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Abstract: A hospital-based cross-sectional study was conducted to determine the allelic and genotype frequencies in
the genes encoding for catechol-O-methyltransferase and CYP2D6*10 among healthy volunteers and patients clini-
cally diagnosed with cancer pain. PCR-RFLP was used to identify COMT and CYP2D6*10 genotypes. Allelic frequen-
cies among healthy volunteer Filipinos were 0.83 and 0.17 for the COMT Val and COMT Met alleles, respectively.
Calculated frequencies in Hardy-Weinberg equilibrium (HWE) were 73% for COMT Val/Val, 26% for COMT Val/Met,
and 1% for COMT Met/Met genotype. For CYP2D6* 10, allelic frequencies in HWE among volunteers were 0.46 for
the C allele and 0.54 for the T allele. Twenty percent were identified as homozygous for the wild-type C/C genotype,
56% were identified as heterozygous for the C/T genotype, and 24% were identified as homozygous for the T/T vari-
ant genotype. No significant differences in COMT and CYP2D6*10 allele frequencies between cancer patients and
healthy volunteers were noted. Our data demonstrated that the allele frequencies of COMT and CYP2D6*10 in the
Filipino healthy volunteers were similar with other Asians but markedly different from Caucasian populations.
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Introduction

The human catechol-O-methyltransferase
(COMT) gene is located in chromosome 22,
band q11.2. Polymorphism in the gene encod-
ing for COMT is linked to individual differences
in pain sensitivity and response to opioid anal-
gesics as well [1-3]. Depending on the combina-
tions of the COMT alleles present, COMT geno-
types may be classified as homozygote (Val/Val;
Met/Met), or heterozygote (Val/Met) genotype.
It has been shown that Caucasian cancer pa-
tients with Val/Val genotype require more mor-
phine, while those with Met/Met require less
opioids in order to effect relief from cancer pain.
A guanine to adenine substitution at codon 158
in exon 3 of COMT causes a Valine to Methion-
ine change leading to low Met/Met activity [4].

Cytochrome P450 2D6 (CYP2DG6) located at
22013.1, is one of the major drug metabolizing

genes involved in the biotransformation of many
clinically important medications such as opioid
analgesics. Phenotypic expressions include indi-
viduals with ultra-rapid, extensive, intermediate,
and poor metabolizer status. Studies have
shown that the various phenotypes have major
effects on the efficacy of drugs as well as its
adverse reactions. CYP2D6 genetic variation
varies considerably within a population. Particu-
larly, CYP2D6*10 allele is more common
among Asians than among Caucasians. Four
allelic variants of CYP2D6*10 are known such
as *10A (CYP2D6J), *10B (CYP2D6Ch1), *10C
(CYP2D6*36) and *10D (CYP2D6*37) which
are collectively genotyped as CYP2D6*10 for
diagnostic purposes [5-7]. A study among Chi-
nese individuals showed that the allele fre-
quency of CYP2D6*10 was about 52% to 55%.
The C100T transition in exon 1 causes a Proline
to Serine substitution leading to the formation
of an unstable enzyme with lower activity [8, 9.
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Table 1. Oligonucleotide primers used in COMT and CYP2D6*10 PCR amplification

SNP Polarity Nucleotide sequence (5’ to 3’) Reference

COMT rs4680 Forward ACT GTG GCTACT CAGCTG TG [10]
Reverse CCTTTT TCC AGG TCT GAC AA

CYP2D6*10 rs1065852 Forward GTG CTGAGAGTGTCCTGCC [11]
Reverse CACCCACCATCCATGTIT GC

Here we determined the allelic and genotype
frequencies of COMT (Vall58Met) and
CYP2D6*10 (Pro34Ser) polymorphisms among
Filipinos and compared the frequencies with
different populations. In addition, we compared
allelic and genotype frequencies of Filipino can-
cer patients with healthy volunteers to explore
possible differences in the characteristics of
polymorphisms between the two groups. To our
knowledge, this is the first report of the allelic
frequencies of COMT and CYP2D6*10 among
Filipinos. This present study may provide useful
information on the distribution of the two clini-
cally important SNPs and also the data gener-
ated could be used to determine clinical out-
comes in future studies.

Materials and methods

The study was approved by the Institutional Eth-
ics Review Committee of St. Luke’'s Medical
Center-Quezon City. All study participants gave
informed consent prior to enroliment upon refer-
ral to the Pain Management Center. A total of
164 blood samples were genotyped for COMT
and CYP2D6*10. Genomic DNA samples were
obtained from 69 patients clinically diagnosed
with cancer pathology stages 1 to 4, majority of
which were breast and lung cancer, and 95 un-
related healthy volunteers from July 2008 to
December 2011. Cancer pain patients were of
interest as there are reports on differences in
response to opioid analgesics depending on the
genotype. There were 65 (40%) males and 99
(60%) female study participants with ages rang-
ing from 21 to 83 years old. All cancer patients
and healthy volunteers recruited for this study
were Filipinos, ethnically and primarily of Malay
(77%), Malay-Chinese (17%), and those 4th gen-
eration Filipino-European or Filipino-American
descent (6%). Patients with Karnofsky perform-
ance scale of < 30%, or ECOG 4 were excluded.

Blood was collected in EDTA-containing tubes
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Figure 1. Gel Red-stained 2% agarose gel showing
the digested PCR products used for the detection of
COMT Val/Val (114-bp), Val/Met (114-bp and 96-bp)
and Met/Met (96-bp) genotypes. Samples in lanes
11, 12, 14, 15, 16, and 19 are homozygous for the
Val/Val genotype. Samples in lanes 13, 17, and 18
are heterozygous for the Val/Met genotype. Sample
in lane 20 is homozygous for the Met/Met genotype.
Molecular weight marker used is a 50-bp (Invitrogen)
ladder.

and genomic DNA was extracted using the
QlAamp DNA Kit. The primer sequence used in
COMT amplification is shown in Table 1 [10,
11]. PCR mixture consists of the following com-
ponents: 10X PCR buffer, 10 mM dNTP, Hot-
StarTaqg DNA polymerase, 25 mM primers, and
template DNA was made up to a volume of 50
pl. Amplification of the COMT gene was carried
out under the following conditions: initial dena-
turation at 95°C for 15 minutes, followed by 30
cycles at 94°C for 1 minute, 62°C for 1 minute,
and 72°C for 1 minute. PCR products were di-
gested with Nlalll for 3 hours at 37°C. Ampli-
cons were separated on 2% agarose gel stained
with Gel Red (Figure 1).

The CYP2D6*10 gene amplification was carried
with 20 mM each of the primers, 10X PCR
buffer, 10 mM dNTP, HotStarTag DNA poly-
merase, and DNA template. PCR was carried out
at 95°C for 15 minutes, 56°C for 2 minutes,
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72°C for 20 seconds, followed by 30 cycles at
94°C for 30 seconds, 56°C for 20 seconds,
and 72°C for 20 seconds. The 325-bp amplicon
was digested with Hphl for 3 hours at 37°C
(Figure 2).
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Figure 2. Ethidium bromide-stained 10% polyacryla-
mide gel showing digested amplicons used for
CYP2D6*10 genotyping. Samples in lanes 1, 2, and
3 are homozygous (263-bp and 62-bp) for the wild-
type C/C genotype. Sample in lane 4 is heterozygous
(263-bp, 183-bp, 80-bp, 62-bp) for the C/T genotype,
while sample in lane 5 is homozygous (183-bp, 80-
bp, 62-bp) for the T/T variant genotype.

The amplicons of the COMT and CYP2D6*10
genes were purified using the MinElute PCR
Purification Kit and sequenced using Big Dye Kit
(1st BASE, Malaysia). Sequence data were
aligned with the reference sequences from NCBI
using BioEdit and ClustalW2 multiple sequence
alignment  (http://www.ebi.ac.uk/Tools/msa/
clustalw2). GenBank accession numbers of
COMT and CYP2D6*10 gene sequences used in
the analysis were NG011526, AC000080,
NM001025161, NM000106, and M33388.
Nucleotide sequences reported in this study
have been deposited to NCBI. It can be re-
trieved under GenBank accession numbers
HQ262572 to HQ262574 and JQ801379 to
JQ801380.

Data were analyzed using OpenEpi 2.2. The X2
test was used to determine significant differ-
ences in the allelic frequencies. Hardy-Weinberg
equilibrium was tested using Fisher Exact Test
X2 analysis for a 2x2 table. A p-value value be-
low 0.05 was considered statistically significant
throughout the population comparisons.

Results

Out of 167 samples collected, only 164 (98%)
were genotyped. Three samples were not geno-
typed because of failure in PCR-RFLP analysis.
Table 2 shows the distribution of COMT and
CYP2D6*10 genotypes among the study partici-
pants. Most individuals were found to be Val/
Val (73%). Only 26% were genotyped as Val/
Met, and 1% were Met/Met. For CYP2D6*10,
56% were found to be heterozygous for the C/T
genotype.

Table 2. Distribution of study participants by COMT and CYP2D6*10 genotypes

Genotype Cancer patients Healthy volunteers  Total p-value
N (%) N (%) N (%)
COMT (Val158Met) NS
Val/Val 56 (82) 64 (67) 120 (73)
Val/Met 12 (17) 30 (32) 42 (26)
Met/Met 1(1) 1(1) 2 (1)
Total 69 (100) 95 (100) 164 (100)
CYP2D6*10 (Pro34Ser) NS
Homozygous wild-type C/C 15(22) 18 (19) 33 (20)
Heterozygous C/T 41 (59) 51 (54) 92 (56)
Homozygous T/T variant 13 (19) 26 (27) 39 (24)
Total 69 (100) 95 (100) 164 (100)

NS = not significant
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Table 3. Distribution of COMT and CYP2D6*10 genotypes in cancer patients and healthy volunteers

COMT CPY2D6*10
p g Val/val val/Met Met/Met Total p q C/C C/T T/T Total
(%) (%) (%) (%) (%) (%)
Cancer patients 0.90 0.10 56 12 1 69 0.51 049 15 41 13 69
(81)  (17) (2) (22) (59) (19)
Healthy volunteers 0.83 0.17 64 30 1 95 046 054 18 51 26 95
(67)  (32) (1) (19) (54) (27)
Total 0.86 0.14 120 42 2 164 0.48 0.52 33 92 39 164
(73)  (26) (1) (20) (56) (24)

p = frequency of Val
g = frequency of Met

COMT and CYP2D6*10 genotype frequencies of
the cancer patients and healthy volunteers are
shown in Table 3. Both COMT and CYP2D6*10
genotype frequencies were consistent with HWE
in the two groups. No significant differences in
COMT and CYP2D6*10 allele frequencies be-
tween cancer patients and healthy volunteers
were noted. The allelic frequencies among
healthy volunteer Filipinos were 0.83 and 0.17
for the COMT Val and COMT Met alleles, respec-
tively. Among cancer patients, the allelic fre-
quencies were 0.90 for the COMT Val and 0.10
for the COMT Met allele. The calculated frequen-
cies in HWE were 73% for COMT Val/Val, 26%
for COMT Val/Met and 1% for COMT Met/Met
genotype. For CYP2D6*10, the allelic frequen-
cies in HWE among healthy volunteers were
0.46 for the C allele and 0.54 for the T allele.
Among cancer patients, the CYP2D6*10 allelic
frequencies were 0.51 and 0.49 forthe Cand T
alleles, respectively. Thirty three or (20%) were
identified as homozygous for the wild-type C/C
genotype, 92 (56%) were identified as heterozy-
gous for the C/T genotype, and 39 (24%) were
identified as homozygous for the T/T variant
genotype.

Table 4 shows the COMT allele and genotype
frequencies among various populations and the
chi-square p-values resulting from the compari-
son of allele frequencies between the Filipinos
and other ethnic populations. The result among
Filipino healthy volunteers was used for the pur-
pose of comparison with other populations. A
significant difference was found in the COMT
allele frequency between Filipinos and Cauca-

118

p = frequency of allele C
g = frequency of allele T

sians but not with other Asian populations.

In this study, the CYP2D6*10 allele frequencies
among healthy volunteers were 0.46 for the C
allele and 0.54 for the T allele. No significant
differences were found between Filipinos and
other Asians, except for South Indian, Chinese
Taiwanese, and Japanese populations. Allelic
frequencies of CYP2D6*10 were significantly
different between Filipino and Caucasian popu-
lations as shown in Table 5.

Discussion

To our knowledge, the present study is the first
to have documented the distribution of COMT
and CYP2D6*10 alleles and genotypes among
Filipinos. Previous studies have shown differ-
ences in CYP2D6 enzyme activity not only be-
tween major races but also among various
Asian populations. Particularly, the CYP2D6*10
allele has been reported at frequencies of 52%
to 55% among Chinese populations and 40%
among Japanese populations [8, 9, 21]. Other
studies reported that the CYP2D6*10 allele
frequency among Singaporean and Chinese
populations ranged from 62% to 70% [19, 20,
22]. Our data showed that allele frequency of
CYP2D6*10 among Filipino healthy study par-
ticipants were 54% and that majority of all the
study participants were heterozygous for the C/
T genotype. Differences in the allelic frequen-
cies may reflect ethnic variety among Asian
populations. Our findings also provided evi-
dence that the allele frequencies for
CYP2D6*10 among Filipinos were statistically
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Table 4. Allele and genotype frequencies of COMT reported from various ethnic populations.

Allele Genotype Frequency (%)
Population Method N Frequency p-value Val/Val  Val/Met Met/Met Reference
Asian
Filipino PCR-RFLP 95 0.17 67 32 1 Present study
Chinese Sequencing 110 0.21 NS 60 37 3 [12]
Japanese PCR 314 0.26 NS 54 39 7 [13]
Korean PCR-RFLP 182 0.26 NS 53 41 6 [14]
Caucasian
Norwegian SSP-PCR 207 0.56 <0.0001 21 47 32 [2]
American Tagman 202 0.50 <0.0001 25 51 24 [3]
French Tagman 45 0.49 <0.0001 25 53 22 [15]
American PCR-RFLP 1679 0.51 <0.0001 24 51 25 [16]
German Tagman 50 0.50 <0.0001 24 52 24 [17]
Swedish Tagman 43 0.47 0.0002 30 47 23 [18]
NS = not significant
Table 5. Allele frequencies of CYP2D6*10 reported from various ethnic populations.
Population Method N Frequency p-value Reference
Asian
Filipino PCR-RFLP 95 0.54 Present study
Mainland Chinese ASA 223 0.51 NS (5]
Chinese PCR-RFLP 70 0.52 NS (8]
Chinese ASA 295 0.55 NS [9]
South Indian PCR-RFLP 447 0.10 <0.0001 [11]
Chinese Taiwanese PCR-RFLP 124 0.70 0.0123 [19]
Chinese Singaporean PCR-RFLP 93 0.62 NS [20]
Japanese PCR 98 0.40 0.0531 [21]
Hong Kong Chinese PCR-RFLP 119 0.64 NS [22]
Korean Sequencing 758 0.45 NS [23]
Malaysian PCR 107 0.49 NS [24]
Thai Multiplex PCR 288 0.44 NS [25]
African
African-American PCR-RFLP 154 0.075 <0.0001 [26]
Ethiopian PCR-RFLP 122 0.086 <0.0001 [27]
Caucasian
American PCR-RFLP 208 0.009 <0.0001 [28]
European PCR-SSCP 672 0.014 <0.0001 [29]
Mexican-American PCR-RFLP 349 0.074 <0.0001 [30]

NS = not significant

different from Caucasians. It has been shown
that Asians have a high prevalence of the
CYP2D6*10 intermediate allele ranging from
50% to 70% as compared with Caucasians [5,
31]. Our result is consistent with this reported
high prevalence. Polymorphism in CYP2D6*10
is clinically important because of the greater
likelihood of serious side effects or therapeutic
failure due to poor metabolism of prodrug to the
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active metabolite among individuals homozy-
gous to the variant genotype [32-34]. Based on
these previous results of this study, it is also
likely that Filipinos who are heterozygous to the
C/T genotype may experience lesser side ef-
fects or therapeutic failure as compared with
Caucasian populations. However, the present
study did not look into side effects and cannot
confirm similar findings.

Int J Mol Epidemiol Genet 2012:3(2):115-121
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The COMT allele frequencies among Filipinos
(0.17) were not significantly different from other
Asian populations. It has been reported that the
COMT allele frequencies in Chinese, Japanese,
and Korean subjects were 0.21, 0.26, and
0.26, respectively [12-14]. On the other hand,
our data showed that the allele frequency of
COMT were markedly different from Caucasian
populations. Diatchenko et al., and Schmahl et
al., showed that the COMT allelic frequencies
among American and German populations were
0.50[3, 171.

Several methods for COMT and CYP2D6 geno-
typing have been used to identify SNPs includ-
ing allele-specific amplification, multiplex PCR,
DNA hybridization, DHPLC, and DNA chip-based
assay [5, 7, 25, 33, 35]. In the present study,
PCR-RFLP was used to identify COMT and
CYP2D6*10 genotypes. PCR-RFLP despite be-
ing time-consuming, provides a useful and reli-
able method for identification of COMT and
CYP2D6*10 genotypes. The guanine to adenine
substitution at codon 158 of COMT as well as
the CYP2D6*10 transition was confirmed by
DNA sequencing.

In conclusion, no significant differences in
COMT and CYP2D6*10 allele frequencies be-
tween cancer patients and healthy volunteers
were noted. Our data demonstrated that the
allele frequencies of COMT were similar with
other Asian populations but markedly different
from Caucasians. Allelic frequencies of
CYP2D6*10 were statistically different from
Caucasians but not with other Asian popula-
tions. From a clinical viewpoint, our findings
may contribute to a better understanding of
ethnic differences in opioid drug response,
which may be used later on to predict and tailor
individualized treatment among Filipinos.

Acknowledgement

This work was supported by a research grant
from St. Luke’s Medical Center-Quezon City
(Project No. 08-016) through the Research and
Biotechnology Division. The authors would like
to thank the consultants and staff of the Pain
Management Center for the study participants
enrolled in this study.

Address correspondence to: Dr. Michael O Baclig,
Research and Biotechnology Division, St. Luke’s
Medical Center, 279 Eulogio Rodriguez Sr. Blvd. Que-
zon City, 1102 Philippines. Tel: (632) 723-01-01; Fax:
(632) 726-04-67; E-mail: mobaclig@stluke.com.ph

120

References

[1] Zubieta JK, Heitzeg MM, Smith YR, Bueller JA,
Xu K, Xu'Y, Koeppe RA, Stohler CS, Goldman D.
COMT vall58met genotype affects p-opioid
neurotransmitter responses to a pain stressor.
Science 2003; 299: 1240-1243.

[2] Rakvag TT, Klepstad P, Baar C, Kvam TM, Dale
0, Kaasa S, Krokan HE, Skorpen F. The
val158met polymorphism of the human cate-
chol-O-methyltransferase gene may influence
morphine requirements in cancer pain patients.
Pain 2005; 116: 73-78.

[3] Diatchenko L, Slade GD, Nackley AG, Bhalang
K, Sigurdsson A, Belfer I, Goldman D, Xu K,
Shabalina SA, Shagin D, Max MB, Makarov SS,
Maixner W. Genetic basis for individual varia-
tions in pain perception and the development
of a chronic pain condition. Hum Mol Genet
2005; 14: 135-143.

[4] Rakvag TT, Ross JR, Sato H, Skorpen F, Kaasa
S, Klepstad P. Genetic variation in the catechol-
O-methyltransferase (COMT) gene and mor-
phine requirements in cancer patients with
pain. Mol Pain 2008; 4: 64.

[5] JiL, Pan S, Marti-Jaun J, Hanseler E, Rentsch K,
Hersberger M. Single-step assays to analyze
CYP2D6 gene polymorphisms in Asians: allele
frequencies and a novel *14B allele in
Mainland Chinese. Clin Chem 2002; 48: 983-
988.

[6] Gaedigk A, Bradford LD, Alander SW, Leeder JS.
CYP2D6*36 gene arrangements within the
CYP2D6 locus: association of CYP2D6*36 with
poor metabolizer status. Drug Metab Dispos
2006; 34: 563-569.

[7] Von Ahsen N, Tzvetkov M, Karunajeewa HA,
Gomorrai S, Ura A, Brockmoller J, Davis TM,
Mueller |, llett KF, Oellerich M. CYP2D6 and
CYP2C19 in Papua New Guinea: high frequency
of previously uncharacterized CYP2D6 alleles
and heterozygote excess. Int J Mol Epidemiol
Genet 2010; 1: 310-319.

[8] Wang G, Zhang H, He F, Fang X. Effect of the
CYP2D6*10 C188T polymorphism on postop-
erative tramadol analgesia in a Chinese popula-
tion. Eur J Clin Pharmacol 2006; 62: 927-931.

[9] Cai WM, Chen B, Zhang WX. Frequency of
CYP2D6*10 and *14 alleles and their influ-
ence on the metabolic activity of CYP2D6 in a
healthy Chinese population. Clin Pharmacol
Ther 2007; 81: 95-98.

[10] Inoue H, Shibuta K, Matsuyama A, Yoshinaga K,
Sadanaga N, Ueo H, Barnard GF, Mori M. Ge-
netic susceptibility of catechol-O-
methyltransferase polymorphism in Japanese
patients with breast cancer. Oncol Rep 2005;
14:707-712.

[11] Theophilus NA, Chandrasekaran A, Sam SS,
Gerard N, Rajagopal K. CYP2D6 genetic poly-
morphism in South Indian populations. Biol
Pharm Bull 2006; 29: 1655-1658.

Int J Mol Epidemiol Genet 2012:3(2):115-121



[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

121

Catechol-O-methyltransferase and CYP2D6*10 SNP in the Philippines

Hu Z, Song CG, Lu JS, Luo JM, Shen ZZ, Huang
W, Shao ZM. A multigenic study on breast can-
cer risk associated with genetic polymorphisms
of ER Alpha COMT and CYP19 gene in BRCA1/
BRCA2 negative Shanghai women with early
onset breast cancer or affected relatives. J
Cancer Res Clin Oncol 2007; 133: 969-978.
Tanaka Y, Hirata H, Chen Z, Kikuno N, Kawa-
moto K, Majid S, Tokizane T, Urakami S, Shiina
H, Nakajima K, Dhir R, Dahiya R. Polymor-
phisms of catechol-O-methyltransferase in men
with renal cell cancer. Cancer Epidemiol Bio-
markers Prev 2007; 16: 92-97.

Lim JH, Kim SY, Kim do J, Park SY, Han HW,
Han JY, Lee SW, Yang JH, Ryu HM. Genetic poly-
morphism of catechol-O-methyltransferase and
cytochrome P450cl17a in preeclampsia. Phar-
macogenet Genomics 2010; 20: 605-610.
Fontana L, Delort L, Joumard L, Rabiau N, Bos-
viel R, Satih S, Guy L, Boiteux JP, Bignon YJ,
Chamoux A, Bernard-Gallon DJ. Genetic poly-
morphisms in CYP1A1 CYP1B1 COMT GSTP1
and NAT2 genes and association with bladder
cancer risk in a French cohort. Anticancer Res
2009; 29: 1631-1635.

Fiocco AJ, Lindquist K, Ferrell R, Li R, Simonsick
EM, Nalls M, Harris TB, Yaffe K. Health ABC
Study. COMT genotype and cognitive function:
an 8-year longitudinal study in white and black
elders. Neurology 2010; 74: 1296-1302.
Schmahl C, Ludascher P, Greffrath W, Kraus A,
Valerius G, Schulze TG, Treutlein J, Rietschel M,
Smolka MN, Bohus M. COMT val158met poly-
morphism and neural pain processing. PLoS
One 2012; 7: e23658.

Jensen KB, Lonsdorf TB, Schalling M, Kosek E,
Ingvar M. Increased sensitivity to thermal pain
following a single opiate dose is influenced by
the COMT val158met polymorphism. PLoS One
2009; 4: e6016.

Wang SL, Lai MD, Huang JD. G169R mutation
diminishes the metabolic activity of CYP2D6 in
Chinese. Drug Metab Dispos 1999; 27: 385-
388.

Lee EJD, Jeyaseelan K. Frequency of human
CYP2D6 mutant alleles in a normal Chinese
population. Br J Clin Pharmacol 1994; 37: 605-
607.

Tateishi T, Chida M, Ariyoshi N, Mizorogi Y, Ka-
mataki T, Kobayashi. Analysis of the CYP2D6
gene in relation to dextromethorphan O-
demethylation capacity in a Japanese popula-
tion. Clin Pharmacol Ther 1999; 65: 570-575.
Garcia-Barcel6 M, Chow LY, Chiu HF, Wing YK,
Lee DT, Lam KL, Waye MM. Genetic analysis of
the CYP2D6 locus in a Hong Kong Chinese
population. Clin Chem 2000; 46: 18-23.

Lee SJ, Lee SS, Jung HJ, Kim HS, Park SJ, Yeo
CW, Shin JG. Discovery of novel functional vari-
ants and extensive evaluation of CYP2D6 ge-
netic polymorphisms in Koreans. Drug Metab
Dispos 2009; 37: 1464-1470.

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

[35]

Teh LK, Ismail R, Yusoff R, Hussein A, Isa MN,
Rahman AR. Heterogeneity of the CYP2D6 gene
among Malays in Malaysia. J Clin Pharm Ther
2001; 26: 205-211.

Suwannasri P, Thongnoppakhun W, Pramyothin
P, Assawamakin A, Limwongse C. Combination
of multiplex PCR and DHPLC-based strategy for
CYP2D6 genotyping scheme in Thais. Clin Bio-
chem 2011; 44: 1144-1152.

Wan YJ, Poland RE, Han G, Konishi T, Zheng YP,
Berman N, Lin KM. Analysis of the CYP2D6
gene polymorphism and enzyme activity in Afri-
can-Americans in Southern California. Pharma-
cogenetics 2001; 11: 489-499.

Aklillu E, Persson |, Bertilsson L, Johansson I,
Rodrigues F, Ingelman-Sundberg M. Frequent
distribution of ultrarapid metabolizers of de-
brisoquine in an Ethiopian population carrying
duplicated and multiduplicated functional
CYP2D6 alleles. J Pharmacol Exp Ther 1996;
278: 441-446.

Gaedigk A, Gotschall RR, Forbes NS, Simon SD,
Kearns GL, Leeder JS. Optimization of cyto-
chrome P4502D6 (CYP2DG6) phenotype assign-
ment using a genotyping algorithm based on
allele frequency data. Pharmacogenetics 1999;
9: 669-682.

Marez D, Legrand M, Sabbagh N, Lo Guidice
JM, Spire C, Lafitte JJ, Meyer UA, Broly F. Poly-
morphism of the cytochrome P450 CYP2D6
gene in a European population: characteriza-
tion of 48 mutations and 53 alleles their fre-
quencies and evolution. Pharmacogenetics
1997; 7: 193-202.

Mendoza R, Wan YJ, Poland RE, Smith M,
Zheng Y, Berman N, Lin KM. CYP2D6 polymor-
phism in a Mexican American population. Clin
Pharmacol Ther 2001; 70: 552-560.
Ramamoorthy Y, Tyndale RF, Sellers EM. Cyto-
chrome P450 2D6.1 and cytochrome P450
2D6.10 differ in catalytic activity for multiple
substrates. Pharmacogenetics 2001; 11: 477-
487.

Wilkinson GR. Drug metabolism and variability
among patients in drug response. N Engl J Med
2005; 352: 2211-2221.

Stamer UM, Stlber F. Genetic factors in pain
and its treatment. Curr Opin Anaesthesiol
2007; 20: 478-484.

Kim H, Dionne RA. Individualized pain medi-
cine. Drug Discov Today Ther Strateg 2009; 6:
83-87.

Yu KD, Shao ZM. Genetic matters of CYP2D6 in
breast cancer: copy number variations and
nucleotide polymorphisms. Nat Rev Cancer
2009; 9: 576-586.

Int J Mol Epidemiol Genet 2012:3(2):115-121




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


