

Prat, 2007). 
Majority of developed countries showed hyperlipidemia, the eleva-

tion of lipid (both triglycerides and cholesterol) levels that eventually 
lead to atherosclerosis (Goldstein, Hazzard, Schrott, Bierman, & 
Motulsky, 1973). Hyperlipidemia (hyperlipoproteinemia) is defined as 
either high cholesterol level (hypercholesterolemia) or high triglyceride 
level (hypertriglyceridemia) or high level in both. The progression of 
atherosclerosis leads to the development of cardiovascular disease 
(CVD) comprising of all diseases related to the heart and its circulation. 
Example of CVD are coronary heart disease (CHD), angina, myocardial 
i n f a r c t i on , congen i t a l hea r t d i s ea se and s t roke . Fami l i a l 
Hypercholesterolemia (FH) is a genetic disease that is characterized by 
high levels of low-density lipoprotein cholesterol (LDLC) and early car-
diovascular disease (CVD). It is already known that FH was originally 
caused by LDLR mutation. However, most of the variation found in 
lipid profiles were caused by several common alleles in other genes 
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such as APOB and PCSK9 (Smith & Lusis, 2002). At least three differ-
ent mutations were identified in PCSK9 (Slimani et al., 2012). PCSK9 
g.24382G > A was reported to be higher in heterozygous individuals in 
the Malaysian population especially in Peninsular Malaysia (Lye et al., 
2013). 

Homocysteine is an intermediate product of amino acid methionine 
and cysteine. It is produced via demethylation of dietary methionine that 
is abundant in animal protein (Faeh, Chiolero, & Paccaud, 2006). 
Hyperhomocysteinemia refers to a medical condition whereby there is 
higher level of homocysteine which is more than 15 micromolar per 
l i t e r  i n  t h e  b l o o d  ( G u o ,  C h i ,  X i n g ,  &  Wa n g ,  2 0 0 9 ) . 
Hyperhomocysteinemia may be influenced by genetic mutation on 
enzymes that is involved in homocysteine metabolism. Prevalence of 
hyperhomocystienemia varies between population and is dependant on 
age, diet and genetic background. 

Sarawak's population is made up of many races and ethnic groups. 
There are more than 40 sub ethnic groups in Sarawak, each of them hav-
ing different language, culture and lifestyle. In Sarawak, the indigenous 
groups made up about 50% of the total population (2.6 million people). 
The Iban is the largest indigenous group that made up about 38% and 
the Bidayuh, second largest after the Iban, made up about 10% of the 
population (Vasudevan, Fathihah, & Patimah, 2011). Most of the genetic 
studies done have been limited to identifying the ancestors and focusing 
on the lineage among the indigenous groups, apart from identifying sin-
gle nucleotide polymorphisms (SNPs) associated with diseases in these 
groups. Iban and Bidayuh were found to have higher incidence of 
Coronary Vascular Disease (CVD) compared to other ethnic group such 
as Kadazan Dusun, Melanau, Murut, and Bajau (Fong et al., 2014). 

Genetic association study describes the correlation between a phe-

notypes (disease status) and genotypes (genetic variation) in order to 
identify candidate genes or genome regions that contribute to a specific 
disease (Lewis & Knight, 2012). Thus, current study was conducted to 
determine the polymorphic allele and genotype frequencies of PCSK9 
g.24382G > A and 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 homo-
cysteine level in the Iban ethnic group in Sarawak.

MATERIALS  AND  METHODS

Sample collection

Prior to blood sampling, the study commenced upon receiving 
approval from the Research Review Board and Ethnics Committee of 
Universiti Malaysia Sarawak (UNIMAS). All the subjects signed the 
informed consent agreeing to participate in this research. One hundred 
and thirty-nine (139) individuals from the Bidayuh ethnic group in 
Sarawak participated as study subjects. Each subject must fast 10-hour 
prior to blood sampling, and all participants must be more than 18 years 
old. 

Inclusion criteria

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

Table 1. Genotype frequencies of PCSK9 24582 G > A and 
Clinical data

Clinical Data
 Heterozygous  Variant Total P value
 (GA) (AA) 

Total Cholesterol    
< 6.2 mmol/L 72 46 118 0.021*
 (61.02%) (38.98%)
≥ 6.2 mmol/L 13 8 21 0.192
 (61.90%) (38.10%)
LDL    
< 4.1 mmol/L 84 51 135 0.000*
 (62.22%) (37.78%)
≥ 4.1 mmol/L 1 3 4 0.625
 (25.00%) (75.00%)
HDL    
≥ 1 mmol/L 73 44 117 0.009*
 (62.39%) (37.61%)
< 1 mmol/L 12 10 22 0.832
 (54.54%) (45.46%)
Triglycerides    
< 2.3 mmol/L 64 44 108 0.067
 (59.26%) (40.74%)
≥ 2.3 mmol/L 21 10 31 0.071
 (67.74%) (32.26%)
Homocysteine    
< 15 μmol/L 51 22 73 0.000*
 (69.86%) (30.14%)
≥ 15 μmol/L 34 32 66 0.902
 (51.52%) (48.48%)
Total Cholesterol and 
HDL Ratio    
< 5 mmol/L 64 47 111 0.128
 (57.66%) (42.34%)
≥ 5 mmol/L 21 7 28 0.013*
 (75.00%) (25.00%)

* Statistically significant 

Table 2. Allele frequencies of PCSK9 24582 G > A and Clinical 
data

Clinical Data PCSK9 24582 G > A
 G A Total p value

Total Cholesterol    
< 6.2 mmol/L 72 164 235 0.000*
 (30.64%) (69.36%)
≥ 6.2 mmol/L 13 29 44 0.020*
 (29.55%) (70.45%)
LDL    
< 4.1 mmol/L 84 186 270 0.000*
 (31.11%) (68.89%)
≥ 4.1 mmol/L 1 7 8 0.070
 (12.50%) (87.50%)
HDL    
≥ 1 mmol/L 73 161 234 0.000*
 (31.20%) (68.80%)
< 1 mmol/L 12 32 44 0.004*
 (27.27%) (72.73%)
Triglycerides    
< 2.3 mmol/L 64 152 216 0.000*
 (29.63%) (70.37%)
≥ 2.3 mmol/L 21 41 62 0.015*
 (33.87%) (66.13%)
Homocysteine    
< 15 μmol/L 51 95 146 0.000*
 (34.93%) (65.07%)
≥ 15 μmol/L 34 98 132 0.000*
 (25.76%) (74.24%)
Total Cholesterol 
and HDL Ratio
< 5 mmol/L 64 158 222 0.000*
 (28.83%) (71.17%)
≥ 5 mmol/L 21 35 56 0.081
 (37.50%) (62.50%)

* Statistically significant
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Exclusion criteria

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

DNA extraction

Peripheral blood samples of 139 individuals of Bidayuh ethnic 
group were collected in EDTA tubes, after participants signed the writ-
ten informed consent. The collected samples were stored at -20℃ till 
use. Genomic DNA was extracted using QIAamp DNA Blood Mini Kit 
(QIAGEN) and the gene of interest was amplified using appropriate 
primers. Single nucleotide polymorphism g.24382G > A in the PCSK9 
gene was determined using allele specific PCR. 

Genotyping

The allele specific primers were 5'- GCTCACCTGGGTGTGAGAG 
-3' to detect wildtype allele and 5'- GCTCACCTGGGTGTGAGAA -3 
to detect variant al lele . The consensus primer used was 5 ' - 
GATGGCTGAGTCCAGAGTAG -3 (giving a PCR product of 173 bp). 
The PCSK9 g.24382G > A polymorphism was analyzed using PCR, 
comprising of 100 ng DNA template, primer (0.4 μM), 2.0 mM MgCl2, 
1x buffer, 10 mM dNTP and 1.25 Unit taq DNA polymerase (GoTaq(R) 

Flexi DNA Polymerase) in a total volume of 25 μl. The annealing tem-
perature was 56℃, and 35 PCR cycles were carried out. The PCR prod-
ucts were then isolated on 2% agarose gels and visualized with 
Sybergreen. The PCSK9 g.24382G > A polymorphic genotypes were 
categorized into homozygous wildtype, heterozygous and homozygous 
variant.

Statistical Analysis

All genotypes and allele frequencies were derived using Statistical 
Package for Social Sciences (SPSS) version 23. Association of genotype 
frequencies and clinical data was calculated using One Way ANOVA. 
As for the association of allele frequencies and clinical data, 
Independent Sample T test was used.

RESULTS 

Genotype and allele frequencies of PCSK9 g.24382G>A 
and clinical profile

For genotyping, only heterozygous and homozygous variant of 

Table 3. Association of Genotype frequencies of PCSK9 24582 G > A and Clinical data
  Sum of Squares  df Mean Square F Sig.

TC Between Groups  0.001  1 0.001 0.006   0.939
 Within Groups  17.827  137 0.130  
 Total  17.827  138   
LDL Between Groups  0.063  1 0.063 2.270   0.134
 Within Groups  3.822  137 0.028  
 Total  3.885  138   
HDL Between Groups  0.064  1 0.064 0.475   0.492
 Within Groups  18.454  137 0.135  
 Total  18.518  138   
Triglycerides Between Groups  0.126  1 0.126 0.723   0.397
 Within Groups  23.960  137 0.175  
 Total  24.086  138   
Homocyctiene Between Groups  1.225  1 1.225 5.018   0.027*
 Within Groups  33.437  137 0.244  
 Total  34.662  138   
RatioChHDL Between Groups  0.455  1 0.455 2.848   0.094
 Within Groups  21.904  137 0.160  
 Total  22.360  138   

* Statistically significant

Table 4. Association of allele frequencies of PCSK9 24582 G > A and Clinical data
     95% Confidence Interval of 
     the Difference
    t     df Sig. (2-tailed) Lower Upper

TC Equal variances assumed -0.412 276 0.681 -0.112 0.074
 Equal variances not assumed -0.420 168.195 0.675 -0.111 0.072
LDL Equal variances assumed -1.124 276 0.262 -0.067 0.018
 Equal variances not assumed -1.369 256.303 0.172 -00.060 0.011
HDL Equal variances assumed -0.517 276 0.606 -0.118 0.069
 Equal variances not assumed -.529 170.220 0.597 -0.116 0.067
Triglycerides Equal variances assumed 0.637 276 0.525 -0.072 0.142
 Equal variances not assumed 0.623 152.764 0.534 -0.075 0.144
Homocyctiene Equal variances assumed -1.660 276 0.098 -0.236 0.020
 Equal variances not assumed -1.671 163.163 0.097 -0.235 0.020
HDLCholRat Equal variances assumed 1.258 276 0.210 -0.037 0.169
 Equal variances not assumed 1.202 145.158 0.231 -0.042 0.174



Mustapha M. A. et al. 175

PCSK9 g.24382G > A were observed in the current study. Comparing 
the genotype frequencies of PCSK9 g.24382G > A with lipid profile and 
homocysteine level (Table 1), heterozygous genotype of g.24382G > A 
shows statistically higher frequencies in normal level of total cholester-
ol, LDL and homocysteine compared to variant genotype (p < 0.05). 
Similarly, for high level of total cholesterol and HDL Ratio, it is statisti-
cally higher in heterozygous compared to homozygous genotype with p 
value of 0.013.

For allele frequencies of g.24382G > A with lipid profile and homo-
cysteine level in Table 2, the variant allele (A) of PCSK9 g.24382G > A 
shows significantly higher frequencies in normal level of total cholester-
ol, LDL, HDL, triglycerides, total cholesterol and HDL ratio and homo-
cysteine level compared to wildtype allele (G) (p < 0.05). Similarly, in 
higher level of total cholesterol, HDL, triglycerides and homocysteine 
level, the variant allele of PCSK9 g.24382G > A shows significantly 
higher frequencies compared to the wildtype allele (p < 0.05).

Association of genotype and allele frequencies of PCSK9 
g.24382G > A with Clinical Profile.

An analysis of variance showed that, heterozygous and variant gen-
otype of PCSK9 g.24382G > A is significantly associated with high 
level of homocysteine F (1,137) = 5.018 with p value of 0.027 as shown 
in Table 3. 

For allele frequencies analysis, wildtype and variant allele of 
PCSK9 g.24382G > A did not show any significant association with 
lipid profiles and homocysteine level.

DISCUSSION

Lye et al. (2013) demonstrated that several genetic variants of 
APOB and PCSK9 gene were associated with FH from candidate gene 
study (Lye et al., 2013). Gain-of-function mutations in PSCK9 can 
cause hypercholesterolemia that is rare and a severe form of FH 
(Abifadel et al., 2003). The loss-of-function mutations have an opposite 
effect with a reduction in both LDL-C and coronary heart disease 
(CHD) risks (Cohen, Boerwinkle, Mosley, & Hobbs, 2006). 

In the current study, genetic screening on normal individuals within 
Bidayuh ethnic group in Sarawak was conducted to elucidate the associ-
ation of single nucleotide polymorphisms (SNPs) of PCSK9 g.24382G 
> A with lipid profile and homocysteine level. The Heterozygous (GA) 
and variant (AA) genotypes of PCSK9 g.24382G > A showed signifi-
cant association with homocysteine level with F (1,137) = 5.018, with p 
value of 0.027. This result of genotypic frequencies is in agreement to 
study conducted by Lye et al., (2013) which reported that PCSK9 
g.24382G > A is higher in Familial Hypercholesterolemia in Malaysia in 
heterozygous manner. However, they did not conduct association study 
with lipid profile and homocysteine level. Many of the PCSK9 poly-
morphisms affect cholesterol metabolism differently in different popula-
tion (Kotowski et al., 2006). Most mutations and polymorphisms stud-
ied in PCSK9 were located on the exons as hypothesized to affect the 
lipid profiles (Ferri et al., 2012). Only two studies , looked into PCSK9 
among Malaysians and a few variants reported (Al-Khateeb & Al-Talib, 
2016). PCSK9 mutations are relatively common in Japanese population 
and cause a milder phenotype compared with the LDLR mutations 
(Mabuchi et al., 2014). Lye et al. (2013) identified several genetic vari-
ants of APOB and PCSK9 genes that were associated with FH from can-
didate gene study (Lye et al., 2013). The same study reported that 
PCSK9 g.24382G > A higher in Familial Hypercholesterolemia in 
Malaysia existing in heterozygous manner. That study was conducted in 
Peninsular Malaysia involving the Malay, Chinese and Indian ethnic 
groups only.

Association study is the most applicable tool to access the gene sus-
ceptibility to complex diseases that involve high interaction between 
genetic and environmental factors. Many complex diseases have a vari-
ety of genetic variants that affect the disease risk even though with min-
imal 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 were reported from the Asian countries, which may have a 
different spectrum of mutations compared to the Western countries. It is 
a challenging task to conduct suitable genetic testing in Malaysia espe-

cially within the indigenous population in Sarawak. There is a higher 
number of Iban and Bidayuh individuals with cardio vascular disease 
(CVD) as compared to other ethnic groups in Borneo (Sabah and 
Sarawak, Malaysia) (Fong et al., 2014). 

There is insufficient genetic testing being carried out, which should 
be done in a larger scale in order to 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 
do not show any clear symptom. FH is caused by several mutations 
found in autosomal 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 on 
the association of PCSK9 g.24382G > A polymorphism with lipid pro-
file such as total cholesterol, LDL, HDL, Triglycerides and homocyste-
ine level in the Bidayuh ethnic group in Malaysian. Our results show 
that the genetic diversity of PCSK9 gene influences the susceptibility to 
increased level of homocysteine in the Malaysian population and sup-
port the involvement of PCSK9 mediated pathways in the process of 
FH. 
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