
ORIGINAL RESEARCH ARTICLE

Do MDR1 and SLCO1B1 Polymorphisms Influence
the Therapeutic Response to Atorvastatin? A Study on a Cohort
of Egyptian Patients with Hypercholesterolemia

Mona F. Shabana • Amal A. Mishriki •

Marianne Samir M. Issac • Sameh W. G. Bakhoum

Published online: 16 May 2013

� Springer International Publishing Switzerland 2013

Abstract

Background Statins are among the most prescribed drugs

worldwide to reduce the risk of cardiovascular events.

Interindividual variability in drug response is a major

clinical problem and is of concern during drug develop-

ment. Statins, such as atorvastatin, are taken orally and

access to their site of action in the liver is greatly facilitated

by both intestinal and hepatic transporters.

Objective To examine the impact of polymorphisms of

the multidrug resistance 1(MDR1) and solute carrier

organic anion transporter 1B1 (SLCO1B1) genes on the

therapeutic response to atorvastatin as well as the presence

of gender–gene interaction.

Methods Serum lipid levels were determined at baseline

and 4 weeks following 40 mg/day atorvastatin treatment in

50 Egyptian hypercholesterolemic patients (27 males and

23 females). Identification of MDR1 C3435T and

SLCO1B1 A388G gene polymorphisms was performed

using a polymerase chain reaction–restriction fragment

length polymorphism (PCR-RFLP) method.

Results Treatment with atorvastatin resulted in a mean

reduction of total cholesterol (TC), low density lipopro-

tein cholesterol (LDL-C), and triglyceride (TG) of 8.7 %,

9.2 %, and 4.1 %, respectively, and a mean increase of

high density lipoprotein cholesterol (HDL-C) of 1 %.

Baseline and post-treatment HDL-C levels were statisti-

cally significantly higher in the MDR1 TT homozygotes

when compared with the CC wild type. The percentage

change in TC, LDL-C, TG, and HDL-C did not show

any statistically significant difference when compared

among the different MDR1 C3435T or SLCO1B1 A388G

genotypes. The SLCO1B1 GG homozygotes showed a

decrease in TG, whereas there was an increase in TG

following atorvastatin treatment in AA and AG carriers

in females; however, males did not show any statistically

significant difference. There was no statistically signifi-

cant association between either the coronary artery dis-

ease (CAD) risk factors (family history of CAD,

hypertension, diabetes mellitus, smoking) or concomitant

medications with the percentage change in different lipid

parameters.

Conclusion MDR1 C3435T was associated with baseline

and post-treatment HDL-C variation. SLCO1B1 A388G

showed gender-related effects on TG change following

atorvastatin treatment. None of the comorbidities or the

concomitant medications influenced the percentage change

of lipid parameters following atorvastatin treatment. The

results of this study may lead to an improved understanding

of the genetic determinants of lipid response to atorvastatin

treatment.
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Abbreviations

ABC ATP binding cassette

ANOVA Analysis of variance

EIPICO Egyptian International Pharmaceutical

Industries Co.

ER Estrogen receptor

HDL-C High density lipoprotein cholesterol

LDL-C Low density lipoprotein cholesterol

MDR1 Multidrug resistance 1

OATP1B1 Organic anion transporter polypeptide 1B1

PCR-RFLP Polymerase chain reaction–restriction

fragment length polymorphism

P-gp P-glycoprotein

SLCO1B1 Solute carrier organic anion transporter 1B1

SNP Single nucleotide polymorphism

TC Total cholesterol

TG Triglycerides

1 Introduction

Circulatory diseases are the leading cause of death world-

wide with lipid metabolism being one of the main deter-

minants of cardiovascular risk [1]. To reduce the risk of

cardiovascular events, statins are among the most pre-

scribed drugs worldwide. The statins’ mechanism of action

is to inhibit the HMG-CoA reductase enzyme, which cata-

lyzes the biosynthesis of cholesterol in the liver. Once

inhibited, it stops the formation of mevalonic acid and

reduces intracellular cholesterol synthesis, which causes

reduced secretion of apolipoprotein B-containing lipopro-

teins from the liver and the upregulation of low density

lipoprotein (LDL) receptor activity, both of which con-

tribute to lowering LDL cholesterol (LDL-C) in the plasma

[2]. Statins differ in absorption, plasma protein binding,

solubility, and excretion and exhibit variable dose-related

efficacy in reducing LDL-C. Interindividual variability in

drug response is a major clinical problem and is of concern

during drug development [3]. In addition to known envi-

ronmental factors, sequence polymorphic variants in genes

encoding drug-metabolizing enzymes, drug transporters, or

drug targets may have important pharmacokinetic and

pharmacodynamic consequences and thus affect drug

response [4]. Statins, such as atorvastatin, are taken orally

and access to their site of action in the liver is greatly

facilitated by both intestinal and hepatic transporters [5].

Similarly, atorvastatin and its metabolites are excreted

primarily into the bile by transporters, represented by the

ATP binding cassette (ABC) family. ABC transporters are a

superfamily of integral transmembrane proteins that uses

energy of ATP hydrolysis to translocate a broad spectrum of

molecules across the cell membrane. ABCB1 is a 170-kDa

transporter protein named P-glycoprotein (P-gp) that has

been associated with the transport of cellular lipids and

drugs [6]. P-gp is encoded by a polymorphic gene named

multidrug resistance 1 (MDR1) located on chromosome 7.

The MDR1 gene has more than 20 polymorphisms, some of

which have been associated with altered P-gp expression

and activity in vivo [7]. The C3435T synonymous poly-

morphism in exon 26 of the MDR1 gene is at a wobble

position but does not change the amino acid from an iso-

leucine at position 1,145 [8]. Since it has been proposed that

atorvastatin alters P-gp activity, it is possible that variations

in MDR1 may also affect lipid response to atorvastatin [6].

The solute carrier organic anion transporter 1B1

(SLCO1B1) gene codes for a hepatic influx transporter,

organic anion transporter polypeptide 1B1 (OATP1B1), that

is thought to play a key role in statin transport into hepatocytes

[9]. OATP1B1 is expressed predominantly on the basolateral

membrane of human hepatocytes, where it mediates active

hepatocyte uptake of many endogenous substrates and a wide

range of compounds including statins [10]. A reduced

OATP1B1-mediated uptake from the bloodstream into the

liver because of genetic variants or drug interactions may lead

to reduced statin concentrations in the liver, but an increased

systemic exposure. This will result in a reduced lipid-lowering

effect, but an increased risk of muscle toxicity [11]. A number

of single nucleotide polymorphisms (SNPs) have been found

within the SLCO1B1 gene, located on chromosome 12. Tirona

et al. [12] identified 14 non-synonymous SNPs, represented by

16 distinct haplotypes. One of these non-synonymous SNPs,

which is present in exon 4, is SCLOB1 c.388A[ G involving

the substitution of asparagine to aspartic acid at amino acid

130 (Asn 130 Asp). This results in a substrate-specific effect

[9] and is associated with altered transport activity.

The present study was designed to examine the possible

role of polymorphisms in two genes, namely MDR1 and

SLCO1B1, coding for an efflux transporter and an influx

transporter, respectively, on the response to a very widely

prescribed statin, atorvastatin, which is administered to

unrelated hypercholesterolemic Egyptian patients and to

assess the presence of gender–gene interaction. Moreover,

we also aimed to examine whether there is an interaction

between the patients’ characteristics, comorbidities, the

intake of concomitant medications, and the percentage

change of lipids following atorvastatin treatment.

2 Subjects and Methods

2.1 Subjects

Fifty unrelated Egyptian hypercholesterolemic patients (27

males and 23 females; mean age 55.2 ± 9.9 years) were
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recruited from the Cardiology Department in Kasr El-Ainy

University Hospital (Cairo, Egypt) from June 2010 to

October 2011. Fasting baseline lipids were measured 1 day

before and 4 weeks after 40 mg/day atorvastatin treatment

(Ator, manufactured by Egyptian International Pharma-

ceutical Industries Co. (EIPICO), Egypt). The patients

underwent dietary consultation. Inclusion criteria included

hypercholesterolemic patients (age [18) requiring statin

treatment according to the recommendations of the third

report of the National Cholesterol Education Program [13].

Exclusion criteria included pregnancy, clinical diagnosis of

familial hypercholesterolemia, acute coronary syndrome,

hepatic disease, kidney disease, endocrinological disorders,

and malignant disease. Subjects who were receiving con-

comitant lipid-lowering therapy or those who were under

treatment with medications that could affect the lipid

profile, e.g., contraceptive pills, were not included in this

study. The study protocol was approved by the local sci-

entific ethics committee and all patients provided informed

consent to participate in this study.

2.2 Methods

2.2.1 Lipid and Lipoprotein Measurements

Blood samples were collected from the individuals after

12 h fast, before and 4 weeks after atorvastatin adminis-

tration. Serum total cholesterol (TC), high density lipo-

protein cholesterol (HDL-C), and triglyceride (TG)

concentrations were measured using standard enzymatic

methods with an automated analyzer (Hitachi 917, Hitachi

Ltd., Tokyo, Japan) using kits supplied by Boehringer

Mannheim (BM, Germany). HDL-C was measured after

phosphotungstic acid and magnesium precipitation. LDL-C

concentration was calculated using the Friedewald formula

[14].

2.2.2 Genomic DNA Analysis

Genomic DNA was extracted from EDTA-anticoagulated

blood by means of a Thermo Scientific Gene JET whole

blood genomic DNA purification mini kit (Thermo Fisher

Scientific Inc., USA). MDR1 (C3435T) and SCLO1B1

(A388G) gene polymorphisms were detected using a

polymerase chain reaction–restriction fragment length

polymorphism (PCR-RFLP) method.

2.2.2.1 Genotyping of MDR1 3435C [ T (rs1045642)

SNP A 197-bp fragment of the MDR1 gene was gener-

ated by PCR amplification with the primers: (F) 50-TGT

TTT CAG CTG CTT GAT GG-30, (R) 50-AAG GCA TGT

ATG TTG GCC TC-30. Amplification was done in a total

volume of 25 ll of reaction mixture which included 50 ng

genomic DNA, 25 pmol of each primer (BIONEER Cor-

poration, Korea), 12.5 ll Dream TaqTM Green PCR master

mix (Thermo Fisher Scientific Inc., USA). PCR was per-

formed in a Hybaid (express) thermal cycler (Promega

Corporation, WI, USA) according to the protocol proposed

by Cascorbi et al. [15], which consisted of an initial

denaturation at 94 �C for 2 min, followed by 35 cycles of

30 s at 94 �C, 30 s at 60 �C, and 30 s at 72 �C, and lastly, a

final elongation step of 7 min at 72 �C. The restriction

enzyme Sau3AI (Thermo Fisher Scientific Inc., USA) was

used to distinguish the MDR1 C3435Tgenotypes. The

digested DNA fragments were separated by gel electro-

phoresis on 3 % ethidium bromide stained agarose gel. The

three possible genotypes were the CC homozygote

appearing as 158- and 39-bp fragments, the C/T hetero-

zygote with 197-,158-, and 39-bp fragments, and the TT

homozygote with a 197-bp fragment (Supplementary

Fig. I).

2.2.2.2 Genotyping of SLCO1B1 388A [ G (rs2306283)

SNP A 274-bp fragment of the SLCO1B1 gene was

generated by PCR amplification with 60 pmol of each

primer; (F): 50-GCA AAT AAA GGG GAA TAT TTC TC-

30 and (R): 50-AGA GAT GTA ATT AAA TGT ATA C-30

(BIONEER Corporation, Korea). PCR was performed

according to the protocol proposed by Tirona et al. [12],

which consisted of an initial denaturation at 94 �C for

5 min, followed by 37 cycles of denaturation at 94 �C for

30 s, annealing at 46 �C for 30 s, and extension at 72 �C

for 30 s. A final 5-min extension at 72 �C was adopted.

After amplification, the PCR products (274 bp) were

digested with the CLaI restriction endonuclease (Thermo

Fisher Scientific Inc., USA). The three possible genotypes

were the GG homozygote appearing as 155- and 119-bp

fragments, the A/G heterozygote with 274-, 155-, and

119-bp fragments, and the AA homozygote with 274-bp

fragments (Supplementary Fig. II).

2.3 Statistical Analysis

The Statistical Program for Social Sciences (SPSS) version

12.0 was used for data management (SPSS Inc., Chicago,

IL). The observed genotype frequencies were compared

with those expected under Hardy–Weinberg equilibrium

using a X2 test. Mean and standard deviation described

quantitative data. Change of lipid profile after treatment

was calculated as a percentage change from pretreatment

values. Parametric and non-parametric t tests compared

two independent groups and parametric and non-paramet-

ric ANOVA (analysis of variance) for more than two

independent groups. Post hoc tests made pairwise com-

parisons. The P value was considered significant at the 0.05

level.
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3 Results

The demographic characteristics of the 50 patients recrui-

ted in this study are shown in Supplementary Table I.

3.1 Therapeutic Response to Treatment

Treatment with atorvastatin resulted in a significant

reduction in TC, LDL-C, and TG. However, the increase in

HDL-C did not reach statistical significance (Table 1).

3.1.1 Gender-Related Therapeutic Response to Treatment

The mean HDL-C level in females was significantly higher

than males pre- and post-treatment. After treatment, there

was a 13.2 % decrease in TG level in male patients,

whereas the female patients showed a 6.7 % increase in TG

level, but this difference was not statistically significant as

shown in (Table 2).

3.2 Genotype and Allele Frequencies of MDR1

C3435T and SLCO1B1 A388G Gene

Polymorphisms

The genotype frequencies of MDR1C3435T polymorphism

were 38, 40, and 22 % for CC, CT, and TT, respectively;

the allele frequencies were C = 0.58 and T = 0.42.

Regarding SLCO1B1 A388G polymorphism, the genotype

frequencies were 18, 56, and 26 % for AA, AG, GG

respectively; the allele frequencies were A = 0.46 and

G = 0.54.The observed genotype distributions were con-

sistent with the Hardy–Weinberg equilibrium (p = 0.07

and 0.2, respectively).

3.3 Association of Gene Polymorphisms with Baseline

Lipid Levels

Baseline HDL-C was statistically significantly higher in the

MDR1 3435TT homozygotes when compared with the CC

wild type. As for the SLCO1B1 A388G genotypes, there

was no statistically significant association between baseline

lipid parameters and the different genotypes (Table 3).

3.4 Association of Gene Polymorphisms

with Response to Treatment

In MDR1 3435 TT homozygotes, post-treatment HDL-C

level was significantly higher than in CC and CT genotype

carriers. As for the SLCO1B1 A388G genotypes, there was

no statistically significant association of post-treatment

lipid parameters with the different genotypes. The per-

centage change in TC, HDL-C, LDL-C, and TG did not

show any statistically significant difference when com-

pared among the different MDR1 C3435T genotypes using

ANOVA, dominant model (CC versus CT ? TT), or

recessive model (TT versus CC ? CT). The same applies

for SLCO1B1 A388G genotypes, where there was no sta-

tistically significant difference on comparing the percent-

age change in TC, TG, LDL-C, and HDL-C among the

different genotypes using ANOVA, dominant model (AA

versus AG ? GG), or recessive model (GG versus

AG ? AA) as shown in Table 3 and Fig. 1a, b.

3.5 Gender-Related Association of Gene

Polymorphisms with Therapeutic Response

to Treatment

To compare the percentage change of TC, TG, LDL-C, and

HDL-C in males and in females with respect to C3435T

SNP of the MDR1 gene, there was no statistically signifi-

cant difference in either males or females as shown in

Table 4 and Fig. 1c, e. In females, SLCO1B1 GG homo-

zygotes showed a decrease in TG, whereas AA and AG

carriers showed an increase in TG following atorvastatin

treatment (P = 0.008). However, there was no statistically

significant difference in males as shown in Table 4 and

Fig. 1d, f.

3.6 Percentage Change in Lipid Profile

after Atorvastatin Treatment According to Patients’

Characteristics and Concomitant Medication

There was no statistically significant association between

any of the coronary artery disease (CAD) risk factors

(family history of CAD, hypertension, diabetes mellitus,

Table 1 Biochemical profile of hypercholesterolemic individuals in response to atorvastatin treatment for 4 weeks

Parameter Before treatment After treatment Percentage change (%) P value

TC (mg/dl) 217 ± 54.5 195.3 ± 66.4 -8.7 ± 23.9 0.005*

TG (mg/dl) 195.9 ± 113.7 171.3 ± 94.2 -4.1 ± 39.4 0.016*

LDL-C (mg/dl) 140.8 ± 53.7 121.6 ± 62.8 -9.2 ± 38.3 0.01*

HDL-C (mg/dl) 39.4 ± 17.4 40.7 ± 18.1 1 ± 25.2 0.24

Data are represented as mean ± SD

TC total cholesterol, TG triglycerides, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein cholesterol

* P B 0.05 is considered to be statistically significant
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smoking) and the percentage change in lipid profile. None

of the concomitant medications showed a statistically sig-

nificant association with the percentage change in the dif-

ferent lipid parameters as shown in (Supplementary

Table II).

4 Discussion

Interindividual variations in drug toxicity and efficacy are well

established. Although a number of factors may contribute to

interindividual variability, including environmental interac-

tions and drug–drug interactions, a patient’s genotype is

increasingly understood to influence drug disposition and

activity and thus may provide a method to individualize drug

therapy [16]. Polymorphisms in genes that encode drug-

metabolizing enzymes, drug targets, and drug transporter

proteins are among the most clinically important genotypic

variations for many medications. Transport proteins may

influence drug disposition by impacting the absorption, dis-

tribution, and excretion of many drugs [17]. More than 40

genes that could affect response to statins have been investi-

gated, related to both pharmacokinetics (metabolizing

enzymes and transport proteins) and pharmacodynamics

(receptors and signal transduction pathways), although with

contradictory results [18].

In this study, we examined the possible role of poly-

morphisms in two genes, namely MDR1 and SLCO1B1,

coding for an efflux transporter and an influx transporter,

respectively, on the response to atorvastatin. In the present

study, the percentage change of lipids after 4 weeks of

treatment with atorvastatin revealed a significant reduction

in TC, TG, and LDL-C. However, the increase in HDL-C

did not reach statistical significance. Conflicting results

were reported in previous studies as regards the therapeutic

response to atorvastatin. A large patient interindividual

variability resulting in an overall broad range of response

was noted. Rebecchi et al. [19] concluded that LDL-C

varied largely from a reduction of 64 % to an increase of

8.1 % after atorvastatin treatment (10 mg/day for 4 weeks)

and no increase in HDL-C levels was observed. Using the

same 10 mg dose, Rodrigues et al. [20] observed a statis-

tically significant decrease in HDL-C levels.

Gender differences in response to atorvastatin treatment

showed that the mean baseline and post-treatment HDL-C

levels in females were significantly higher than those in

males. In accordance with our data, Pedro-Botet et al. [21]

concluded that women had higher HDL-C than men at both

baseline and 12 months after atorvastatin treatment.

Estrogen appears to increase HDL-C. The estrogen recep-

tor (ER)-mediated pathway may play a role in HDL-C

response to statin treatment. Kajinami et al. [22] concluded

that ERa, PvuII(-) XbaI(?) haplotype was significantly

and independently associated with a greater HDL-C

increase in hypercholesterolemic women, but not in men,

treated by atorvastatin. Our study has also shown that the

TG reduction in women was less than that of men, but this

difference did not reach statistical significance. This is in

contrast to the study by Sakabe et al. [23], who concluded

that atorvastatin decreased the TG in women but not in

men, after 3 months of atorvastatin (10 mg/day) therapy.

Gender-related pharmacokinetic differences of atorvastatin

have been reported. Lennernäs [24] reported higher

equivalent maximum concentration, lower mean area under

the concentration–time curve, and shorter half-life of

atorvastatin in women than in men. Women appear to have

a slightly lower plasma exposure to atorvastatin for a given

dose [25]. However, it remains unclear whether these dif-

ferences are clinically relevant.

In this study, the contributions of MDR1 C3435T and

SLCO1B1 A388G polymorphisms to the plasma lipid ther-

apeutic response after 4 weeks of atorvastatin therapy

Table 2 Biochemical profile of hypercholesterolemic individuals in response to atorvastatin treatment with respect to gender

Parameter Before treatment After treatment Percentage change (%)

Males Females Males Females Males Females

TC (mg/dl) 213.4 ± 59.5 221.6 ± 48.9 187.8 ± 71 204.2 ± 60 -11.5 ± 9.7 -5.4 ± 28

P value 0.6 0.39 0.38

TG (mg/dl) 220.1 ± 134.1 167.6 ± 77.4 175 ± 105 167 ± 80 -13.2 ± 33.8 6.7 ± 43.4

P value 0.1 0.77 0.08

LDL-C (mg/dl) 137.7 ± 57.2 141.1 ± 51.7 117.5 ± 66.6 124.3 ± 58.7 -11.4 ± 35.6 -6.6 ± 41.8

P value 0.83 0.71 0.66

HDL-C (mg/dl) 33.2 ± 9.9 46.83 ± 21.2 35.8 ± 9.3 46.6 ± 23.7 6.3 ± 23.2 -5.1 ± 26.4

P value 0.004* 0.05* 0.11

Data are represented as mean ± SD

TC total cholesterol, TG triglycerides, LDL-C low density lipoprotein cholesterol, HDL-C high density lipoprotein cholesterol

* P B 0.05 is considered to be statistically significant
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revealed that the MDR1 TT carriers had significantly higher

baseline and post-treatment HDL-C than CC carriers. The

increase of baseline HDL-C in TT genotype subjects when

compared to CC and CT genotypes may be explained by the

results of Jeannesson et al. [26] who reported that levels of

ApoA1, the major apolipoprotein in the HDL, were statisti-

cally significantly higher in 3435TT carriers when compared

to CC and CT carriers in healthy individuals. Several facts

support a role for ABCB1 in cholesterol homeostasis.

ABCB1 could modulate the different steps of cholesterol

trafficking such as cholesterol endogenous biosynthesis,

cholesterol esterification, exogenic cholesterol import from

LDL and export to HDL [27]. Since ABCB1 allows the efflux

of cholesterol from the cells to the HDL, and ABCB1 poly-

morphisms modify the expression and the activity of the

transporter, then it is conceivable that ABCB1 polymor-

phisms could be associated with variations in ApoA1 plasma

levels [26]. The mechanisms involved in the HDL response

Table 3 Lipid and lipoprotein concentrations before and after atorvastatin treatment according to MDR1 C3435T and SLCO1B1 A388G

polymorphism

MDR1 C3435T genotypes P value

Polymorphism CC (n = 19) CT (n = 20) TT (n = 11) ANOVA CC vs CT ? TT TT vs CC ? CT

Before treatment

Total cholesterol (mg/dl) 215.1 ± 45.5 208.9 ± 43.2 235.9 ± 82 0.4 – –

HDL-C (mg/dl) 37.9 ± 10.9a 34.1 ± 10.3ab 51.7 ± 28.9b 0.02*

LDL-C (mg/dl) 134.9 ± 41.1 138.1 ± 42.6 148.9 ± 88.1 0.8

Triglycerides (mg/dl) 220.8 ± 149.1 182.8 ± 98 177 ± 56.1 0.5

After treatment

Total cholesterol (mg/dl) 187.4 ± 56.9 187.9 ± 51.3 222.6 ± 98.7 0.31 – –

HDL-C (mg/dl) 36.4 ± 9.5a 37.7 ± 8.7a 53.7 ± 32.6b 0.023*

LDL-C (mg/dl) 114.1 ± 46.8 118.5 ± 50.8 135.7 ± 99.8 0.656

Triglycerides (mg/dl) 187.3 ± 130.7 159.2 ± 66.3 165.7 ± 59.7 0.64

Percentage change (%)

Total cholesterol -11.6 ± 23.1 -8.5 ± 24.7 -4.2 ± 25.2 0.75 0.68 0.45

HDL-C -7.2 ± 32.6 10.3 ± 14.5 -1.6 ± 22 0.24 0.88 0.76

LDL-C -11 ± 33.3 -9.5 ± 44 -5.2 ± 38.6 0.71 0.71 0.6

Triglycerides -7 ± 35.5 -2.3 ± 43.5 -1.9 ± 41.4 0.95 0.33 0.4

SLCO1B1 A388G genotypes P value

Polymorphism AA (n = 9) AG (n = 28) GG (n = 13) ANOVA AA vs AG ? GG GG vs AA ? AG

Before treatment

Total cholesterol (mg/dl) 250.7 ± 76.9 206.8 ± 39.2 216.4 ± 60.2 0.109 – –

HDL-C (mg/dl) 35.3 ± 10.1 37.3 ± 14.4 46.9 ± 24.7 0.190

LDL-C (mg/dl) 171.4 ± 75.6 131.9 ± 41.1 132.9 ± 58.7 0.144

Triglycerides (mg/dl) 218.8 ± 105.8 194.9 ± 129.3 182.3 ± 84.3 0.766

After treatment

Total cholesterol (mg/dl) 237.6 ± 107.5 182.9 ± 52.9 193 ± 48.1 0.097 – –

HDL-C (mg/dl) 36.6 ± 6.7 38.2 ± 13.9 49.1 ± 27.8 0.152

LDL-C (mg/dl) 161 ± 102.9 111.2 ± 48.1 112.8 ± 47 0.099

Triglycerides (mg/dl) 200.4 ± 86.3 169.3 ± 106.2 155.5 ± 70.3 0.548

Percentage change (%)

Total cholesterol -6.3 ± 24.1 -10 ± 25.9 -7.7 ± 20.7 0.89 0.88 0.70

HDL-C 2.9 ± 24.4 -0.01 ± 27.9 1.9 ± 20.7 0.66 0.53 0.64

LDL-C -2.3 ± 53.9 -10.8 ± 38.9 -10.4 ± 24.6 0.84 0.94 0.59

Triglycerides 6.5 ± 44.6 -4.6 ± 37.2 -10.4 ± 42.1 0.38 0.31 0.24

Data are represented as mean ± SD. Numbers carrying the same superscript letter are not statistically significant

ANOVA analysis of covariance

* P B0.05 is considered to be statistically significant
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to statin therapy are, however, not fully understood. It was

suggested that P-gp plays a role in the alterations in HDL

levels caused by statin treatment [28]. Atorvastatin has been

shown to be a substrate of P-gp and polymorphisms in MDR1

gene have been associated with a variable response to ator-

vastatin [28]. Hoffmeyer et al. [29] reported that the TT

genotype of the MDR1 C3435T is associated with more than

twofold lower duodenal P-gp protein expression levels

Fig. 1 Percentage change of TC, TG, HDL-C, and LDL-C according

to a C3435T polymorphism in MDR1 gene, b A388G polymorphism

in SLCO1B1 gene, c C3435T polymorphism in MDR1 gene in male

patients, d A388G polymorphism in SLCO1B1 gene in male patients,

e C3435T polymorphism in MDR1 gene in female patients, f A388G

polymorphism in SLCO1B1 gene in female patients. TC total

cholesterol, TG triglycerides, HDL-C high density lipoprotein

cholesterol, LDL-C low density lipoprotein cholesterol, MDR1

multidrug resistance 1, SLCO1B1 solute carrier organic anion

transporter 1B1
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compared with CC genotype; therefore, individuals with the

TT genotype would be expected to have a twofold lower drug

efflux which would result in higher oral bioavailability and

higher tissue concentrations. Moreover, the 3435C [ T

polymorphism in the MDR1 gene was associated with lower

mRNA levels in the liver [30]. Atorvastatin is also capable of

activating human pregnane X receptor which regulates

ABCB1 expression and disrupts ABCB1 ubiquitination,

which results in a decrease of the function of the transporter.

Atorvastatin treatment also inhibits ABCB1 synthesis in

peripheral blood mononuclear cells and hepatocytes.

Therefore, inhibition of ABCB1 synthesis may increase the

atorvastatin efficacy, leading to a more pronounced reduc-

tion of plasma cholesterol. A negative correlation between

TC reductions and ABCB1 mRNA levels after atorvastatin

treatment was reported [31]. This may explain why TT

genotype subjects had higher post-treatment HDL-C when

compared to CC and CT genotypes. However, we found no

effect of these two polymorphisms on the other baseline or

post-treatment lipid parameters. Previous studies reported no

association between C3435T polymorphism and baseline

lipid parameters [19, 25]. In discordance with our findings,

Rodrigues et al. [6] observed that hyperlipemic carriers of the

MDR1 haplotype 2677T–3435T had higher baseline serum

TC and LDL-C.

Findings on lipid response to atorvastatin with respect to

MDR1 and SLCO1B1 polymorphisms described in our work

are in agreement with three previous studies that could not

prove any significant contribution of C3435T MDR1 poly-

morphisms to the lipid response to atorvastatin at a dosage of

10 mg/day for 4 weeks and 80 mg/day for 24 months.

respectively, in hypercholesterolemic patients [6, 25, 32].

Moreover, other studies concluded that SLCO1B1

388A[ G polymorphism did not exert a significant effect on

the lipid therapeutic responses to either of simvastatin, rosu-

vastatin, or pravastatin examined in their studies [22, 33]. In

contrast to our results, Donnelly et al. [34] concluded that the

388G allele was associated with a slightly lower mean base-

line TC and carriers of the 388G variant were associated with a

greater LDL-C response to statins. Moreover, Rodrigues et al.

[20] concluded that a significantly high reduction of LDL-C in

response to atorvastatin treatment was found in individuals

homozygous for SLCO1B1 c.388G allele when compared to

c.388A allele carriers, regardless of gender.

A large study by The Heart Protection Study Collabo-

rative Group [35] comprising 16,664 genotyped

Table 4 Percentage change in lipids after atorvastatin treatment according to MDR1 and SLCO1B1 gene polymorphisms and gender

TC % change TG % change LDL-C % change HDL-C % change

MDR1 3435C [ T genotype

Males (n = 27)

CC (n = 8) -9.9 ± 22.6 -17.2 ± 28 -6.1 ± 33.1 -6.2 ± 34.9

CT (n = 14) -14.5 ± 16.4 -15 ± 28.3 -14.4 ± 40.4 13.4 ± 15.5

TT (n = 5) -5.8 ± 26.1 -1.9 ± 57.1 -11.6 ± 30.9 6.4 ± 10.0

P value 0.865 0.959 0.689 0.293

Females (n = 23)

CC (n = 11) -12.7 ± 24.5 0.43 ± 39.7 -14.6 ± 34.5 -7.9 ± 32.5

CT (n = 6) 5.5 ± 35.9 26.7 ± 60.5 1.6 ± 53.8 2.9 ± 8.7

TT (n = 6) -2.8 ± 26.9 -1.9 ± 28.6 0.05 ± 46.3 -8.1 ± 27.9

P value 0.596 0.782 0.911 0.850

SLCO1B1 388A [ G genotype

Males (n = 27)

AA (n = 6) -6.8 ± 24.1 -14 ± 36.7 3.1 ± 61.1 10.5 ± 9.9

AG (n = 16) -15.6 ± 18 -19.9 ± 23 -17.2 ± 27.1 4.4 ± 28.7

GG (n = 5) -4.1 ± 20.4 9.3 ± 54.2 -10.2 ± 20.1 7.3 ± 15.6

P value 0.435 0.552 0.593 0.989

Females (23)

AA (n = 3) -5.1 ± 29.5 47.5 ± 28.4 -13 ± 44.8 -12.2 ± 40.6

AG (n = 12) -2.4 ± 33.1 16 ± 43.2 -2.3 ± 50.7 -5.9 ± 26.9

GG (n = 8) -10 ± 21.9 -22.6 ± 30.2 -10.6 ± 28.4 -1.4 ± 23.6

P value 0.911 0.008* 0.991 0.492

Data are represented as mean ± SD

* P B 0.05 is considered to be statistically significant
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participants concluded that rs2306283 variants were not

associated with significant differences in pretreatment

LDL-C levels and LDL-C reductions with simvastatin

(40 mg/day) was 0.62 % per SLCO1B1 rs2306283 G

(388G) allele. Moreover, The SEARCH Collaborative

Group [36] reported that in haplotype with rs4149056, the

SLCO1B1 rs2306283 G (388G) allele was associated with a

significantly lower risk of myopathy.

Our findings prove that there was no gender gene–

interaction with respect to C3435T SNP of the MDR1 gene.

In disagreement with our results, Kajinami et al. [28]

reported that post-treatment HDL-C levels in TT homo-

zygotes were significantly lower than in CC homozygotes

in men. However, female CC homozygotes experienced

significantly smaller reductions in LDL-C, but larger

increases in HDL-C, relative to variant allele carriers fol-

lowing atorvastatin (10 mg/day for 52 weeks) therapy.

Those gender-specific differences were, however, not

reproduced in a subsequent study [37]. Our results show

that women displayed a significant gene–drug interaction

with respect to the different SLCO1B1 A388G genotypes,

whereas in men the SLCO1B1 locus did not account for any

significant fraction of the variability in response. This may

be related to the fact that estrone-3-sulfate and 17a-eth-

inylestradiol sulfate are OATP1B1 substrates, which show

biphasic kinetics suggesting the possibility of multiple

substrate binding sites in OATP1B1 [38].

In this work, there was no statistically significant asso-

ciation between any of the CAD risk factors (family history

of CAD, hypertension, diabetes mellitus, smoking) and the

percentage change in lipid profile after atorvastatin treat-

ment. Kokaze et al. [39] showed that daily cigarette con-

sumption was significantly and positively correlated with

TC, LDL-C, and TG levels and negatively with HDL-C

levels. Moreover, Voora et al. [18] concluded that non-

smokers have an enhanced LDL-C-lowering response to

statins. Hoenig and Sellke [40] stated that insulin-resistant

patients showed statistically significant higher percentage

reductions in LDL-C compared to insulin-sensitive

patients, after a 6-week course of atorvastatin 80 mg.

Minimal numbers of studies were conducted to examine

the interaction between intake of concomitant medication

and the lipid-lowering response to atorvastatin. In an

attempt to study whether the intake of concomitant medi-

cation may influence the percentage change of lipids fol-

lowing 4 weeks of atorvastatin treatment, it was observed

that none of the mentioned drugs influenced the lipid

response to atorvastatin treatment. Concomitant clopido-

grel treatment resulted in an increase in percentage

reduction in TC which did not reach statistical significance

(P = 0.077). In agreement, Mitsios et al. [41] stated that

atorvastatin does not significantly influence the clopido-

grel-induced inhibition of platelet activation, nor does

clopidogrel influence the therapeutic efficacy of atorva-

statin. Our results show that intake of b-blockers was

associated with a higher percentage increase in HDL-C

which did not reach statistical significance (P = 0.09). It is

noteworthy that Ozbilen et al. [42] reported that there were

no statistically significant changes in the lipid parameters

in either of the two studied groups that were treated with

carvedilol and metoprolol.

The discrepancy in results concluded from different

studies may be due to different study designs. In this work,

we recruited Egyptian hypercholesterolemic subjects (mean

age 55.2 ± 9.9 years) who received atorvastatin at a daily

dosage of 40 mg for 4 weeks. This is in contrast to other

studies who recruited healthy normocholesterolemic sub-

jects [43]; elderly patients [44]; or who received different

dosage of atorvastatin (10 mg/day) [25]; for a different

duration (52 weeks) [28]; or who received another type of

statin such as pravastatin [44]. Our study included compa-

rable numbers of men (54 %) and women (46 %) to be able

to examine possible gender–gene interactions in the response

to atorvastatin treatment. This is in contrast to other studies

that exclusively examined men [45] or included a small [25,

28] or a big number [46] of women. To our knowledge, this is

the first study examining the lipid responses to atorvastatin in

Egyptians; thus, the influence of ethnicity on pharmacoge-

netic responses must be taken into account by performing

and comparing clinical trials in various ethnic groups.

In conclusion, treatment with atorvastatin resulted in a

significant reduction of TC, TG, and LDL-C; however, the

HDL-C increase did not reach statistical significance.

Baseline and post-treatment HDL-C levels were statistically

significantly higher in the MDR1 3435TT homozygotes

when compared with the CC wild type. Regarding the

SLCO1B1 A388G genotypes, there was gender–gene

interaction. In females, GG homozygotes showed a

decrease in TG, whereas there was an increase in TG fol-

lowing atorvastatin treatment in AA and AG carriers. None

of the comorbidities or the concomitant medications influ-

enced the percentage change of lipid parameters following

atorvastatin treatment. However, this study is limited by its

sample size which may have caused the statistical power of

the test performed to be below the desired level. Therefore,

our findings require replication in a larger cohort. Phar-

macogenetic testing has an increasing impact in the indi-

vidualization of drug treatment and could contribute

significantly to enhanced drug safety and efficacy. There-

fore, it would be interesting to complement the present

study by investigating whether the MDR1 and SLCO1B1

SNPs may influence the response to other doses of atorva-

statin, as well as to other statins available in our country.
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