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Atorvastatin, as 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor, is a widely prescribed
medication for the treatment of dyslipidemia. However, despite its clinical efficacy in reducing major cardiovas-
cular events, a wide inter-individual variability in its response exists. Several studies in this area point to the effect
of polymorphisms in the solute carrier organic anion transporter 1B1 (SLCO7B17) gene encoding the multiple
organic anion-transporting polypeptide 1B1 (OATP1B1) involved in hepatic uptake of atorvastatin. Hence, the
aim of this study was to analyze the association between the SLCO71B171 ¢.388A>G, ¢.521T>C, ¢.571T>C,
¢.597C>T, ¢.1086C>T, ¢.1463G>C and ¢.*439T>G polymorphisms and lipid-lowering effect and safety of ator-
vastatin. A hundred and fifty six patients with hyperlipidemia lla and Ilb, all of Macedonian origin, were included
in the study receiving atorvastatin 20 — 80 mg/day for 3 months. SLCO7B17 single nucleotide polymorphisms
(SNPs) were genotyped using the TagMan allelic discrimination assay. As parameters of atorvastatin response,
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
triglycerides (TG), apolipoprotein A (ApoAl), apolipoprotein B (ApoB), lipoprotein(a) (Lp(a)), creatine phosphoki-
nase (CPK), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were measured, using
standard laboratory methods, at baseline and after 3 months of treatment. No statistically significant associa-
tion between the different SLCO7B1 SNPs and atorvastatin response was observed. However, the carriers of
¢.521CC manifested a lower decrease in plasma levels of TG, TC, LDL-C and Lp(a), with percentage difference
being 16 %, 7 %, 29 % and 149 %, respectively, compared to the carriers of ¢.521TT variant. Lower increase in
HDL-C (271 %) and ApoAl (293 %) and higher increase in CPK (69 %) in ¢.521CC carriers were also observed,
confirming the lower OATP1B1 activity in carriers of the variant ¢.521 C allele. Similar results were obtained
when a comparison between the percentage of biochemical parameter change was made between *15/*16/*17
heterozygotes and *15/*16/*17 non-carriers. The lack of a statistically significant association between the
SLCO1B1 polymorphism and atorvastatin response can be explained dominantly by the low number of individ-
uals homozygous for the rare ¢.521C variant allele. Despite this limitation, the study offers valuable information
on the influence of the genetic determinant SLCO7B7 on atorvastatin response in the Macedonian population.

1. Introduction

Organic anion transporter polypeptide 1B1 (OATP1B1), a member
of the organic OATPs, transports a number of endogenous and
exogenous substances (Pasanen et al. 2007; He et al. 2011; Lopez-
Lopez et al. 2011; Niemi et al. 2011; Liu et al. 2013). Being
an uptake transporter localized exclusively on the sinusoidal
membrane of hepatocytes, its primary role is to remove substrates
from the blood into the liver. A number of structurally diverse and
clinically important drugs have been identified as substrates of
OATPI1BI1 and its inhibition was considered as an important mech-
anism in drug interactions (Neuvonen et al. 2006). However, the
functional impact of genetic variations on the OATP1B1 encoding
gene [solute carrier organic anion transporter 1B1 (SLCOIBI)
gene] has not been sufficiently studied.

At least 17 single nucleotide polymorphisms (SNPs) have been
found within the SLCO1B1 gene, but three of them only occurred
at a frequency of > 0.02 in Caucasian individuals: ¢.388A>G
(rs2306283; Asnl130Asp), c.463C>A (rs11045819, Prol155Thr)
and ¢.521T>C (rs4149056; 521T>C, Vall74Ala) (Pasanen et
al. 2008). Of these, only the non-synonymous c.388A>G and
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¢.521T>C, alone or in combination with each other in three haplo-
types, GT (*1b), AC (*5) and GC (*15), have been associated
with an altered transport function and it is these two SNPs/their
haplotypes that have been analyzed mostly (Pasanen et al. 2006;
2008; Ho et al. 2007; Rajput et al. 2014; Jiang et al. 2016). The
*15 haplotype has been consistently associated with a decreased
transport activity, while controversial results have been reported
for the */b haplotype, suggesting that the SCLOIBI genetic risk
is drug-specific.

All statins (3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors) are OATP1B1 substrates and their uptake by
the transporter is not only the first step of their hepatic elimination,
but a delivery system to the liver as a target organ as well. The
effects of the most studied SLCOIBI SNPs/haplotypes on the
transport of certain statins were previously analysed, using both
pharmacokinetic (PK) and/or pharmacodynamic (PD) approaches
(Pasanen et al. 2006, 2007, 2008; Rodriguez et al. 2011; Superko et
al. 2012; Ulvestad et al. 2013; Giannnakopoulou et al. 2014; Prado
et al. 2015; Daka et al. 2015). Most of the studies are focused only
on the pharmacokinetics of statins, supporting the altered trans-
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port function and suggesting that a single copy of either variant
haplotype is sufficient to increase the statin plasma concentration.
However, the impact of SLCOIBI genotypes on lipid-lowering
response and induction of adverse reactions remains uncertain.

In a study of Rodrigues et al. (2011), the carriers of ¢.388GG
showed a significantly higher decrease of low-density lipoprotein
cholesterol (LDL-C) relative to 388AA+388AG carriers. Japanese
hypercholesterolemic patients treated with pravastatin for eight
weeks had poor LDL-C reduction as heterozygous carriers of
SLCOIBI*15 allele in comparison with the non-carriers (Takane
et al. 2006). In a study of Lee et al. (2010), the bioavailability of
atorvastatin was higher in */5/#15 subjects and, consequently, the
percentage decrease of total cholesterol (TC) and LDL-C after
a four-week treatment was lower in */5/#15 than in */5 hetero-
zygotes and non-carriers of */5 variant. However, the same was
not observed by Giannakopoulou et al. (2014), who analyzed the
association of SLCOIBI1 521T>C, 388A>G and 411G>A poly-
morphisms with response to atorvastatin in 201 adult Greeks with
primary hypercholesterolemia.

Based on the assumption that variations in hepatic uptake have
greater effect on plasma than on hepatic exposure, a much stronger
link between the SLCOIBI genotype and development of myop-
athy, as the most consistent adverse effect of statins, is suggested
(Niemi et al. 2011). However, it has been observed mostly among
the patients who received simvastatin, in whom the SLCOIBI
¢.521T>C SNP was significantly associated with the gene-dose
effect for each adverse effect, including myalgia, with or without
elevated creatine phosphokinase (CPK) (SEARCH Collaborative
Group 2008). Adverse eftects associated with SLCO1B1 SNPs for
other statins have also been reported (Pucceti et al. 2010; Donelly
et al. 2011; Marciante et al. 2011), indicating the necessity of
further studies in different (ethnic) populations for a wide range
of statins in order to firmly conclude the potential association of
SLCO1BI polymorphisms with a statin response.

Atorvastatin is widely used for the treatment of hypercholester-
olemia and hypertriglyceridemia. Prior to its release as a generic
in 2011, it was considered the top drug by sales for most of the
previous decade and it is still a best-selling prescription drug.
This status was obtained due to the well documented benefits
to cardiovascular diseases in many groups at a moderate and/or
high cardiovascular risk and favorable safety profile. However,
as with all drugs, atorvastatin is not completely devoid of poten-
tial adverse effects among which the muscle adverse events and
hepatic dysfunction are the most reported problems (Golomb
and Evans 2008). In addition, a wide inter-individual variability
in clinical response exists and among the factors contributing to
the variability, genetic variants that affect the hepatic uptake/
clearance are depicted. Having this in mind, the aim of the study
was to evaluate the effects of variant SLCOIBI genotypes and
haplotypes on the efficacy, liver function and occurrence of myop-
athy (and rhabdomyolysis) in patients of Macedonian origin with
hyperlipidemia IIa and IIb. Together with the effects of the rele-
vant ¢.388A>G and c.521T>C SNPs, the effects of 5 other SNPs
[c.571T>C (Leul91Leu, rs4149057), ¢.597C>T (Phel99Phe,
rs2291075), ¢.1086C>T (Tyr362Tyr, rs57040246), c.1463G>C
(Gly188Ala, rs59502379) and ¢.*439T>G (rs4149087)] were eval-
uated. Although variant alleles of these SNPs in many haplotypes
exist, to our knowledge, there are no data for the effects of these
SNPs on PK/PD of statins, including atorvastatin.

2. Investigations and results

2.1. Genotype and haplotype analyses

The data for genotype distribution, allelic frequency of SLCOIB1
SNPs and haplotype analysis in patients with hyperlipidemia type
IIa and IIb were published previously (Grapci et al. 2015), when
the genetic variation of SLCOIBI in healthy subjects (n = 110)
and patients (n = 156) of Macedonian origin was analyzed. All
SNPs in the patients occurred with allele frequency higher than
12 % (except ¢.1463G>C and c.1086C>T), with the frequency of
¢.521T>C SNP being the lowest (14 %), c.571T>C variant allele
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the highest (65 %) and all others above 40 %. No significant differ-
ence (p> 0.05) in genotype distribution and allelic frequency of all
SLCO1BI SNPs was observed when comparing the data for female
(n =73) and male (n = 83) subjects. The observed frequency distri-
butions in the patient group did not show significant deviations
from the Hardy-Weinberg equilibrium (HWE) (p> 0.05; 388A>G,
p=0.38;521C>T, p=0.55; 571T>C, p=0.99 c.597C>T, p=0.19;
*439T>G, p = 0.59). According to the pair-wise linkage disequi-
librium (LD) analysis, the most strongly correlated (72> 0.33) SNP
pair was ¢.597C>T/c.388A>G (12 = 0.634, D’ = 0.802). The asso-
ciation of the most common SNP pair, ¢.388A>G/c.521T>C, was
relatively weaker (72 =0.135 and D’=0.736) compared to the other
SNP pairs. The ¢.521T>C SNP showed the strongest correlation
with the ¢.571T>C SNP (2 = 0.228 and D’= 0.863), followed by
a correlation with the ¢.597C>T SNP (2= 0.222, D’ = 0.950) and
¢.*439T>G SNP (r2= 0.189, D’= 1.000). The haplotype analysis
of the patient group revealed 9 different haplotypes, with the most
common haplotype (*/JI*IKI*1L) having a frequency of 40 %.
Both variant alleles G and C of the functionally most distinguished
SNPs, ¢.388A>G and ¢.521T>C, respectively, were present in one
haplotype, *15/*%16/*17, with a frequency of approx. 9 % (Grapci
et al. 2015).

2.2. Effects of SLCO1BI1 SNPs on atorvastatin response
2.2.1. Clinical and laboratory data

The three month-treatment with atorvastatin (p< 0.05) decreased
significantly the mean plasma levels of triglycerides (TG), TC,
LDL-C and apolipoproten B (ApoB) and slightly increased levels
of high-density lipoprotein cholesterol (HDL-C) and apolipopro-
tein Al (ApoAl) within the referent range (Table 1). Specifically,
no significant change in the mean level of lipoprotein (a) [Lp(a)]
was observed compared to the basal one and this value remained
out of the referent range (up to 30 mg/dL) during the whole study.
Additionally, no significant increase in the mean values of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), CPK, myoglobin, sodium and potassium
levels as well as in the levels of degradation products was observed,
being consistent with the referent values. No reports on intolerance
or adverse effects related to atorvastatin therapy were reported by
the patients during the study.

Table: Biochemical profile of hypercholesterolemic individuals in re-
sponse to atorvastatin

Laboratory parameters Basal values Change (%) P

TG (mmol/L) 2.32+1.13 -14.41 £27.92 <0.001
TC (mmol/L) 6.81 +0.69 -16.37+9.22 <0.001
LDL-C (mmol/L) 3.76 £ 1.02 -26.39 +15.53 < 0.001
HDL-C (mmol/L) 1.51 +0.54 2.65 = 14.60 0.11
ApoAl (g/L) 1.51 £0.36 291 +17.59 0.11
ApoB (g/L) 1.24 £0.76 -11.61 +16.43 0.04
Lp(a) (g/L) 58.18 £49.25 -8.29 + 19.64 0.23
ALT(U/L) 24.11 £ 10.34 3.82+29.05 0.66
AST(U/L) 21.98 £6.77 4.49 £37.97 0.55
CPK (U/L) 116.97 = 64.27 5.24 £23.14 0.49
LDH (U/L) 302.74 £ 90.11 3.08 £7.42 0.31
Myoglobin (ng/mL) 3472 £ 13.94 6.22 £ 16.31 0.39
Urea (mmol/L) 535192 6.73 £2.06 0.32
Serum creatinine (mmol/L) 75.26 +23.25 6.88 £ 11.46 0.25
Uric acid (umol/L) 331.96 + 80.50 320+ 13.06 0.49
Potassium (mmol/L) 4.81+£0.82 10.60 + 14.79 0.10

138.62 = 13.01 1.01 £ 1.65 0.45

TG: triglycerides, TC: total cholesterol, LDL-C: low-density lipopro-

tein cholesterol, HDL-C: high-density lipoprotein cholesterol, ApoAl:
apolipoprotein AI, ApoB: apolipoprotein B, Lp(a): lipoprotein (a), ALT:
alanine aminotransferase, AST: aspartate aminotransferase, CPK: creatine
phosphokinase, LDH: lactate dehydrogenase.

Sodium (mmol/L)
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When the laboratory data were grouped according to the received
dose, age, gender, BMI, cigarette smoking, alcohol consump-
tion and physical activity, no significant differences in the mean
percentages of all parameter changes were observed. The same
was observed when the mean percentages of laboratory parameter
changes were compared between the patients with and without
diabetes, hypertension, obesity, and menopause (data not shown).

2.2.2. Effects of SLCOIBI genotypes and haplotypes

The association of SLCOIBI variants with atorvastatin lipid
lowering response is given in Table 2. The impact of SLCO1BI
polymorphisms on atorvastatin safety is presented by the mean
percentage of ALT, AST and CPK changes, having in mind the
biochemical profile of the patients, and specificity of CPK for
muscle damage and of transaminases for chronic muscle necrosis
and liver disorder (Keltz et al. 2014). As the results point out
(Table 2), no significant differences between the different geno-
types of all SLCOIBI SNPs and atorvastatin response were
observed.

When the patients were stratified according to the most relevant
SLCO1BI ¢.521T>C genotypes, no significant differences in the
mean percentage of the biochemical parameter changes were
observed after a 3 months treatment with atorvastatin (Table 2).
However, the homozygotes for ¢.521C allele (n = 4) presented a
slightly lower mean percentage of TG, TC and LDL-C reduction
than carriers of ¢.521T allele (n = 116), with approx. 16 %, 7 %
and 29 % (Fig. a) percentage difference, respectively. The asso-
ciation of ¢.521T>C SNP with atorvastatin response was more
notable in respect to Lp(a). Namely, after 3 months of treatment,
a lower decrease in the mean level of this parameter was observed

in carriers of ¢.521CC genotype compared to ¢.521TT, with the
percentage difference being approx. 149 % (Fig. b). The effect
of ¢.521C allele, however, was emphasized mostly for HDL-C
and ApoAl. At the end of the study period, HDL-C increase was
observed in carriers of the ¢.521T allele only, while in carriers
of the other ¢.521T>C genotypes, a decrease in this parameter
was observed, being higher in carriers of ¢.521CC allele (approx.
271 % percentage variance) (Fig. c). A similar tendency for
ApoAl was observed. While a mean percentage (-2.5 = 15.3 %)
of ApoAl decrease in carriers of ¢.521CC allele was observed),
this parameter was increased in the carriers of the other ¢.521T>C
genotypes, with approx. 293 % and 195 % percentage variance
between ¢.521CC and TT and TC, respectively. All these data
point to a lower activity of OATP1BI1 in carriers of the variant
C allele and this finding is supported by the mean percentage
of CPK change. Namely, the mean percentage of CPK increase
from basal values was higher in carriers of ¢.521CC, compared
to the other ¢.521T>C genotypes, with the percentage difference
being between approx. 54 % (compared to c.521TC carriers) and
69 % (compared to ¢.521TT carriers) (Fig. 1d). This tendency was
not observed for ALT and AST, where the percentage difference
between the different c.521T>C genotypes did not exceed 4 %.

The effects of SLCOIBI haplotypes on the mean percentage of
laboratory parameter change are presented in Table 3. Actually, the
mean percentage of laboratory data change was compared between
two subgroups based on their SLCOIBI genotype: *15/%16/*17
non-carriers (n = 92) and */5/%16/*17 heterozygotes (n = 26).
*15/*16/*17 Haplotype was chosen as a carrier of the variant
¢.521C allele. The haplotype analysis confirmed the above-men-
tioned finding for the effects of individual SNPs on the response

Table 2: Association of SLCO1B1 SNPs with biochemical parameters in patients treated with atorvastatin

Biochemical parameters SNP SNP

¢.521T>C p ¢.388A>G P
Baseline TT (n=116) TC (n=36) CC (n=4) AA (n=54) AG (n=80) GG (n=22)
TG (mmol/L) 230+ 1.18 2.36 +1.02 2.32+0.67 0.77 242 +1.44 2.25+0.95 2.29 +0.87 0.86
TC (mmol/L) 6.83 +0.76 6.73 +0.36 6.90 = 0.43 0.68 6.85 +0.80 6.75 +0.51 6.93 +0.99 0.92
LDL-C(mmol/L) 3.72 £ 1.06 391 +£0.88 4.00 +0.94 0.56 3.83+£0.97 3.70 £ 1.02 3.86 = 1.13 0.71
HDL-C (mmol/L) 1.52 +0.48 1.52 +0.57 1.25+0.26 0.49 1.47 £0.58 1.54 +0.53 1.50 = 0.50 0.66
ApoAl (g/L) 1.49 £ 0.36 1.57 £0.36 1.48 +£0.25 0.44 1.48 +£0.34 1.51 +£0.38 1.54 +0.29 0.76
ApoB (g/L) 1.25 +0.46 1.23 +0.37 1.13+0.32 0.60 1.21 £0.41 1.26 £0.43 1.25+0.51 0.80
Lp(a) (mg/dL) 64.46 + 45.08 62.90 + 53.54 6531 £50.06 0.42 63.80 + 42.66 57.42 +49.90 69.93 +64.22  0.49
ALT (U/L) 2446 +11.39 23.84 +6.02 2425 +4.24 0.63 23.48 +£9.30 24.14 +10.41 24.70 = 12.85 0.92
AST (U/L) 22.18 +7.07 21.34 £ 6.02 21.81 +4.63 0.59 22.34 +7.03 21.06 £ 6.16 24.55+7.79 0.16
CPK (U/L) 119.09 £ 69.18 89.00 + 12.94 89.55+11.94 0.11 12576 £75.14 122.18 £ 62.25 118.68 £39.58  0.35
Change (%)
TG (mmol/L) -16.48 +29.50 -14.16 = 25.02 -14.08 = 6.63 0.65 -13.61 +31.31 -12.06 = 27.51 -10.04 £21.16  0.11
TC (mmol/L) -16.55 + 14.19 -15.82£7.73 -15.39 £ 6.52 096 -17.13 +10.83 -18.19 £ 15.24 -18.60 £9.21 0.52
LDL-C(mmol/L) -26.59 = 16.12 -26.47 £ 16.26 -19.96 £16.84  0.68  -23.45+14.68 -22.05 £ 16.79 -24.02+13.71  0.38
HDL-C (mmol/L) 1.75 £21.75 -1.29 + 16.67 -3.00 = 2.89 0.11 -2.45 +16.08 224 +11.85 -3.02 £12.53 0.21
ApoAl (g/L) 4.75 +18.26 2.35+18.26 -2.46 £ 15.28 0.12 2.70 £ 11.89 430+ 17.77 3.07 £10.34 0.13
ApoB (g/L) -11.87 £ 16.57 -10.33 £ 17.31 -12.57 £ 4.45 0.39 -7.02 +20.46 -8.15 +14.35 -7.84 £ 10.60 0.25
Lp(a) (mg/dL) -8.01 +£13.83 -5.35 +£20.74 -1.32+7.47 0.13  -11.98 +22.80 -7.45 +15.99 -9.65 £17.52 0.15
ALT (U/L) 6.82 +30.51 5.30 £23.02 6.42 +15.98 0.41 4.19 +32.75 5.72 £27.83 4.92 +24.54 0.18
AST (U/L) 3.46 +40.44 6.14 £28.21 5.52 +6.35 0.36 291 +£44.61 3.83 £36.51 3.53 £27.83 0.21
CPK (U/L) 4.21 +24.37 4.92 +30.96 8.41+18.18 0.15 2.09 +19.42 3.25+25.01 6.04 +25.02 0.16

All values are presented as a mean + SD. p value of differences in biochemical parameters between different genotype groups of the SLCOIB1 ¢.521T>C
and ¢.388A>G SNPs. TG: triglycerides, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol,
ApoALl: apolipoprotein Al, ApoB: apolipoprotein B, Lp(a): lipoprotein (a), ALT: alanine aminotransferase, AST: aspartate aminotransferase, CPK: creatine

phosphokinase.
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Fig. 1: The effect of the ¢.521T>C SNP on LDL-C (a), Lp(a) (b), HDL-C (c) and CPK
(d) change (%) from baseline in response to atorvastatin. p> 0.05, as compared
with One-Way ANOVA. Number of individuals in parenthesis.

to atorvastatin treatment. Namely, the mean percentage of TG, TC,
LDL-C changes after a 3 month-treatment were slightly lower in
*15/%16/*17 heterozygotes (n = 26), with a percentage difference
14 %, 22 % and 2 %, respectively, compared to *15/%16/*17
non-carriers (n = 92). A slight difference in Lp(a) between the
haplotypes was also observed, with the change percentage being
lower in *15/*%16/*%17 heterozygotes (percentage difference of
approx. 13 %). However, having in mind the mean percentage of
HDL-C and ApoAl change, these differences (although statistically
non-significant) were more potentiated, being -0.03 + 22.8 % and
1.9+ 19.5 % in *15/*16/*17 heterozygotes vs. 0.8 £21.5 % and 6.6
+ 13.4 %, respectively, in patients non-carriers of *15/*16%/*17.
The same was observed when the mean percentage of CPK change
between *15/%16/*17 heterozygotes and *15/*16/*17 non-carriers
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was compared, with the CPK increase being higher in the first
group, with a percentage difference of approx. 63 % (Table 3).

3. Discussion

The limited and inconclusive data for the effect of SLCOIBI poly-
morphism on statin response was a strong motive to investigate
the association of variant SLCOIBI genotypes and haplotypes
present in the Macedonian ethnicity with atorvastatin efficacy
and safety. The effects of the relevant c.388A>G and ¢.521T>C
SNPs were evaluated, but also of other SNPs present in the study
population at frequencies higher than 40 % (c.571T>C, c.597C>T
and ¢*439T>G). They are considered as “silent” SNPs and their
association with the OATPIBI1 activity has not been clarified
yet. The calculated genotype and allele frequencies of SLCOIB1
SNPs in the study group were in HWE, confirming the random
selection of the patients. For all SLCOIBI SNPs, the distribution
between the male and female patients did not differ significantly
and these data are partially consistent with the results of Hubacek
et al. (2012), where no significant difference in the ¢.521 genotype
distribution was observed when comparing the male and female
subjects. The association between ¢.388A>G and ¢.521T>C was
relatively weaker compared to the other SNP-pairs and to the
previously reported LD data for this SNP pair (Rodrigues et al.
2011). Variant alleles of ¢.388A>G and ¢.521T>C were contained
in the haplotype *15/%16/*17, occurring with a frequency slightly
higher but comparable to that of Caucasians as reviewed by
Grapci et al. (2015). The most active ¢.521T>C SNP showed the
strongest correlation with ¢.597C>T and these SNPs, together
with ¢.439T>G SNP, existed in two main haplotypes (*5 and
*15/*%16/%17), while the synonymous ¢.571T>C was found in the
most frequent SLCOIBI haplotype, *IJ/*IK/*IL, with frequencies
previously reported by Grapci et al. (2015).

The data for TG, TC, LDL-C and ApoB changes from the baselines
after three month treatment with atorvastatin are in accordance with
the literature data that report a decrease of 12 — 31 %, 17 — 46 %,
25 -61 % and 17 — 50 %, accordingly, after 6 - 44 week treatment
(Gumprecht et al. 2011; Rodrigues et al. 2011; Adams et al. 2015).
For HDL-C and ApoAl, controversial data exist, pointing to a
decrease (-2.5%) (Rodrigues et al. 2011) or increase (0.5 - 16.5 %)
for HDL-C (Adams et al. 2015; Gumprecht et al. 2011; Fu et al.
2013) and a decrease of 4 % (Gumprecht et al. 2011) or increase up
to 5 % for ApoAl (Rodrigues et al. 2011). Specifically, no relevant
changes in the levels of Lp(a) were observed and the literature data
in this regard are inconclusive. While in one study the levels of
Lp(a) increased for 36% (Dujovne et al. 2000), in other studies
they were not significantly changed even when the basal values
had been increased for more than 30 mg/dL (Djordjevic et al.
2011). However, in several other studies, the 3-12-month-treat-
ment resulted in a significant decrease of Lp(a) values (Parsa et
al. 2012; Hernandez et al. 2011) and this was also confirmed by
a large meta-analysis of 31 prospective studies, including 9870
patients with hyperlipidemia Ila or IIb (Takagi and Umemoto
2011). One of the explanations for the increased Lp(a) was that
the early treatment with atorvastatin increases mobilization and
clearance of oxidized phospholipids in vessel walls (Tsimikas and
Witztum 2008). Considering their vasoactive and pro inflammatory
properties, this effect could be considered as added clinical benefit.
Against this claim stands the possibility of potentiated pro inflam-
matory and atherogenic effects, for the same reason (increased
content of oxidized phospholipids).Whether these phospholipids
can serve as predictors of clinical efficacy of atorvastatin and what
would be the effect of SLCOIBI polymorphism on this marker
remain to be answered in the future.

Considering the actual study, as in most pharmacogenetic studies,
no significant association between the studied SLCOIB1 SNPs and
atorvastatin response was observed. However, all data related to
the association of ¢.521T>C SNP and lipid profile point to a lower
activity of OATP1BI in carriers of the variant ¢.521C allele and
this is consistent with most of the research data (Akao et al. 2012;
SEARCH Collaborative Group 2008) and those presented in the
previous study (Daka et al. 2015), in which the healthy Macedo-
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Table 3: Influence of the SLCOIBI1%*15 variant on the change of laboratory data in response to atorvastatin

Biochemical parameters SLCOI1BI*15 variant

SLCOIBI*15 variant

*15/%16/%17
heterozygotes (n=26)

*15/%16/%17 non carriers (n=92)

*15/%16/*%17
heterozygotes (n=26)

*15/*16/*17 non carriers (n=92)

Baseline p % Change »

TG (mmol/L) 247 +1.36 233+ 1.27 0.70 -13.63 £26.34 -15.59 £31.29 0.21
TC (mmol/L) 6.70 £0.33 6.80 £0.72 0.56 -13.05+5.53 -16.18 £ 10.07 0.16
LDL-C (mmol/L) 3.95+0.83 3.84 +£1.03 0.46 -27.31 +17.59 -28.00 = 15.32 0.18
HDL-C (mmol/L) 1.51 £0.44 1.50 £0.57 0.65 -0.03 £22.84 0.82 £21.50 0.14
ApoAl (g/L) 1.47£0.35 1.52+0.35 0.11 1.88 £19.53 6.59 +£13.39 0.10
ApoB (g/L) 1.27+0.41 1.25+0.43 0.68 -11.85 +18.61 -12.89 +18.43 0.47
Lp(a) (mg/dL) 67.05 £51.12 5740 £42.41 0.16 -11.46 £ 15.21 -13.01 £22.29 0.24
ALT (U/L) 22.62 +6.80 23.76 £ 10.52 0.55 6.59 + 19.67 3.32+31.36 0.23
AST (U/L) 21.81 £6.53 22.34+£7.43 0.39 525+ 18.11 8.70 £ 43.28 0.19
CPK (U/L) 102.12 £45.45 115.37 £ 68.36 0.12 10.93 + 19.06 5.93+23.10 0.10

All values are presented as a mean = SD. p value of differences in biochemical parameters between *15/%16/*17 heterozygotes and *15/*16/*17 non-
carriers. TG: triglycerides, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, ApoAl:
apolipoprotein Al, ApoB: apolipoprotein B, Lp(a): lipoprotein (a), ALT: alanine aminotransferase, AST: aspartate aminotransferase, CPK: creatine phos-

phokinase.

nian carriers of the variant C allele had markedly higher values
for maximal plasma concentration (C_ ) and observed plasma area
under curve (AUC ) of atorvastatin (140 % and 67 %, respec-
tively) compared to the carriers of the c.521TT genotype (Daka
et al. 2015). Absence of statistical significance can be attributed
to the significantly lower number of ¢.521CC carriers (n = 4) in
comparison with the other ¢.521 genotypes (n = 36 for ¢.521CT;
n = 117 for ¢.521TT). The same effect of ¢.521T>C SNP on the
pharmacokinetics of atorvastatin has been confirmed in other
studies as well, with an increase of AUC by 144 % (Wilke et al.
2012) and decrease of oral clearance by 45 % (Ulvestad et al.
2013) in homozygotes for the C allele, relative to the wild-type
TT genotype.

The effect of variant ¢.521CC allele on the mean lipid parameter
percentage change was more emphasized for HDL-C and ApoAl
than for LDL-C or TG. These differences can be explained with the
differences in the mechanisms with which atorvastatin affects the
lipid parameters, their basal values and in dose-response ratios.
However, not all mechanisms with which atorvastatin affects the
lipid parameters are known (e.g. TG) and there is inconsistent
evidence considering the basal values-atorvastatin response ratio
(DALI Study Group 2001). A review of 254 studies (n = 33505
subjects), aimed to evaluate a dose-dependent atorvastatin response
after a 3-12-week treatment, pointed to a linear response in respect
to TG, TC and LDL-C (Adams et al. 2015). Each dose doubling
resulted in TG, TC and LDL-C decrease by 4.1 % (95 %CI 2.5
-5.0), 3.6 % (95 %CI 3.2 - 4.0) and 4.9 % (95 %CI 4.5 - 5.5),
respectively. However, when all available data from a dose range
of 2.5 - 80 mg/day were considered, it was concluded that lower
doses increase HDL-C, unlike higher doses that diminish the
atorvastatin effect (Adams et al. 2015). In this case, each dose
doubling decreases the HDL-C increase by 0.9 % (95 % CI,
0.3 - 1.5). Hence, decreased OTAP1B1 activity in ¢.521CC and
¢.521CT genotypes cannot be compensated by higher doses, which
can explain the profile of HDL-C (and probably ApoAl) in carriers
of variant C allele. In addition, non-significant differences in the
mean percentage of all parameter changes were observed when the
patients were grouped according to the received dose.

The ¢.388A>G that encodes amino acid change at position 130
(p-Asn130Asp) is consistently related to an increased OATP1B1
activity (He et al. 2011; Prado et al. 2015). In the actual study,
this effect was observed only in respect to TC and HDL-C, with
a percentage decrease of these parameters being higher (without
statistical significance) in ¢.388GG carriers (n = 22) compared
to AG (n = 80) and AA carriers (n = 54). Similar to our finding
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are the results from several studies conducted in the European
population, which report a small or lack of association between
¢.388A>G SNP and a lipid-lowering response to statins (Hopewell
et al. 2013; Bailey et al. 2010; Giannakopoulou et al. 2014). The
same was observed in a study of Fu et al. (2012) and Yang et al.
(2010) in which Chinese population was involved. Opposite to
these findings are the results coming from the studies conducted
in South American populations. In a study of Rodrigues et al.
(2011), SLCOI1BI ¢.521T>C SNP had no influence on atorvastatin
response in Brazilians, while in carriers of SLCOIBI c.388A>G
variant allele significantly increased response to atorvastatin
was observed, suggesting that it could be an important marker
for predicting the efficacy of lipid lowering therapy. In addition,
Prado et al. (2015) reported the association between SLCOIBI
¢.388A>G and HDL-C levels in response to atorvastatin in Chilean
individuals.

Considering the atorvastatin safety, a recent report submitted to
FDA (Hoffman et al. 2012), classified atorvastatin as a drug with
intermediary risk for occurrence of myopathy (CPK > 10 ULN).
However, the study of Chang et al. (2013) points to the highest
incidence of muscle toxicity with atorvastatin among all statins
(1.08; 0.67 - 1.73), except rosuvastatin. Similar were the findings
obtained from other randomized control studies and meta-anal-
yses where atorvastatin in a dose range of 10 - 80 mg/day had
been administered (Athyros et al. 2010; Newman et al. 2006). It
was estimated that a dose increase from 40 to 80 mg/day results
in a 4-5-fold increase in the incidence of muscle adverse effects.
However, when in the actual study the patients were stratified
according to the received dose, no significant difference in the
mean percentage of CPK change was observed.

To our knowledge, a limited number of studies have evaluated
the effects of different c.521 and c.388 genotypes on CPK levels
(Brunham et al. 2012; Rodrigues et al. 2011; Santos et al. 2012).
In these studies, the ¢.521TC+CC and c.388AG+GG genotypes
were not associated with increased levels of CPK, even after a dose
adjustment as co-variant. However, the differences in CPK between
¢.521CC and ¢.521TT carriers observed in the actual study,
although statistically non-significant, confirm a lower OATP1B1
activity in the ¢.521CC genotype. This finding is supported by the
previous pharmacogenetic/kinetic study (Daka et al. 2015) and
by the study of Niemi (2010) in which a higher CPK increase in
¢.521CC carriers and lower effect of atorvastatin on the incidence
of myopathy in ¢.521TC and ¢.521TT carriers were observed.
Other SLCOIBI SNPs investigated in the study are synonymous
and their relation with the OTP1B1 function is still unknown.
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However, the ¢.571T>C and ¢.597C>T SNPs have shown to be
highly polymorphic and in relatively strong correlation (LD) with
¢.521C>T in Macedonian subjects. This finding together with the
one for weak correlation between ¢.521T>C and ¢.388 A>G suggest
that other SLCO1BI haplotypes exist that could modify the lipid
lowering effect. This was confirmed by the association between the
SLCOIBI*15 variants and atorvastatin response observed in the
study. These data are similar to those observed by several research
groups (Rodrigues et al. 2011; Lee et al. 2010) and correlate well
with the previous finding for larger AUC . (by 37 %) of atorvas-
tatin in the group of *15/*16/*17 heterozygotes (incl. subjects
with ¢.521CT genotype) compared to the AUC_ in the group of
*#15/*16/*17 non-carriers (incl. subjects with ¢.521TT) (Daka et
al. 2015). Similarly, in the study of Pasanen et al. (2007), the AUC
of atorvastatin was higher in ¢.521TC heterozygotes with */6 and
*17 haplotypes than in the carriers of */5 haplotype, while in a
study of Lee et al. (2010), a significantly higher AUC for atorvas-
tatin in */5/*15 carriers than in carriers with */a/*15, *1b/*15,
*la/*1a, *1a/*1b and *1b/*1b haplotypes was detected.

In summary, this study demonstrates the effect of different
SLCO1BI genotypes and haplotypes on the atorvastatin efficacy
and safety in the population of Macedonian origin for first time.
No significant association between the different genotypes of
SLCOIBI ¢.388A>G, ¢.571T>C, ¢.597C>T and *439T>G SNPs
and atorvastatin response was observed. The carriers of ¢.521CC
genotype manifested a lower decrease in plasma levels of TC,
LDL-C, TG and Lp(a), lower increase in HDL-C and ApoAl and
higher increase in CPK compared to carriers of ¢.521TT variant,
suggesting lower hepatic uptake and higher systemic exposure
due to the decreased activity of AOTP1B1 in carriers of C-allele.
The same tendency was observed when the mean percentage
of lipid parameters and CPK changes were compared between
*15/*%16/*17-heterozygotes and non-carriers. The actual study
has certain limitations that should be consider when interpreting
the results. A major limitation is not the total sample size but
rather the restricted number of individuals homozygous for the
rare ¢.521C variant allele. In addition, the subjects were recruited
without previous information on their genotypes. Also, the interac-
tions of other atorvastatin-lipid-related gene polymorphisms (e.g.
CYP3A polymorphisms) were not taken into consideration. There
are literature data pointing to the possibility of other transporters
compensating a transporter failure and this could be relevant for
atorvastatin, having in mind its substrate behavior in respect to
OATP1A4 and OATP1B2 (Braeuning et al. 2014).

4. Experimental

4.1. Subjects and study design

A total of 174 patients with hyperlipidemia Ila and IIb (males 52 %, females 48 %,
average age 59.9+10.8 yrs, average body mass index (BMI) 28.7+4.4), all of Mace-
donian ethnicity, were initially selected randomly among the outpatients from the
Clinic of Cardiology at the Faculty of Medicine, University “Ss Cyril and Metho-
dius” (UKIM) in Skopje, Republic of Macedonia (RoM). The study was conducted
according to the international and local requirements for GCP (Note for Guidance on
Good Clinical Practice CPMP/ICH/135/95, Rulebook for pharmacological, toxico-
logical and clinical studies of drugs, Official Gazette of RoM, No. 73/09) and ethical
principles regulated by the Declaration of Helsinki (Seoul 2008). All participants
received oral and written information and gave a written informed consent before
entering the study. The final clinical study protocol as well as the informed consent
and other information that required pre-approval were reviewed and approved by the
Independent Ethics and Review Committee according to the specifications outlined
in the applicable regulations.

Individuals with known hypersensitivity to atorvastatin or some of the drug’s excipi-
ents, diagnosed with thyroid, liver, kidney and heart diseases, systemic inflammatory
diseases, McArdle’s disease, cancer history (remission shorter than 5 years), myop-
athy, rhabdomyolysis or muscle pain of unknown origin, HIV patients, pregnant and
nursing women or have planned pregnancy, blood-donors (4 wks. before initiation
of therapy) and patients with ALT and AST levels 1.5-fold above the upper limit,
increased CPK, serum creatinine above 130 mmol/L and TG higher than 4.5 mmol/L
were not included in the study. Other exclusion criteria included patients with alcohol
and drug abuse as well as patients under previous treatment with lipid-lowering
drugs, drugs known to affect CYP3A4 and OATP1BI activity and increase LDL-C.
Information on age, BMI, gender, hypertension, obesity, menopause status, cigarette
smoking, physical activity, alcohol consumption and family history of coronary artery
disease were recorded. During the study, 18 patients were excluded due to the treat-
ment with CYP3A4 inhibitors (10), atorvastatin-non-CYP3A4 interacting drugs (6)
and hyperthyroidism (2). Therefore, 156 hypercholesterolemic individuals completed
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the study [83 (53 %) males and 73 (47 %) females, average age 59.7+10.1, average
BMI 28.5+4.1]. Hypertension was identified in 63 % of the patients, diabetes type 2 in
19 %, coronary artery disease in 42 %, cardiomyopathy in 13 % and atrial fibrillation
in 5 % of the patients.

Atorvastatin was administered in daily doses of 20 mg to 43 % of the patients, 49 %
of them received a dose of 40 mg, while the rest of the patients (8 %), a dose of 80
mg. It was considered that the patients adhered to the drug treatment when 80 % of
dosage units were used. In addition to atorvastatin, antihypertensive drugs (e.g. ACE
inhibitors, selective beta blockers) and oral antidiabetics (e.g. biguanides, sulfony-
lurea derivatives) were prescribed to 75 % and 15 % of the patients, respectively,
while 80 % of the patients were treated with aspirin or clopidogrel to prevent blood
clots. Concomitant ingestion of these drugs did not affect the atorvastatin response
(p>0.05) as evaluated by the Chi-square test (data not shown). In accordance with the
physical examination and laboratory data, at the beginning and during the study the
liver and kidney function was preserved in all patients. At the end of the protocol, the
patients had appointments with the cardiologist and the response to atorvastatin and
adverse reactions were evaluated.

4.2. Genotyping and haplotype analysis

Genomic DNA was extracted from EDTA-anticoagulant blood by a procedure
reported previously (Daka et al. 2015; Grapci et al. 2015). Briefly, polymorphisms
of the studied SLCOIBI SNPs were detected using the TagMan allelic discrimination
assay (Applied Biosystems, Foster City, CA, USA). A polymerase chain reaction was
performed on the Real-Time PCR system Mx3005P (Stratagene, La Jolla, CA, USA)
using TagMan genotyping protocols (TagMan®Drug Metabolizing assay; Applied
Biosystems Foster City, Ca, USA) in total volume of 12.5 uL under the following
conditions: one 2-minute-cycle at 50 °C, one 10-min-cycle at 95 °C, and 50 cycles
of 15 s at 92 °C and 1 min at 60 °C. DNA isolation was performed at the Center for
Biomolecular Pharmaceutical Analyses, UKIM-Faculty of Pharmacy, RoM), using
the QiagenQiamp DNA Blood kit (QiagenGmbh, Hilden, Germany) according to the
manufacturer’s protocol.

4.3. Biochemical profile

Blood samples for a biochemical profile were collected in the morning after an over-
night fast, ca. 12 hours after the last dose, one day before and 3 months after the
atorvastatin treatment. The response to atorvastatin was evaluated according to the
percentage change in TC, LDL-C, HDL-C, TG, ApoAl, ApoB, Lp(a) and the adverse
effects were evaluated by measuring the activity of CPK, ALT and AST using standard
laboratory procedures and methods (COBAS INTEGRA tests) established by the
International Federation of Clinical Chemistry (IFCC), Societe Francaise de Biologie
Clinique (SFBC), Committee on Enzymes of the Scandinavian Society for Clinical
Chemistry and Clinical Physiology (SCE) and Deutsche Gesellschaft fur Klinische
Chemie (DGKC). Other laboratory parameters were determined as well (Table 1) to
evaluate the status of eliminatory organs, at the beginning and end of the study period.

4.4. Statistical analysis

Allele and genotype frequencies were estimated with a gene counting method, as
described previously by Daka et al. (2015) and Grapci et al (2015). The agreement
with HWE of the observed genotypic distribution for the SLCOIBI gene was tested
with the Chi-square test, while for the analysis of LD for each pair of SNPs, haplo-
type construction and genetic association at polymorphism loci, the SHEsis software
platform was used (http://analysis.bio-x.cn/myAnalysis.php) (Shi and He 2005). The
laboratory data (continuous variables) were expressed as a mean+SD, while the cate-
gory variables as absolute numbers and percentages.

All data were analyzed with the statistical program IBM SPSS Statistics for Windows,
Version 19.0 (Armonk, NY: IBM Corp., USA). The data showing the normal distri-
bution and homogeneity of variance were compared using one-way ANOVA (three
or more variables) and paired t-test (two variables). Continuous variables deviating
from the normal distribution were compared with the Mann-Whitney test or Krus-
kal-Wallis test as appropriate. Differences were considered statistically significant
when p was below 0.05.

Conflicts of interest: None declared.
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