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Abstract. This study aimed to investigate the allele frequencies of CYP2B6 gene in 193 Han Chinese and

compared with 91 Uygur Chinese. Five single nucleotide polymorphisms of CYP2B6, 64C > T, 516G > T,

777C > A, 785A > G and 1459C > T, were tested using the polymerase chain reactionYrestriction

fragment length polymorphism method. The allele frequencies for CYP2B6*2, CYP2B6*3, CYP2B6*4,

CYP2B6*5, CYP2B6*6, CYP2B6*7 and CYP2B6*9 in Han and Uygur Chinese were 0.034 and 0.027, 0

and 0.011, 0.091 and 0.033, 0.003 and 0.049, 0.184 and 0.214, 0 and 0.022, and 0.018 and 0.044,

respectively, with CYP2B6*4, CYP2B6*5, and CYP2B6*7 being significantly different between these

two races (P < 0.05). CYP2B6*6 was the most prevalent allele among all detected variants in Han and

Uygur Chinese. The most frequent genotypes were CYP2B6*1/CYP2B6*1 (50.8%), CYP2B6*1/

CYP2B6*6 (24.4%), and CYP2B6*1/CYP2B6*4 (7.3%) in Han subjects, whereas the most frequent

genotypes in Uygur subjects were CYP2B6*1/CYP2B6*1 (36.3%), CYP2B6*1/CYP2B6*6 (25.3%),

CYP2B6*1/CYP2B6*5 (5.5%) and CYP2B6*6/CYP2B6*6 (5.5%). The frequencies of 64C > T mutation

in Han and Uygur Chinese were significantly lower than that in American Caucasian (P < 0.05). These

results indicate that there were marked ethnic differences in the mutant frequencies of CYP2B6 between

Chinese and other ethnic groups. Further studies are warranted to explore the clinical impact of such

ethnic differences.
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INTRODUCTION

The cytochrome P450s (CYPs) are the most important
Phase I metabolizing enzymes which metabolize a variety of
xenobiotics including carcinogens and therapeutic drugs and
some important endogenous substances (e.g., steroids, hor-
mones, and fatty acids) (1). CYP2B6 was found at 3Y5% of
total hepatic CYP content in 20Y100% of humans (2), and
consistently, it was responsible for the metabolism of about
3% of therapeutic drugs, a few endogenous substances, some
environmental compounds and procarcinogens (1). The drugs
metabolized primarily or partially by this enzyme include
cyclophosphamide (3), promazine (4), methadone (5,6), S-
mephenytoin (7), nevirapine (8), efavirenz (9), propofol (10),
and bupropion (11). Furthermore, human CYP2B6 also
hydroxylates testosterone and androstenedione (12,13).

CYP2B6 is mainly expressed in human liver and some
extra-hepatic tissues as well, including the kidney, intestine,
brain, skin, and lung at a lower level (14). Notably, there are
a very wide (20- to 288-fold) individual variability in CYP2B6
protein expression and enzyme activity levels (15Y17). Such
wide variability may be due to environmental factors and
polymorphisms of the CYP2B6 gene. In contrast, CYP2B6
mRNA levels showed less variability (13-fold) (15). Howev-
er, it is difficult to evaluate the in vivo activity of CYP2B6 in
humans because of the lack of specific substrates. It appears
that bupropion, an antidepressant and antismoking agent, is
one of the most specific substrates of CYP2B6 and, therefore,
is commonly used as an in vitro probe drug for this enzyme
(11). Recently, several highly specific inhibitors for CYP2B6
have been found, including the thiotepa (18,19), 17-a-
ethynylestradiol (20), and clopidogrel (21). All these probe
compounds are useful tools in the functional studies of
CYP2B6 in vitro and in vivo.

The human CYP2B6 gene has been mapped to chromo-
some 19 between 19q12 and 19q13.2 and is composed of nine
exons (22). Up to date, a number of single nucleotide
polymorphisms (SNPs) have been reported in CYP2B6 gene
(http://www.imm.ki.se/CYPalleles). Lang et al. (23) first iden-
tified nine SNPs of CYP2B6 in Caucasian (German), with
five of which leading to amino acid substitutions. In this
study, six other CYP2B6 alleles have been found, namely,
CYP2B6*2 (64C > T), CYP2B6*3 (777C > A), CYP2B6*4
(785A > G), CYP2B6*5 (1459C > T), CYP2B6*6 (516G > T
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and 785A > G), CYP2B6*7 (516G > T, 785A > G and
1459C > T) (23). Thereafter, Lamba et al. (24) reported two
new SNPs, CYP2B6*8 (415A > G resulting in an Lys139Glu)
and CYP2B6*9 (516G > T). In addition, many SNPs in the
CYP2B6 promoter region, such as j1848C > A, j801G > T,
j750T > C, and j82T > C, have been identified (24,25).
Recently, eight new missense mutations (76A > T, 83A > G,
85C >A, 86G > C, 15618C > T, 18038G > A, 21034C >,
21498C > A, three new silent mutations and two new intronic
SNPs defining six novel alleles (CYP2B6*17A and
CYP2B6*17B, CYP2B6*18, CYP2B6*19, CYP2B6*20,
CYP2B6*21) have been identified (26). More recently,
haplotype analysis in 51 African HIV patients revealed that
983T > C was linked with 785A > G defining a novel allele,
CYP2B6*16 (27). This allele was present in totally five of the
patients (9.8%). The CYP2B6*16 allele was not found in
Swedes, was present at 4% frequency among Turks (27).
Many of these SNPs in CYP2B6 have an impact on the
enzyme activity. For example, a 1459C > T (Arg487Cys) SNP
in exon 9 caused a 8-fold lower enzyme activity compared to
the wild-type protein (23). On the other hand, the subjects
with CYP2B6*4 (Lys262Arg), CYP2B6*5 (Arg487Cys),
CYP2B6*6 (Gln172His and Lys262Arg), or CYP2B6*7
(Gln172His, Lys262Arg, and Arg487Cys) genotype had a
higher enzyme activity to 7-ethoxy-4-trifluoromethylcou-
marin, compared to CYP2B6*1 (wild type) (28). CYP2B6*6

(Gln172His and Lys262Arg) was associated with increased 4-
hydroxylation of cyclophosphamide in vitro (29). Moreover,
the j82T > C mutation in the TATA box of the promoter
region of CYP2B6 gene resulted in approximately twoYfold
higher enzyme activity toward bupropion compared to the
wild-type protein (25). However, CYP2B6*2 (Arg22Cys) and
CYP2B6*16 with the 785A > G SNP did not alter the CYP2B6
activity (27,28).

The frequencies of variant alleles of CYP2B6 gene have
been studied in Caucasian, African, Japanese and Korean,
but no data are available for the Chinese population except
for our recent report (30). As to CYP2B6, it is especially
important to determine all of the genetic variants responsible
for altered CYP2B6 expression in different ethnic groups,
because there are no validated and specific drugs that can
currently be used as model substrates to probe CYP2B6
activity in vivo and to guide dosing of CYP2B6 substrate
drugs with narrow therapeutic indices. This prompted us to
investigate the allele frequencies of common CYP2B6 alleles,
including 64C > T, 516G > T, 777C > A, 785A > G, and
1459C > T, in Han Chinese and compared with Uygur
Chinese. The Han Chinese is predominant among all 56
different racial groups in China, numbering 1.159 billion and

making up 91.59% of the country’s population. Uygur
Chinese is a minority in China with a total population of
1.6 million. Since Uygur Chinese is ethnically belongs to
Caucasians, we chose this ethnic group as a control group.
The resultant genetic data in Chinese were also compared
with those in Caucasian, African, Japanese and Korean
reported in literatures.

MATERIALS AND METHODS

Study Population

Venous blood samples were obtained from unrelated
healthy Han (n = 193; 134 males and 59 females; age ranging
from 20 to 33 years; mean T SD 24.1 T 1.6 years) and Uygur
Chinese volunteers (n = 91; 21 males and 70 females; age
ranging from 17 to 21 years; mean 18.4 T 4.2 years). The
volunteers were from Sun Yat-sen University, Guangdong
Province, and Professional Technology College of Xinjiang
Uighur Autonomous Region, China. The ethnicity of all
volunteers was confirmed by their social and culture charac-
teristics and official identity information. Ethical approval of
this study was obtained from the Ethical committee of Sun
Yat-sen University, Guangzhou, China and written informed
consent was obtained from all participants.

Molecular Studies

Specific intronic polymerase chain reaction (PCR) primer
pairs used in the human CYP2B6 genetic mutation screening
were designed using CYP2B6 genomic sequences retrieved
from GenBank (accession no. AC023172.1; GI: 6957691)
[GenBank]. ExonYintron boundaries of the human CYP2B6
gene were defined by comparing genomic sequences with the
mRNA sequence (accession no. M29874.1) [GenBank] (31).

Total genomic DNA was extract from peripheral leuko-
cytes by the phenolYchloroform extraction method (32).
Their purity and concentration were examined. The poly-
merase chain reactionYrestriction fragment length polymor-
phism (RFLP) assay for detecting CYP2B6 mutations was as
described by Lang et al. (23). The primers used to detect the
SNPs, 64C > T, 516G > T, 777C > A, 785A > G, and 1459C > T,
on exons 1, 4, 5 and 9, respectively, are listed in Table I.

To detect 64C > T SNP on exon 1, the PCR reactions
were performed in a total volume of 50 ml with 100 ng
genomic DNA, 2.5 mM dNTPs, 10 mM of primer CYP2B6-1F
and primer CYP2B6-1R (see Table I), 5 ml 10� Ex Taq
buffer and 1.25 U Ex Taq DNA polymerase (Takara, Japan).
After 5 min of denaturation at 95-C, the PCR mixtures were

Table I. Primers Used to Detect the Mutations on Exons 1, 4, 5 and 9 in CYP2B6 Gene

Sequence primer designation 5¶Y3¶ sequence Primer location Exon

seqCYP2B6-1F ATAACAGGGTGCAGAGGCA 5¶-UT 1

seqCYP2B6-1R AAGTACCAAGGCAAGAAGCA Intron 1 1

seqCYP2B6-4F TAGGTGACAGCCTGATGTTC Intron 4 4

seqCYP2B6-4R TCATCCTTTTCTCGTGTGTTCT Intron 5 4

seqCYP2B6-5F TCTCTCCCTGTGACCTGCTAGCT Intron 5 5

seqCYP2B6-5R TCTTCTCACCTCTCCATCTT Intron 6 5

seqCYP2B6-9F AGAGCGAAGTGTATGCACCT Intron 9 9

seqCYP2B6-9R AGAGCCATTGTCTACAGAGG 3¶-UT 9
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subjected to the following conditions: 30 s at 95-C, 30 s at
50-C and 1 min at 72-C for 35 cycles with a delayed last step
of 10 min at 72-C in a PCR System 2700 (Applied
Biosystems, Foster City, CA, USA). Aliquots of each sample
were digested with HaeII (New England Biolabs, Beverly,
MA, USA), and the resulting fragments were analyzed on a
2.0% agarose gel (Shanghai Yito Bio-Instrument Company
Limited, Shanghai, P.R.China) stained with ethidium bro-
mide. HaeII digestion of wild-type DNA yielded fragments of
333 and 390 bp, whereas the 64C > T mutation prevented
enzyme digestion and resulted in an uncleaved fragment of
723 bp (Fig. 1a).

For amplification of exon 4 to detect 516G > T mutation,
the primer pair CYP2B6-4F/-4R was used with the same
cycling and analysis conditions as for exon 1, except that 56-C
was used as annealing temperature and the extension step
was reduced to 40 s. The purified PCR products were
digested with restriction enzyme BsrI (New England Biolabs,
Beverly, MA, USA). The wild-type DNA resulted in three
fragments of 241, 268 and 17 bp, whereas mutant PCR
products resulted in two fragments of 509 and 17 bp (Fig. 1b).

To detect 777C > A SNP on exon 5, the DNA was
amplified with primers CYP2B6-5F/-5R using the same
cycling conditions as for exon 11 except that the annealing
temperature was 60-C. The mutation was detected by
digestion with restriction enzyme HaeII, leaving mutated
DNA at position 777 undigested. The wild-type restriction
fragments were 140, 196 and 304 bp, whereas mutated
samples resulted in 500- and 140-bp fragments (Fig. 1c).

The same PCR fragment used in the detection of the
777C > A mutation was analysed for the 785A > G mutation
in exon 5 which disrupted a recognition sequence for StyI
(New England Biolabs, Beverly, MA, USA). Digestion of the
wild-type DNA resulted in fragments of 56, 116, 171 and 297
bp. Presence of the 785A > G mutation gave three fragments
of 56, 116 and 468 bp. The fragments were separated using a
2.5% agarose gel (Shanghai Yito Bio-Instrument Company
Limited, Shanghai, People’s Republic of China) to resolve
fragments of 171 and 116 bp (Fig. 1d).

In addition, exon 9 was amplified with primers CYP2B6-
9F/-9R using the same conditions as for exon 1 except that a
prolonged extension step of 1 min 30 s and an annealing step
at 58.5-C were used. The 1459C > T mutation resulted in a
restriction enzyme site for BglII (New England Biolabs,
Beverly, MA, USA), giving rise to two fragments of 216 and
1185 bp. The wild-type DNA yielded a PCR fragment of
1,401 bp which was not cleaved (Fig. 1e).

If the mutations were detected by PCRYRFLP assay in
any subjects, the amplified DNA fragments were further
sequenced to confirm the mutations using an ABI 3700 DNA
sequencer (Applied Biosystems, Foster City, CA, USA) with

Fig. 1. Representative electrophoresis gel photos showing the five

single nucleotide polymorphisms, 64C > T (a), 516G > T (b), 777C > A

(c), 785A > G (d), and 1459C > T (e), in CYP2B6 gene in Chinese, using

PCR-RFLP methods. Typical PCR reactions were conducted in a

reaction volume of 50 ml with 20 ng genomic DNA, 10 � PCR buffer,

200 mM dNTPs, 10 pmol of each primer, and 1 unit of polymerase. The

resultant DNA fragments were separated by electrophoresis in

2.0 Y2.5% agarose gel. Each mutation gave rise to different DNA

fragments from those in the wild type. w, wild type; m, mutation.
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the BigDye RR Terminator Cycle Sequencing kit (Applied
Biosystems, Foster City, CA, USA).

For CYP2B6 variants, genotyping of 64C > T
(CYP2B6*2A , CYP2B6*2B, CYP2B6*10), 516G > T
(CYP2B6*6A, CYP2B6*6B, CYP2B6*6C, CYP2B6*7A,
CYP2B6*7B, CYP2B6*9, CYP2B6*13A, CYP2B6*13B,
CYP2B6*19, and CYP2B6*20), 777C > A (CYP2B6*3),
785A > G (CYP2B6*4A , CYP2B6*4B, CYP2B6*4C ,
CYP2B6*4D, CYP2B6*6A, CYP2B6*6B, CYP2B6*6C,
CYP2B6*7A, CYP2B6*7B, CYP2B6*13B, CYP2B6*16,
CYP2B6*19, and CYP2B6*20), and 1459C > T (CYP2B6*5A,
CYP2B6*5B, CYP2B6*5C, and CYP2B6*7) was carried out.

Nomenclature and Statistical Analysis

Allele designations were made in accordance with the
Human CYPallele Nomenclature Committee (http://
www.imm.ki.se/CYPalleles/criteria.htm). Numbering was
based on the cDNA with the full-length cDNA sequence
published by Yamano et al. (31) defined as the wild type
(CYP2B6*1). Genomic sequence numbers are available at
the CYP allele nomenclature website.

Analysis of data was performed by using the computer
software SPSS for Windows (Version 12.0). CYP2B6*1
alleles were counted when the point mutations tested in the
present study did not exist. The frequency of each allele in
our study population is given together with the 95%
confidence interval (CI). The lower and upper limits of the
95% CI for allele frequencies of CYP2B6 were determined as
described by Newcombe (33) with a correction for continuity.
The effects of gender and ethnicity on the frequencies of
CYP2B6 genotypes were tested using c2 test with Yates’
continuity correction or Fisher’s exact test. Values of P < 0.05
were considered significant.

Hardy-Weinberg principle means that the genotype
frequencies at a single gene locus will become fixed at a
particular equilibrium value under certain conditions, after
one generation of random mating; and it also specifies that
those equilibrium frequencies can be represented as a simple
function of the allele frequencies at that locus. Whenever
appropriate, the observed number of each single point
mutation (instead of alleles, i.e. haplotypes) was compared
with that expected for a population in the HardyYWeinberg
equilibrium by using a goodness-of-fit c2 test. Values of
P < 0.05 were considered significant.

RESULTS AND DISCUSSION

The data for CYP2B6 allele frequencies in both Han and
Uygur Chinese are shown in Table II. There were no signif-
icant differences in the frequencies of CYP2B6*1, CYP2B6*2,
CYP2B6*3, CYP2B6*6 and CYP2B6*9 between Han Chinese
(67.1, 3.4, 0, 18.4 and 1.8%, respectively) and Uygur Chinese
(59.9, 2.7, 1.1, 21.4 and 4.4%, respectively) (P = 0.109, 0.802,
0.102, 0.426 and 0.092, respectively). However, for
CYP2B6*4, Han Chinese had a significantly higher frequency
(9.1%) than Uygur Chinese (3.3%) (P = 0.014), whereas those
of alleles CYP2B6*5 and CYP2B6*7 were lower in Han
Chinese (0.3 and 0%, respectively) than in Uygur Chinese
(4.9 and 2.2%, respectively) (P = 0.010 and P < 0.001, respec-
tively). CYP2B6*6 was most prevalent among all detected
variant alleles in Han and Uygur Chinese.

Table III shows the distribution of various CYP2B6
genotypes in Han and Uygur Chinese. The most frequent
genotypes were CYP2B6*1/*1 (50.8%), followed by
CYP2B6*1/*6 (24.4%), and CYP2B6*1/*4 (7.3%) in Han
Chinese, whereas the most frequent genotype in Uygur
subjects was CYP2B6*1 /*1 (36.3%), followed by
CYP2B6*1 /*6 (25.3%), CYP2B6*1 /*5 (5.5%) and
CYP2B6*6/*6 (5.5%). These results were in good accordance
with the HardyYWeinberg equilibrium. Different from Han
Chinese, Uygur Chinese belongs to Caucasians. The frequen-
cies of main mutant CYP2B6 alleles in Uygur Chinese were
between those in Han Chinese and those in Caucasians, and
more similar to those in Caucasians. The little discrepancy
between Uygur and Caucasians is unknown. From an
anthropological point of view, geographical factors and
mingling of Uygur people with Han Chinese and other ethnic
groups may contribute to such discrepancy.

As shown in Table IV, the frequency of the SNP
1459C > T in Uygur Chinese was significantly higher than that
in Han Chinese (P < 0.05) and Japanese (P < 0.05) (34). The
frequencies of the SNP 64C > T in Han and Uygur Chinese
were significantly lower than that in American Caucasian
(P < 0.05) (24). For the SNP 516G > T, the frequency in Uygur
Chinese was higher than that in Japanese (P < 0.05) (34); and
the frequency in Han Chinese was lower than that in German
Caucasian (P < 0.05) (23). In addition, the frequencies of the
SNP 785A > G in Han and Uygur Chinese were significantly
higher than that in American Caucasian (P < 0.05) (24).
However, there was no significant difference of the frequency
of SNP 777C > A among the five ethnic groups. All of the

Table II. Allele Frequencies of CYP2B6 Gene in Han and Uygur Chinese

Allele
Han Chinese (n = 386) Uygur Chinese (n = 182)

P value

No. of alleles % of alleles (95% CI) No. of alleles % of alleles (95% CI)

CYP2B6*1 259 67.1 (62.4 Y71.8) 109 59.9 (52.8 Y 67.0) 0.109

CYP2B6*2 13 3.4 (1.6 Y5.2) 5 2.7 (0.4 Y5.1) 0.802

CYP2B6*3 0 0 (0) 2 1.1 (0.1Y2.3) 0.102

CYP2B6*4 35 9.1 (6.2Y11.9) 6 3.3 (0.7Y5.9) 0.014

CYP2B6*5 1 0.3 (0.1Y 0.7) 9 4.9 (1.8 Y 8.1) <0.0001

CYP2B6*6 71 18.4 (14.5 Y22.3) 39 21.4 (15.5 Y27.4) 0.426

CYP2B6*7 0 0 (0) 4 2.2 (0.1Y 4.3) 0.010

CYP2B6*9 7 1.8 (0.5 Y3.1) 8 4.4 (1.4 Y7.4) 0.092

n Allele number.
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above polymorphisms were in Hardy-Weinberg equilibrium
in all ethnic groups examined.

Ethnicity is an important variable contributing to
interindividual variability in drug metabolism, response and
toxicity (35Y37). In recent years, a number of SNPs in CYP
genes have been found to account for interethnic variations
in response to a large number of therapeutic agents. The fre-
quency of functional SNPs varies widely between ethnic
groups and the Asian population is no exception to this. How-
ever, most of the current literature is concerned with poly-
morphisms of CYP genes including CYP2B6 in Caucasians
and African-Americans, whereas the data in Asian popula-
tions, in particular Chinese, are scanty. Thus, we studied the
allele frequencies of common CYP2B6 in Han and Uygur
Chinese, for the first time, and compared with those in other
ethic groups reported in the literature. In the present study,
1.1% (not significantly compared to Han Chinese) of variant
CYP2B6*3 and 2.2% CYP2B6*7 (P < 0.0001, compared to
Han Chinese) were identified in 91 Uygur Chinese whereas

no subjects with variant CYP2B6*3 and CYP2B6*7 alleles
were detected among 193 Han Chinese. These results sug-
gested the ethnic differences did exist between these two
groups. The frequency of Han Chinese was in agreement with
that of other Asians including Japanese and Korean (34,38),
and the frequency of Uygur Chinese was consistent with that
of Caucasians (23,24).

The frequencies of variants CYP2B6*5 (P = 0.010),
CYP2B6*6 (not significantly) were similar to those of
CYP2B6*3 and CYP2B6*7 between Han and Uygur Chinese.
In contrast, the frequency of variant CYP2B6*4 in Han
Chinese was significantly higher (P = 0.014) than that in
Uygur Chinese. It was not a surprise that the frequency of
CYP2B6*4 in Uygur Chinese was similar to those reported
for Caucasian populations (23); whereas, the observed fre-
quency in Han Chinese was consistent with data reported for
other Asians including Japanese and Korean (34,38). How-
ever, in this study, one 516G > T allele was found in both Han
Chinese and Uygur Chinese populations. This was different

Table III. CYP2B6 Genotypes in Han and Uygur Chinese

CYP2B6 genotype
Han Chinese (n = 193) Uygur Chinese (n = 91)

No. of subjects Observed frequency, % (95% CI) No. of subjects Observed frequency, % (95% CI)

CYP2B6*1/CYP2B6*1 98 50.8 (43.7Y 57.8) 33 36.3 (26.4 Y 46.1)

CYP2B6*1/CYP2B6*2 5 2.6 (0.3 Y 4.8) 3 3.3 (0.2Y 6.7)

CYP2B6*1/CYP2B6*3 0 0 1 1.1 (0.1Y2.3)

CYP2B6*1/CYP2B6*4 14 7.3 (3.6 Y10.9) 3 3.3 (0.2Y 6.7)

CYP2B6*1/CYP2B6*5 1 0.5 (0.1Y1.1) 5 5.5 (0.8 Y10.2)

CYP2B6*1/CYP2B6*6 47 24.4 (18.3 Y 30.4) 23 25.3 (16.3 Y 34.2)

CYP2B6*1/CYP2B6*7 0 0 4 4.4 (0.2 Y 4.6)

CYP2B6*1/CYP2B6*9 2 1.0 (0.1Y2.2) 4 4.4 (0.2 Y 4.6)

CYP2B6*2/CYP2B6*4 3 1.6 (0.1Y3.3) 0 0

CYP2B6*2/CYP2B6*5 0 0 1 1.1 (0.1Y2.3)

CYP2B6*2/CYP2B6*6 4 2.1 (0.1Y 4.1) 1 1.1 (0.1Y2.3)

CYP2B6*2/CYP2B6*9 1 0.5 (0.1Y1.1) 0 0

CYP2B6*3/CYP2B6*5 0 0 1 1.1 (0.1Y2.3)

CYP2B6*4/CYP2B6*4 1 0.5 (0.1Y1.1) 0 0

CYP2B6*4/CYP2B6*6 9 4.7 (1.7Y7.6) 3 3.3 (0.1Y 6.7)

CYP2B6*5/CYP2B6*9 0 0 2 2.2 (0.1Y 4.5)

CYP2B6*6/CYP2B6*6 4 2.1 (0.1Y 4.1) 5 5.5 (0.8 Y10.2)

CYP2B6*6/CYP2B6*9 4 2.1 (0.1Y 4.1) 2 2.2 (0.1Y 4.5)

n Number of subjects.

Table IV. Frequencies of Five SNPs in CYP2B6 Gene Among Different Ethnic Groups

Position in

gene

Position in

mRNA

Nucleotide

change Exon

Han

Chinese

Uygur

Chinese Japanese

Caucasian

(German)

Caucasian

(American)

NG_000008 NM_000767 (n = 386) (n = 182) (n = 530) (n = 430) (n = 86)

64 64 C > T 1 0.03 0.03 0.05 0.05 0.09a,b

15631 516 G > T 4 0.21 0.28 0.16c 0.29d 0.22

18045 777 C > A 5 0 0.01 0 0.005 0

18053 785 A > G 5 0.28 0.27 0.26 0.33 0.04a,b

25505 1459 C > T 9 0.003e 0.07 0.01c 0.14d,f 0.13b

Nucleotide numbering starts from the translation start site of the CYP2B6 gene, the A in ATG being +1 and the immediate 5¶ base from A in

ATG being j1.
n Allele number.
a Uygur Chinese vs Caucasian (American) (24), P < 0.05.
b Han Chinese vs Caucasian (American), P < 0.05.
c Uygur Chinese vs Japanese (34), P < 0.05.
d Han Chinese vs Caucasian (German), P < 0.05.
e Uygur Chinese vs Han Chinese, P < 0.05.
f Uygur Chinese vs Caucasian (German) (23), P < 0.05.
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from data of Japanese population (34) and Caucasian (Ger-
man) population (23). This mutant allele was recently named
of CYP2B6*9 by Lamba et al. (24). As for CYP2B6*2, there
were no significant differences among all these ethnic groups.

The overall frequencies of variant CYP2B6 alleles in
Uygur Chinese were higher than that in Han Chinese. The
SNP of 785A > G seemed to be the most prevalent CYP2B6
allele in both Han (allele frequency 28%) and Uygur (allele
frequency 27%) Chinese and 777C > A appeared to be a rare
allele (allele frequency of 0 and 1%, respectively) in these two
ethnic groups. There were no significantly statistical differ-
ences of all the SNPs except 1459C > T between Han and
Uygur Chinese population. The frequencies of 64C > T and
785A > G in Uygur Chinese were similar to those in Han
Chinese, Japanese (34) and German Caucasian (23); how-
ever, their frequencies were significantly different from that
of American Caucasians (24). For 1459C > T, the frequency
in Uygur Chinese was markedly higher than that in Han
Chinese and Japanese population (34), but significantly lower
than that of Caucasians (23,24). Furthermore, the overall
frequencies of mutant alleles in Chinese (52.3%) are lower
than those in German Caucasians (81.5%), but higher than
American Caucasians (48.0%). The reason for the difference
in the overall frequency of mutant alleles between German
and American is unknown, but may be associated with the fact
the frequency of 785A > G was 33% in Germans whereas it is
only 4% in Americans. Because of unknown reasons, German
have much higher 785A > G incidence than American people.

The marked ethnic differences in the frequencies of
CYP2B6 mutations may have important clinical implications.
The related variant CYP2B6*6 (Q172H and K262R) was
found to be associated with increased 4-hydroxylation of
cyclophosphamide in vitro (44) and this may provide partial
explanation for the large (15- to 50-fold) interpatient differ-
ences observed in the elimination of cyclophosphamide
(44Y46). Moreover, some CYP2B6 mutations have a major
impact on the pharmacokinetics and pharmacodynamics of in
HIV patients (39, 41). Lower plasma efavirenz clearance and
increased central nervous system side effects are associated
with the SNP 516G > T of CYP2B6 that is more frequent
among African American individuals than among European
American individuals (42, 43), but this SNP appears not to
alter long-term response to efavirenz therapy in HIV patients
(40). Wang et al. (27) recently reported that the steady-state
level of efavirenz was significantly higher in African carriers of
CYP2B6*16, compared to the other patients. Higher efavirenz
plasma concentrations were also seen in carriers of 516G > T
SNP in this study population (27). To better understand the
clinical implications of in vivo phenotypic differences in
metabolism of the CYP2B6 enzyme, determination of the
relationship between each genotype of the CYP2B6 gene and
the enzymatic activity of CYP2B6 and their interplay with
smoking, alcohol and other factors in Han Chinese will be of
interest. However, although some clinically important drugs
are substrates of CYP2B6, the overall importance for this
enzyme in the metabolism of therapeutic compounds is small
compared to CYP3A4, 2D6 and 2C9.

Although there are no significantly statistical differ-
ences, the frequencies of mutations in female are higher than
those in male in Han Chinese. This is consistent with that
reported for the Caucasian population (24). It is expected that

increasing sample size may find a significant effect of gender on
CYP2B6 allele frequency. Such gender differences may result
in significant differences in CYP2B6 expression in liver
between sexes. Indeed, marked gender differences in CYP2B6
expression and activity have been observed in several studies
in the Caucasian, African, or Hispanic Americans (24).
Females had higher amounts of CYP2B6 mRNA, protein,
and activity than did male subjects (24). Twenty percent of the
males but only 7.1% of females were poor CYP2B6 metabo-
lizers. This difference appears likely to be translated to
humans in vivo because a difference between sexes in
metabolism of ifosfamide, a CYP2B6 substrate, has been
reported (47). The relative level of constitutive and rostane
receptor gene mRNA, a critical regulator of CYP2B6, is
higher in females than in males, and could directly result in
gender differences in the rate of CYP2B6 transcription (48).

In this study, only five common non-synonymous mutant
alleles in exons of CYP2B6, 64C > T, 516G > T, 777C > A,
785A > G and 1459C > T, were genotyped in Han Chinese.
We inferred that the samples in which these mutant alleles were
not detected had the wild-type CYP2B6*1. However, there
remains a possibility of the presence of other mutant allele, such
as some synonymous SNPs in other region including promoter
region, some introns and other exons, and some splice variants
(49). It can be predicted some mutations exist in the promoter
region of CYP2B6 gene in Han Chinese and thus further studies
are needed to screen these reported mutation found in
Caucasians due to their important functional impact on enzyme
activity. Another limitation of the present study is the lack of
function and structureYactivity analysis of CYP2B6 mutations
in Han Chinese. A recent site-directed mutagenesis study
indicated that substitution of Leu-363 with valine in CYP2B6
reduced the w-1 hydroxylation of 7-butoxycoumarin significant-
ly and increased O-dealkylation (50).

Overall, our finding in Han Chinese and Uygur Chinese
provides further evidence for racial heterogeneity in CYP2B6

mutations in Chinese. Such intra-ethnic difference is also
marked between Chinese and Caucasian and African.
Detailed pharmacogenetic studies of CYP2B6 gene may
offer a preliminary basis for rational use of CYP2B6
substrate drugs in Chinese.
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