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ABSTRACT. CYP2B6 is a highly polymorphic isoenzyme involved in the 
metabolism of many drugs including cyclophosphamide, bupropion, and 
efavirenz. A single nucleotide polymorphism (SNP) in CYP2B6 (516G>T) 
resulted in decreased expression and function associated with the 
CYP2B6*6 haplotype. Among the clinical implications of this phenotype, 
decreased activation of cyclophosphamide and increased plasma levels 
of efavirenz associated with increased central nervous system toxicity 
have been reported. The frequency of the CYP2B6 (516G>T) SNP has 
been studied in several different populations, but there is no data regarding 
distribution among Argentinians. In this study, 102 DNA samples from 
healthy volunteers were analyzed using a polymerase chain reaction-
restriction fragment length polymorphism reaction specific for the CYP2B6 
(516G>T) SNP. Our results showed a prevalence of 71.08% for the G allele 
and 28.92% for the T allele. This was distributed as 52.9% for the GG 
genotype (reduced dosage required), 36.6% for the GT genotype (normal 
dosage range), and 10.8% for the TT genotype (high drug toxicity). There 
was no preferential gender distribution observed. The relatively high 
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prevalence of the TT genotype in our population supports the clinical use 
of genotyping as an additional tool in personalized medicine.
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INTRODUCTION

More than 90% of phase I drug metabolism relies on cytochrome P450 (CYP) enzymes. 
Among the 59 active enzymes in the human CYP superfamily, CYP2B6 was initially thought to 
only have a minor role, accounting for a very small fraction of drug biotransformation (Wang and 
Tompkins, 2008). Nevertheless, CYP2B6 is of particular interest as it is involved in the metabolism 
of clinically relevant drugs such as cyclophosphamide, a commonly prescribed immunosuppres-
sant that depends on CYP2B6 for its pharmacological activation to 4-hydroxycyclophosphamide 
(Raccor et al., 2012); bupropion, an antidepressant widely used in smoking cessation therapeutic 
strategies; and efavirenz (and to a lesser extent also nevirapine), a non-nucleoside reverse HIV 
transcriptase inhibitor that is part of the initial treatment regimen of patients with HIV and is used 
in conjunction with nucleoside/nucleotide reverse transcriptase inhibitors (Panel on Antiretroviral 
Guidelines for Adults and Adolescents 2012, 2013). The CYP2B6 gene is highly polymorphic. 
Among CYP2B6 gene variants, the CYP2B6*6 haplotype is associated with lower mRNA levels, 
lower protein expression, and decreased bupropion hydroxylase activity compared with wild-type 
CYP2B6*1, particularly in the liver. The CYP2B6*6 haplotype is characterized by the presence 
of two non-synonymous single nucleotide polymorphisms (SNPs): 516G>T and 785A>G. These 
variants occur with or without additional promoter variants (CYP2B6*6A: 516G>T and 785A>G; 
CYP2B6*6B: 516G>T, 785A>G, -1456T>C and -750T>C, and CYP2B6*6C: 516G>T, 785A>G 
and -750T>C). The functional consequences of CYP2B6*6  have been recently linked to an aber-
rant splicing variant determined by 516G>T SNP  at the region including exons 4 to 6, leading 
to decreased expression and function associated with the CYP2B6*6 haplotype (Hofmann et al., 
2008). 

Efavirenz is a drug with a narrow therapeutic range and its acceptable plasma concentra-
tion at 12 hours is 1-4 µg/mL (Marzolini et al., 2001; Panel on Antiretroviral Guidelines for Adults 
and Adolescents 2012, 2013). Several studies have shown that SNPs in CYP2B6 -particularly 
516G>T- are associated with high plasma concentrations of efavirenz and drug-related toxicity 
(Nyakutira et al., 2008, Ramachandran et al., 2009, Aurpibul et al., 2012). In addition, the CYP2B6 
polymorphism 516G>T was shown to be associated with higher than expected concentrations of 
the intravenous anesthetic propofol (Mastrogianni et al., 2014). The GT genotype results in normal 
drug metabolism while the GG genotype requires reduced doses of these drugs and the TT geno-
type results in higher risk of drug toxicity. 

The frequencies of different CYP2B6 polymorphisms have been studied in different pa-
tient populations, showing a highly variable distribution (Arnaldo et al., 2013). Specifically for the 
516G>T polymorphism, the global distribution for the G and T alleles is 73 and 26%, respectively 
(genotypes GG: 54.1%, GT: 38.4%, TT: 7.5%). In Europe, the distribution is G: 76.8%, T: 23.2% 
(genotypes GG: 57.8%, GT: 38%, TT: 4.2%), in the United States of America it is G: 63.8%, T: 
36.2% (genotypes GG: 40.9%, GT: 45.9%, TT: 13.3%), and in Africa, which has the highest preva-
lence of the polymorphism, it is G: 65%, T: 35% (genotypes GG: 42.3%, GT: 44.7%, TT: 13%) (1000 
Genomes Project Consortium et al., 2012). 
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The majority of the inhabitants of Argentina are of Caucasian descent so the distribution 
of the CYP2B6 genotypes would be expected to be similar to that of Europe. However, there 
is no formal data about CYP2B6 allelic frequencies in Argentina. The aim of the present study 
is to determine the frequency of the most common CYP2B6 SNP, 516G>T, in an Argentinian 
population.

MATERIAL AND METHODS

Study population 

One hundred and two random samples from healthy controls obtained from the Hospital 
Italiano de Buenos Aires DNA Bank were analyzed. Informed consent was obtained from all partici-
pants and approval was received from the appropriate institutional review boards. 

Sample collection and DNA extraction 

Peripheral blood (10 mL) was collected from all patients in 5-mL EDTA tubes. Whole-blood 
samples were stored at 4°C until the time of processing. Genomic DNA was extracted and purified 
using the QIAmp DNA Blood Mini kit (Qiagen, USA). 

Genotyping of CYP2B6  

Genotyping of the CYP2B6 516 allele was performed by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP). Genomic DNA was amplified using se-
quence-specific primers for exon 4 of the CYP2B6 gene, generating a 509-bp amplicon. The 
PCR was performed in a 20-µL reaction volume containing 1X PCR buffer (Promega, Biodynam-
ics Distributor, CABA, Buenos Aires, Argentina), 200 mM dNTPs (Fermentas, CABA, Buenos 
Aires, Argentina), 0.2 M each primer (Eurofins MWG Operon, Huntsville, AL, USA), 1 Unit Taq 
polymerase (Promega) and 100 ng genomic DNA. Reactions were performed in a MJ Research 
Thermocycler (PTC 100). Cycling parameters were as follows: initial denaturation at 95°C for 5 
min, and 30 cycles of 96°C for 30 s, 55°C for 30 s, and 72°C for 40 s, and a final extension step at 
72°C for 10 min. Aliquots of the PCR product were digested with restriction enzymes BsrI (AvaII) 
(Fermentas), at 65°C overnight to ensure complete digestion. The DNA fragments were electro-
phoresed on a 3% agarose gel stained with ethidium bromide, and bands were visualized with a 
UV transilluminator. 

Statistical analysis 

Allelic and genotypic frequencies were expressed in absolute and percentage values in 
the study population. Sample size calculation for estimating the TT genotype in the European 
population with a prevalence of 4% gives a sample size of 64 samples and a prevalence of 7% of 
the global population gives a sample size of 110 samples. The level of significance ( α error) was 
established at 5%. The results obtained were further evaluated for the Hardy-Weinberg equilibrium 
in order to validate the finding.
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RESULTS 

All patient samples were genotyped for the CYP2B6 516 allele according to methods 
previously described. PCR-RFLP analysis with digestion of the 509 bp amplicon of CYP2B6 with 
BsrI resulted in two fragments of 268 and 241 bp for the GG genotype and a single undigested 
509 bp fragment for the TT genotype. The 3 fragments were present for the GT genotype (Figure 
1). Among 102 subjects analyzed, 45.1% (46) were males and 54.9% (56) were females with a 
median age of 32 and an age range of 21 to 80. In our study population, distribution of the CYP2B6 
516 G>T allele was as follows: 71.08% for the G allele and 28.92% for the T allele, and 52.9% 
(54) had the GG genotype, 36.6% (37) had the GT genotype, and 10.8% (11) had the TT genotype 
(Figure 2). There was no preferential gender distribution observed between genotypes.  

Figure 1. CYP2B6 516 genotyping using restriction enzyme Bsrl and visualization of results by gel electrophoresis.

Figure 2. CYP2B6 516 genotype distributions.
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DISCUSSION

A significant proportion of inter-individual variability in the response to CYP2B6 substrates 
(such as efavirenz) has been attributed to the presence of a SNP at position 516 (G>T), although 
the effect varies between populations in relation to differential frequencies of these genetic variants. 
Thus, it has become important to perform frequency studies of potentially relevant polymorphisms 
in different populations in order to establish the relative importance of specific allelic variants and 
to estimate the potential usefulness of genetic analysis in a clinical scenario. 

In the present study, we analyzed the frequency of the allelic variants for CYP2B6 516 in 
the Argentinian population. The prevalence of TT genotype was 10.8%, which is double than its  
frequency in European populations (4.2%) and similar to the frequency found in Native Americans 
and persons of African descent (13.3 and 13%, respectively).

Contemporary Argentinians carry components of European, Native American and Afri-
can ancestry but the relative amount depends on the genetic subsystem examined. Argentinians 
carry a large fraction of European genetic heritage in their Y-chromosome (94.1%) and autosomal 
(78.5%) DNA, but the mitochondrial gene pool is mostly of Native American ancestry (53.7%). Afri-
can heritage is relatively small in all three genetic subsets (<4%) (Corach et al., 2010).

Since most Argentinian inhabitants are of Caucasian descent, a European genotype fre-
quency profile is to be expected. However, the contribution of Native American ancestry to particu-
lar gene pool components may explain in part the higher prevalence of the TT genotype in CYP2B6 
in our population in comparison with the expected 4.2% observed in European studies. This finding 
provides additional information to the ongoing controversy regarding which population-if any-can 
be used as a general reference for Argentinian genotypic profiles. In addition, the relatively high 
prevalence of homozygous variants supports the use of this analysis in clinical practice as an ad-
ditional tool for dose customization of substrate medications.   
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