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Abstract
AIM: Over 90% of drugs are metabolized by the cytochrome
P-450 (CYP) family of liver isoenzymes. The most important
enzymes are CYP1A2, 3A4, 2C9/19, 2D6 and 2E1. Although
CYP2D6 accounts for <2% of the total CYP liver enzyme
content, it mediates metabolism in almost 25% of drugs. In
order to study its enzymatic activity for drug metabolism, its
cDNA was cloned and a HepG2 cell line stably expressing
CYP2D6 was established.

METHODS: Human CYP2D6 cDNA was amplified with
reverse transcription-polymerase chain reaction (RT-PCR)
from total RNA extracted from human liver tissue and cloned
into pGEM-T vector. cDNA segment was identified by DNA
sequencing and subcloned into a mammalian expression
vector pREP9. A cell line was established by transfecting
the recombinant plasmid of pREP9-CYP2D6 to hepatoma
HepG2 cells. Expression of mRNA was validated by RT-PCR.
Enzyme activity of catalyzing dextromethorphan O-
demethylation in postmitochondrial supernant (S9) fraction
of the cells was determined by high performance liquid
chromatography (HPLC).

RESULTS: The cloned cDNA had 4 base differences, e.g.
100 C T, 336 T C, 408 C G and 1 457 G C, which
resulted in P34S, and S486T amino acid substitutions, and
two samesense mutations were 112 F and 136 V compared
with that reported by Kimura et al (GenBank accession
number: M33388). P34S and S486T amino acid substitutions
were the characteristics of CYP2D6*10 allele. The relative
activity of S9 fraction of HepG2-CYP2D6*10 metabolized
detromethorphan O-demethylation was found to be
2.31±0.19 nmol·min-1·mg-1 S9 protein (n=3), but was
undetectable in parental HepG2 cells.

CONCLUSION: cDNA of human CYP2D6*10 can be successfully
cloned. A cell line, HepG2-CYP2D6*10, expressing CYP2D6*10
mRNA and having metabolic activity, has been established.
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INTRODUCTION
Over 90% of drugs are metabolized by the cytochrome P-450
(CYP) family of liver isoenzymes[1]. The most important
enzymes are CYP1A2, 3A4, 2C9/19, 2D6 and 2E1. Although
CYP2D6 accounts for <2% of the total CYP liver enzyme
content, it mediates metabolism in almost 25% of drugs.
Among these are many antipsychotics and antidepressants,
beta-blockers, antiarrhythmic agents and opiates[2,3]. CYP2D6
exhibits extensive polymorphism. Over 40 CYP2D6 allelic
variants have been discovered[4] (http://www.imm.ki.se/
CYPalleles/cyp2d6.htm).
     Human CYP1A1[5], CYP2B6[5], CYP2A6[6], CYP3A4[7],
CYP2C9[8], CYP2C18[9] and a phase II metabolism enzyme
UDP-glucuronosyltransferase, UGT1A9[10] have been stably
expressed in Chinese hamster lung CHL cells in our laboratory.
Among the human hepatic cell lines, HepG2 is derived from a
human liver tumor and characterized by many xenobiotic-
metabolizing activities as compared to fibroblasts. Therefore,
HepG2 cell is useful in the prediction of the metabolism and
cytotoxicity of chemicals in human liver[11]. But it does not
produce a significant amount of CYP[12,13]. Yoshitomi et al[14]

have established stable expression of a series of human CYP
subtypes, e.g. CYP1A1, CYP1A2, CYP2A6, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and
CYP3A4, respectively in the HepG2 cells.
      In this study human CYP2D6*10 cDNA was amplified with
reverse transcription-polymerase chain reaction (RT-PCR), and
a cell line stably expressing CYP2D6.10 was established.

MATERIALS AND METHODS

Materials
Restriction endonucleases and Moloney murine leukemia
virus (M-MuLV) reverse transcriptase were supplied by MBI
Fermentas AB, Lithuania. PCR primers, DNA sequence
primers, random hexamer primers and dNTPs were synthesized
or supplied by Shanghai Sangon Biotechnology Co. Expand
fidelity PCR system and NADPH were from Roche Molecular
Biochemicals. DNA sequencing kit was purchased from
Perkin-Elmer Co. TRIzol reagent, G418, Dulbecco’s modified
Eagle’s medium (DMEM) and newborn bovine calf sera were
from Gibco. Diethyl pyrocarbonate (DEPC), dextromethorphan
HBr and dextrophan D-tartrate were purchased from Sigma/RBI.
T4 DNA ligase and pGEM-T vector system were from Promega.
HPLC solvents and other chemicals were all of the highest
grade from commercial sources.

Methods
Cloning of human CYP2D6 cDNA from human liver  Total
RNA was extracted from a surgical specimen of human liver
with TRIzol reagent according to the manufacture’s
instructions. RT-PCR amplifications using expand fidelity PCR
system were described before. Two specific 28-mer
oligonucleotide PCR primers were designed according to the
cDNA sequence of CYP2D6 reported by Kimura et al[15]

(GenBank accession no.M33388). The sense primer
corresponding to base position -12 to 13 was CYP2D6 F1: 5’-



CTCGAGGCAGGTATGGGGCTAGAAG-3’, with a
restriction site of Xho I, and the anti-sense one, corresponding
to the base position from 1 503 to 1 530, was CYP2D6 R1: 5’-
GGATCCTGAGCAGGCTGGGGACTAGGTA-3’, with a
restriction site of BamH I. The anticipated PCR products were
1.543 kb in length. PCR was performed at 94  for 5 min,
then 35 cycles at 94  for 60 s, at 62  for 60 s, at 72  for
2 min, and a final extension at 72  for 10 min. An aliquot
(10 µL) from PCR was subjected to electrophoresis in a 1%
agarose gel stained with ethidium bromide.
Construction of recombinant pGEM-CYP2D6 and
sequencing of CYP2D6 cDNA[8]  The PCR products were
ligated with pGEM-T vector, and transformed to E. coli DH5α.
cDNA of CYP2D6 cloned in pGEM-T was sequenced by
dideoxy chain-termination method marked with BigDye with
primers of T7, SP6 promoters and two specific primers of 5’-
ACCTCATGAATCACGGCAGT-3’ (1 088-1 069), and 5’-
CCGTGTCCAACAGGAGA-3’ (987-1 003). The termination
products were dissolved and detected using an automated DNA
sequencer (Perkin-Elmer-ABI Prism 310).
Construction of pREP9 based expression plasmid for
CYP2D6[8]  Xho I/BamH I fragment having the total span of
human CYP2D6 cDNA in pGEM-CYP2D6 was subcloned to
a mammalian expression vector pREP9 (Invitrogen). The
recombinant was transformed to E. coli Top 10, screened by
ampicillin resistant and identified by restriction mapping.
Transfection and selection[8, 16]  HepG2 cells were maintained
as monolayer cell cultures at 37  in DMEM supplemented
with 10% new born calf sera. HepG2 cells were transfected
with the resultant recombinant plasmid, pREP9-CYP2D6,
using a modified calcium phosphate method. A cell line named
HepG2-CYP2D6 was established by selecting in the culture
medium containing G418.
RT-PCR assay of CYP2D6 mRNA expression in HepG2-
CYP2D6 and HepG2 cells  Total RNA was preprared from
G-418-resistant clones by TRIzol reagent. RT-PCR was performed
as described before[8], using 200 mmol·L-1 of CYP2D6F1 and
CYP2D6R1 primers and 200 mmol·L-1 primers of beta-actin
as internal control. The sense and anti-sense primers used for
PCR amplification of beta-actin (GenBank accession no.
NM_001101) are 5’-TCCCTGGAGAAGAGCTACGA-3’
(776-795) and 5’-CAAGAAAGGGTGTAACGCAAC-3’
(1 217-1 237), respectively. PCR was performed at 94  for
2 min, then 35 cycles at 94  for 30 s, at 62  for 30 s, at
72  for 90 s, and a final extension at 72  for 7 min. The
anticipated beta-actin PCR products were 462 bp in length and
that of CYP2D6 were 1 543 bp in length. An aliquot (10 µL)
from PCR was subjected to electrophoresis in a 1.2% agarose
gel stained with ethidium bromide.
Preparation of postmitochondrial supernant (S9) of
HepG2-CYP2D6  The procedure for the preparation of S9
fraction was described before[8]. The protein in S9 was
determined by Lowry’s method, with bovine serum albumin
as standard.
Dextromethorphan O-demethylation assays[17-20]  CYP2D6
dextromethorphan O-demethylation activity of S9 was
determined by reversed phase high performance liquid
chromatography (HPLC). Briefly, incubation reactions were
performed in 50 mmol·L-1 potassium phosphate buffer (pH7.4),
containing 3 mmol·L-1 MgCl2, 1 mmol·L-1 EDTA, 40 mmol·L-1

dextromethophan and 200 µg S9 protein in a final volume of
200 µL. Reactions were initiated by addition of 1 mmol·L-1

NADPH and terminated with 30% acetic acid after incubation
for 10 min at 37 . Protein was precipitated by centrifugation
at 10 000 g for 4 min, and the supernatant was stored at -20 
for analysis. On HPLC analysis, 10 µL of supernatant was
injected into a Water HPLC equipped with a Shimadzu RF-535
fluorescence detector. A CLC phenyl column (15 cm×4.5-mm

i.d.) was used to separate the metabolites. The mobile phase
consisted of a mixture of 30% acetonitrile, 1% acetic acid, and
0.05% triethylamine in water. The flow rate through the column
at 25  was 0.75 ml·min-1. The excitation and emission
wavelengths of the fluorescence detector were 285 nm and
310 nm, respectively. The rates of product formation were
determined from standard curves prepared by adding varying
amounts of dextrophan D-tartrate to incubations conducted
without NADPH.

RESULTS

Construction of human CYP2D6*10 cDNA recombinants
The pGEM-CYP2D6 recombinant was constructed by inserting
human CYP2D6 cDNA into the pGEM-T vector. Selection
and identification of the recombinant were carried out by Xho
I/BamH I endonuclease digestion, agarose gel electrophoresis
(Figure 1) and DNA sequencing. Compared with the cDNA
sequence reported by Kimura et al[15] (GenBank accession no.
M33388), differences were found in 100 C T, 336 T C,
408 C G and 1457 G C, that result in P34S and S486T
amino acid substitutions, and two samesense mutations of
112 F and 136 V.
     The Xho I/BamH I fragment (1.543 kb) containing the
complete CYP2D6 cDNA was subcloned into the Xho I/BamH I
site of mammalian expression vector pREP9. Selection and
identification of the recombinant were carried out by Xho I/
BamH I endonuclease digestion and agarose gel electrophoresis
(Figure 1). The resulting plasmid was designated as pREP9-
CYP2D6 and contained the entire coding region, along with
11 bp of the 5’ and 35 bp of the 3’ untranslation region of
CYP2D6 cDNA, respectively.

Figure 1  Electrophoresis identification of pGEM-CYP2D6 and
pREP9-CYP2D6 recombinants. Lane 1: Marker (λ/EcoR I and
Hind III), 2: PCR products of CYP2D6 (1.543 kb), 3: Recombi-
nant of pGEM-CYP2D6 digested by Xho I and BamH I, 4: pGEM-
T vector (3 kb), 5: Recombinant of pREP9-CYP2D6 digested by
Xho I and BamH I, 6: pREP9 vector (10.5 kb).

Establishment of cell line HepG2-CYP2D6
HepG2 cells were transfected with pREP9-CYP2D6, and
selected with G418. The surviving clones were subcultured
and the cell line termed HepG2-CYP2D6 was established.

RT-PCR assay of CYP2D6 mRNA expression in HepG2-
CYP2d6 cells
CYP2D6 mRNA expression in HepG2-CYP2D6 cells was
detected by RT-PCR with CYP2D6F1 and CYP2D6R1
primers. It was easily to identify a 1.5 kb band from HepG2-
CYP2D6 cells, but not from HepG2 cells (Figure 2).

Dextromethorphan O-demethylation activity in HepG2-
CYP2D6 cells
The dextromethorphan O-demethylation activity in S9 of
HepG2-CYP2D6 cells was assayed by reverse HPLC. A typical
elution profile of metabolites in supernatant was shown (Figure
3). The retention times for dextrophan and dextromethorphan
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were 6.5 min and 16.8 min, respectively. The CYP2D6 enzyme
activity towards dextromethorphan O-demethylation was found
to be 2.31±0.19 nmol·min-1·mg-1 S9 protein (n=3), but was
undetectable in parent HepG2 cells.

Figure 2  Identification of CYP2D6 mRNA expression in
HepG2-CYP2D6 and HepG2 cells by RT-PCR with beta-actin
as internal control. Lane 1: 1 kb ladder marker, 2: RT-PCR prod-
ucts of HepG2 cells showing a 462 bp of beta-actin, 3: RT-PCR
products of HepG2-CYP2D6 cells showing a 462 bp of beta-
actin and 1.5 kb of CYP2D6.

Figure 3  Representative chromatograms of metabolites in
supernatant. 10 µL of supernatant was injected into a Water
HPLC equipped with a Shimadzu RF-535 fluorescence detector.
A CLC phenyl column (15 cm×4.5-mm i.d.) was used to sepa-
rate the metabolites. The mobile phase consisted of a mixture of
30% acetonitrile, 1% acetic acid, and 0.05% triethylamine in water.
The flow rate through the column at 25  was 0.75 ml·min-1. The
excitation and emission wavelengths of the fluorescence de-
tector were 285 nm and 310 nm, respectively. The retention
times for dextrophan and dextromethorphan were 6.5 min and
16.8 min, respectively. The retention time of an unidentified
metabolite was 8.9 min.

DISCUSSION
The gene encoding CYP2D6 enzyme is localized on chromosome
22. Three major mutant alleles, termed CYP2D6*3, 4, and 5,
associated with the poor metabolizer (PM) phenotype, were
found early on in Caucasians[3]. CYP2D6 gene has turned out
to be extremely polymorphic with 44 alleles described to 10-
Nov-2003  (http://www.imm.ki.se/CYPalleles/cyp2d6.htm).
Three fairly population specific alleles have been found with
CYP2D6*4 in Caucasians, *10 in Asians and *17 in Africans[3].
The CYP2D6*10 allele with 100 C T and 1457 G C, can
result in P34S and S486T amino acids substitute and an
unstable enzyme with decreased catalytic activity. This allele
occurred from 38% to 70% in Asian population[4]. The most
frequent allele in Chinese was CYP2D6*10 allele with a
frequency of about 51.3%[21], it was 57.2% in Guangdong
Chinese population[22], 41.17% in Hong Kong Chinese
population[23]. The CYP2D6 cDNA we cloned has the
characteristics of CYP2D6*10 allele with 2 amino acid
substitutions of P34S and S486T.

     Ramamoorthy et al[24] have compared CYP2D6.10 with
CYP2D6.1 in vitro in a baculovirus expression system using various
substrates, such as dextromethorphan, P-methoxyamphetamine,
1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine and (+/-)3,
4-methylenedioxymethamphetamine, the ratio of intrinsic
clearance (Vmax/Km) of CYP2D6.1 to CYP2D6.10 was 50,
34, 22 and 123, respectively.
     Yu et al[25] reported that the purified CYP2D6.10 enzyme
prepared from in vitro and to a high homogeneity was
reconstituted with lipid and cytochrome P450 reductase, and
exhibited an estimated enzyme efficiency (as Vmax/Km) 50-
fold lower for dextromethophan O-demethylation and 100-
fold lower for fluoxetine N-demethylation when compared
with CYP2D6.1, whereas no measurable catalytic activity was
observed for this variant toward codeine.
    The intrinsic clearances (Vmax/Km) in reconstituted
microsomes expressing CYP2D6.10 were reduced by 135-fold
with (+/-)-3, 4-methylenedioxymethamphetamine and by
164-fold with dextromethorphan compared with that of wild-
type CYP2D6.1[26].
      Bufuralol 1’-hydroxylase activity in microsomes of yeast
expressing CYP2D6.10 was rapidly decreased by heat
treatment, supporting the idea that the thermal stability of the
enzyme was reduced by amino acid replacement. Thermal
instability together with the reduced intrinsic clearance of
CYP2D6.10 is one of the causes responsible for the known
fact that Orientals show lower metabolic activities than
Caucasians for drugs metabolized mainly by CYP2D6[27].
     Subjects homozygous for CYP2D6*10 had higher total
areas under the plasma concentration-time curve, lower
apparent oral clearances, and longer mean plasma half-life of
nortriptyline than subjects in the CYP2D6*1/*1 and the
heterozygous groups[28].
     The plasma haloperidol concentration/dose ratio was
significantly higher in older subjects (at least 50 years old)
than in younger subjects with non-2D6*10 homozygous
genotypes, but not for those with 2D6*10 homozygous
genotype[29]. No significant differences in plasma concentration
of fluvoxamine divided by daily dose of fluvoxamine per body
weight ratio were found between subjects with no, one or two
CYP2D6*10 alleles in Japanese subjects[30].
      Cai et al[31] found that patients with homozygous mutant
of CYP2D6*10 not only had a plasma concentration at peak
(Cmax) of propafenone two times as high as those of wild-
type genotype, but also showed a two-fold higher inhibitory
rate of ventricular premature contractions compared with those
with homozygous CYP2D6*1.
      Venlafaxine, a new antidepressant, is metabolized mainly
by CYP2D6 to an active metabolite, O-desmethylvenlafaxine.
Cmax and areas under the plasma concentration-time curve of
venlafaxine were 184% and 484% higher in the CYP2D6*10/*10
subjects than in the CYP2D6*1/*1 subjects[32].
     Bufuralol 1’-hydroxylation has been commonly used by
pharmaceutical industry to study in vitro drug interactions for
CYP2D6[33]. Dextromethorphan has been a widely used probe
drug for human CYP2D6 activity both in vitro and in vivo[34].
In humans, dextromethorphan is metabolized to dextrorphan,
3-methoxymorphinan and 3-hydroxymorphinan. CYP2D6
contributes at least 80% to the formation of dextrorphan, and
CYP3A4 contributes more than 90% to the formation of 3-
hydroxymorphinan. Dextromethorphan as a marker for
monitoring both CYP2D6 and CYP3A activities has been found
to be practical in human liver microsomal preparation[35].
      The expression of CYP2D6*10 mRNA was validated by
RT-PCR. The detromethorphan O-demethylation of HepG2-
CYP2D6*10 was 2.31±0.19 nmol·min-1·mg-1 S9 protein,
which was higher than baculovirus expressed CYP2D6
(1.3420±0.1466 nmol·min-1·mg-1 protein) and human liver
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microsome 0.17 to 0.30 nmol·min-1·mg-1 protein[36]. This cell
line is a useful tool for further studies of the function and
biochemical mechanism of CYP2D6.10 enzyme.
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