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ABSTRACT
Objective: to determine the polymorphic allele and genotype frequencies of USF1 rs3737787. It aimed to elucidate the associ-

ation 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 Iban ethnic group in Sarawak.

Materials and Methods: One hundred and fifteen (115) 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 of genotype frequencies and clinical profile was 
assessed using One Way ANOVA. As for the association of allele frequencies and clinical profile, Independent Sample T test was 
used.

Results: Genotype frequency showed statistical significant difference between genotypes of Upstream Transcription Factor 1 
(USF 1) rs3737787 with low-density lipoprotein (LDL) level with p value of 0.035. The wildtype and heterozygous genotypes of 
USF 1 rs3737787 is significantly associated with low level of LDL with F (1,113) = 4.551, p < 0.05. 

Conclusion: Our results show that the genetic diversity of USF1 rs3737787 influences the susceptibility to decreased level of 
LDL in the Iban ethnic group of the Malaysian population. 
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INTRODUCTION

The upstream transcription factors 1 (USF 1) and USF 2 are mem-
bers of the basic helix-loop-helix/leucine zipper transcription factor 
family (Yamanaka et al., 2016). In addition, USFs have been shown to 
regulate the expression of genes for fatty acid synthesis and insulin sig-
naling, suggesting their involvement in glucide/lipid metabolism (Corre 
& Galibert, 2005). The USF1 gene is located at chromosome 1q22-q23. 
It consists of 11 exons and extends to 6.73 kb. It was found to be geneti-
cally associated with Coronary artery disease (CAD) in Finnish families 
(Pajukanta et al., 2004). USF1 was also found can manifest as hyper-
cholesterolemia and have been shown to predispose to premature car-
diovascular diseases (Meng et al., 2010). 

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 Low-
Density Lipoprotein (LDLR) gene was found to be associated with 
Familial Hypercholesterolemia (FH) which gave rise to a well-charac-
terized clinical phenotype (Scriver, 2001). The same study suggested 
that FH is strongly influenced by the genetic background whereby 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 coro-

nary disease and premature death (Shivraj & Lye, 2011). Monogenic FH 
was found to attribute to the defect of LDLR and other genes such as 
Apolipoprotein B 100 (APOB-100) and Proprotien convertase subtilisin 
kexin type 9 (PCSK9) gene (Rajih & Al-Talib, 2016). About 4% of FH 
patients was found to have mutation in the promoter region of LDLR 
gene (Khoo, Van Acker, Tan, & Deslypere, 2000). 

Lipoprotein is spherical form and consists of a core of hydrophobic 
lipids (content cholesterol ester, triglyceride as well as small amounts of 
other fatty compounds. Cholesterol and other fats are transported 
through the blood stream in the form of round particles called lipopro-
teins. Low density lipoprotein (LDL) is the vehicle to transport and 
deriver the cholesterol to other part of the body to maintain the cellular 
viability and essential for synthesis steroid hormones in normal condi-
tion of LDL catabolism system.

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

Untreated FH patients have 3-4 times higher risk to develop coro-
nary heart disease, compare to individual without FH (Huijgen, Kindt, 
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Defesche, & Kastelein, 2012). Although there is relationship between 
USF 1 gene and FH but the genetic data are inadequate in Malaysia 
population and none has been reported in Sarawak. Thus, the current 
study was conducted to determine the polymorphic allele and genotype 
frequencies of USF 1 rs3737787 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 Iban ethnic group in 
Sarawak.

MATERIALS  AND  METHODS

Participant recruitment
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 agreeing to participate in this research. One hundred 
and fourteen (114) individuals of the Iban ethnic group in Sarawak func-
tioned as study subjects. Each subject must be fasted 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 among other groups for up to two generations.

Exclusion criteria
The respondents who were still under medication for anti-hyperten-

sion, anti-cholesterol and respondents who underwent any major surgery 
6 months prior to the study were excluded.

DNA extraction
Peripheral blood samples of 115 individuals of Iban ethnic group 

were collected in EDTA tubes, after getting written informed consent. 
The collected samples were stored at -20℃. Genomic DNA was extract-
ed using QIAamp DNA Blood Mini Kit (QIAGEN) and the gene of 
interest was amplified using appropriate primers. 

Genotyping
T h e  a l l e l e  s p e c i f i c  p r i m e r s  w e r e  5 ' -  

G G C A A G G C T G T C A G T G C A A G  - 3 '  ( w i l d t y p e )  o r  5 ' -  
GGCAAGGCTGTCAGTGCAAA -3' (variant). The common primer 
used was 5'- GAAGTTCAGAAGGTGTGTCC -3' (giving a PCR prod-
uct of 98 bp). The USF 1 g.12498165G > A single nucleotide polymor-
phism was analyzed using allele specific PCR. PCR was carried out 
with master mic containing 80 ng DNA template, primer (0.2 uM), 2.0 
mM MgCl2, 10x buffer, 10 mM dNTP (0.2) and 1.25 Unit taq DNA 
polymerase (GoTaq(R) Flexi DNA Polymerase) in a total volume of 25 
μl. The PCR products were isolated on 2% agarose gel and visualized 
with ethidium bromide staining. The USF 1 g.12498165G > A polymor-
phic genotypes were categorized into homozygous wild, heterozygous 
and homozygous variant. 

Table 1: Genotype frequencies of USF 1 rs3737787and Clinical 
data

Clinical Data  USF 1 rs3737787 
 Wildtype  Heterozygous  Total p 
 (GG) (GG)  value

Total Cholesterol    
< 6.2 mmol/L 72 18
 90 0.663
≥ 6.2 mmol/L 19 6 25 
LDL    
< 4.1 mmol/L 85 19  104 0.035*
≥ 4.1 mmol/L 6 5 11 
HDL    
≥ 1 mmol/L 78 22 100 0.441
< 1 mmol/L 13 2 15 
Triglycerides    
< 2.3 mmol/L 68 20 88 0.376
≥ 2.3 mmol/L 23 4 27 
Homocysteine    
< 15 μmol/L 18 8 26 0.158
≥ 15 μmol/L 73 16 89 

* Statistically significant

Table 2: Allele frequencies of USF 1 rs3737787 and Clinical 
data

Clinical Data USF 1 
 rs3737787
 G A Total p value

Total Cholesterol    
< 6.2 mmol/L 156 17 173 0.599
≥ 6.2 mmol/L 50 7 57 
LDL    
< 4.1 mmol/L 195 21 216 0.165
≥ 4.1 mmol/L 11 3 14 
HDL    
≥ 1 mmol/L 179 21 200 0.933
< 1 mmol/L 27 3 30 
Triglycerides    
< 2.3 mmol/L 157 19 176 0.747
≥ 2.3 mmol/L 49 5 54 
Homocysteine    
< 15 μmol/L 43 8 51 0.164
≥ 15 μmol/L 163 16 179

Table 3: Association of  genotypes frequencies of USF 1 
rs3737787 and Clinical data

  Sum of  df       Mean  F     Sig.    
  Squares      Square    

Total  Between  .032 1 .032 .187 .667
Cholesterol Groups
 Within  19.533 113 .173
 Groups
 Total 19.565 114
LDL Between  .385 1 .385 4.551 .035*
 Groups
 Within  9.563 113 .085
 Groups
 Total 9.948 114
HDL Between  .067 1 .067 .586 .446
 Groups
 Within  12.976 113 .115
 Groups
 Total 13.043 114   
Triglycerides Between  .141 1 .141 .775 .381
 Groups
 Within  20.520 113 .182
 Groups
 Total 20.661 114
Homocysteine Between  .349 1 .349 1.994 .161
 Groups
 Within  19.773 113 .175
 Groups
 Total 20.122 114

* Statistically significant
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Statistical Analysis
All genotypes and allele frequencies were calculated. Genotype 

USF 1 rs3737787 association with lipid profile and homocysteine level 
were calculated using One Way ANOVA. As for association of allele of 
USF 1 rs3737787 with lipid profile and homocysteine level were calcu-
lated using Independent Sample T test.

RESULTS 

Genotype and allele frequencies of USF 1 rs3737787 and 
clinical data

On comparing genotype frequencies of USF1 rs3737787 with clini-
cal data (Table 1), USF1 rs3737787 genotype shows statistically signifi-
cant difference in LDL with p value of 0.035.

Table 2 compares the allele frequencies of USF1 rs3737787 with 
clinical data, there are no data shows statistically significant difference 
in all analysis involves.

Association of genotype and allele frequencies of USF 1  306 
G > A with Clinical Data.

An analysis of variance showed that, homozygous and heterozygous 
genotype of USF 1 rs3737787 significantly associated with the level of 
LDL, F (1,113) = 4.551, p < 0.05 as shown in Table 3. 

For allele frequencies analysis, there are no significantly association 
observed.

DISCUSSION 

Studies found that relevant relationship between the USF1 and lipid 
levels. For instances, the g.7637G > A variant was reported related in 
increased risk of non-alcoholic fatty liver disease (Wang, Wang, Tong, 
Chang, & Wang, 2015) in China; and the variant of rs3737787 contrib-
utes to TG levels based on gender significant in Dutch FCHL families 
(J. C. Lee et al., 2007). Polymorphisms of upstream stimulatory factor 1 
(USF1 306G > A) genes was found to be associated with plasma homo-
cysteine level and susceptibility to ischemic stroke in a Korean popula-
tion. (J. H. Lee et al., 2008). Latest study shows that, USF1 was identi-
fied as a novel factor regulating HDL functionality. The data from the 
study shows that USF1 inactivation boosts cholesterol efflux, attenuates 
macrophage cholesterol accumulation, linking improved macrophage 
cholesterol metabolism and inflammatory pathways to the antiathero-
genic function of USF1 deficiency (Ruuth et al., 2018). However, USF1 
could also be involved in coordinating the regulation of lipid and glu-
cose metabolism by a mechanism not yet understood.

In the current study, genetic screening on normal individual in the 
Iban ethnic group in Sarawak, which is the largest state in Malaysia was 
conducted. This study aimed to analyse the association of single nucleo-
tide polymorphisms (SNPs) of USF 1 rs3737787 and lipid profile and 

LDL level. Genotype frequencies of this SNPs showed statistically sig-
nificant difference for LDL level. The homozygous and homozygous 
genotypes of USF 1 rs3737787 showed statistically significant associa-
tion with LDL level. This result shows that in the Iban population, 
changes in USF 1 rs3737787 associated with decreased of LDL level. 

Single nucleotide polymorphisms (SNPs) with higher allele or gen-
otype frequency from group of affected individuals are said to be at high 
risk with the specific disease (Lewis & Knight, 2012). Association study 
is the most applicable tool to access the gene susceptibility of complex 
diseases that involve high interaction between genetic and environmen-
tal factors. Many complex diseases have 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 have been reported from the Asian countries, though the Asian 
countries would have a different spectrum of mutations from Western 
countries. It is a challenging situation to conduct suitable genetic testing 
in Malaysia especially for the indigenous population in Sarawak. The 
number of Iban and Bidayuh individuals with Cardio vascular disease 
(CVD) was higher compared to other ethnic groups in Borneo (Sabah 
and Sarawak, Malaysia) (Fong et al., 2014). 

Insufficient genetic testing is being carried out 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 autosomal domi-
nant 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 USF 1 rs3737787 polymorphism and clinical data such as 
total cholesterol, LDL, HDL, Triglycerides and homocysteine level in 
the Iban ethnic group in the Malaysian population. Our results show that 
genetic diversity of USF 1 rs3737787 influences the susceptibility to 
decreased level of LDL and support the involvement of USF 1 mediated 
pathways in the process of FH. 
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Table 4: Association of allele frequencies of USF rs3737787 and LDL
     95% Confidence Interval 
  t df Sig. (2-tailed) of the Difference

     Lower Upper

Total Cholesterol Equal variances assumed -.524 228 .601 -.233 .135
 Equal variances not assumed -.492 27.790 .626 -.253 .155
LDL Equal variances assumed -1.388 228 .166 -.173 .030
 Equal variances not assumed -1.012 25.439 .321 -.217 .074
HDL Equal variances assumed .083 228 .934 -.138 .150
 Equal variances not assumed .083 28.644 .934 -.143 .155
Triglycerides Equal variances assumed .322 228 .748 -.151 .210
 Equal variances not assumed .329 28.973 .744 -.154 .213
Homocyctiene Equal variances assumed 1.390 228 .166 -.052 .301
 Equal variances not assumed 1.218 26.975 .234 -.085 .335
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