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Pharmacogenetic analysis of inter-ethnic RS

variability in the uptake transporter
SLCO1B1 gene in Colombian, Mozambican,
and Portuguese populations
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Abstract

Background Statin-induced myopathy is reported to be associated with the solute carrier organic anion transporter
family member 1B1 gene single nucleotide polymorphism, c.521 T>C. There is no epidemiologic data on this gene
polymorphism in several countries. Therefore, this study aimed at assessing the genotype and allele frequencies

of the gene variant in three countries.

Methods This study involved healthy individuals from Colombia, Mozambique, and Portugal. Genomic DNA was iso-
lated from blood samples using the Qiamp DNA Extraction Kit (Qiagen). The isolated DNA was genotyped using novel
Polymerase Chain Reaction—Restriction Fragment Length Polymorphism. Microstat and GraphPad QuickCal software
were used for the Chi-square test and the evaluation of Hardy—-Weinberg equilibrium respectively.

Results A total of 181 individuals'blood samples were analyzed. Overall, the TT (74.0%) genotype was the highest
and the CC (7.8%) was the lowest. Country wise genotypic frequencies were Colombia 47(70.2%) TT, 12(17.9%) TC
and 8(11.9%) CC, Mozambique 47(88.7%) TT, 5(9.4%) TC, and 1(1.9%) CC; and Portugal 40(65.6%) TT, 16(26.2%) TC,
and 5(8.2%) CC. The reference (T) allele was highest among Mozambicans (93.4%) compared to Colombians (79.1%)
and Portuguese (78.7%). Mozambicans showed statistically significant genotypic and allelic frequency differences
compared to Colombians (p<0.01) and Portuguese (p<0.01).

Conclusions Overall and country-wise, CC genotype was less frequent and it is relatively high for Colombians
and Portuguese populations. This finding may imply statins risk-benefit variability associated with CC genotype
among these populations that needs further understanding.
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Background

Pharmacogenetics is the study of inter-individual vari-
ations in DNA sequence related to drug response [1].
Polymorphism in drug transporters plays a major role in
inter-individual differences in drug kinetics. Functional
changes in drug transporters can affect the pharmacoki-
netics, subsequent pharmacodynamics, and toxicological
effects of drugs. It can also affect susceptibility to certain
diseases [2, 3]. Although detailed information on genetic
variability in drug transporter genes is available, our
knowledge of identifying those genetic variants that have
functional significance and how they contribute to inter-
individual variability in drug response is still limited.

Numerous studies have shown that polymorphisms
in transporter genes can significantly alter the pharma-
cokinetics of statins. The risk of statin-induced myopa-
thy is raised by a common genetic variation of the organic
anion-transporting polypeptide 1B1 (OATP 1B1), which is
encoded by the gene SLCOIBI. This protein is a member
of the solute carrier organic anion transporter family. Simi-
lar to this, genetically compromised ABC G2 (ATP-binding
cassette G2) transporter efflux activity causes a significant
rise in systemic statin exposure. It’s significant to note that
the effects of these genetic polymorphisms vary depending
on the statin used. This gives the individualization of lipid-
lowering therapy a rational foundation [2—4].

The OATPI1BI is a genetically polymorphic influx trans-
porter expressed on the sinusoidal membrane of human
hepatocytes, and it mediates the hepatic uptake of many
endogenous compounds and xenobiotics. Studies have
demonstrated that OATP1B1 plays a major, clinically
important role in the hepatic uptake of many drugs [4].

The SLCOI1BI gene is located on chromosome 12 (gene
locus 12p12). Many single nucleotide polymorphisms
(SNPs), both nonsynonymous and synonymous, have
been discovered in the SLCOIBI gene, and several of
these affect transport function in vitro and in vivo. Most
of the SNPs associated with altered transport function
span the transmembrane domains or extracellular loop 5
of OATP1BI [4, 5].

Considering that these transporters play a key role in
the distribution of many drugs and in the transport of
endogenous compounds, such as cholesterol and bile
acids, inter-individual variability in disease risk and drug
response may be explained by the differential preva-
lence of genetic variants. In spite of its relevance, some
populations have not yet been characterized for the SNP
(c.521 T'>C) rs4149056 of the SLCO1BI gene.

In the present study, we examined the allelic frequen-
cies of the SNP in the SLCOIBI gene that may play
an important role in drug disposition, in populations
from three different ethnic and geographic origins.
Namely, native African (Mozambican), Latin American
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(Colombian), and European (Portuguese) populations
which are not frequently the target of pharmacogenetic
studies, and this is an important issue when consider-
ing the bridging of drug dosages and regimens used in
different populations.

Materials and methods

A DNA template was isolated from blood samples
obtained from unrelated, healthy populations of
Colombia (n=67), Mozambique from Maputo City
(n="53), and Portugal (Caucasian) (n=61) from South-
ern Portugal, recruited from local medical check-ups.
Colombian subjects were from the North-West region,
mainly from Antioquia and Chocé departments. One
blood sample was obtained from each participant for
DNA extraction. Blood sampling and genomic DNA
extraction were carried out by taking a 10-mL blood
sample from each participant in a tube containing eth-
ylenediaminetetraacetic acid (EDTA) and stored at
-20 °C prior to DNA extraction. Genomic DNA was
extracted with standard methods (QIAamp DNA Blood
Mini Kit; Qiagen, Hilden, Germany). Alternatively,
in cases when small amounts of blood were available,
DNA was prepared using a quick protocol [5].

Genotyping

The specific polymorphic variant of the SLCO1BI gene,
the ¢.521 T >C SNP analyzed in this study (GenBank
accession no. NC_000012.10), was performed by a poly-
merase chain reaction-restriction fragment length pol-
ymorphism (PCR-RFLP) assay. PCR reaction volume
was 25pL containing 1 uM of each assay-specific prim-
ers, 0.3 mM deoxynucleotide triphosphate (dNTPs)
(Promega), 3 mM MgCl, (Promega), 1.5 U Taq poly-
merase enzyme (Promega), 1 X PCR GoTaq Buffer Mix,
water, and ~ 1 pg genomic DNA. The PCR included 40
cycles at 94 °C for denaturation of the genomic DNA
and activation of the Taq Polymerase enzyme, 55 °C for
annealing of the primers, and 72 °C for extension.

The PCR assay was performed using Tpersonal Ther-
mocycler (Biometra), and finally, electrophoretic sepa-
ration on 2% (W/V) agarose gel, with a running time of
90 min at 80 V in 1X TAE buffer (Tris—acetate-EDTA
buffer; 40 mM Tris, 20 mM acetate, 1 mM EDTA),
and visualization of the gel-separated PCR products
with Green Safe (NZYTech) staining under UV light
(Alphalmager, Alphalnnotech).

Primer design
Primer-BLAST tools were used for primer design [6] the
sequences deposited into the GenBank (http://www.ncbi.
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nlm.nih.gov/genbank/) to design pairs of allele-specific
forward primers that overlap with the SLCO1BI allelic
variant and its corresponding single reverse primers. The
primers employed in performing the PCR for the ana-
lyzed SNP, c.521 T > C, were the forward primer (5’ >3’);
GTTAAATTTGTAATAGAAATGC, and the reverse
primer (5'>3’); GTAGACAAAGGGAAAGTGATCATA.

Digestion of the PCR product

Ten pL of PCR products were digested with Bsp12861
(Sdul) restriction enzyme (Thermo Scientific), at 37 °C
for 2 h. Digested PCR products were separated by elec-
trophoresis using a 2% agarose gel stained with Green
Safe and visualized by a UV transilluminator.

In the 260-base pair (bp) long PCR product of the
¢.521 T > C SNP obtained from TT homozygotes, the
recognition site of the enzyme was missing, resulting
in no digestion. In the samples with CC genotype the
enzyme recognition site was present, being therefore
digested into 153-bp and 107-bp long fragments. In
samples with the TC genotype, a mixed pattern was
observed, with 153 -bp, 107-bp and 260-bp fragments.

The extracted DNA from a blood sample is ampli-
fied using the PCR process followed by electrophoretic
separation and visualization of the stained gel-sepa-
rated DNA fragments under UV light.

Statistical analysis

Statistical analyses were performed by Microstat
(Ecosoft Inc, Indianapolis, IN, USA) and GraphPad
Quick Cal (www.graphpad.com) software. Statistical
significance was considered at p <0.05. And the evalu-
ation of Hardy—Weinberg equilibrium was done on the
analyzed populations using chi-square test [7].

Results

A total of 181 samples were genotyped for the SLCOIB1
gene variant, ¢.521 T>C (V174A) rs4149056, from sub-
jects of different ethnic groups, from Colombian (n=67),
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Mozambican (#=53) and Portuguese (n=61) popula-
tions (Table 1).

The frequency of homozygote T genotype was
observed to be comparable (p=1.000) in Portuguese
(65.6%) and Colombian (70.2%), while the Mozam-
bican population showed the highest frequency among
the three populations (88.7%), differing significantly
from both the Portuguese (p<0.01) and Colombian
(p<0.01).The frequency of homozygote C genotype
was generally low in all populations. Particularly, the
lowest (1.9%) was found in Mozambicans. Whereas the
frequency of heterozygous TC genotype was found to
be similar/the difference was not statistically signifi-
cant (p>0.05) in Portuguese (26.2%) and Colombian
(17.9%).

The percent allelic frequency of T and C in the
¢.521 T>C (rs4149056) variant was similar in both
Colombian and Portuguese populations. The prevalence
of the variant allele that leads to reduced function, cor-
responds to circa 20% of the analyzed alleles in Portugal
(20.9%) and Colombia (21.3%), being lower in Mozam-
bique (6.6%).

Hardy-Weinberg equilibrium

To evaluate if the studied populations obey the Hardy—
Weinberg equilibrium, the expected genotypic fre-
quencies were calculated from the allelic frequencies
determined experimentally, and then compared to the
observed genotypic frequencies. Table 2 shows the
results of this analysis for the populations characterized
in this study.

The two-tailed P-value for the Colombians is less than
0.05, which indicates that there is a significant difference
between the observed and expected values and there-
fore the analyzed sample of the Colombian population
doesn’t follow Hardy—Weinberg equilibrium. Whereas
for Mozambique and Portugal populations, the differ-
ence between the expected and observed genotypic fre-
quencies is not significant (p>0.05) and the analyzed
sample of the two populations follows Hardy—Weinberg
equilibrium.

Table 1 The genotypic and allelic distribution of the SLCOTBI exonic polymorphism ¢521 T>C (V174A) rs4149056 in healthy

Colombian, Mozambican, and Portuguese populations

Population Subjects Genotypes Alleles

TT n (%) TCn (%) CCn (%) Tn (%) Cn (%)
Colombia 67 47 (70.2) 12(17.9) 8(11.9 106(79.1) 28(20.9)
Mozambique 53 47 (88.7) 5(9.4) 1(1.9) 99(93.4) 7(6.6)
Portugal 61 40 (65.6) 16(26.2) 5(8.2) 96(78.7) 26(21.3)
Total 181 134 (74.0) 33(18.2) 14(7.8) 301(83.2) 61(16.8)
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Table 2 Hardy - Weinberg Equilibrium test of SLCOTBT exonic
polymorphism; ¢521 T>C (V174A) rs4149056 in healthy
Colombian, Mozambicans, and Portuguese populations

Population Genotype  Observed Expected P-value
frequency frequency
Colombians T 47 0.70 0.63 <0.01°
TC 12 0.18 033
CcC 8 0.12 0.04
Mozambicans  TT 47 0.89 0.87 0.05>
TC 5 0.09 0.12
CcC 1 0.02 0.00
Portuguese T 40 0.66 0.62 0.05>
TC 16 0.26 0.34
CcC 5 0.08 0.05

? p<0.05; statistically significant difference in observed and expected
frequencies

Comparison of the populations analysed

Alleles distribution for the ¢.521 T >C SNP in the differ-
ent populations were compared using a 2 X 2 table of con-
tingency, (Table 3).

From the contingency table, the allele frequencies
observed in Colombians are different from the ones
observed in Mozambicans, and these differences are sta-
tistically significant (p <0.05). However, allele frequencies
observed in Colombian are similar to those found in Por-
tuguese, since the observed differences are not statisti-
cally significant (p>0.05).

Discussion

In our study, the most dominant genotype in all popula-
tions under study was homozygous ¢.521TT. Individu-
als with the homozygote variant genotype c¢.521CC were
high among Colombians followed by Portuguese and
Mozambicans.

The overall C allele frequency observed in Colombians
(20.9%) is different from the ones observed in Mozam-
bicans (6.6%) and is similar to those found in Portuguese
(21.3%). This finding is similar with a population pharma-
cogenomics study done in the same country, specifically
in the Antioquia populations where the C allele of the
rs4149056 c.521 T >C SNP is found in higher frequency,
showing a negative correlation with African ancestry

Table 3 Comparison of the allele distribution observed in
Colombian, Mozambican and Portugal populations by their two-
tailed P-value

Tn(%) Cn(%) Colombian Mozambican Portuguese
Colombian 106(79.1) 28(209) - 0.002° 1.000
Mozambican 99(934)  7(6.6) 0.002° 0.002°
Portuguese  96(78.7)  26(21.3) 1.000 0.002 °

2 p<0.05; statistically significant difference in allele frequencies
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(5%) and a positive correlation with European ancestry
(18%) (29).

The highest frequency of the reference T allele found
in Mozambique (93.4%) is in agreement with a previous
study in another African ancestry, Tanzanians (97%) [8],
Indian-Singapore (94%) [9], and Malays-Singapore (89%)
[9]. However, Colombian and Portuguese subjects in this
study have relatively lower T allelic frequency compared
with reports from Tanzania [8], Indian-Singapore and
Malays-Singapore [9] Europeans: Germany (83%) [8]
Roma (83%) [10], Hungarian (81%) [10] Austrian (82.3%)
[11], and Finnish populations (80%) [12].

In this study, the Colombian population was not found
to follow the Hardy—Weinberg equilibrium. This devia-
tion may occur due to a variety of other causes, such as
migration, mutation, natural selection, genetic drift,
gene flow, nonrandom mating (inbreeding), or assorta-
tive mating [13-15]. It may also mean that evolution has
occurred within the population. Because all of these dis-
ruptive forces commonly occur in nature, real popula-
tions rarely exist under the rigid conditions of the HWE
(absence of selection, migration, mutation, etc.). There-
fore, it may not affect the above comparisons, rather,
genetic discrepancies in nature can be measured as
changes from this equilibrium state.

Our finding is in agreement with previous reports that
indicated population specificity for SLCOIB1 gene SNPs
[16]. Genetic variants of influx transporters, including
the SLCO1BI gene, are reported to affect statin efficacy
and safety [16—22]. Recent knowledge suggests that the
SLCO1BI polymorphisms may have particularly impor-
tant effects on the pharmacokinetic profile of statin drugs
(e.g., Atorvastatin) and most studies are mainly focused
on the influence of the ¢.521 T >C polymorphism. One
study reported an altered pharmacokinetic profile,
including high AUC and C_, in atorvastatin in individu-
als with CC genotype compared to the other genotype
group of the SNP [19]. In another study, a significantly
larger mean AUC .41, was observed in subjects with
CC than in subjects with TT and TC genotypes. These
findings may imply that reducing OATP1B1 transporter
function could reduce atorvastatin hepatic clearance
[20]. There are also additional clinical studies that have
shown individuals with C allele had increased plasma
concentrations of OATP1B1 substrates including pravas-
tatin and repaglinide compared to individuals with T
allele [18-21].

Elevated statin concentration associated with the CC
and/or TC allele is also reported to cause myopathy, ele-
vated baseline cholesterol synthesis rate, bile acid synthe-
sis, and cardiovascular risks [22, 23]. Basolateral OATP
transporters are thought to be mediators of approxi-
mately 20% of the hepatic uptake of bile acids [24]. The
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bile acid concentration in the liver could be decreased as
a result of impaired activity of OATP1B1 by limiting the
access of bile acids from the portal blood. This functional
link between cholesterol homeostasis and OATP1B1
could be through bile acid homeostasis, as the regulation
of bile acid synthesis and cholesterol homeostasis are
tightly linked.

Individuals carrying the CC (17-fold) and TC (5-fold)
genotypes have a higher risk of developing myopathy
than individuals with the TT genotype [25]. The relatively
high frequencies of low-activity variants (CC and TC)
in European ancestry may imply a higher risk of statin-
induced myopathy [26].

Therefore, the identification and characterization of
these genetic variations may help in the development of
SLCOIBI genotype-based prescriptions or more per-
sonalized drug therapies to achieve the benefits of statin
therapy more safely and effectively.

Overall, evaluation of SNP frequencies among different
populations with variable ethnic backgrounds is useful
as a tool to optimize therapeutics according to variable
predicted pharmacokinetics. SLCOIBI genotyping may
have clinical value for closer monitoring of patients on
statin medication. The results obtained in this study may
contribute to variations in statin safety profiles within the
study population.

To the best of our knowledge, this is the first study
in those populations; however, the study population
included may not represent ethnic variation within a
country and the finding should be interpreted with cau-
tion. Investigating haplotypes of the SNP was beyond the
scope of our study.

Conclusions

The CC genotype was less frequent, and it is rela-
tively high for Colombian and Portuguese populations.
Our result may indicate disparity in statin safety pro-
files among the study population. This requires further
understanding with more population and geographical
coverage.

Abbreviations

3'UTR 3-Untranslated region

ABC ATP-binding cassette

AUC Area under the concentration-time curve
AUC,, AUC from time 0 to t hours

Bp Base pair

cDNA Coding deoxyribonucleic acid

CL Clearance

Crnax Peak plasma concentration

DNA Deoxyribonucleic acid
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MRTepo  Mean residence time
NCBI National Center for Biotechnology Information

OAT/ OATP Organic anion transporter
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OATP1B1  Organic anion transporting polypeptide 1B1
PCR Polymerase chain reaction

RFLP Restriction fragment length polymorphism
SLC/ SLCO  Solute carrier

SLCO1BT  Solute carrier organic anion transporter family member 1B1
SNP Single nucleotide polymorphism

TAE Tris-Acetate-EDTA Buffer
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