Disease Markers 24 (2008) 325-331 325
I0S Press

CYP3A45%*3, CYP3A44*1B andMDRI
C3435T genotype distributions In
Ecuadorians

Blanca Sin@s“*, Jorge Vicent& Ana Fanld, Esteban Mayayo-Siras*, Fabricio Gonalez-Andrade,
Dora Sanchez-® and Begdia Marinez-Jarreta

aDepartment of Pharmacology, University of Zaragoza, Zaragoza, Sain

b aboratory of Molecular Genetics, Hospital Metropolitano, Quito, Ecuador

°Department of Legal Medicine. University of Zaragoza, Zaragoza, Sain

Abstract. Polymorphisms irCYP3A genes, such a8YP3A5 and CYP3A4, as well as in theMIDR1 gene, which encodes for
P-glycoprotein, have been implicated as genetic markers in several disorders. Differences in the frequency distribution of the
allelic variantsCYP3A5* 3, CYP3A4* 1B, andMDR1 3435T have been demonstrated between distinct ethnic groups. In this study

we examined the frequency of these allelic variants in 317 healthy Mestizo individuals from Ecuador and made comparisons with
results reported in the literature. The genotypes were determined by PCR-RFLP. Allele and genotype differences were studied
by chi-square test. ThBIDRL T allele frequency was similar to that of Spaniard or Asian populations, which is consistent
with the ethnic origin of Ecuadorian Mestizo individuals (Amerindian and Spaniard Caucasians). By contr@¥P34&* 3

allele frequency was significantly lower in Ecuadorians than in Spaniards and other white populations and higher than in Central
Americans, Asians and black€YP3A4* 1B was more common in Ecuadorians than in Caucasian or Asian populations but less
present than in blacks. The differences in the polymorphism found in this work should be considered in allele-disease association
studies.
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1. Introduction CYP3A43 has shown lower catalytic activity toward
CYP3A4 substrates [2].

The CYP3A subfamily of the human cytochrome _ CYP3AS is polymorphically expressed. The ma-
P450 is involved in the metabolism of more than 509 10 defective allele iSCYP3AS*3. This mutant allele
of clinically used drugs, as well as in the hydroxyla- (_AG%?,Q) n th%mtron_s OoCYP3AS Ieadr? tﬁ alter?a-_
tion of endogenous steroids and bioactivation of some tive splicing an proteln .trunca_tlor),lw ch resu ts in
genotoxicants [1]. The humaYP3A locus contains absence of enzyme activity. In individuals carrying at
the genes encodi.n for CYP3A4. CYP3A5. CYP3A7 least oneCYP3A5* 1, which encodes a normally spliced
an dQCng o Ofgthese VP3N m CvPaAG are  CYP3AS, the CYP3AS isoform contributes up to 50%

. : ' . of hepatic CYP3A protein [3].
the major enzymes responsible for drug metaboliz- pat protein [3]

o ) . . The CYP3A4 expression is highly variable. It ex-
ing in adults; CYP3AY is the major fetal enzyme and hibits a common variant in the 5'-flanking region desig-

natedCYP3A4* 1B. It has been shown th&tYP3A4* 1B
c " —— D Ph D Clrcal Ph polymorphism is associated to disease risk [4—6], and
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al effect on drug disposition in vivo are controversial,
suggesting the possibility of linkage disequilibrium be-
tweenCYP3A4* 1B andCYP3A5* 1 [3].

P-glycoprotein (P-gp),an ATP-dependent membrane
efflux transporter, is the product of the multidrug resis-
tance geneNIDR1). Expression of the P-gp is influ-
enced byMDR1 C3435T genetic polymorphism of the
humanMDR1 gene [7]. The common C3435T poly-

B. Snués et al. / CYP3A5* 3, CYP3A4* 1B and MDR1 C3435T genotype distributions in Ecuadorians

Ecuador were “Mestizo” (Amerindian and European
descent). Individuals were randomly selected among
students and personnel of the Metropolitan Hospital of
Quito (Ecuador).

All individuals were healthy as assessed by medical
history and physical examination. All subjects gave
their written informed consent to participate in this
study, which was approved by the Human Research

morphismin exon 26 has been reported to be associated Ethics Committee of Aragn (Zaragoza, Spain), and

with lower P-gp expression and drug uptake; individu-
als with the CC genotype have approximately two-fold
higher oral bioavailability of digoxin than individuals

homozygous for the T allele variant [7]. C3435T poly-
morphism of theVIDR1 gene has also been linked to an

was conducted in accordance with the Declaration of
Helsinki and its subsequent revisions.

2.1.1. Genotyping
Genomic DNA was extracted from peripheral blood,

increased risk of development of several diseases [8— blotted and dried on filter paper using the QlAamp

14].

Population differences in genetic polymorphism of
enzymes and transporters involved in drug disposition
can result in phenotype exhibiting poor, extensive, or

DNA Micro Kit (Izasa, Madrid, Spain).

CYP3A4
The method used to determine the genotype was per-

even multiextensive metabolism. Therefore, genetic formed as previously described [5]. This method con-
differences in the metabolism of drugs, xenobioticsand sisted of a two-step PCR-based restriction fragment
some endogeneous compounds can lead to severe toxi-length polymorphism assay to determine the geno-
city, risk of disease or therapeutic failure. Understand- type of a CYP3A4*1A/B single nucleotide polymor-
ing the ethnic differences in allele and genotype fre- phism at the promoter regior-@90) on the nifedipine-
guencies has the potential to explain some of the ob- specific response element (A to G). We use a nega-
served ethnic variability in drug response and disease tive control in all reactions. The first PCR reaction
prevalence as well as to improve clinical practice and generated a 319-bp fragment, covering the nifedipine-
to optimize the clinical evaluation of the therapeutic specific response element. The PCR products were
efficacy and safety of drugs for patients throughout the diluted 1:500 and oneul of this dilution was used
world. for a secondary PCR reaction to amplify a 168-

Socio-economic reasons as well as the absence of bp fragment. This PCR was done using a set of
any language barrier are causing an important influx primers: 5-GGACAGCCATAGAGACAAGGCCA-3’
of Ecuadorians to Spain. In the last few years Spain (forward) and 5-CACTCACTGACCTCCTTTGAGT
has become one of the most significant destinations TCA-3’ (reverse). Tenul of the second PCR products
for Ecuadorian migrants. Mestizos are the most repre- were digested at 3T for 2 h. Then, the digests were
sentative and the largest group in Ecuador. They are electrophoresed on a 3% agarose gel and stained with
descendants of Spanish (Caucasian) and Amerindian ethidium bromide. CYP3A4* 1A homozygotes exhib-
people. ited a 168-bp fragment ar@YP3A4* 1B homozygotes

The aim of this study was to detect differences in showed 146-bp and 22-bp fragments.
the frequency o€YP3A andMDR1 C3435T polymor-
phisms in the Ecuadorian Mestizo population. CYP3A5

For the detection ofCYP3A5*1 and CYP3A5*3,
we used an allele-specific PCR, as has been previ-
ously described [15].CYP3A5 gene-specific primers
specifically amplified a 750-bp fragment of the re-
gion of interest. This PCR product was diluted 10
times and served as template for the subsequent allele-
specific PCR reaction. The forward primer of this PCR
was 5’-CATGACTTAGTAGACAGATGA-3'anditwas
used together with either 5-CAGGGAAGAGATAC-
3’ for identification of the CYP3A5*3 allele or 5'-

2. Material and methods
2.1. Subjectsand study protocol

The total study population consisted of 317 unre-
lated healthy individuals (150 males and 167 females)
from Ecuador. Meang standard deviations of age
were 26.5+ 6.7 (range, 18-52), All participants from
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Table 1
Allele and genotype frequencies of tB¥P3A5 variants observed in this study, compared with those
found in other populations

Population N alleles  Allele frequency Genotype frequency (%) Ref.
*1 *3 *1F1 0 *1r3 *3+3

African American 76 0.66* 0.34 45.0 42.0 13.0 4
African American 40 0.45* 0.47 25.0 25.0 35.0 3
South Asian

Indian 180 0.40* 0.60 12.2 56.7 311 35

Malay 196 0.39* 0.61 10.2 57.1 32.7 35
East Asian

Chinese 216 0.25 0.75 8.3 32.4 59.3 35
Central American 464 0.24 0.76 3.0 41.4 55.6 34
Ecuadorian 634 0.12 0.88 2.2 20.2 77.6  This study
North American 874 0.10 0.90 0.7 17.0 82.0 4
Spaniard

South Spaniard 354 0.09 0.91 2.8 12.4 84.7 36

North Spaniard 408 0.09 0.91 1.0 15.2 83.8 34
German 856 0.06 0.94 0.2 11.9 87.9 33

*P < 0.05;**P < 0.001.

CAGGGAAGATAT-3' for identification of the degree of freedom. Hardy-Weinberg equilibrium was
CYP3A5*1 allele, using specific reverse primers for assessed by comparing the genotype frequencies with
each allele and the same forward primer for both alleles. the expected values using a contingency tal3lstatis-
The products were electrophoresed on a 3% agarosetic. Partial linkage between alleles was determined by
gel and stained with ethidium bromide. the x2 test. Probability values of less than 0.05 were
regarded as statistically significant.

C3435T

The genotype was determined using the method pre-
viously used in our laboratory [16] with some modifica-
tions. Briefly, this method consists of a two-step PCR-
based restriction fragment length polymorphism assay f
to determine the C3435T polymorphism. Primers were
designed from known sequences of exon 26 (Genbank
accession nos: AY910577 and M29445). The first
PCR reaction generates an 802 bp fragment. The PCR
products were diluted 1:10 and opkof this dilution
was used for a secondary PCR reaction to amplify a
244 bp fragment. This PCR was done using a set of
primers: 5-GAT CTG TGA ACT CTT GTT TTC A-
3’ (forward) and 5’-GAA GAG AGA CTT ACA TTA

3. Results

TheCYP3A5, CYP3A4andMDR1 C3435T genotype
equencies among Ecuadorians correspond to those
predicted by the Hardy-Weinberg law & 0.05 in all
cases).

Table 1 shows th€YP3AS5 allele and genotype fre-
guencies in Ecuadorians compared to those previous-
ly found in other ethnic groups. The frequency of
CYP3A5* 3 allele among Ecuadorians (88%) was sig-
nificantly lower as compared with North Spaniards
(91%) @ = 0.04) and another European popula-

) tion (94%) ( = 0.003). However, the frequency of
GGC-3' (reverse). Tepl of the second PCR products  ~yp3as+3 allele in Ecuadorians resulted to be signifi-
were digested at 3T for 2 h by theSau3Al enzyme. 5y higher than that observed in Central Americans
Then, the d!gests were e_lgctrophorgsed ona3% agaros€ 764) (» < 0.001) and also in other ethnic groups such
gel and stained with ethidium bromide. The fragments o agian populationg/(= 0.003) or African American
obtained were of 244 bp to TT genotype, 170 bp and people f < 0.001).

70 bp fragments to CC genotype, and 244 bp, 170 bp, ~ As shownin Table 20YP3A4* 1B allele frequencyin

and 70 bp to CT genotype. Ecuadorians (8%) was similar to that in Central Amer-
o _ icans (13%) and higher than in North Spaniards (4%)
2.2. Satistical analysis (p = 0.04) or Asian groupgx< 0.001). This frequen-

cy was lower in comparison with African American or
The differencesin genotype frequencies between dif- Guinean populationg(< 0.001 in both cases).
ferent populations and genotypic groups were deter- The presence of the haplotyp€YP3A4*1B/
mined using they? test of goodness of fit with one  CYP3A5*1 in Ecuadorians was significantly higher
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Table 2
Allele and genotype frequencies of tB¥P3A4 variants observed in this study, compared with those found in
other populations

Population N alleles  Allele frequency Genotype frequency (%) Ref.
*1A *1B *1AF1A  *1A/*1B  *1B/*1B
Guinean 100 0.28 0.72 10.0 36.0 54.0 37
African American 76 0.46« 0.54 21.0 42.0 37.0 4
Central American 464 0.87 0.13 75.9 23.3 0.8 34
Hispanic American 242 0.89 0.11 N.A N.A N.A 38
Ecuadorian 634 0.92 0.08 83.6 15.8 0.6 This study
Spaniard
South Spaniard 354 0.96 0.04 91.5 8.5 0.0 36
North Spaniard 408 0.96 0.04 91.7 8.3 0.0 34
German 856 0.97 0.03 94.4 5.6 0.0 33
South Asian
Malay 208 T 0 N.A N.A N.A 39
Indian 202 I* 0 N.A N.A N.A 39
East Asian
Chinese 220 * 0 N.A N.A N.A 39
Japanese 254 *1 0 N.A N.A N.A 39

N.A: data not available; P < 0.05;** P < 0.001.

than expected for independent geng$ & 29.93p < showing growing evidence that MDR1/P-gp modulates
0.001) suggesting a certain linkage disequilibrium. CYP3A activity; this modulation being associated to
MDR1 C3435T allele and genotype frequencies in  theMDR1 polymorphism [18].
Ecuadorians compared to previous results obtained in  In this work we have observed a similar frequen-
populations of different ethnicities are shown in Ta- cy distribution ofMDR1 CC, CT, and TT genotypes
ble 3. Among Ecuadorians the C and T allele frequen- in Ecuadorians relating to that previously found in
cies were found to be 52% and 48%, respectively. C Spaniard and East Asian groups (Table 3). This could
allele frequency in Ecuadorians was similar to that in be explained by the ethnohistory of the Mestizo people.

Caucasian groups and Central Americaps>( 0.05 Indeed, Mestizos are characterized by a biracial mix-
andp = 0.92, respectively) and significantly lowerthan  ture with a gene pool derived from Native Amerindian
in the African American populatiop(< 0.001). How- groups (originating from Asia) with Caucasians coming

ever, this C allele frequency was found to be signif- from Spain and other European countries. This would
icantly higher than in Indian (38%)(= 0.014) and also be consistent with the lack of differenceMBR1
South-west Asian populations (34%p)£ 0.002). C3435T genotype between Ecuadorians and Central
Americans, since in both cases the study population
was restricted to Mestizo people. Only African popu-
4. Discussion lations have been shown to have a very high frequen-
cy distribution of the C allele which has been suggest-
TheMDR1 C3435T genetic polymorphism has been ed to be a consequence of selective advantage against
shown to be associated to both disease risk and phar- gastrointestinal infections [19].
macokinetic variability. In fact, an association between TheCYP3A5* 3 allele frequency in Ecuadorians ob-
MDR1 C3435T polymorphism and susceptibility torisk  served in this study was significantly lower than in
of development of either early-onset Parkinson’s dis- Spaniardsy{ = 0.04) and much higher than that re-
ease [8], Balkan endemic nephropathy [9] or ulcera- ported in Asian populationg (= 0.003) (Table 1); this
tive colitis (UC) [10] has been reportetDR1 geno- reflecting the Ecuadorian genetic admixture between
type might also be important as a potential target for Spaniards and American Indians with a major contribu-
therapy in patients with refractary Crohn’s disease and tion from European parental populations, as determined
UC [17]. There are some reports dealing with the rela- for other genetic features [20]. By contrast, the rela-
tionship betweeDR1 C3435T and susceptibility to  tive genetic contribution of Spaniards and Amerindi-
cancer, such as the association between T allele pres-ans to the admixture in Central Americans appears to
ence and risk of either epithelial tumour [11], child- be higher for Amerindian groups as observed for other
hood ALL [12], colon cancer [13] or acute myeloid genetic traits [21,22]. This could explain the differ-
leukemia [14]. On the other hand, some studies are ences between Ecuadorians and Central Americans, the
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Table 3
Allele and genotype frequencies dDR1 C3435T variants observed in this study, compared with

those found in other populations

Population N alleles  Allele frequency Genotype frequency (%) Reference
C T CcC CT TT
African American 176 0.8% 0.16 68.0 31.0 1.0 [40]
Ghanaian 412 0.83 0.17 67.0 34.0 0.0 [40]
Kenyan 160 0.83 0.17 70.0 26.0 4.0 [40]
Sudanese 102 0.73 0.27 52.0 43.0 6.0 [40]
Japanese 228 0.61 0.39 35.0 53.0 12.0 [41]
Chinese Kazakh 216 0.60 0.40 38.0 444 17.6 [42]
Filipino 120 0.59 0.41 38.0 420 20.0 [40]
Chinese 530 0.56 0.44 32.0 48.0 20.0 [43]
Saudi 192 0.55 0.45 37.0 38.0 26.0 [40]
Central American 464 0.53 0.47 29.2  46.7 24.1 [34]
Ecuadorian 634 0.52 0.48 249 53.0 22.1 This study
North Spaniard 408 0.52 0.48 27.0 51.0 22.0 [34]
German 376 0.52 0.48 27.0 48.0 24.0 [7]
South Spaniard 177 0.50 0.50 25.0 50.0 25.0 [36]
Caucasian (UK) 380 0.48 0.52 24.0 48.0 28.0 [40]
Malay 198 0.48 0.52 25.0 46.0 28.0 [10]
Chinese Uygur 322 0.47 0.53 24.8 447 30.4 [42]
German 922 0.46 0.54 21.0 50.0 29.0 [44]
Russian 580 0.46 0.54 21.4 48.6 30.0 [45]
Portuguese 200 0.43 0.57 220 420 36.0 [40]
Indian 186 0.38 0.62 18.0 39.0 43.0 [10]
South-west Asian 178 0.34 0.66 15.0 38.0 47.0 [40]

*P < 0.05;**P < 0.001.

latter showing a significantly loweZYP3A5* 3 alelle
frequency.

The CYP3A4*1B allele frequency in Ecuadorians
has shown to be significantly higher & 0.04) than
in Spaniards and notably higher than in Asian popu-
lations {p < 0.001) (Table 2). As a result of the ge-
netic background of Ecuadorians which combines that
of white Europeans with Native American groups, we
would have expected to find a low€lYP3A4* 1B fre-
guency. The existence of a selection factor against
this allele in non-African populations has been recently
suggested; because CYP3A4 is involved in the vitamin
D metabolism, rickets may have been the underlying
selection factor [23]. We can only presume that the

troversial [26,27]. By contrast, the antihypertensive
response to verapamil appears to be better in carriers
of two functional CYP3AS alleles [28]. On the oth-
er hand, lipid-lowering response to the statins metabo-
lized by CYP3A5 may be reduced DYP3A5*1 car-
riers [29] but these individuals may benefit from a re-
duced risk of statins-induced rhabdomyolysis [30]. In
addition, CYP3A5 polymorphism has been associated
with Balkan endemic nephropathy [31], oesophageal
cancer [32] and also with prostate cancer, similar to
that detected fo€YP3A4* 1B [4].

Several studies have implicat€¥P3A4*1B as a
candidate alelle in several disorders including prostate
cancer [4], increased susceptibility to lung cancer [6],

presence of the negative selection factor has been lessand early puberty [5]. ACYP3A4* 1B andCYP3A5* 1

present in Central and South America. In addition to
differential selection, a founder effect and genetic drift

have been found to be in linkage disequilibriumin both
Europeans[33]and blacks [4]itis probable, as suggest-

can not be excluded. Indeed, the colonization process ed by Kuehl et al. [3] that the presence@YP3A5* 1

of the New World, carried new diseases and violent
deaths with population loss.

The higher frequency of th€YP3A5*1 allele in
the Ecuadorian population compared with Spaniards
and other white populations may be clinically relevant
since subjects carrying theYP3A5* 1 allele appear to

might be responsible for the high expression phenotype

towards endogeneous or exogeneous substrates [3].

In this regard, theCYP3A5* 1/CYP3A4* 1B genotype
combination in Ecuadorians (7.5%) has been more
common than that previously reported for Spaniards
(5.4%) [34] and Germans (4%) [33], but lower than

require higher doses of CYP3A5 substrates such as in Central Americans (16.9%) [34] and African Amer-

tacrolimus [24] or midazolam [25].
The association betwee@YP3A5 polymorphism
and high blood pressure or hypertension risk is con-

icans (53%) [4]. Hence, these latter results seem to
reinforce the notion about a higher CYP3A activity in
Ecuadorians.
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In summary, the findings of this study and, especial-
ly the differences irtCYP3A4* 1B andCYP3A5* 3 allele
frequencies could contribute to better clinical care of
Mestizo population from Ecuador and should be con-
sidered in allele disease association studies.

Acknowledgements

This study was supported by a grant from the Depart-
ment of Science and Technology. Gobierno de Anag
(Proyecto B14-06).

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

T. Shimada, H. Yamazaki, M. Mimura M, Y. Inui and F.P.
Guengerich, Interindividual variations in human liver cy-
tochrome P-450 enzyme involved in the oxidation of drugs,
carcinogens and toxic chemicals: studies with liver micro-
somes of 30 Japaneses and 30 Caucasibifkarmacol Exp
Ther 270 (1994), 414-423.

K. Gellner, R. Eiselt, E. Hustert, H. Arnold, I. Koch, M.
Haberl, C.J. Deglmann, O. Burk, D. Buntefuss, S. Escher, C.
Bishop, H.-G. Koebe, U. Brinkmann, H.P. Klenk, K. Kleine,
U.A. Meyer and L. Wojnowski, Genomic organization of
the human CYP3A locus: identification of a new, inducible
CYP3A genePharmacogenetics 11 (2001), 111-121.

P. Kuehl, J. Zhang, Y. Lin, J. Lamba, M. Assem, J. Schuetz,
P.B. Watkins, A. Daly, S.A. Wrighton, S.D. Hall, P. Maurel, M.
Relling, C. Brimer, K. Yasuda, R. Venkataramanan, S. Strom,
K. Thummel, M.S. Boguski and E. Shuetz, Sequence diversity
in CYP3A promoters and characterization of the genetic basis
of polymorphic CYP3A5 expressiojat Genet 27 (2001),
383-391.

S.J. Plummer, D.V. Conti, P.L. Paris, A.P. Curran, G. Casey
and J.S. Witte, CYP3A4 and CYP3AS5 genotypes, haplotypes,
and risk of prostate cance€ancer Epidemiol Biomarkers
Prev 12 (2003), 928-932.

F.F. Kadlubar, G.S. Berkowitz, R.R. Delongchamp, C. Wang,
B.L. Green, G. Tang, J. Lamba, E. Schuetz and M.S. Wolff,
The CYP3A4*1B variant is related to the onset of puberty, a
known risk factor for the development of breast canCancer
Epidemiol Biomarkers Prev 12 (2003), 327-331.

H. Dally, L. Edler, B. Jager, P. Schmezer, B. Spiedgelhalder,
H. Dienemann, P. Drings, V. Schulz, K. Kayser, H. Bartsch
and A. Risch, The CYP3A4*1B allele increases risk for small
cell lung cancer: effect of gender and smoking dé¥eyma-
cogenetics 13 (2003), 607—618.

S. Hoffmeyer, O. Burk, O. von Richter, H.P. Arnold, J. Brock-
moller, A. Johne, I. Cascorbi, T. Gerloff, |. Roots, M. Eichel-
baum and U. Brinkmann, Functional polymorphisms of the
human multidrug-resistance gene: multiple sequence varia-
tions and correlation of one allele with P-glycoprotein expres-
sion and activityin vivo, Proc Natl Acad Sci USA 97 (2000),
3473-3478.

T. Furuno, M.T. Landi, M. Ceroni, N. Caporaso, |. Bernuc-
ci, G. Nappi, E. Marignoni, E. Schaeffeler, M. Eichelbaum,
M. Schwab and U.M. Zanger, Expression polymorphism of
the blood-brain barrier component P-glycoprotein (MDR1) in
relation to Parkinson’s diseageharmacogenetics 12 (2002),
529-534.

(9]

[10]

(1]

[12]

(23]

[14]

[15]

[16]

[17]

(18]

[29]

[20]

[21]

[22]

(23]

S. Atanasova, N. von Ahsen, T. Dimitrov, V. Armstrong, M.
Oellerich and D. Toncheva, MDR1 haplotypes modify BEN
disease risk: a study in Bulgarian patients with Balkan endem-
ic nephropathy compared to healthy contrd\gphron Exp
Nephrol 96 (2004), 7-13.

C. Balram, A. Sharma, C. Sivathasan and E.J. Lee, Frequency
of C3435T single nucleotide MDR1 genetic polymorphism in
an Asian population: phenotypic-genotypic correlatgs,]
Clin Pharmacol 56 (2003), 78-83.

M. Siegsmund, U. Brinkmann, E. Schaffeler, G. Weirich, M.
Schwab, M. Eichelbaum, P. Fritz, O. Burk, J. Decker, P. Alken,
U. Rothenpieler, R. Kerb, S. Hoffmeyer and H. Brauch, As-
sociation of the P-glycoprotein transporter MDR1(C3435T)
polymorphism with the susceptibility to renal epithelial tu-
mors,J Am Soc Nephrol 13 (2002), 1847-1854.

K. Jamroziak, W. Mlynarski, E. Balcerczak, M. Mistygacz,
J. Trelinska, M. Mirowski, J. Bodalski and T. Robak, Func-
tional C3435T polymorphism of MDR1 gene: an impact on
genetic susceptibility and clinical outcome of childhood acute
lymphoblastic leukemiggur J Haematol 72 (2004), 314-321.

M. Kurzawski, M. Drozdzik, J. Suchy, G. Kurzawski, M.
Bialecka, W. Gornik and J. Lubinski, Polymorphism in the
P-glycoprotein drug transporter MDR1 gene in colon cancer
patiensEur J Clin Pharmacol 61 (2005), 389-394.

T. llimer, U.S. Schuler, C. Thiede, U.I. Schwarz, R.B. Kim, S.
Gotthard, D. Freund, U. Schakel, G. Ehninger and M. Schaich,
MDR1 gene polymorphisms affect therapy outcome in acute
myeloid leukemia patient€ancer Res62 (2002), 4955-4962.

A. Westlind-Jonhsson, S. Malmebo, A. Johansson, C. Otter,
T.B. Andersson, |. Johansson, R.J. Edwards, A.R. Boobis and
M. Ingelman-Sundberg, Comparative analysis of CYP3A ex-
pressionin human liver suggests only a minor role for CYP3A5
in drug metabolismDrug Metab. Dispos 31 (2003), 755-761.
M.L. Bernal, B. Sinues, A. Fanlo and E. Mayayo, Frequency
distribution of C3435T mutation in exon 26 of tMDR1 gene

in a Spanish populatiofher Drug Monit 25 (2003), 107-111.

U. Potocnik, I. Ferkolj, D. Glavac and M. Dean, Polymor-
phisms in multidrug resistance 1 (MDR1) gene are associat-
ed with refractory Crohn disease and ulcerative colienes
Immun 5 (2004), 530-539.

J. Lamba, S. Strom, R. Venkataramanan, K.E. Thummel, Y.S.
Lin, W. Liu, C. Cheng, V. Lamba, P.B. Watkins and E. Schuetz,
MDR1 genotype is associated with hepatic cytochrome P450
3A4 basal and induction phenotyp@lin Pharmacol Ther 79
(2006), 325-338.

E. Schaeffeler, M. Eichelbaum, U. Brinkmann, A. Penger,
S. Asante-Poku, U.M. Zanger and M. Schwab, Frequency
of C3435T polymorphism oMDRL gene in African people,
Lancet 358 (2001), 383-384.

O. Rickards, C Mafhez-Labarga, E. Trucchi, F. Renzi, R.
Casalotti, C. Babalini, G. Biondi, G. Pepe and G. De Stefano,
Restriction fragment length polymorphisms of type | collagen
locus 2 (COL1A2) in two communities of African ancentry
and other mixed populations of northwestern Ecuattom

Biol 77 (2005), 115-123.

C.J. Mulligan, K. Hunley, S. Cole and J.C. Long, Population
genetics, history, and health patterns in native americams;

Rev Genomics Hum Genet 5 (2004), 295-315.

K. Tokunaga, J. Ohashi, M. Bannai and T. Juji, Genetic link
between Asians and Native Americans: evidence from HLA
genes and haplotypeldum Immunol 62 (2001), 1001-1008.

M. Schirmer, M.R. Toliat, M. Haberl, A. Suk, L.K. Kam-
dem, K. Klein, J. Brockmoller, P. Nurnberg, U.M. Zanger
and L. Wojnowski, Genetic signature consistent with selection



[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

(33]

[34]

B. Snuéset al. / CYP3A5* 3, CYP3A4* 1B and MDR1 C3435T genotype distributions in Ecuadorians

against the CYP3A4*1B allele in non-African populations,
Pharmacogenet Genomics 16 (2006), 59—71.

V. Haufroid, M. Mourad, V. Van Kerckhove, J. Wawrzyni-
ak, M. De Meyer, D.C. Eddour, J. Malaise, D. Lison and J.P.
Squifflet, The effect of CYP3A5 and MDR1 (ABCB1) poly-
morphisms on cyclosporine and tacrolimus dose requirements
and trough blood levels in stable renal transplant patients,
Pharmacogenetics 14 (2004), 147-154.

M. Wong, R.L. Balleine, M. Collins, C. Liddle, C.L. Clarke
and H. Gurney, CYP3A5 genotype and midazolam clearance
in Australian patients receiving chemothera@{in Pharma-

col Ther 75 (2004), 529-538.

R.C. Givens, Y.S. Lin, A.L. Dowling, K.E. Thummel,
J.K. Lamba, E.G. Schuetz, P.W. Stewart and P.B. Watkins,
CYP3AS5 genotype predicts renal CYP3A activity and blood
pressure in healthy adultd,Appl Physiol 95 (2003), 1297—
1300.

H.Ho, A. Pinto, S.D. Hall, D.A. Flockhart, L. Li, T.C. Skaar, P.
Cadman, D.T. O’Connor, U. Wagner, N.S. Fineberg and M.H.
Weinberger, Association between the CYP3A5 genotype and
blood pressureilypertension 45 (2005), 294—298.

T.Y. Langaee, Y. Gong, H.N. Yarandi, D.A. Katz, R.M.
Cooper-DeHoff, C.J. Pepine and J.A. Johnson, Association of
CYP3AS5 polymorphisms with hypertension and antihyperten-
sive response to verapamiljin Pharmacol Ther 81 (2007),
386-391.

K.T. Kivisto, M. Niemi, E. Schaeffeler, K. Pitkala, R. Tilvis,
M.F. Fromm, M. Schwab, M. Eichelbaum and T. Strandberg,
Lipid-lowering response to statins in affected by CYP3A5
polymorphism Pharmacogenetics 14 (2004), 523-525.

R.A. Wilke, J.H. Moore and J.K. Burmester, Relative impact
of CYP3A genotype and concomitant medication on the sever-
ity of atorvastatin-induced muscle damad®harmacogenet
Genomics 15 (2005), 415-421.

S.Y. Atanasova, N. von Ahsen, D.I. Toncheva, T.G. Dimitrov,
M. Qellerich and V.W. Armstrong, Genetic polymorphisms
of cytochrome P450 among patients with Balkan endemic
nephropathy (BEN)Clin Biochem 38 (2005), 223-228.

C. Dandara, R. Ballo and M.I. Parker, CYP3A5 genotypes and
risk of oesophageal cancer in two South African populations,
Cancer Lett 225 (2005), 275-282.

H. Dally, H. Bartsch, B. dger, L. Edler, P. Schmezer, B.
Spiegelhalder, H. Dienemann, P. Drings, K. Kayser, V. Schulz
and A. Risch, Genotype relationships in the CYP3A locus in
CaucasiansCancer Lett 207 (2004), 95-99.

B. Sinues, J. Vicente, A. Fanlo, p. Vazquez, J.C. Medina,
E. Mayayo, B. Conde, |. Arenaz and B. Martinez-Jarreta,
CYP3A5*3 and CYP3A4*1B allele distribution and geno-
type combinations: differences between Spaniards and Cen-
tral Americans;Ther Drug Monit 29 (2007), 412-416.

[35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

331

C. Balram, Q. Zhou, Y.B. Cheung and E.J. Lee, CYP3A5*3
and *6 single nucleotide polymorphisms in three distinct Asian
populationsEur J Clin Pharmacol 59 (2003), 123-126.

G. Gervasini, S. Vizcaino, C. Gasiba, J.A. Carrillo and J.
Benitez, Differences in CYP3A5*3 genotype distribution and
combinations with other polymorphisms between Spaniards
and other Caucasian populatiofiser Drug Monit 27 (2005),
819-821.

I. Cavaco, J.P. Gil, E. Gil-Berglund and V. Ribeiro, CYP3A4
and MDR1 alleles in a Portuguese populati@tin Chem Lab

Med 41 (2003), 1345-1350.

P.L. Paris, P.A. Kupelian, J.M. Hall, T.L. Williams, H.
Levin, E.A. Klein, G. Casey and J.S. Witte, Association be-
tween a CYP3A4 genetic variant and clinical presentation in
African-American prostate cancer patier@sncer Epidemiol
Biomarkers Prev 8 (1999), 901-905.

B. Chowbay, S. Zhou and E.J. Lee, An interethnic comparison
of polymorphisms of the genes encoding drug-metabolizing
enzymes and drug transporters: experience in Singapove,
Metab Rev 37 (2005), 327-378.

M.M. Ameyaw, F. Regateiro, T. Li, X. Liu, M. Tariqg, A.
Mobarek, N. Thornton, G.O. Folayan, J. Githang'a, A. Indalo,
D. Ofori-Adjei, D.A. Price-Evans and H.L. McLeod, MDR1
pharmacogenetics: frequency of the C3435T mutation in exon
26 significantly influenced by ethnicitipharmacogenetics 11
(2001), 217-221.

T. Sakaeda, T. Nakamura, M. Horinouchi, M. Kakumoto, N.
Ohmoto, T. Sakai, Y. Morita, T. Tamura, N. Aoyama, M.
Hirai, M. Kasuga and K. Okumura, MDR1 genotype-related
pharmacokinetics of digoxin after single oral administration in
healthy Japanese subjed®iarm Res 18 (2001), 1400-1404.

D. Li, G.L. Zhang, Y.Q. Lou, Q. Li, X. Wang and X.Y. Bu,
Genetic polymorphisms iMDR1 and CYP3A5 and MDR1
haplotype in mainland Chinese Han, Uygur and Kazakh ethnic
groups,J Clin Pharm Ther 32 (2007), 89-95.

Y. Li, Y. Wang, J. Sun, Y. Li and L. Yang, Distribution of the
functional MDR1 C3435T polymorphism in the Han popula-
tion of China,Swiss Med WKly 136 (2006), 377—382.

I. Cascorbi, T. Gerloff, A. Johne, C. Meisel, S. Hoffmeyer, M.
Schwab, E. Schaeffeler, M. Eichelbaum, U. Brinkmann and I.
Roots, Frequency of single nucleotide polymorphisms in the
P-glycoprotein drug transport®DR1 gene in white subjects,
Clin Pharmacol Ther 69 (2001), 169-174.

E.A. Gaikovitch, |. Cascorbi, P.M. Mrozikiewicz, J.
Brockmbller, R. Fitschl, K. Kopke, T. Gerloff, J.N. Chernov
and |. Roots, Polymorphisms of drug-metabolizing enzymes
CYP2C9, CYP2C19, CYP2D6, CYP1Al, NAT2 and of P-
glycoprotein in a Russian populatioBur J Clin Pharmacol

59 (2003), 303-312.



