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Abstract 
Cytochrome P-450 3A4 (CYP3A4) contributes to the metabo- 
lism of approximately half the drugs in clinical use today.The 
aim of the present study was to determine the frequency of 
the CYP3A4*1B, *2, *4, *5, and "18 alleles amongst both Tepe- 
huan Amerindians, a native group that has inhabited north- 
ern Mexico for thousands of years, and Mestiio Mexicans, 
and to compare the data with those of other populations. 
Genotyping experiments revealed that 8.8 and 8.0% of the 
Mestizo and Tepehuano subjects, respectively, carried the 
CYP3A4"IB allele. Only one Mestizo subject was heterozy- 
gous for the CYP3A4*2 variant, while CYP3A4*4, *5 and "18 
allelic variants were not detected in either group. On the 
other hand, the frequencies of the CYP3A4"IBvariant in Mes- 
tizos and Tepehuanos were similar to those reported for 
Caucasians, but different from those observed for African 
and Asian populations. Copyright 8 2008 S. Karger AG, Easel 

Introduction 

Adverse drug reactions, therapeutic failure, and unde- 
sirable drug interactions in patients are a result of a com- 
plex of genetic and environmental factors. Drug-metab- 
olizing enzymes (DMEs) play an important role in de- 
termining how each individual will respond to drug 
treatments. The cytochrome P450 (CYP) enzymes are 
particularly important DMEs. 

In humans, CYP3A4, which is expressed in the liver 
and gastrointestinal tract [I], is involved in the metabo- 
lism of a wide variety of drugs, such as immunosuppres- 
sants, calcium channel blockers, cancer chemotherapeu- 
tic agents, antihistamines, sedatives, and synthetic estro- 
gens. It can also metabolize some endogenous steroids, 
including cortisol, testosterone and estradiol [2, 31, as 
well as some dangerous dietary and environmental con- 
taminants. Large interindividual variations, 40-fold and 
17-fold, in CYP3A expression levels have been observed 
among human liver and small intestinal specimens, re- 
spectively [4,5], and a 10-fold variation in metabolism of 
CYP3A4 substrates in vivo has been reported [6]. 

Genetic polymorphism is a common source of inter- 
individual differences in drug response [7]. To date, 39 
CYP3A4 allelic variants have been described (http:ll 
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www.cypalleles.ki.se/cyp3a4.htm), but only a few of these 
have thus far been correlated with functional changes or 
diseases. The CYP3A4*1 B allele has been associated with 
a lower hydroxylation of quinine as well as with a higher 
incidence of prostate cancer [a-101. The enzyme encoded 
by the CYP3A4*2 allele exhibits a lower intrinsic clear- 
ance of the CYP3A4 substrate nifedipine than the wild- 
type enzyme [ll]. Meanwhile, carriers of the CYP3A4*4 
and CYP3A4*5 alleles exhibit lower 6P-hydroxycortisol 
activity, suggesting that these alleles affect CYP3A4 ac- 
tivity [12]. On the other hand, it has been shown in vitro 
that the enzyme encoded by the CYP3A4*18 variant has 
greater catalytic activity towards testosterone and the in- 
secticide chlorpyrifos than the wild-type enzyme [13]. 

The distribution of CYP3A alleles varies across ethnic 
groups. For instance, African populations exhibit higher 
frequencies of CYP3A4"lB (55-69%) than Caucasian 
populations (4-9%), and this allele is absent in Asian pop- 
ulations. Meanwhile, CYP3A4*2 has been observed only 
in a Finnish population (2.7%), and CYP3A4*4, *5, and 
*I8 have been reported only in Asian populations (1.5- 
3.3%, 1.0%, and 1.0-1.3%, respectively). 

Because most CY P3A4 polymorphism studies to date 
have focused on African American, Asian or Caucasian 
populations, there is limited information about less stud- 
ied minority groups. Globalization has brought clinical 
drugs to isolated populations, and hence it has become of 
increased concern that such people in such minority pop- 
ulations may not have the same dose response to drugs as 
the populations in which the drugs have been tested. 

The Mexican population is divided ethnically into two 
main groups: Mestizo (90%) and Amerindian (10%). The 
Mestizo people are essentially the product of an amalga- 
mation of European, African, and Amerindian lineages. 
Recent studies have shown that drugs considered to be 
markers of CYP3A4 activity exhibit reduced clearance 
and higher bioavailability in Mestizo Mexicans than in 
other populations [14, 151. The Amerindian peoples are 
believed to have descended from groups of people that 
came to the Americas from Siberia in the second great 
migration -7,000-9,500 years ago and proceeded to 
spread and diversify into hundreds of culturally distinct 
nations and tribes. In Mexico, the Amerindians are rep- 
resented by 56 distinct ethnic subgroups, that together 
have a population of approximately 10 million. Although 
genetic polymorphisms of CYP3A4 have been widely 
studied, there are no such data with respect to Amerin- 
dian populations. Therefore, the aim of the present study 
was to determine the frequency of the CYP3A4*1 B, *2, *4, 
*5, and *I8 alleles amongst both Tepehuan Amerindians, 

a native group that has inhabited northern Mexico for 
thousands of years, and Mestizo Mexicans, and to com- 
pare the data with those of other populations. 

Materials and Methods 

Subjects 
Approval for this study was obtained by the Ethics and Re- 

search Committee of the Durango General Hospital of the Mexi- 
can Health Ministry. One hundred healthy unrelated Tepehuano 
subjects between 15 and 65 years of age from the El Mezquital lo- 
cation and 100 healthy unrelatedMestizo subjects between 16 and 
71 years of age from Nuevo Ideal, were selected for the study. Par- 
ticipants from both population groups were residing in southern 
Durango State during the study. A written informed consent in 
each subject's native language was requested. To ensure the ho- 
mogeneity of the subjects recruited, each potential subject was 
queried as to the ethnicity of both parents and all grandparents. 

DNA Extraction 
Genomic DNA was isolated from 5-ml samples ofwhole blood 

using a sodium perchloratelchloroform extraction method. Brief- 
ly, DNA was prepared by combining each blood sample with 35 
ml of lysis buffer [320 mM sucrose, 5 mM MgCl,, 1% (vlv) Triton 
X-100,lO mM Tris-HC1, pH 81. The nuclear pellet was collected by 
centrifugation at 2,000 g for 10 min, and resuspended in 2 ml of 
solution B [150 mM NaCl, 60 mM EDTA, 1% (wlv) sodium do- 
decyl sulfate, 400 mM Tris-HC1, pH 81. The suspension was mixed 
with 0.5 ml of 5 M sodium perchlorate and then incubated at 65°C 
for 30 min. Following the incubation, 2 ml of chloroform was 
added, and the mixture was centrifuged at 1,400gfor 10 min. The 
aqueous DNA-containing upper phase was precipitated by addi- 
tion of 2 volumes of 100% ethanol and washed with 70% ethanol. 
The DNA was then resuspended in 200 p1 of 10 mM Tris-HC1, 
1 mM EDTA, pH 7.4, and quantified by measuring absorbance at 
260 nm. 

Genotyping 
Genotyping of the CYP3A4*2 and CYP3A4'18 alleles was done 

by polymerase chain reaction-restriction fragment length poly- 
morphism (PCR-RFLP). To detect CYP3A4*2, a 159-bp fragment 
containing exon 7 was amplified by PCR using the following 
primers: 5'-GATTTTTTGGATCCATTCTTTCC-3' (forward) 
and 5'-CTTCAAATGTACTACAAATCACTGAACTG-3' (re- 
verse). Reaction parameters included 45 cycles of melting at 92°C 
for 30 s, annealing at 62°C for 1 min, and extension at 72°C for 
1.5 min, followed by a 5-min final extension phase at 72°C. The 
forward primer contained a noncoding cytosine at the -3' end 
(underline) which generates an artificial MnlI endonuclease rec- 
ognition site, The T673C substitution eliminates the MnlI endo- 
nuclease recognition'site. The 159-bp amplification product was 
submitted to MnlI cleavage and the resultant fragments were elec- 
trophoresed in a 3% agarose gel containing ethidium bromide 
(fig. la). To detect CYP3A4*18, a 390-bp fragment encoding ex- 
on 10 was amplified by PCR using the following primers: 
5'-GGGATTTGAGGGcTTCACTTAG-3' (forward) and 5'-CA- 
GAGCCTTCCTACATAGAGTCAGTG-3' (reverse). Reaction 
parameters included 40 cycles of melting at 95°C for 1 min, an- 
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159-bp fragment 

... ... TCCC[T/ClCAATA 1 
5- ... L I ... 3' 

Mnll cleavage 
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CYP3A4" I A CYP3A4-2 
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5' ... I I I ... 3' 5' ... 1 1 ... 3' v 

M+ M+ genotype (wild-type) 
CYP3A4* IA 

M- M- genotype (variant) 
CYP3A4* l 8  

Fig. 1. RFLP analysis of CYP3A4 allele variants. a Detection of the CYP3A4*2 allele. In the wild-type allele (*lA), 
MnlI cleaves a 159-bp fragment into 126- and 33-bp fragments, whereas the mutant allele (*2) is not cleaved. 
b Detection of the CYP3A4*18 allele. In the wild-type allele (*lA), MboII cleaves a 390-bp fragment into 263- 
and 127-bp fragments, whereas the mutant allele (,18) is not cleaved. 
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nealing at 65OC for 45 s and extension at 72OC for 1.5 min, fol- 
lowed by a 5-min final extension phase at 72OC. The T20178C 
substitution eliminates the BpmI endonuclease recognition site. 
The 390-bp amplification product was submitted to BpmI cleav- 
age, and the resultant fragments were electrophoresed in a 2% 
agarose gel containing ethidium bromide (fig. lb). 

Genotyping of CYP3A4*1B, CYP3A4*4 and CYP3A4*5 was 
conducted by real-time PCR using an ABI Prism 7000 Sequence 
Detection System with TaqMan Universal PCR Master Mix (Ap- 
plied Biosystems). PCRs were carried out using 5 p1 of TaqMan 
Universal PCR Master Mix@, 0.25 p1 of primer-probe mix (con- 
taining 36 p~ ofeach primer and 8 p~ of dye-labeled probe), and 
20 pg of DNA template. The final reaction volume was brought to 
10 p1 with H20. Forty PCR cycles of the following parameters were 
run: initial denaturalization at 95OC 10 min, 15 sat  92OC, followed 
by 1 min at 60°C. After each real time-PCR amplification, an al- 
lelic discrimination was made to determine the genotype of each 
subject. The primers and probes sequences used for CYP3A4"lB 
were: 5'-TGGAATGAGGACAGCCATAGAGA-3' (forward), 5'- 
AGTGGAGCCATTGGCATAAAATCT-3' (reverse), *lA probe 
(VIC): AAGGGCAAGAGAGAG, and *lB probe (FAM): AAGG- 
GCAGGAGAGAG; for CYP3A4*4: 5'-TGCTTTGAACTCTAGC- 
CTTTTGGT-3' (forward), 5'-GACAGCAATGATCGTAATCTC- 
TTCCA-3'(reverse),*lAprobe(VIC):TTATGAAAAGTGCCATC- 
TCTATA, and *4 probe (FAM): AAAAGTGCCGTCTCTATA; for 
CYP3A4*5: 5'-ACCCCTTTGTGGAAAACACCAA-3' (forward), 
Sf-GAGAGAAAGATAAATTAAAGGAAATAGTAGTCCACA- 
TAC-3' (reverse), *1A probe (VIC): TTTTTTGGATCCATTCTTT, 
and *5 probe (FAM): TTTGGATCGATTCTTT. 

Statistical Analysis 
The x2 test was used to compare the observed and reported 

genotype frequencies. The X2 test was also used to assess devia- 
tions of allelic frequencies from Hardy-Weinberg equilibrium. In 
all cases, p < 0.05 was considered significant. 

Results 

The allele and genotype frequencies of the CYP3A4 
variants in the Tepehuan-Amerindian and Mestizo 
groups are summarized in tables 1 and 2. In the Mestizo 
group, 17 subjects were heterozygous for the CYP3A4*1 B 
(*lA/*l B) variant, and only one individual was homozy- 
gous (*lB/*lB). One subject was heterozygous (*lA/*2) 
for the CYP3A4*2 variant and none were homozygous 
(*2/*2). The CYP3A4"lB variant was found in 14 Tepe- 
huano subjects, 12 of whom were heterozygous and 2 of 
whom were homozygous. The CYP3A4*2 polymorphism 
was not observed in the Amerindian group. The 
CYP3A4*4, *5 and "18 allelic variants were not detected 
in either group. CY P3A4 variant frequencies did not dif- 
fer between Tepehuanos and Mestizos (p > 0.05). 

When the two studied groups were compared with 
findings in other populations, a combination of differ- 
ences and similarities was found (table 2). The CYP3A4"l B 
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Table I .  Demographic data and genotypes 

Variable Genotype Tepehuanos Mestizos, 

Age (range), years 
Weight, kg 
Height, m 
BMI 
Gender 

Male 
Female 

Genotype 
CYP3A4*1 B 

Values for weight, height and BMI are expressed as mean 2 
SD. Figures in parentheses indicate percentages, unless otherwise 
specified. The CYP3A4*1A, *lB and *2 frequencies in Mestizos 
and the CYP3A4*1A, *lB frequencies in Tepehuanos fit the Har- 
dy-Weinberg equilibrium. 

allele frequency in Tepehuanos and Mestizos was mark- 
edly lower (8.0 and 8.8%) than that observed for African 
populations (55 and 69%), and higher than that reported 
in Asian populations (0%). While the CYP3A4'lB allele 
frequencies observed here were similar to those reported 
for American, Scottish, and Finnish Caucasian popula- 
tions (5-9%), they were greater than those observed in 
Caucasian populations in Spain and Portugal (4%). 

The CYP3A4*2 variant was found at a very low fre- 
quency in the Mestizo group (0.05%), similar to the fre- 
quencies observed in African and Asian populations 
(ON), but different from that in the Finnish population 
(2.7%). Finally, the CYP3A4*4, *5 and "18 alleles which are 
present in Asian populations were not found in the pres- 
ent study groups. 

Discussion 

Interindividual variability in drug metabolism, which 
can result in poor drug response, adverse drug reactions, 
or unfavorable drug-drug interactions, is a preeminent 
concern in drug development and treatment. A meta- 
analysis by Ozdemir et al. [16] determined that the ge- 
netic contribution of interindividual variability in the 
metabolism of several CY P3A4 substrates is in the range 



Table 2.  CYP3A4 allele frequencies in the Mestizo and Tepehuano populations relative to other populations 

Allele Subjects Frequency Reference 

CYP3A4*1 B 
Mestizos 
Mestizos 
Hispanic Americans 
Hispanic Americans 
~epehuanos 
African Americans 
African Americans 
African Americans 
Ghanaian 
Saudi 
White Americans 
White Americans 
Finnish 
Scottish Caucasian 
Spanish Caucasian 
Portuguese Caucasian 
Japanese Americans 
~apanese Americans 
Chinese Americans 
Chinese Americans 
Chinese 
Taiwanese 
Indians 

CYP3A4*2 
Mestizos 
Mestizos 
Tepehuanos 
African American 
Finnish 
Chinese 
Indians 

0.005 this study 
0.00 [231 
0.00 this study 
0.00 [ I l l  
0.027 [111 
0.00 1111 
0.00 1281 

CYP3A4*4 
Mestizos 
Tepehuanos 
Taiwanese 
Chinese 
Indians 

CYP3A4*5 
Mestizos 
Tepehuanos 
Taiwanese 
Chinese 
Indians 

this study 
this study 
[I21 
[291 
[281 

this study 
this study 
1121 
[291 
[281 

CYP3A4*18 
Mestizos 
Tepehuanos 
Chinese 
Japanese 

this study 
this study 
P O I  
[311 
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of 66-98%. The CYP3A4*1B allele has been reported to 
cause a decrease in clearance of systemically adminis- 
tered midazolam and cyclosporine [17-191. And Rodri- 
guez-Antona et al. [8] recently showed that carriers ofthis 
allele have reduced quinine hydroxylation activity. This 
polymorphism has also been associated with an increased 
risk of prostate cancer, secondary leukemia, and earlypu- 
berty [9,20,21]. 

The present study is the first to examine genetic poly- 
morphism of the CYP3A4 gene in an Amerindian popula- 
tion. The data revealed the CYP3A4*1 B variant is present 
in both the Tepehuano and Mestizo populations at fre- 
quencies (8.0433%) that are similar to that found in the 
white North American population, but different from 
that in African and Asian populations (table 2). These 
data suggest that both of these Mexican populations may 
exhibit impaired metabolism of drugs such as ritonavir, 
cyclophosphamide, and midazolam, among others, and 
consequently that these subjects may have an elevated risk 
for adverse drugs effects. The notable presence of the 
CYP3A4*1 B allele among Mexicans may underlie, at least 
in part, their reduced CYP3A4 substrate (e.g. nifedipine 
and vardenafil) clearance relative to German and Dutch 
populations [14, 151. Of course, there may be other 
CYP3A4 polymorphisms not included in the present 
study, as well as environmental factors such as nutrition- 
al habits, that may also contribute to the observed reduced 
clearance and higher bioavailability of drugs in Mexi- 
cans. It is important to point out that although less than 
10% of the subjects had this allele, extrapolation of this 
ratio to the general population suggests that the number 
of individuals at probable risk of side effects produced by 
CYP3A4 substrates may be on the order of millions. Fur- 
thermore, the large number of drugs metabolized by 
CYP3A4 makes it clinically relevant for dose adjust- 
ment. 

CYP3A4*2 frequency was very low in the subjects of 
the present study, while CYP3A4*4, *5 and *18 were not 
observed. This is not too surprising given that CYP3A4*4, 
*5 and *18 have previously only been reported in Asian 
populations at low frequencies. Moreover, since CYP3A4 
plays a pivotal role in xeno- and endobiotic metabolism, 
it is reasonable to suppose that the low frequencies of 
nonfunctional CYP3A4 alleles, such as CYP3A4*2, *4, *5, 
and *18, are due to a strong selection pressure against 
them during human evolution. 

Although the present Tepehuano and Mestizo study 
groups had similar frequencies of the analyzed alleles, 
they may differ in their frequencies of other DME poly- 
morphism~. In fact, we recently reported findings of im- 
portant differences in the frequencies of several CYP2D6 
polymorphisms between Mestizos and Tepehuanos [22]. 
Thus, further studies are needed to elucidate the frequen- 
cy distributions of DME polymorphisms in general. 

In summary, our genotyping experiments revealed 
that 8.8 and 8.0% of the Mestizo and Tepehuano subjects, 
respectively, carried the CYP3A4"lB allele, which has 
been associated with a reduced capacity to metabolize 
drugs, carcinogens and endobiotics that are CYP3A4 
substrates. Future investigations are needed to fully elu- 
cidate the role of genetic polymorphism in Amerindian 
populations. Such findings will aid in the assessment of 
appropriate strategies of drug therapy in Amerindian 
peoples. 
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