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in Various Ethnic Groups of 
Pakistan 
 
Abstract 
 
Background and Objective: The ATP binding Cassette group B gene 1 (ABCB1) encodes for 
a P-glycoprotein (P-gp), which acts as an efflux pump for many drugs. Among the several 
single nucleotide polymorphisms (SNPs) reported for the ABCB1gene C1236T is a silent but 
functional polymorphism. This polymorphism is known to influence the expression and 
function of P-gp, and thus affect the pharmacokinetics and dynamics of the substrate 
drugs. The aim of the current study was to analyze and compare for the first time an 
existing silent ABCB1 C1236T polymorphism in six ethnic groups of Pakistan.  
Study design: A cross-sectional study. 
Place and Duration of study: Combined Military Hospital, Rawalpindi and Institute of 
Biomedical and Genetic Engineering, Islamabad in year 2012-2013 
Methods: A total of four hundred and twenty six unrelated healthy subjects (220 females, 
206 males) were included in this study. They were divided into six groups; Punjabi, Sindhi, 
Balouchi, Pathan, Kashmiri and Gilgit/Baltistanis.  The genotyping of the C1236T SNP was 
performed by the polymerase chain reaction (PCR)-restriction fragment length 
polymorphism (RFLP) method.  
Results: The genotype frequency of the analyzed SNP was as follows: 16.4% for CC, 44.1% 
for CT and 39.4% for TT. The distribution of C1236T genotype frequencies in our study 
groups was found to be similar between the six groups. There was no significant difference 
in the genotypes on the basis of ethnicity (p= 0.520).  
Conclusion: Our study provides a framework for future studies concerning the role of 
polymorphic variant of ABCB1gene. Our results for the Pakistani population could be 
relevant for further investigation of drugs that are substrates of P-gp and for studies of 
interethnic diversity in ABCB1polymorphism frequency. 
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Introduction 
P-glycoprotein (P-gp) is a transmembrane transporter 
protein acting as a pharmacological barrier. It is 
expressed in various organs, including the liver, kidney, 
intestine and blood-brain barrier. Though the 
physiological role of P-gp is not fully understood, it is 
believed that P-gp may prevent intracellular 
accumulation of drugs thus limiting their accessibility to 
various critical targets.1   
This protein is encoded by ATP binding Cassette group 
B gene 1 (ABCB1) which is composed of 1280 amino 

acids with an intracellular binding site for ATP.2 Thus it 
serves as ATP-driven efflux pump which pumps out the 
drugs and metabolites thus altering the 
pharmacokinetics and dynamics of drugs that are P-gp 
substrates and is also responsible for the multidrug 
resistance of cancer cells.3 This gene is located on 
chromosomal region 7q21 and consists of 28 exons.4 
To date, over 50 single nucleotide polymorphisms 
(SNPs) have been reported for ABCB1 gene of which 
more than 20 are known to be silent. 5 
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     Although not all the studies done so far could work 
out the functional relevance of these polymorphisms, 
never the less the existence of these naturally occurring 
SNPs and their effects on drug absorption, distribution 
and elimination have be established simultaneously 
from a number of studies.6 To be more precise the 
C3435T polymorphism in exon 26, polymorphism 
G2677T in exon 21, and C1236T polymorphism  in 
exon 12 have been studied repeatedly in different 
populations and in various disease conditions.7,8,9  
The SNPs in ABCB1 gene have also been identified 
and reported in many ethnic groups for example, 
African Americans, Europeans and in Asia, the Chinese 
and the Japanese. And a wide interethnic variation in 
their distribution has been demonstrated. The body of 
work studying the C1236T synonymous SNP is fairly 
small, considering it to be a silent SNP. However recent 
research has proved it to be functionally important. The 
present study analyzed for the first time an existing 
silent but functional ABCB1C1236T in six ethnic groups 
residing in Pakistan. The present study investigated the 
frequencies of the ABCB1 (C1236T) gene 
polymorphism in Punjabis, Sindhis, Balouchis, Pathans, 
Kashmiris and Gilgit/Baltistani individuals. The study of 
this site would be helpful in putting the base of future 
studies of the relationships between C1236T 
polymorphism and various diseases and drug 
responses. As far as we know, no studies on the 
ABCB1 C1236T polymorphism in Pakistani people have 
been reported. There is still lack of information from this 
part of the world. 

Materials and Methods 
This cross-sectional study was conducted at Combined 
Military Hospital, Rawalpindi from August 2012 to May 
2013.   Unrelated healthy volunteers with Pakistani 
nationality for at least 5 generations both males (n=206) 
and females (n=220) between the ages of 18 to 65 
years were included in the study through non-
probability consecutive sampling. Subjects having any 
genetic disease, history of chronic diseases like cancer, 
hepatitis, HIV, cardiac and neural diseases or those 
receiving continuous medical treatment (substrates for 
P-gp) were excluded from the study. A written informed 
consent was taken from all the subjects. All the subjects 
were recruited in a way that they provided 
representation from all regions of Pakistan including 
Punjab, Sindh, Balochistan, Khyber Pakhtunkhwa, 
Hazara/Baltistan and Azad Jammu and Kashmir. The 
protocol of the study was approved by Ethical 

Committee of Centre for Research in Experimental and 
Applied Medicine (CREAM), Army Medical College, 
Rawalpindi, Pakistan. A 5 ml of blood sample was 
taken from all the subjects included in the study.  The 
analytical procedures were carried out at Institute of 
Biomedical and Genetic Engineering (IBGE), 
Islamabad. The investigation was performed in 
accordance with the principles of the Declaration of 
Helsinki. 
The standard organic methods of DNA extraction were 
used to extract the genomic DNA from whole blood.10 
The genotyping for C1236T was made by Polymerase 
Chain Reaction- Restriction Fragment Length 
Polymorphism (PCR-RFLP). The genomic DNA was 
amplified using sense: 5'GCCACaGTCTGCCCACTC3' 
and anti-sense: 5'CCCATaTCGAAAAGAAATTAAG3 
primers for the region harboring the C1236T SNP. The 
PCR was carried out in a final volume of 20 µl 
containing 10X PCR buffer without Mg2+, 25 mM 
MgCl2, 2 mM dNTPs, 5U Taq polymerase, 10 µM 
forward and reverse primers and 40 •g genomic DNA. 
The PCR products were subjected to digestion with 
restriction enzyme (Hae III). After digestion the 
homozygous individuals for major allele had three 
fragments of 272 bp, 63 bp and 35 bp. The 
heterozygous containing both the major and minor 
allele yielded four fragments of 272 bp, 98bp, 63bp and 
35 bp. The minor allele homozygous individuals 
produced two fragments of 272 bp and 98 bp 
fragments.  
Microsoft excel was used for data analysis. Mean and 
standard deviation were calculated for age. Frequency 
and percentage were calculated for gender and 
genotype. Genotype frequencies were calculated by 
direct counting. Chi square test was used to compare 
the observed genotype frequencies in various ethnic 
groups. A p value of less than 0.05 was considered 
significant.  

Results 
Genotyping of C1236T SNP of ABCB1 gene was 
assessed by PCR-RFLP in 426 Pakistani subjects with 
an average age of 42.67 years (SD=8.74). Two 
hundred and twenty (51.6%) were females and 206 
were males (48.3%). Figure 1 shows the genotype 
results for ABCB1 C1236T polymorphisms. The 
homozygous wild type CC, heterozygous CT and 
homozygous variant TT was classified into different 
band sizes after digest by the specific restriction 
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enzyme (Hae III). 70 patients had CC genotype, 188 
patients had CT and 168 patients had TT genotype 
(Table I). The distribution of C1236T genotypes in 6 
ethnic groups, namely; Punjabi, Sindhi, Balouchi, 
Pathan, Kashmiri and Hazara/Baltistan of Pakistan is 
shown in Table II.  
 

 
Figure 1: Electrophoresis patterns for ABCB1 alleles 
analyzed by PCR-RFLP.  
 
Homozygous wild type C allele (272 bp, 63 bp, 35 bp); 
heterozygous CT (272 bp, 98bp, 63bp,35 bp.) and 
homozygous variant type T allele (272 bp, 98 bp). 

 

Discussion 
A number of SNPs in the ABCB1 gene have already 
been identified as clinically important for drug response, 
raising the need for the genotyping of these SNPs in 
different populations for individualized drug treatment.4 
The polymorphisms in ABCB1are known to have an 
impact on the pharmacokinetic and dynamic profiles of 
drugs that are substrates of P-gp as well as directly 
influence the outcome and prognosis of certain 
diseases.11It is specifically important when dealing with 
substrates having a narrow therapeutic window, thus 
the analysis of polymorphism may serve as an 
important clue for designing individualized drug 
approach for forecasting better response and minimal 
adverse drug reactions. The silent polymorphism 

C1236T of ABCB1 in exon 12 has been linked to the 
inter-individual differences of responses to various 
drugs. It was documented by Xing et al. (2006) that 
C1236T polymorphism had a role in determining the 
effect of risperidone. The patients with TT genotype 
showed greater improvement with the drug than those 
with other genotypes.12 In the same year Aarnoudse et 
al. (2006) found that women with the TT genotype for 
position 1236 had a higher risk for the neuropsychiatric 
adverse effects of mefloquine.13 One year later in 2007 
Wasilewska et al re-confirmed the same in steroid-
responsive nephrotic syndrome patients.14 These 
studies have enhanced the importance of genotyping of 
C1236T SNP in studying the drug responses of 
different individuals. Therefore, it is necessary to know 
the genotypic frequencies of this SNP in different 
populations for individualized drug treatment.  
The knowledge about frequency of functionally 
important SNPs in the ABCB1 gene in the Pakistani 
population is substantial information for designing future 
studies conducted with P-gp substrates. It will allow 
increasing validity of the studies together with 
decreased economic costs and ethical risks for the 
participating individuals. Moreover the clinicians should 
be further aware of the high frequency of functional 
polymorphisms in our population. Significant interethnic 
variations have been identified worldwide, but there 
were no data available for the Pakistani population. It is 
very important to determine the prevalence of C1236T 
in this population, because determination of the ABCB1 
will become increasingly important.  
It was previously assumed that silent SNPs do not exert 
effect on the structure and function of the gene. This 
view no longer exists. The alteration in the substrate 
specificity of P-gp by synonymous and silent SNPs was 
reported by Kimchi-Sarfaty et al. 3 It is now believed 
that the protein folding is affected by these silent SNPs. 
This can contribute to altered pharmacokinetics of 
substrate drugs, and development and progression of 
certain disease conditions.3,15,16 It is now emphasized 
through recent studies that one should not neglect 

Table I: Genotype frequencies of ABCB1 C1236T 
in study subjects 

SNP Genotype frequency 
C1236T 
(n = 426) 

CC n(%) CT n(%) TT n(%) 
70 (16.4%) 188 (44.1%) 168 

(39.4%) 

Table II: The distribution of C1236T genotypes in 6 ethnic groups of Pakistan 

Genoty
pe 

Punjab 
(n=70) 
n(%) 

Sindh 
(n=72) 
n(%) 

Baluchistan 
(n=70) n(%) 

KPK 
(n=73) 
n(%) 

Kashmir 
(n=70) 
n(%) 

Hazara/Balt 
(n=71) n(%) 

Total 
426 

CC 6(8.5) 13(18.0) 12(17.1) 11(15.0) 17(24.2) 11(15.4) 70

CT 33(47.1) 35(48.6) 29(41.4) 34(46.5) 24(34.2) 33(46.4) 188

TT 31(44.2) 24(33.3) 29(41.4) 28(38.3) 29(41.4) 27(38.0) 168
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silent SNPs in determining the likelihood of the 
development and progression of diseases and these 
silent SNPs should be taken into account in 
individualized drug treatments.15,16 The last decade has 
showered most of its attention on silent C3435T 
polymorphism and, to a lesser extent, on the C1236T 
polymorphism. Therefore, analyzing the silent C1236T 
polymorphism in different populations is needed to 
better understand its unresolved functions in P-gp 
activity.  
The distribution of C1236T genotypes in 6 ethnic 
groups, namely; Punjabi, Sindhi, Balouchi, Pathan, 
Kashmiri and Hazara/Baltistan of Pakistan is shown in 
Table 2. There was no significant difference in the 
genotypes on the basis of ethnicity (p= 0.520). The 
frequency of CC genotype when investigated within the 
groups showed its highest frequency of 24.2% in the 
Kashmiri groups with the lowest of 8.5% in Punjabi 
group. The frequency of TT genotype was highest in 
Punjabi (44.2%) and lowest 33.3% in Sindhis. The 
highest and lowest frequency of CT was 48.6 % and 
34.2 % observed in the Sindhis group and in Kashmiris 
respectively.   

Conclusion 
In conclusion, our study established the frequency of 
ABCB1 C1236T polymorphisms in the various ethnic 
groups in Pakistani population. Considering the number 
and significance of P-gp substrates, determination of 
the frequency of functionally important SNP that is 
C1236T in the ABCB1gene provides substantial 
information for the assessment of inter-individual 
differences in drug response and for the prediction of 
side effects and the likelihood of adverse reactions 
during treatment with P-gp-modulated therapeutics. Our 
results for the Pakistani population could be relevant to 
further investigations of P-gp substrate drugs and for 
studies of interethnic diversity in ABCB1polymorphism 
frequency. These data may have important therapeutic 
and prognostic implication for P-gp-related drug dosage 
recommendation in Pakistani populations. 
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