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Abstract 

Background: Uric acid is the byproduct of purine nucleotide catabolism. Hyperuricemia is an excess of uric acid in 

the blood which leads to gout. The single nucleotide polymorphism, C-to-A mutation rs223114 in ABCG2 gene, that 

results in a Q-to-K substitution at position 141, has been associated with hyperuricemia and gout. However, this 

association, in Nepalese patient, has not been established. 

Objectives: To examine the association of SNP rs2231142 in ABCG2 gene with serum uric acid in Nepalese people for 

the 1st time. 

Methods: A total of 30 samples with elevated serum uric acid were genotyped for rs2231142 and association of this 

variant with uric acid was investigated. 

Results: Among 30 samples, 40% of the patients tested positive for rs2231142 mutation and remaining 60% of the 

patient tested negative for the mutation. Both type of mutation (i.e. homozygous as well as heterozygous mutation) 

were found in which mainly heterozygous mutation was found to be predominant (30%). 

Conclusions: This study concluded the positive association of the rs2231142 variant of ABCG2 gene with serum uric 

acid in Nepalese population where heterozygous mutation was more prevalent. 
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Introduction 

     In humans, metabolic product of purine is known as 
uric acid, whose levels are primarily determined by 
endogenous metabolism like synthesis and cell turn 
over, rate of reabsorption and excretion through the 
kidney [1]. The metabolism of dietary and endogenous 
nucleic acids produces purines which are ultimately 
degraded to uric acid in man, through the action of the 

enzyme xanthine oxidase [2]. Serum uric acid 
concentration within the population has a Gaussian 
distribution, with a typical reference range of 120-420 
μmol/L [3]. Elevation in the serum uric acid 
concentration is known as hyperuricemia [4]. 
Monosodium urate crystals get deposited in joints due 
to the elevation of serum uric acid leading to a clinical 
syndrome called gout [5]. The majority of 
hyperuricemia and gout are due to the defect in renal 
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excretion of urate [1]. Remarkably, in human, high 
serum uric acid concentration is also linked with 
different disorders like cardiovascular [6], diabetes and 
kidney diseases [7], metabolic syndrome [8] and one of 
the most usual form of arthritis [9]. Sometimes human 
lifestyles like excess alcohol consumption is also 
believed to increase the serum uric acid [9]. 
 
     Besides environmental factor, serum uric acid 
concentration is also genetically regulated. The G µl 
family ABC transporter, ABCG2 protein is a high-
capacity transporter for uric acid excretion in the 
kidney, liver, and gut [10,11]. ABCG2 single nucleotide 
polymorphism is interlinked with various phenotypes, 
including UA levels, gout, and low-density lipoproteins 
level [10]. The C-to-A mutation rs2231142, resulting in 
a Q-to-K substitution at position 141, causes reduction 
of urate transport activity by 53% which is responsible 
for hyperuricemia and gout. Hence, hyperuricemia is 
more likely to develop in people carrying the 
rs2231142 [10]. Both environmental and genetic factor 
influence on serum uric acid concentration with 
heritability estimates of up to 73% [12]. 
 
     As per the past studies, male have stronger 
association between rs2231142 and uric acid than 
female suggesting sex modifies the association [13], 
however, the study conducted by Anita showed an 
inconsistency in this evidence [14]. The ABCG2 protein 
mediates the renal urate secretion as a urate efflux 
transporter in the (luminal) brush-border membrane of 
kidney proximal tubule cells [13]. According to recent 
evidence, before degradation, a significant portion of 
mutant Q141K protein accumulate in perinuclear 
aggresomes and after proteasomal degradation there 
may be partial decrease in protein expression and 
function. Hence, the loss of urate transport function for 
Q141K was specifically due to the reduction in protein 
expression [15]. 
 
     Epidemiological studies have revealed that the 
prevalence and incidence of gout are increasing 
relatively being more prevalent in Asia regions [16,17]. 
The study conducted by S Kumar concluded that the 
prevalence of patients with hyperuricemia was 21.42% 
in Chitwan district of Nepal and that in Lumbini was 
17.38% [18,19]. The previous studies have shown the 
association between SNP rs2231142 and increased 
serum uric acid and gout in American, Asian, Taiwanese, 
Japanese, Korean, Chinese Han population, German, and 
New Zealand Pacific Island ancestry [10,13,20-25]. 
Lastly, the association of SNP rs2231142 with 
hyperuricemia has not been established in Nepalese 
population. Therefore, we conducted a study to find out 
the association of SNP rs2231142 mutation with 
increased serum uric acid in Nepalese patients. 

Materials and Methods 

Study population 

     Clinically diagnosed hyperuricemic patients were 
taken for sampling. 
 

Inclusion criteria 

 Individual should be Nepalese hyperuricemic patient. 
 

Exclusion criteria 

 Individual with normal serum uric acid level. 
 Individual with kidney disease. 
 

Study Design: This is a prospective type of study. 
 

Study setting: The research was conducted in Decode 
Genomics and Research Center, Sinamangal, 
Kathmandu, Nepal. 
 

Study Period: This study was conducted from August 
to October of 2016. 
 

Sample Size: 30 samples were taken for this study. 
 

Approval of the study 

     Ethical approval for the study protocol was obtained 
from the Nobel College Institutional Research Council 
approved by National Health Research Council (NHRC), 
and written consent was taken from all patients. 
 

DNA extraction and genotyping 

     DNA was extracted using Spinstar TM Total DNA kit. 
The basic steps of DNA isolation are disruption of the 
cellular structure to create a lysate, separate the soluble 
DNA from cell debris and other insoluble material and 
purify the DNA of interest from soluble proteins and 
other nucleic acids. Extracted DNA was electrophoresed 
on 1% agarose gel for assessing the intactness of DNA. 
The reaction and the PCR program were standardized 
to precisely amplify the rs2231142 in ABCG2 gene in 
the DNA sample at annealing temperature 57°C with 
reaction mixture of 25µl using outer primer double than 
the inner (0.5µl). Primers rs2231142 forward outer and 
reverse outer primer amplifies a 482 bp fragment, 
Primer rs2231142 reverse inner and forward outer 
primer amplifies a 328 bp fragment from wild type 
allele and Primer rs2231142 forward inner and reverse 
outer primer amplifies a 199 bp fragment from mutant 
type allele only in the presence of Q141K mutation in 
ABCG2 gene. PCR amplified products were run on 2% 
agarose gel prepared with 1 µg/ml of Ethidium Bromide 
and the DNA bands were observed under UV trans-
illuminator. 
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Results 

     In the sample of 30 hyperuricemic patients (serum 
uric acid >7mg/dl) of varying ages, 18 (60%) were 
male, 12 (40%) were female and their genotyping were 
done to determine the association of rs2231142 with 
hyperuricemia and to calculate the percentage of 
heterozygous and homozygous mutation. After 
extraction of DNA from the whole blood with the use of 
DNA extraction kit, it was allowed to run in 2% of 
agarose gel electrophoresis. Then it was subjected to 
the AS PCR which showed band of different sizes. 
 

 

Figure 1: 2% Agarose gel analysis of the PCR products 
for the detection of rs2231142 mutation in genomic 
DNA by Allele specific PCR. 
(Lane 1-100bp ladder, Lane 2-Blank, Lane 3,7-
Heterozygous mutation, Lane 4,6,8-Homozygous wild, 
Lane 5-Homozygous mutation) 
 

Detection of rs2231142 Mutation 

     Using AS-PCR as diagnostic method, 60% of the test 
samples did not have rs2231142 mutation and 40% of 
the test samples were declared to contain mutation. 
This mutation includes both type of mutation i.e. 
heterozygous as well as homozygous mutation. 
 

 

Graph 1: Presence of rs2231142 mutation. 
 

     Among 30 hyperuricemic patients observed, 30% of 
the patients were declared to contain rs2231142 
heterozygous mutation, 10% contain rs2231142 
homozygous mutation. So, 60% of the test samples were 
successfully declared to be void of rs2231142 mutation. 
 

 

Graph 2: Frequency of rs2231142 mutation in 
Hyperuricemic patients. 
 

Discussion 

     This study was carried in the 30 patients with high 
serum uric acid and showed that there is the association 
between rs2231142 with serum uric acid in Nepalese 
population agreeing with the result found by the other 
studies done in China, Japan and other European 
countries [10,26,27]. 
 
     This study successfully operated and implemented 
AS-PCR to analyze the 30 samples of the patients with 
high serum uric acid value. Among which 40% of the 
patient tested positive for rs2231142 mutation and 
remaining 60% of the patient tested negative for the 
mutation. Both type of mutation (i.e. homozygous as 
well as heterozygous mutation) were found in which 
mainly heterozygous mutation was found to be 
predominant (30%). The 40% positive result suggests 
that there is the presence of association between 
rs2231142 and serum uric acid in Nepalese population 
as well. 
 
     The study done by Yang B et.al shows that the 
missense SNP rs2231142 in ABCG2 have strongest 
association with serum UA level. Thus, this missense 
SNP could result in a glutamine-to-lysine amino acid 
substitution and the glutamine residue is highly 
conserved across species and the LD pattern differs in 
Chinese population and European population. This 
study also agrees the association of SNP rs2231142 
with serum UA level with this conclusion [28]. 
 
     According to our best knowledge, this is the first time 
the study on association between rs2231142 and uric 
acid has been carried out in Nepal. The sample size of 
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this study is small due to which we are unable to detect 
the association of this SNP on the basis of many factors. 
This study limits to the patient with high serum uric 
acid. We have not gone through the patient medical 
history. However, this study does not include the 
sample of the patient having the kidney disease. For 
confirmation of the prevalence of mutation of 
rs2231142 further studies should be done with larger 
number of population from various geographical and 
economic regions of Nepal. The study can be linked 
towards the patients having diabetis mellitus and 
hyperuricemia in future [29,30]. 
 

Conclusion 

     In this study among the hyperuricemic patients done 
in Nepal, mutation was found to be linked. Of the total 
sample, 40% were tested positive for rs2231142 
mutation. They had both homozygous and heterozygous 
type of mutation. Among the mutated population 
sample, 75% had heterozygous mutation and remaining 
25% had homozygous mutation. In general, 10% i.e 3 
patients had homozygous mutation while 30% i.e 9 
patients had heterozygous mutation and the rest 60% 
i.e 18 were found to be homozygous wild type. So, this 
study suggested heterozygous mutation was 
predominantly found in the sample population and 
there seems to be a greater chance of the linkage 
between the gene under study and uric acid patients. 
 
     This project was done in small scale, and small 
sample size with very limited budget and resources 
within the limited time frame. So, it may have got 
limitations regarding feasibility of the results. 
Expansion of this project to higher scale, however, with 
full supplementation of resources like sophisticated 
sequencing tools and larger number of samples 
providing enough fund needed for the completion of the 
research can provide better results. 
 

Limitation of the study 

     30 samples were studied so far, all from 
hyperuricemic patients. The research was limited by the 
time and other constraints such as finance so only 
representational sample were collected. However, these 
limitations were minimized as far as possible. 
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