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Abstract 

The MDR1 multidrug transporter represents one of the better characterized drug 

transporters that play an important role in protecting the body against xenobiotic insults.  

Single nucleotide polymorphisms (SNPs) and SNP-haplotypes within this gene have been 

variously associated with differences in MDR1 expression/function, drug response as 

well as disease susceptibility.  Nonetheless, the effect of polymorphisms at the MDR1 

promoter region on its promoter activity remains less characterized.  Through the 

examination of ~1.5kb of MDR1 promoter region from five populations including the 

Chinese, Malays, Indians, European-Americans and African-Americans, we identified 8 

low-frequency SNPs, of which only two were polymorphic in at least four of the five 

populations examined.  The other SNPs are mainly population-specific, majority of 

which occur only in the African-American population. Recapitulation of the various 

combinations of SNP haplotypes in vitro in promoter-reporter assays revealed a few 

notable trends.  The African- and European-American-specific haplotypes tended to 

result in enhanced MDR1 promoter activity only in the HEK293 human embryonic 

kidney cell-line.  Haplotype GCTAACC, which occur at variable frequencies in all the 

populations examined, with Asians having much lower frequencies (<2%) compared to 

the European-American/African-Americans (>4%), affected MDR1 promoter activity 

differently in different cell-lines.  Compared to the commonest haplotype, GCTAACC 

haplotype resulted in a significant decrease in MDR1 promoter activity in HeLa cells 

(P<0.05) but a significant increase in the same promoter activity in HEK293 cells 

(P<0.05). These results suggest that the MDR1 promoter region is largely invariant but 

different haplotypes have differential effects on the MDR1 promoter activity in different 

cell-lines. 
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Introduction 

 
            Initially discovered as an important player in multidrug resistance during cancer 

chemotherapy, the MDR1 multidrug transporter regulates the traffic of a wide variety of 

diverse drugs / xenobiotics including anti-arrhythmics, anti-depressants, anti-pyschotics 

and anti-virals across biological membranes (see reviews in (Lee et al., 2004a; Marzolini 

et al., 2004)).  Also known as P-glycoprotein, the MDR1 transporter is a 170 kDa cell 

surface phosphoprotein comprising 1280 amino acids.  This protein contains two 

homologous halves, each traversing the plasma membrane six times with one ATP-

binding site.  In the last few years unprecedented scientific attention has been focused on 

SNPs within the MDR1 gene and its association with MDR1 expression, function and 

drug response (see (Lee et al., 2004a; Marzolini et al., 2004)).  MDR1 SNPs, particularly 

exonic SNPs, have also been associated with susceptibility to renal epithelial tumor 

(Siegsmund et al., 2002), ulcerative colitis and Crohn’s disease (Schwab et al., 2003), 

Parkinson’s disease (Drozdzik et al., 2003; Furuno et al., 2002; Lee et al., 2004b; Tan et 

al., 2005; Tan et al., 2004), HIV-1 infection (Ifergan et al., 2002) and other diseases (see 

(Marzolini et al., 2004)).  SNPs within the MDR1 promoter region which may play an 

important role in the regulation of MDR1 gene expression have thus far been examined 

only in two reports (Takane et al., 2004; Taniguchi et al., 2003). 

 Two major transcription start regions and two promoters separated by 

approximately 100 kb was identified in the MDR1 gene (Fig. 1A) (Gottesman and Pastan, 

1993; Ueda et al., 1987a; Ueda et al., 1987b).  The proximal promoter was found to drive 

the expression of most MDR1 transcripts found in normal tissues including the liver, 

kidney and adrenal gland while the distal promoter, which is still undefined and believed 
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to be a cryptic promoter, was found to drive MDR1 expression in colchicine selected cell 

lines (Gottesman and Pastan, 1993; Ueda et al., 1987a), mononuclear cells of acute 

lymphoblastic leukemic patients over-expressing the MDR1 transporter (Rothenberg et 

al., 1989) as well as primary breast tumors (Raguz et al., 2004).  In this study, we will 

only focus on the proximal promoter. 

 The proximal promoter of the MDR1 gene is TATA-less and contains two 

transcription start sites, a CAAT box, two GC boxes and several important transcription 

binding sites regulating its expression in response to external stimuli (Labialle et al., 

2002).  Cytotoxic drugs (Kohno et al., 1989; Stein et al., 1996), serum starvation 

(Tanimura et al., 1992), hypoxia (Comerford et al., 2002), heat shock (Chin et al., 1990; 

Miyazaki et al., 1992; Vilaboa et al., 2000), and ultraviolet (UV) irradiation (Hu et al., 

2000; Ohga et al., 1996; Uchiumi et al., 1993) are some of the factors reported to 

modulate MDR1 expression and promoter activity.  The Y-box containing an inverted 

CCAAT sequence (Ohga et al., 1996; Uchiumi et al., 1993), CCAAT and the proximal 

GC element (Hu et al., 2000) have been implicated in the regulation of MDR1 promoter 

activity in response to UV irradiation.  

SNPs at the promoters of various genes have been shown to affect promoter 

activity as well as associate with differences in its gene expression and susceptibility to 

diseases (Aklillu et al., 2003; Joosten et al., 2001; Sibley et al., 2003).  Since the MDR1 

transporter potentially protects the individual against environmental stress and is a 

significant determinant of the success of cancer chemotherapy or other drug therapy, 

SNPs at its promoter may influence its gene expression and account for differences in 

response to drug therapy or susceptibility to various diseases between individuals.  There 

are two reports examining SNPs and haplotype of SNPs at the MDR1 promoter locus in 
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the Japanese population (Takane et al., 2004; Taniguchi et al., 2003).  Both studies 

examined SNP haplotypes in slightly different 2 kb region of the MDR1 promoter and 

identified different relatively low-frequency polymorphisms with slight allelic differences 

in promoter activity (Takane et al., 2004; Taniguchi et al., 2003).   In this study, we 

scanned for polymorphisms in 1.5 kb region of the MDR1 promoter in 5 different 

populations and characterized the effect of SNP haplotypes on MDR1 promoter activity. 
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Materials and Methods 

 
Genomic DNA from Study Populations 

 Genomic DNA was isolated from discarded umbilical cord blood of ~96 random, 

anonymized neonates from each of the three major ethnic populations in Singapore 

(Chinese, Malay and Indians).  All original identifiers, except ethnicity, have been 

removed and destroyed prior to the isolation of DNA.  These studies fall within the 

guidelines as spelt out in our IRB guidelines (NUS_IRB guidelines (IRB-GUIDE-006 #4 

and OHRP Guidelines 45 CFR 46.101) and the Human Tissue Research report of the 

Bioethics Advisory Committee (Part IV, Section 8, para 8.10) and exemption from IRB 

review was thus obtained from our institution (NUS-IRB Reference Code: 04-126E).  

Genomic DNA samples from the European-American (Caucasian) and African-American 

were purchased from the respective Human Variation Collections in the National Institute 

of General Medical Sciences (NIGMS) Human Genetic Cell Repository (The Coriell 

Institute for Medical Research, Camden, NJ).    

 

Identification of MDR1 Promoter SNPs  

 To identify promoter SNPs at the MDR1 gene, 1.5 kb of DNA from 180 bp 

upstream of the translational start site (TLSS) (including intron1, exon 1a and b and part 

of intron -1) was amplified using 4 ng/ µl genomic DNA, 0.4 mM dNTPs, 0.04U HotStar 

Taq polymerase (Qiagen, Germany) and 0.2 pmol/µl of each of the following primers 

5’GAGAGAATTCGAAAGTGGAAACATCCTCAG3’ (forward primer) and 

5’CTCTGTCGACGTCTCCAGCATCTCCACG3’ (reverse primer) (Fig. 1B),   

Underlined sequences are EcoRI and SalI restriction sites, respectively, to facilitate 
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cloning of this promoter into a promoter-reporter construct.  Sequences in italics are 

buffer sequences to facilitate restriction enzyme digestion.  Amplification conditions 

include an initial denaturation at 94°C for 15 minutes followed by 30 cycles of 

denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds and extension at 

72°C for 2 minutes followed by a final extension at 72°C for 5 minutes.  Dideoxy 

sequencing was performed on the ABI PRISM 3100 Genetic Analyzer (Applied 

Biosystems, Foster City, California, USA) and CEQTM 8000 Genetic Analysis System 

(Beckman Coulter, Fullerton, California, USA) using the following primers: 

5’GAAAGTGGAAACATCCTCAG3’, 5’CACGGGCATTGATCTGAC3’, 

5’TGCAACGGAAGCCAGAAC3’ and 5’CAAGTGTCAGGCTTCAG3’. 

 Allele, genotype and haplotype frequencies were evaluated as previously 

described (Tang et al., 2004). 

 

Functional Characterization of MDR1 Promoter SNPs 

 1.5 kb of DNA from 180 bp upstream of the TLSS representing the MDR1 

promoter was amplified using primers as described above and cloned into a promoter-

reporter construct (Fig. 3A).  SNP haplotypes were recapitulated using PCR mutagenesis 

(Fig. 3B), digested with EheI and BglII, and cloned into the promoter-reporter construct 

(Fig. 3A).  All plasmid constructs containing normal and variant MDR1 promoters were 

sequenced across the PCR amplified regions to exclude PCR-induced nucleotide mis-

incorporations prior to use.  The promoter-reporter construct comprises the β-

galactosidase reporter gene driven by the MDR1 (or its variants) promoter as well as the 

enhanced green fluorescent protein (EGFP) driven by the constitutive cytomegalovirus 

(CMV) promoter to normalize for differences in transfection efficiencies.  The various 
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constructs were transfected using calcium phosphate coprecipitation as described (Lee et 

al., 2000) into either HeLa (Human epithelial cervical adenoma), KB3-1 (subclone of 

HeLa with undetectable MDR1 expression) or HEK293 (human embryonic kidney) cell-

lines.  Forty-eight hours after transfection, the cells were then harvested for reporter gene 

assays.  β-galactosidase activity was assayed kinetically using CPRG (chlorphenol red-β-

D-galactopyranoside) as substrate and measured at 1-min intervals over 60 min at 570 nm 

in a SpectraMAX PLUS microplate reader (Molecular Devices, Sunnyvale, California, 

USA).  Western blot analyses were performed using 0.02 µg/ml mouse anti-GFP (Roche 

Diagnostics) and 1:100,000 HRP-conjugated goat anti-mouse IgG (Pierce Biotechnology) 

antibodies to quantitate the EGFP protein levels. β-galactosidase expression was 

normalized against EGFP protein levels. 
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Results 

 
The promoter of the MDR1 gene has only a few low minor allele frequency SNPs 

 Eight SNPs occurring in at least one population were identified from 1.5 kb of 

DNA 180 bp upstream the TLSS of the MDR1 gene (Table 1).   The frequencies of the 

minor alleles of all the identified SNPs were approximately 10% or less.  Notably only 

SNPe1/-129(T/C) is polymorphic in all five populations and SNPi1/-41(A/G) is 

polymorphic in four of five populations examined.  The other SNPs occur at very low 

frequencies (<4%) and were population-specific, most of which were only polymorphic 

in the African American population except for SNPe1/-145 which occurred only in the 

Chinese population and SNPi1/-223(C/T) which is specific to the European American 

population.  Pair-wise comparison of SNP allele frequencies between populations 

revealed statistical difference in SNPi1/60(A/T) between the African American and the 

other 4 populations and in SNPi1/-41(A/G) between the Chinese/Malay and the other 3 

populations (Table 1).  For SNPe1/-129(T/C), the Indian population is significantly 

different from the other 4 populations.  These data highlight the largely invariant and 

population-specific nature of SNPs at the MDR1 promoter locus. 

 We proceeded to characterize the haplotypes of polymorphisms of SNPs and their 

functional significance in vitro using a promoter-reporter assay. 

 

Only a single major haplotype occurring at frequencies of 85% or greater is 

represented in all five populations 

 Out of 128 possible haplotypes from the 7 SNPs examined at the MDR1 promoter 

locus, only between 2 to 6 haplotypes, inferred by the Expectation-Maximization (EM) 
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algorithm, were observed in the 5 different populations (Fig. 2).  The most common 

haplotype, GCTAACT occurs in all population at frequencies greater than 85%.  The 

only other haplotype that occurs in all population is the GCTAACC haplotype, but its 

frequency is low and variable with the Asian populations having a much lower (<2%) 

frequency compared to the European-American/African-American populations (>4%).  

The closely related haplotype (GCTAGCC) was observed at low frequencies in 4 of the 5 

populations examined.  Interestingly, in contrast to the GCTAACC haplotype, its 

frequency is higher in the Asian populations (Chinese, Malays) (>3%) compared the 

European-American/African-American (<1%).   The Indian ethnic group has the fewest 

number of haplotypes (2) as it is monomorphic at 2 SNP loci (i1/-41(A/G) and e1/-

145(C/G)). 

  

Polymorphisms within the MDR1 promoter influences its activity differently in 

different cell-lines 

 To evaluate the effect of these SNPs on the MDR1 promoter activity, we 

recapitulated these SNPs in vitro using PCR mutagenesis (Fig. 3B) and cloned them into 

the promoter-reporter constructs whereby the MDR1 (or its variant) promoter drives the 

β-galactosidase reporter gene and the constitutive CMV promoter drives the EGFP gene 

for normalization of transfection efficiency (Fig. 3A).  As shown in figure 3C, a few 

notable observations were made on the effect that the different haplotypes have on the 

MDR1 promoter activity in the different cell-lines.  Four haplotypes which occur 

specifically in either the European-American (GTTAACT) or African-American 

(ACTAACT, GCCAACT, GCTTACT) (Fig 2) was found to mediate approximately two-

fold greater MDR1 promoter activity in HEK293 cell-line than the most common 
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GCTAACT haplotype although only ACTAACT and GCCAACT haplotypes showed 

statistically different promoter activity compared to the most common haplotype (Fig 

3C).  Curiously, the reverse trend was observed in HeLa cell-line where these 4 

haplotypes displayed approximately two-fold lower MDR1 promoter activity compared 

to the most common GCTAACT haplotype although no statistical differences was 

observed (Fig. 3C).  No differences in MDR1 promoter activity was observed for any of 

the 4 haplotypes in KB3-1 cell-line which does not support MDR1 expression (Fig. 3C).  

The GCTAGCT haplotype which occurs only in the South-East Asian population 

(Chinese and Malays) does not seem to change MDR1 promoter activity in all three cell-

lines examined.  The GCTAAGT haplotype which was not found in the five populations 

examined was found to significantly reduce MDR1 promoter activity (P<0.05) by more 

than 3-fold in HeLa cell-line but did not significantly affect MDR1 promoter activity in 

KB3-1 or HEK293 cell-lines (Fig. 3C).  An interesting observation was made on the 

GCTAACC haplotype which occurs at variable frequencies in all the populations 

examined, with Asians having much lower frequencies (<2%) compared to the European- 

American/African-Americans (>4%) (Fig. 2).  This haplotype resulted in statistically 

significant (P<0.05) enhancement in MDR promoter activity in HEK293 cells but 

statistically significant (P<0.05) attenuation of the promoter activity in HeLa cells and no 

statistically significant difference in promoter activity in KB3-1 cells (Fig. 3).   

Haplotype GCTAGGT, representing a combination of the GCTAGCT haplotype, which 

does not significantly affect MDR1 promoter activity, and GCTAAGT which 

significantly reduced MDR1 promoter activity in HeLa cells, is specific only to the 

Chinese population and display promoter activity that is intermediate between the two 

haplotypes and not statistically different from the most common GCTAACT haplotype.  
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The haplotype GCTAGCC which is a combination of GCTAGCT (no effect on MDR1 

promoter activity) and GCTAACC haplotypes (significantly reduced MDR1 promoter 

activity in HeLa cells but significantly enhanced promoter activity in HEK293 cells) 

occurs in all populations examined except the Indian population, also displayed promoter 

activity that is not statistically significant and intermediate between these haplotypes 

(Fig. 3C).   Haplotype GCTAAGC, which represents a combination of GCTAAGT and 

GCTAACC haplotypes, both of which significantly decreased MDR1 promoter activity 

in HeLa cells, was not found in any of the five populations examined but displayed an 

even greater attenuation of MDR1 promoter activity than either GCTAAGT and 

GCTAACC haplotype alone suggesting an additive effect of promoter activity of the two 

individual SNPs (Fig. 3C).  Likewise, when all three SNPs were the minor alleles in the 

haplotype GCTAGGC, the overall MDR1 promoter activity is still significantly lower 

than the most common haplotype GCTAACT but not as low as either the GCTAAGT or 

GCTAACC haplotype alone again suggesting additive effect of promoter activities from 

the 3 SNPs (Fig. 3C).    

 Taken together, these results suggest the following properties of polymorphisms 

at the MDR1 promoter region.  Firstly, all the polymorphisms observed in this promoter 

region are of low frequency (<5%).  Secondly, the distribution of polymorphisms that 

functionally affect MDR1 promoter activity is different in the various populations with 

Chinese sharing more common allele frequencies with the Malays and the European 

American sharing more common allele frequencies with the African Americans.  In fact, 

some of these polymorphisms are population-specific.  Thirdly, the same haplotype can 

have opposite effects on the MDR1 promoter activity depending on the cell-line it is 

introduced into.  Finally, the MDR1 promoter activity of cells containing a haplotype in 
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which two or more sites carry the minor allele will reflect the additive effect of the 

combination of promoter activities from haplotypes which carry each of the minor allele 

alone.   
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Discussion 

 

 Since the MDR1 transporter regulates the transport of diverse spectrum of drugs 

and xenobiotics and polymorphisms within the promoter region of the gene may alter its 

intrinsic promoter activity and hence expression of the MDR1 gene, we scanned for 

polymorphisms within a region of ~1.5 kb from ~180 bp upstream the translational start 

site (TLSS) of the MDR1 gene (Fig. 1B) in ~85-95 individuals from five different 

populations.  Eight SNPs, all of which occurred at frequencies of ≤10% were identified in 

at least one population (Table 1).  Except for SNPs i1/-41(A/G) and e1/-129(T/C) which 

were polymorphic in all or 4 of the 5 populations examined, the other SNPs were 

population-specific with most of the SNPs being African-American-specific except for 

SNPs i1/-223(A/G) and e1/-129(T/C) which were polymorphic only in the European-

American and Chinese populations, respectively (Table 1).   We also examined MDR1 

promoter SNPs from the public databases, HAPMAP (http://www.hapmap.org/) which 

evaluated 60 samples from each of the Chinese, Japanese, CEPH and Yoruba populations 

and Perlegen (http://genome.perlegen.com/browser/index.html) which analyzed 24 

samples from each of the Chinese, European-American and African-American 

populations.  These databases revealed that only SNPs i1/-41(A/G) and e1/-129(T/C) 

were genotyped.  While the genotype frequencies of SNPe1/-129(T/C) from the 2 

databases were similar to each other and to our results, the frequency of SNPi1/-41(A/G) 

in the European-American/CEPH and African-American/Yoruba were slightly different 

in the different studies.  This is not unusual since SNPi1/-41(A/G) occurred at very low 

frequency and thus may not be identified in every sampling of the population especially if 

the numbers of individuals sampled were low.  Sequencing of the core promoter region in 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

16 

another European population was reported to identify only SNP e1/-129T>C where the 

minor C-allele only occur at a frequency of 5.9% (Hoffmeyer et al., 2000).  In the 

Japanese population, various groups utilizing either sequencing or single strand 

conformation polymorphism (SSCP) also identified SNPs i1/-41(A/G), e1/-129(T/C) and 

sometimes SNPe1/-145(C/G) at the MDR1 promoter region (Ito et al., 2001; Saito et al., 

2002; Takane et al., 2004; Tanabe et al., 2001; Taniguchi et al., 2003).  The minor allele 

frequency of these SNP in the Japanese population were reported to be ≤10% (see Table 

2 and (Lee et al., 2004a)).   

 Two Japanese groups (Takane et al., 2004; Taniguchi et al., 2003) utilizing either 

sequencing or PCR-SSCP screened between 2-4 kb of the MDR1 promoter in Japanese 

(Taniguchi et al., 2003) or Japansese and Caucasian (Takane et al., 2004) populations.  

Only SNPs i1/-41(A/G), e1/-129(T/C) and i1/-1459(G/A) were similar to the SNPs we 

identified.  Except for SNPs i1/-432(A/G) and i1/-755(A/G), all the other SNPs were 

beyond the region that we examined.  These two SNPs were found not to be polymorphic 

in any of the populations we examined.  Interestingly, the two groups identified different 

polymorphisms from similar DNA region in the same Japanese population probably due 

to low frequencies of these polymorphisms.  Wada’s (Taniguchi et al., 2003) but not 

Takane’s (Takane et al., 2004) group found SNPs i1/-755(A/G) and i1/-432(A/G) to be 

polymorphic in the Japanese population.  Similarly, Takane’s but not Wada’s group 

found SNPs i1/-824(T/C) and e1/-145(C/G) to be polymorphic in Japanese.  Except for 

SNP i1/-1459(G/A), which reside far from the core promoter and have a frequency of 

~25-28%, the frequencies of all the SNPs that both groups identified at the MDR1 

promoter were also ≤10%.   
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 A search through the major public SNP databases also did not reveal additional 

SNPs occurring at frequencies higher than 10% at the MDR1 promoter.  This is unlike 

SNPs at the promoter of a closely related MRP1 drug transporter where the minor allele 

frequency of the positively-selected promoter SNP (5’FR/-260(G/C)) can be as high as 

55% in a population (Wang et al., 2005).  Taken together, these data suggest that the core 

promoter region of the MDR1 gene is primarily invariant with only a few low frequency 

SNPs, many of which are population-specific. 

 A recent report which examined the distribution of SNPs at ~2 kb promoter 

regions of genes within the human genome in silico (Guo and Jamison, 2005) found that 

more SNPs reside close to the transcription start sites (TSS) of genes with a 

disproportionately greater number of SNPs resulting from G/C nucleotide transversions.  

However, it seems that the distribution of SNPs at the MDR1 promoter is quite unlike 

what was described above for the other genes in the human genome (Table 2).  Only 2 

relatively low frequency SNPs (≤10%) that occur in at least 4 different populations were 

found near the TSS of the MDR1 promoter.  The other SNPs identified within 1 kb of the 

TSS were of very low frequency (<4%) and primarily population-specific.  Three SNPs 

with frequencies of between 8-28% identified in the Japanese population reside beyond 1 

kb from the TSS (Table 2) (Takane et al., 2004; Taniguchi et al., 2003).  Additionally, 

unlike SNPs in other promoter regions whereby more SNPs result from G/C nucleotide 

transversions, all but two SNPs at the promoter region of the MDR1 promoter resulted 

from transition changes.  Of the two transversion SNPs which are population-specific and 

of very low frequency (≤4%), only SNPe1/-145(C/G) is a G/C transversion.  Hence it 

seems that the MDR1 promoter is largely invariant and atypical. 
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 To evaluate the functional significance of these SNPs, we recapitulated these 

SNP-haplotypes in vitro and evaluated the MDR1 promoter activity.  We observed two 

interesting trends (Fig. 3).  Firstly, the same haplotype can have differential effects on 

different cell types/lines.  As evident in Figure 3, the GCTAACC haplotype which occurs 

at variable frequencies in all the populations examined, with Asians having much lower 

frequencies (<2%) compared to the European American/African Americans (>4%) (Fig. 

2), resulted in statistically significant (P<0.05) enhancement in MDR promoter activity in 

HEK293 cells but statistically significant (P<0.05) attenuation of the promoter activity in 

HeLa cells and no statistically significant difference in promoter activity in KB3-1 cells 

(Fig. 3).  Additionally, population-specific haplotypes which occur only in either the 

European-Americans (GTTAACT) or African-Americans (ACTAACT, GCCAACT, 

GCTTACT) (Fig 2) was found to result in higher mean MDR1 promoter activity in 

HEK293 cells but lower mean MDR1 promoter activity in HeLa cells than the most 

common GCTAACT haplotype although only ACTAACT and GCCAACT haplotypes 

showed statistically different promoter activity compared to the most common haplotype 

(Fig 3C).  No differences in MDR1 promoter activity was observed for any of the 4 

haplotypes in KB3-1 cell-line which does not support MDR1 expression (Fig. 3C).  

Secondly, the effect of more than one polymorphism in a single haplotype is additive.  

For example, the haplotype GCTAGCC which represents the combination of GCTAGCT 

(no effect on MDR1 promoter activity) and GCTAACC haplotypes (significantly reduced 

MDR1 promoter activity in HeLa cells but significantly enhanced promoter activity in 

HEK293 cells), displayed promoter activity that is not statistically significant and 

intermediate between these haplotypes (Fig. 3C).  Similar observations were made for the 

other haplotypes carrying more than one polymorphisms (Fig. 3).   
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 Two other Japanese groups also examined promoter-reporter activities of some 

haplotypes of SNPs at the MDR1 promoter region in HepG2 cells (Takane et al., 2004; 

Taniguchi et al., 2003).  Wada’s group examined 3 different haplotypes comprising 5 

SNPs in a region of ~2 kb from ~560 bp upstream from the TLSS (Taniguchi et al., 

2003), while Takane’s group examined 10 haplotypes encompassing 10 SNPs in a region 

of  ~2 kb from e1/+28 to i1/-1707 (Takane et al., 2004; Taniguchi et al., 2003).  The two 

Japanese groups examined 4 common SNPs (e1/-129(T/C); i1/-41(A/G); i1/-755(A/G) 

and i1/1017(T/C)) while our study only shares 2 common SNPs (e1/-129(T/C); i1/-

41(A/G)) with Wada’s study and 3 common SNPs (e1/-129(T/C); e1/-145(C/G); i1/-

41(A/G)) with Takane’s study (Table 2).  Taking into account these constraints, we 

proceeded to compare the results of the promoter-reporter activities from these 3 studies.   

 While both Japanese groups generally observed less than 1.5-fold (<45%) 

differences in promoter activity for the different haplotypes they examined, we generally 

found differences of greater than 2-fold and as high as >6-fold (compare haplotype 

GCTAAGC and the most common haplotype GCTAACT in HeLa cells) in some 

haplotypes we studied in the two cell-lines examined.  The differences in the magnitude 

of changes in promoter activity of the different haplotypes between our results and the 

two Japanese groups could be attributable to the differences in the region of the MDR1 

promoter and the polymorphisms or the cell-lines examined.  In fact, we found that the 

same haplotype may have a different effect on different cell lines (Fig. 3C) possibly due 

to differences in the availability of specific regulatory transcription factors in the different 

cell-lines.  In KB3-1 cells which do not support MDR1 expression, the MDR1 promoter 

activity is very low and no differences were observed amongst the different haplotypes. 
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 In Wada’s study, they found a statistically significant but small ~13% decrease in 

promoter activity of haplotype CGCGC, comprising the minor alleles of SNPs e1/-

129(T/C) and i1/-41(A/G), compared to the most common TGTAT haplotype (Taniguchi 

et al., 2003).  Similarly, we observed that haplotype GCTAGCC, also containing the 

minor alleles of the same SNPs, resulted in ~52% decrease, albeit not statistically 

significant, in promoter activity in HeLa cells but no difference in HEK293 cells (Fig. 

3C) compared to the most common GCTAACT haplotype.  In contrast, results from 

Takane’s group (Takane et al., 2004; Taniguchi et al., 2003) showed that haplotypes 2 

and 3, which carry the minor alleles of SNPs e1/-129(T/C) and i1/-41(A/G), resulted in a 

40% and 32% increase in MDR1 promoter activity although they did not examine if these 

increases were statistically significant.  The differences in the results are likely due to 

differences in the region of SNPs examined and the differences in the additional 

polymorphisms in the haplotype(s) examined by the two groups.  When SNP e1/-

145(C/G) was changed to the minor G allele, the MDR1 promoter activity was found to 

decrease by 28%in HepG2 cells (Haplotype 6 in Takane’s report) and by 76% in HeLa 

cells (Fig. 3C) but no differences was observed in HEK293 or KB3-1 cells.  Interestingly, 

haplotype 9 of Takane’s study, which contains the minor allele of SNP e1/-129(T/C), 

resulted in a ~30% increase in MDR1 promoter activity (Takane et al., 2004).   We also 

observed a statistically significant 147% increase in MDR1 promoter activity in a 

haplotype in which only SNP e1/-129(T/C) was changed to its minor allele in HEK293 

cells (Fig. 3C).  However, this same haplotype resulted in 75% decrease in MDR1 

promoter activity in HeLa cells highlighting the cell-type specificity of polymorphisms at 

the MDR1 promoter region.  Further experiments involving additional different cell-types 

(preferably primary cells) and different tissue-types will be necessary to verify the 
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inference.  If the inferences are true, it would highlight the dynamic nature of 

polymorphisms in which specific SNP-haplotypes differentially alter function (e.g. 

promoter activity) in different cell-types and implicate the complexities of the effect of 

polymorphisms on different cell/tissue-types in our body. 

 In summary, this report highlights three interesting properties of polymorphisms 

at the MDR1 promoter.  Firstly, only few and low frequency (<10%) polymorphisms are 

observed at the MDR1 promoter region suggesting that this region may be quite invariant.  

Secondly, the distribution of polymorphisms that functionally affect MDR1 promoter 

activity is varied in the different populations with Chinese being more similar to the 

Malays and the European-American being more similar to the African-Americans.  

Thirdly, polymorphisms affect the MDR1 promoter activity in a cell-type specific manner 

and the effect of 2 or more haplotypes on the MDR1 promoter activity is additive.  

Nonetheless, it may be necessary to examine the in vivo MDR1 expression of these 

promoter polymorphisms and extend this study to include a comprehensive screening of a 

larger region upstream the TLSS in several different populations to identify additional 

SNPs and evaluate the functional significance of the identified SNPs or haplotypes of 

SNPs in several different cell-types or even under several different external stimuli.    

 

Acknowledgements.  

We would like to thank Mr. Zhang Dongwei, Ms Kao Shih Ling, Mr. Ian Cheong, Ms 

Wong Li Peng, and Mr. John Chua for technical assistance.   

 

 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

22 

References 

 
Aklillu E, Carrillo JA, Makonnen E, Hellman K, Pitarque M, Bertilsson L and Ingelman-

Sundberg M (2003) Genetic polymorphism of CYP1A2 in Ethiopians affecting 

induction and expression: characterization of novel haplotypes with single-

nucleotide polymorphisms in intron 1. Mol Pharmacol 64:659-69. 

Chin KV, Tanaka S, Darlington G, Pastan I and Gottesman MM (1990) Heat shock and 

arsenite increase expression of the multidrug resistance (MDR1) gene in human 

renal carcinoma cells. J Biol Chem 265:221-6. 

Comerford KM, Wallace TJ, Karhausen J, Louis NA, Montalto MC and Colgan SP 

(2002) Hypoxia-inducible factor-1-dependent regulation of the multidrug 

resistance (MDR1) gene. Cancer Res 62:3387-94. 

Drozdzik M, Bialecka M, Mysliwiec K, Honczarenko K, Stankiewicz J and Sych Z 

(2003) Polymorphism in the P-glycoprotein drug transporter MDR1 gene: a 

possible link between environmental and genetic factors in Parkinson's disease. 

Pharmacogenetics 13:259-63. 

Furuno T, Landi MT, Ceroni M, Caporaso N, Bernucci I, Nappi G, Martignoni E, 

Schaeffeler E, Eichelbaum M, Schwab M and Zanger UM (2002) Expression 

polymorphism of the blood-brain barrier component P- glycoprotein (MDR1) in 

relation to Parkinson's disease. Pharmacogenetics 12:529-534. 

Gottesman MM and Pastan I (1993) Biochemistry of multidrug resistance mediated by 

the multidrug transporter. Annu Rev Biochem 62:385-427. 

Guo Y and Jamison DC (2005) The Distribution of SNPs in Human Gene Regulatory 

Regions. BMC Genomics 6:140. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

23 

Hoffmeyer S, Burk O, von Richter O, Arnold HP, Brockmoller J, Johne A, Cascorbi I, 

Gerloff T, Roots I, Eichelbaum M and Brinkmann U (2000) Functional 

polymorphisms of the human multidrug-resistance gene: multiple sequence 

variations and correlation of one allele with P- glycoprotein expression and 

activity in vivo. Proc Natl Acad Sci U S A 97:3473-8. 

Hu Z, Jin S and Scotto KW (2000) Transcriptional activation of the MDR1 gene by UV 

irradiation. Role of NF-Y and Sp1. J Biol Chem 275:2979-85. 

Ifergan I, Bernard NF, Bruneau J, Alary M, Tsoukas CM and Roger M (2002) Allele 

frequency of three functionally active polymorphisms of the MDR- 1 gene in 

high-risk HIV-negative and HIV-positive Caucasians. Aids 16:2340-2. 

Ito S, Ieiri I, Tanabe M, Suzuki A, Higuchi S and Otsubo K (2001) Polymorphism of the 

ABC transporter genes, MDR1, MRP1 and MRP2/cMOAT, in healthy Japanese 

subjects. Pharmacogenetics 11:175-84. 

Joosten PH, Toepoel M, Mariman EC and Van Zoelen EJ (2001) Promoter haplotype 

combinations of the platelet-derived growth factor alpha-receptor gene predispose 

to human neural tube defects. Nat Genet 27:215-7. 

Kohno K, Sato S, Takano H, Matsuo K and Kuwano M (1989) The direct activation of 

human multidrug resistance gene (MDR1) by anticancer agents. Biochem Biophys 

Res Commun 165:1415-21. 

Labialle S, Gayet L, Marthinet E, Rigal D and Baggetto LG (2002) Transcriptional 

regulators of the human multidrug resistance 1 gene: recent views. Biochem 

Pharmacol 64:943-8. 

Lee CG, Chong SS and Lee EJ (2004a) Pharmacogenetics of the Human MDR1 

multidrug transporter. Current Pharmacogenomics 2:1-11. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

24 

Lee CG, Ramachandra M, Jeang KT, Martin MA, Pastan I and Gottesman MM (2000) 

Effect of ABC transporters on HIV-1 infection: inhibition of virus production by 

the MDR1 transporter. Faseb J 14:516-22. 

Lee CG, Tang K, Cheung YB, Wong LP, Tan C, Shen H, Zhao Y, Pavanni R, Lee EJ, 

Wong MC, Chong SS and Tan EK (2004b) MDR1, the blood-brain barrier 

transporter, is associated with Parkinson's disease in ethnic Chinese. J Med Genet 

41:e60. 

Marzolini C, Paus E, Buclin T and Kim RB (2004) Polymorphisms in human MDR1 (P-

glycoprotein): recent advances and clinical relevance. Clin Pharmacol Ther 

75:13-33. 

Miyazaki M, Kohno K, Uchiumi T, Tanimura H, Matsuo K, Nasu M and Kuwano M 

(1992) Activation of human multidrug resistance-1 gene promoter in response to 

heat shock stress. Biochem Biophys Res Commun 187:677-84. 

Ohga T, Koike K, Ono M, Makino Y, Itagaki Y, Tanimoto M, Kuwano M and Kohno K 

(1996) Role of the human Y box-binding protein YB-1 in cellular sensitivity to 

the DNA-damaging agents cisplatin, mitomycin C, and ultraviolet light. Cancer 

Res 56:4224-8. 

Raguz S, Tamburo De Bella M, Tripuraneni G, Slade MJ, Higgins CF, Coombes RC and 

Yague E (2004) Activation of the MDR1 upstream promoter in breast carcinoma 

as a surrogate for metastatic invasion. Clin Cancer Res 10:2776-83. 

Rothenberg ML, Mickley LA, Cole DE, Balis FM, Tsuruo T, Poplack DG and Fojo AT 

(1989) Expression of the mdr-1/P-170 gene in patients with acute lymphoblastic 

leukemia. Blood 74:1388-95. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

25 

Saito S, Iida A, Sekine A, Miura Y, Ogawa C, Kawauchi S, Higuchi S and Nakamura Y 

(2002) Three hundred twenty-six genetic variations in genes encoding nine 

members of ATP-binding cassette, subfamily B (ABCB/MDR/TAP), in the 

Japanese population. J Hum Genet 47:38-50. 

Schwab M, Schaeffeler E, Marx C, Fromm MF, Kaskas B, Metzler J, Stange E, Herfarth 

H, Schoelmerich J, Gregor M, Walker S, Cascorbi I, Roots I, Brinkmann U, 

Zanger UM and Eichelbaum M (2003) Association between the C3435T MDR1 

gene polymorphism and susceptibility for ulcerative colitis. Gastroenterology 

124:26-33. 

Sibley K, Rollinson S, Allan JM, Smith AG, Law GR, Roddam PL, Skibola CF, Smith 

MT and Morgan GJ (2003) Functional FAS promoter polymorphisms are 

associated with increased risk of acute myeloid leukemia. Cancer Res 63:4327-

30. 

Siegsmund M, Brinkmann U, Schaffeler E, Weirich G, Schwab M, Eichelbaum M, Fritz 

P, Burk O, Decker J, Alken P, Rothenpieler U, Kerb R, Hoffmeyer S and Brauch 

H (2002) Association of the P-glycoprotein transporter MDR1(C3435T) 

polymorphism with the susceptibility to renal epithelial tumors. J Am Soc Nephrol 

13:1847-54. 

Stein U, Walther W and Shoemaker RH (1996) Vincristine induction of mutant and wild-

type human multidrug-resistance promoters is cell-type-specific and dose-

dependent. J Cancer Res Clin Oncol 122:275-82. 

Takane H, Kobayashi D, Hirota T, Kigawa J, Terakawa N, Otsubo K and Ieiri I (2004) 

Haplotype-oriented genetic analysis and functional assessment of promoter 

variants in the MDR1 (ABCB1) gene. J Pharmacol Exp Ther 311:1179-87. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

26 

Tan EK, Chan DKY, Ng PW, Woo J, Teo YY, Tang K, Wong LP, Chong SS, Tan C, 

Shen H, Zhao C and Lee CG (2005) MDR1 haplotype (e21/2677T and 

e26/3435T) modulates risk of Parkinson's Disease. Archives of Neurology 62:460-

464. 

Tan EK, Drozdzik M, Bialecka M, Honczarenko K, Klodowska-Duda G, Teo YY, Tang 

K, Wong LP, Chong SS, Tan C, Yew K, Zhao Y and Lee CG (2004) Analysis of 

MDR1 haplotypes in Parkinson's disease in a white population. Neurosci Lett 

372:240-4. 

Tanabe M, Ieiri I, Nagata N, Inoue K, Ito S, Kanamori Y, Takahashi M, Kurata Y, 

Kigawa J, Higuchi S, Terakawa N and Otsubo K (2001) Expression of P-

glycoprotein in human placenta: relation to genetic polymorphism of the 

multidrug resistance (MDR)-1 gene. J Pharmacol Exp Ther 297:1137-43. 

Tang K, Wong LP, Lee EJ, Chong SS and Lee CG (2004) Genomic evidence for recent 

positive selection at the human MDR1 gene locus. Hum Mol Genet 13:783-97. 

Taniguchi S, Mochida Y, Uchiumi T, Tahira T, Hayashi K, Takagi K, Shimada M, 

Maehara Y, Kuwano H, Kono S, Nakano H, Kuwano M and Wada M (2003) 

Genetic polymorphism at the 5' regulatory region of multidrug resistance 1 

(MDR1) and its association with interindividual variation of expression level in 

the colon. Mol Cancer Ther 2:1351-9. 

Tanimura H, Kohno K, Sato S, Uchiumi T, Miyazaki M, Kobayashi M and Kuwano M 

(1992) The human multidrug resistance 1 promoter has an element that responds 

to serum starvation. Biochem Biophys Res Commun 183:917-24. 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

27 

Uchiumi T, Kohno K, Tanimura H, Matsuo K, Sato S, Uchida Y and Kuwano M (1993) 

Enhanced expression of the human multidrug resistance 1 gene in response to UV 

light irradiation. Cell Growth Differ 4:147-57. 

Ueda K, Clark DP, Chen CJ, Roninson IB, Gottesman MM and Pastan I (1987a) The 

human multidrug resistance (mdr1) gene. cDNA cloning and transcription 

initiation. J Biol Chem 262:505-8. 

Ueda K, Pastan I and Gottesman MM (1987b) Isolation and sequence of the promoter 

region of the human multidrug- resistance (P-glycoprotein) gene. J Biol Chem 

262:17432-6. 

Vilaboa NE, Galan A, Troyano A, de Blas E and Aller P (2000) Regulation of multidrug 

resistance 1 (MDR1)/P-glycoprotein gene expression and activity by heat-shock 

transcription factor 1 (HSF1). J Biol Chem 275:24970-6. 

Wang Z, Wang B, Tang K, Lee EJ, Chong SS and Lee CG (2005) A functional 

polymorphism within the MRP1 gene locus identified through its genomic 

signature of positive selection. Hum Mol Genet 14:2075-87. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

28 

Footnotes 

This study was supported by grant from the National Medical Research Council 

(NMRC), Singapore to Caroline GL Lee and Samuel S. Chong. 

 
The authors: Baoshuang Wang and Soomun Ngoi contributed equally to this study. 
 
 
Reprint requests: Caroline G. Lee, Ph.D. 
 
                                Division of Medical Sciences, National Cancer Center 

                                Level 6, Lab 5, 11 Hospital Drive, Singapore 169610. SINGAPORE 

                                Tel: 65-6436-8353; Fax:  65-6224-1778; Email: bchleec@nus.edu.sg  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

29 

 
Legends for Figures 

Figure 1. Structure and Sequence of the MDR1 Promoter.  (A) Diagrammatic 

depiction of region upstream the translation start site (TLSS) of the MDR1 gene.  Two 

transcription start regions denoted as distal and proximal transcription start regions are 

shown.  Transcript arising from the distal transcription start region will include exon -1 

(E-1) and exon 1a (E1a) while transcripts arising from the proximal transcription start 

region begin with exon 1b (E1b).  The proximal transcription start region contains at least 

2 major transcription start sites (TSS) as highlighted within the sequence context.  The 

translation start site (TLSS) resides in exon 2. (B)  Sequence of proximal MDR1 

promoter region was obtained from Genbank (AC022457).  The SNPs examined in detail 

in this study is highlighted as #1-7.  The two major TSS at the proximal transcription start 

region is numbered 8 and 9.  Location of primers used for amplification of the MDR1 

promoter is numbered 10 and 11. 

 

Figure 2. Haplotype profile at the MDR1 promoter locus.  The actual value of the 

haplotype frequency (%) in the different populations is shown at the leftmost panel.  (CH: 

Chinese; ML: Malay; IN: Indian; EA: European-American; AA: African-American)  The 

haplotype identity is shown on the right of haplotype frequency panel.  The actual SNP 

composition of the haplotype is indicated in the panel on the right of the haplotype (black 

box represents the major SNP allele while white box represents the minor allele).  

Graphical representation of the haplotype frequencies in the different populations is 

shown at the right-most panel. 
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Figure 3.  Effect of MDR1 promoter SNPs on its promoter activity.  (A) Promoter-

reporter construct for the cloning of the MDR1 promoter and its variants.  In this 

construct, the MDR1 promoter (or its variants) drives the β-galactosidase gene while the 

constitutive cytomegalovirus (CMV) promoter drives the enhanced green fluorescent 

protein (EGFP) gene to normalize for differences in transfection efficiency.  (B) A two-

step PCR mutagenesis strategy was employed for the in vitro recapitulation of SNPs or 

haplotype of SNPs at the MDR1 promoter region.  In the first step, two PCR products 

was generated utilizing primers pmdr-f and SNP_R1(containing the reverse complement 

of the variant) as well as pmdr-r and SNP_F1 (containing the variant).  Equal molar of 

product from these two PCRs are mixed and another PCR is performed utilizing primers 

pmdr-f and pmdr-r to generate the variant.  (C)  Effect of SNP-haplotypes on the MDR1 

promoter activity in KB3-1, HEK293 and HeLa cells.  Left-most panel shows the values 

of the mean, standard deviation (SD) and the number of replicate experiments (n) of the 

β-galactosidase reporter activity in the 3 different cell-lines. Promoter activity is 

expressed as β-galactosidase activity normalized against EGFP fluorescence (OD.sec-1
β-

gal / RFUegfp).   The reporter activity for KB3-1 cells was multiplied by 100 since its 

activity was much lower than the other two cell-lines.  Bold numbers with * represents 

reporter activities that were statistically different (P<0.05) from the most common 

haplotype (GCTAACT). The haplotype identity is shown on the right of β-galactosidase 

reporter activity panel.  The actual SNP composition of the haplotype is indicated in the 

panel on the right of the haplotype (black box represents the major SNP allele while 

white box represents the minor allele).   Graphical representation of the β-galactosidase-

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on April 11, 2006 as DOI: 10.1124/mol.105.019810

 at A
SPE

T
 Journals on M

ay 24, 2023
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL 19810 

31 

reporter activities in the three different cell-lines is shown at the right-most panel.  * 

denotes statistical difference at P<0.05.  
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Table 1. Single Nucleotide Polymorphisms identified in 1.5 kb region of the MDR1 

promoter. CH: Chinese; ML: Malay; IN: Indians; EA: European Americans; AA: 

African American. Highlighted boxes represent statistical difference (as P-value 

indicated) between the population indicated in the row and the population indicated in the 

column. 

  

Table 2. Comparison of the frequency of SNPs at the MDR1 promoter in the 

different databases or reports. CH: Chinese; ML: Malay; JP: Japanese; IN: Indians; 

EA: European Americans; CEPH: European American from CEPH collection; AA: 

African American; YRI: Yoruba of African descent; --: not determined. 
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CH ML IN EA AA
A G

CH 89 1.00 0.0 100.0 1.00 1.00 1.00 0.50
ML 86 1.00 0.0 100.0 1.00 1.00 0.50
IN 88 1.00 0.0 100.0 1.00 0.50
EA 95 1.00 0.0 100.0 0.23
AA 89 0.91 1.1 98.9

C T
CH 89 1.00 100.0 0.0 1.00 1.00 1.00 1.00
ML 86 1.00 100.0 0.0 1.00 1.00 1.00
IN 88 1.00 100.0 0.0 1.00 1.00
EA 95 0.96 99.5 0.5 1.00
AA 89 1.00 100.0 0.0

C T
CH 89 1.00 0.0 100.0 1.00 1.00 1.00 1.00
ML 86 1.00 0.0 100.0 1.00 1.00 1.00
IN 88 1.00 0.0 100.0 1.00 1.00
EA 95 1.00 0.0 100.0 0.48
AA 89 0.96 0.6 99.4

A T
CH 89 1.00 100.0 0.0 1.00 1.00 1.00 0.01
ML 86 1.00 100.0 0.0 1.00 1.00 0.01
IN 88 1.00 100.0 0.0 1.00 0.01
EA 95 1.00 100.0 0.0 5.82E-03
AA 89 0.02 96.1 3.9

A G
CH 89 0.20 89.9 10.1 0.11 4.87E-06 1.64E-05 5.09E-05
ML 86 0.61 94.8 5.2 1.58E-03 7.86E-03 9.56E-03
IN 88 1.00 100.0 0.0 1.00 1.00
EA 95 0.96 99.5 0.5 1.00
AA 89 0.96 99.4 0.6

C G
CH 89 0.96 99.4 0.6 1.00 1.00 0.48 1.00
ML 86 1.00 100.0 0.0 1.00 1.00 1.00
IN 88 1.00 100.0 0.0 1.00 1.00
EA 95 1.00 100.0 0.0 1.00
AA 89 1.00 100.0 0.0

C T
CH 89 0.66 4.5 95.5 0.81 0.04 1.00 0.49
ML 86 0.61 5.2 94.8 9.9E-03 1.00 0.65
IN 88 0.96 0.6 99.4 0.02 2.91E-03
EA 95 0.62 4.7 95.3 0.50
AA 89 0.32 6.7 93.3

A G
CH 89 1.00 100.0 0.0 1.00 1.00 1.00 0.12
ML 86 1.00 100.0 0.0 1.00 1.00 0.12
IN 88 1.00 100.0 0.0 1.00 0.12
EA 95 1.00 100.0 0.0 0.05
AA 89 0.83 97.8 2.2

8
E1/-43 
(A/G)

7
e1/-129 
(T/C)

6
E1/-145 
(C/G)

5
I-1/-41 
(A/G)

4
I-1/-60 
(A/T)

3
I-1/-146 

(T/C)

2
I-1/-223 

(C/T)

1
I-1/-274 
(G/A)

Pairwise differences Fisher's exact P-value
SNP no. SNP ID Population

HWE P-
Value

n
Allele frequency 

(%)

Table 1. Single Nucleotide Polymorphisms identified in 1.5 kb region of 
the MDR1 promoter 
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Table 2. Comparison of the frequency of SNPs at the MDR1 promoter in the 
different databases or reports 

SNP ID rs # Region Populatuion

C T C T C T C T C T C T
CH -- -- -- -- -- -- -- -- -- --
ML -- -- -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- -- -- 2.00 98.00
IN -- -- -- -- -- -- -- -- -- --

EA / Ceph -- -- -- -- -- -- -- -- -- --
AA / YRI -- -- -- -- -- -- -- -- -- --

C T C T C T C T C T C T
CH -- -- -- -- -- -- -- -- -- --
ML -- -- -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 8.00 92.00 10.00 90.00
IN -- -- -- -- -- -- -- -- -- --

EA / Ceph -- -- -- -- -- -- 0.00 1.00
AA / YRI -- -- -- -- -- -- -- -- -- --

A G A G A G A G A G A G
CH -- -- -- -- 22.90 77.10 -- -- -- --
ML -- -- -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 25.00 75.00 28.00 72.00
IN -- -- -- -- -- -- -- -- -- --

EA / Ceph -- -- -- -- 0.00 1.00 0.00 1.00 -- --
AA / YRI -- -- -- -- 0.00 1.00 -- -- -- --

GA Del GA GA Del GA GA Del GA GA Del GA GA Del GA GA Del GA
CH -- -- -- -- -- -- -- -- -- --
ML -- -- -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 1.00 0.00 -- --
IN -- -- -- -- -- -- -- -- -- --

EA / Ceph -- -- -- -- -- -- 99.50 0.50 -- --
AA / YRI -- -- -- -- -- -- -- -- -- --

CCATC Del CCATC CCATC Del CCATC CCATC Del CCATC CCATC Del CCATC CCATC Del CCATC CCATC Del CCATC
CH -- -- -- -- -- -- -- -- -- --
ML -- -- -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 96.30 3.70 -- --
IN -- -- -- -- -- -- -- -- -- --

EA / Ceph -- -- -- -- -- -- 1.00 0.00 -- --
AA / YRI -- -- -- -- -- -- -- -- -- --

T C C T C T C T C T C T
CH -- -- -- -- -- -- -- -- -- --
ML -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 8.00 92.00 10.00 90.00
IN -- -- -- -- -- -- -- -- -- --

EA / Ceph -- -- -- -- -- -- 1.60 98.40 -- --
E2F AA / YRI -- -- -- -- -- -- -- -- -- --

T C C T C T C T C T C T
CH -- -- -- -- -- -- -- -- -- --
ML -- -- -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 0.50 99.50 -- --
IN -- -- -- -- -- -- -- -- -- --

EA / Ceph -- -- -- -- -- -- 0.00 1.00 -- --
AA / YRI -- -- -- -- -- -- -- -- -- --

A G A G A G A G A G A G
IRF-7, CH 100 0 -- -- -- -- -- -- -- --

ML 100 0 -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 1.00 0.00 98.00 2.00
IN 100 0 -- -- -- -- -- -- -- --

EA / Ceph 100 0 -- -- -- -- 99.50 0.05 -- --
Gfi-1B AA / YRI 100 0 -- -- -- -- -- -- -- --

A G A G A G A G A G A G
NMP4, FOXK2, CH 100 0 -- -- -- -- -- -- -- --
E2F, Ikaros 1, ML 100 0 -- -- -- -- -- -- -- --

JP -- -- -- -- -- -- -- -- 98.00 2.00
IN 100 0 -- -- -- -- -- -- -- --

EA / Ceph 100 0 -- -- -- -- -- -- -- --
STAT6 AA / YRI 100 0 -- -- -- -- -- -- -- --

A G A G A G A G A G A G
CH 0.00 100.00 -- -- -- -- -- -- -- --
ML 0.00 100.00 -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- -- -- -- --
IN 0.00 100.00 -- -- -- -- -- -- -- --

EA / Ceph 0.00 100.00 -- -- -- -- -- -- -- --
AA / YRI 1.12 98.88 -- -- -- -- -- -- -- --

T C C T C T C T C T C T
CH 100.00 0.00 -- -- -- -- -- -- -- --
ML 100.00 0.00 -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- -- -- -- --
IN 100.00 0.00 -- -- -- -- -- -- -- --

EA / Ceph 99.47 0.53 -- -- -- -- -- -- -- --
AA / YRI 100.00 0.00 -- -- -- -- -- -- -- --

C T C T C T C T C T C T
CH 0.00 100.00 -- -- -- -- -- -- -- --
ML 0.00 100.00 -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- -- -- -- --
IN 0.00 100.00 -- -- -- -- -- -- -- --

EA / Ceph 0.00 100.00 -- -- -- -- -- -- -- --
AA / YRI 0.56 99.44 -- -- -- -- -- -- -- --

A T A T A T A T A T A T
CH 100.00 0.00 -- -- -- -- -- -- -- --
ML 100.00 0.00 -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- -- -- -- --
IN 100.00 0.00 -- -- -- -- -- -- -- --

EA / Ceph 100.00 0.00 -- -- -- -- -- -- -- --
AA / YRI 96.07 3.93 -- -- -- -- -- -- -- --

A G A G A G A G A G A G
CH 90.22 9.78 87.80 12.20 85.40 14.60 -- -- -- --
ML 95.11 4.89 -- -- -- -- -- -- -- --
JP -- -- 88.60 11.40 -- -- 89.40 10.60 90.00 10.00
IN 100.00 0.00 -- -- -- -- -- -- -- --

EA / Ceph 99.50 0.50 100.00 0.00 97.90 2.10 1.00 0.00 -- --
AA / YRI 99.50 0.50 100.00 0.00 100.00 0.00 -- -- -- --

C G C G C G C G C G C G
CH 99.46 0.54 -- -- -- -- -- -- -- --
ML 100.00 0.00 -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- 96.80 3.20 -- --
IN 100.00 0.00 -- -- -- -- -- -- -- --

EA / Ceph 100.00 0.00 -- -- -- -- 100.00 0.00 -- --
AA / YRI 100.00 0.00 -- -- -- -- -- -- -- --

C T C T C T C T C T C T
CH 4.35 95.65 7.80 92.20 6.20 93.80 -- -- -- --
ML 4.89 95.11 -- -- -- -- -- -- -- --
JP -- -- 6.80 93.20 -- -- 8.00 92.00 10.00 90.00
IN 1.05 98.95 -- -- -- -- -- -- -- --

EA / Ceph 5.00 95.00 5.10 94.90 6.20 93.80 1.60 98.40 -- --
AA / YRI 7.50 92.50 6.70 93.30 4.30 95.70 -- -- -- --

A G A G A G A G A G A G
CH 100.00 0.00 -- -- -- -- -- -- -- --
ML 100.00 0.00 -- -- -- -- -- -- -- --
JP -- -- -- -- -- -- -- -- -- --
IN 100.00 0.00 -- -- -- -- -- -- -- --

EA / Ceph 100.00 0.00 -- -- -- -- -- -- -- --
AA / YRI 97.75 2.25 -- -- -- -- -- -- -- --
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