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ABSTRACT

ATM.: To study the correlaton between CYP2DO6
genotype and its phenotype. METHODS:. CYP2D6
genotyping was made by detecting CYP2D6 » 3, * 4,
* 6, and * 7 alleles with an allele-specific polymerase
chain reaction procedure. RESULTS: The CYP2D6
genotypes were well correlated with its phepotypes in all
1235 extensive metabolizers and in 43 poor metabolizers.
Extensive metabolizers had at least one wildtype
CYP2D6 gene and the genofypes weme *1/ %1,
#*1/%3, and *1/%4. Poor metabolizers were
found to be homozygous mutanis of CYP2D6 gene and
the genotypes were *3/%4, x47%4, #3/%6,
=4/ %7, *4/%6, and *6/%6. CONCLU-
SION. Genotype could be used to screen variations of
CYP2D6 expression.

INTRODUCTION

The bimodalities in debrisoquine and sparteine
metabolism were originally reported in 19771,  Since
that time, the enzyme primarily responsible for this
bimodal activity has been isolated, the protein and gene
sequence defined, and the enzyme was designated as
CYp2De> | Today, over 50 drugs are included in
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the list of chemicals which are at least partially
metabolized by the CYP2D6 enzyme. The clinical
significance of this polymorphism was reviewed by
Brosen and Gram'*) who defined the conditions under
which screening patients for CYP2D6 activity might be
performed.  Case reports and indirect evidence over the
years have implicated extremes in CYP2D6 activity with
therapeutic problems for certain drugs. 1t suggested
that screening for vanations in CYP2D6 expression in
clinical settings may improve patient therapy.
CYPZD6 3, #4, *6, and *7 were reportad
separately as enzyme deficient alleles®~ 7. The
purpose of this research was to address correlation
between phenotype and CYP2D6 genotype done by
detecting those CYP2D6*3, #4, #*#6, and »7
alleles with an allele-specific polymerase chain reaction
(AS-PCR) procedure.

MATERIALS AND METHODS

Reagents Tag-polymerase, rTth polymerase,
dNTP. PCR buffers, PCR tubes and Ampliwax plugs
were obtained from Perkin-Elmer/Applied Biomedical,
USA. Primers were synthesized and high performance
liquid chromatography ( HPLC) purified by Operon
Technelogies Inc. USA (Tab1). Pesfect Match DNA
polymerase enhancer was obtained from Stratagene,
USA. Agarose Type V, ethidium bromide were
purchased from Sigma Chemical Co, USA and 1
kilobase ladder ( molecular weight marker) from Gibco,
USA.

Subjects  Subjects 125 {71 male, 54 female,
age 43 2+ 20 a) of extensive metabolizers (EM) and
subjects 43 (24 male, 18 female, age 41 2+ 18 a) of
poor metabolizers (PM) were picked out from a
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Tab 1. Sequence and location of primers for the PCR detection of the CYP2D6~3, «4, +6, =7, and wildtype
[|CYP2D6 + 1) alleles of the CYP2D6 gene. Numbering of bases from work by Kimura et al'®,

Oligonucleotide primers Oligonucleotide sequence Gene location
AB Fragment Primers
1BF 5 -GCATTTCCCAGCTGGAATCOC-3" 1383 — 1402
2AR 5 -COGGOCCTGACACTCCTTCT-3 3200 — 3181
CYP2D6 = 3-Allele Primers
FAS- wildrype 5 -CTGCTAACTGAGCACA-3 2622 — 2637
FaAb-A allele 5 -CTGCTAACTGAGCACG-3" 2622 — 2638
CYP2D6 + 4-Allele Primers
RB7-wildrype 8 -GGOGAAAGGGGOGTOC-3 M9 - 1934
RBS-B allele 3 -GGCGAAAGGGGOGTCT-3 1949 — 1934,
CYP2D0 + 6-Allele Primers
T1-wildrype 5-GCAAGAAGTCGCTGGAGCAGT-3' 1775 - 1795
T2-T allele 3'-GCAAGAAGTCGCTGGAGCAGG-3' 1775 - 179
TZR-conumon frimer 5- AGCOCGACTOCTOCTTCAGTT-3' 2124 - 2102
CYP2D6 * 7-Allele Primers
EF2-common primer B -TGGCAAGGTCCTACGCTTCC-3' 2573 — 2502
ER1-wildiype 5'-CTCACGCTGCACATOOGGAT-3' 3041 - 3023
ERZ-E allele 5'-CTCACGCTGCACATCOGGAG-3' 3041 - 3023

database of CYP2ZD6 phenotyping screening by using
dextromethorphan as probe drug.  More than 95 % of
the subjects were Cavcasians, A 20-mL blood sample
was collected from each subject and DINA was extracted
from blood for CYPZD6 genotyping according to
Lahiri'®. This study was approved by the Medical
Institational Review Board at the University of
Kentucky and all subjects provided informed consent
prior to their participation .

Genotyping procedures A 1818 base pair
fragment ( AB fragment; 1383 - 3200 bp region of the
CYP2D6 gene} was generated by use of primer pairs
1BF and 2AR with rTth polymerase. This amplified
fragment provided the template for testing the presence
of the CYP2D6*3, #4, *6 and *7 alleles.
Briefly. 10 pmol* L.”! of each oligonucieotide ( \BF
and 2AR) was added to 6.2 pL. of sterle water, 6.0
pL of 3.3 XL buffer, 0.2 umol of each dNTP, 2.2 pl.
of the Mg (OAc), solution and a Ampliwax plug.
After heating the wax plug to 80 C for 5 min, tubes
were cooled and 9.0 pL of 3.3 XL buffer, 0.5 uL of
tTih polymerase, and 1.5 pl. of DNA in 20 uL of
sterile water were added on top of the wax layer and
placed in the thermocycler at %4 T for 1 min ( first
cycle), then 94 C (0.5 min), followed by 60 T (10
min) for 35 cycles. At the end of the program, a final
extension was carried out at 72 C for 10 min.

The AB fragment was diluted by 1710 with sterile

water and 1 pl. of the diluted fragment probed by
nested and hemi-nested PCR methods 10 defect the * 3,
*4, *6. and ¥ 7 alleles. The * 3 and # 4 alleles
were detected under identical thermocycler conditions,
94 T (1 min), 48 T (1.5 min}. for 16 cycles.
Each tube contained 25 pl with 0.2 pmol of each
primer (2 AR and FAS [ » 3-wildtype | or 2AR and
FA6| » 3-allele]; or 1BF and RB7 [ ~ 4-wildtype]; or
1BF and RB3 [ « 4-allele]}: 0.2 mmol of each dNTP,
2.5 pLL of 10 x buffer, 1.0 mmel MgCl,, 18 L of
sterile water, 1 pL of AB diluted template, and 0,1 pL.
of Tag polymerase. The *6 and * 7 alleles were
detected under identical thermocycler conditions, 94 T
(1 min}, 65 C (1 min), 72 C (1.5 min} for 16
cycles. Each tube contamed 25 plL with 0.2 umol of
each primer ( EF2 and ERI [ * 7-wildtype], or EF2
and BR? [ + 7-allele], or T1 and T2R | * &
wildtype |, or T2 and T2R [ = 6-allele |}, 0.2 mmol of
each dNTP, 2.5 pL of 10x buffer, 1.0 mmol MgCl,,
0.1 gL of PCR enhancer, 18 ul of sterile water, 1 uL
of AB diluted template, and 0.1 gL of Tag
polymerase. All PCR solutions were overlayed with
il pricr to placing in the thermocycler. PCR products
were evaluated by gel electrophoresis on a 2 % agarose
gel containing ethidium bromide 0,35 mg-L™!,
Quality control of genotyping The positive
controls were prepared from 25 ul aliquots of DNA
solutions of known genotype and assigned a random
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number for blinded analysis. Negative quality controls
were generated by including all reagents except the
DNA in a PCR tube for each allele evaluated.

RESULTS

PCR methods Use of the long amplified AB
fragment from the CYP2D6 pgene provided the best
quality and most efficient way to genotype patients.
This method provided a single DNA fragment from
which all alleles could be detected during the 2nd PCR
step.

Quality control Negative quality controls did
not detect any contamination problems with the PCR.,
and positive quality controls indicate that the methods in
use are reproducible for the CYP2ZDO* 3, #4, %6,
and * 7 alleles.

Agreement between genotype and its
phenotype One hundred and twenty five subjects
identified as expressing the CYP2D6 enzyme based on
the dextromethorphan metabolic ratio were characierized
as expressing at least one functional CYP2D6 allele.
Fourty three subjects who were phenotyped as deficient
in CYP2D6 function, were found to have only the
CYP2D6 3, 4, %6, and/or « 7 alleles. (Tab 2)

Tab 2. Alleles distribution and metabolic ratio differ-
ences of CYP2Dé genotypes.

Geno- . Average Range Pheno-
ypes USSR (MR) ype
*x1r %] 88 0.006 0.001 - 0.035 EM
*1/%3 3 (.011 0.001 -0.028 EM
%]+ 4 H 0.039 0,001 -0.125 EM
+34 x4 6 2.4 1.416-4.86 FM
1% 30 3.498 1.4-8.57 M
+3/ %0 1 0.69 - FM
4+ 7 2 1.275 1.08-1.47 PM
LT 3 2.0 1.52-2.53 P
*0/*0 1 2,53 - P

MR: Metabolic ratio; EM: Extensive metabolizers: PM. Poor
metabolizers .

Alleles distvibution All EM were only found
with * 1/ + 1 (wildtype homozygotes), * L/ %3 and
* 1/ % 4 (heterozygotes) genotypes. EM had at least
one functonal allele. All PM were genotyped
354, #d4s=4, ®3/%6, 4/ %T, 4% 0,
and *6/*6 { mutant homorygotes). PM did not

have any functional allele. {Tab 2)

DISCUSSION

Since the frequency of the CYP2Do deficiency
occurs in 5 — 7 of large Caucasian populations'® , all
alleles responsible for this deficiency must occur in the
population with a total frequency £=0.23 -0.27 (P
=0.05-0.07). The frequency of the CYP2D6 = 3,
#4, #6. and =7 alleles occurred with a rotal
frequency of 0,20 in this study, which is not
significantly different from the expecied frequency ( P
=0.23 — 0.27) for Caucasian population. So the
CYP2D6 deficiency may be detectable with an accuracy
up to 100 % . This conclusion is bolstered by our
ability 1o associate a deficient genotype n 43 unrelated
subjects previously idemtified by phenotyping as
deficient in CYP2D6 activity.  This suppors
assertions'™ that nearly all alleles for the CYP2D6
deficiency have now been identified. The new ones
which need to be identified must be very low chance
alleles.

The amplification of a long region of the CYP2D6
gene followed by a mnested PCR method to detect
specific alleles in the CYP2DO6 gene has been the most
robust. The advantage of this approach lies in the
ability to select oligonucleotides which are highly
specific for the gene of imterest. When amplifying
short regions of DNA, the oligonucleotides may have
substantial homology with penes within the same
subfamily or with pseudo genes. This may explain the
nonselective amplification observed with many of the
PCR. methods evaluated during this work. As the
region of DNA to be amplified expands, the potential
for identifying unique DNA sequences and more specific
oligonucleotide primers improves. A long amplified
gene segment eliminates the need for muliiple separate
amplification  steps  with  various  thermocycler
conditions. The availability of rTth polymerase has
substantially improved the ease of obtaining longer
segments of DNA. Considerable difficulty was initially
encountered when attempting to obtain a reproducible
AB fragment with Tagq polymerase or with the LA PCR
polymerase from PanVera Corp, Madison, WL

In theory. molecular genetics could provide
clinicians with mechanistic infonmation about patient
therapy. In place of simple descriptive information
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provided by (or in many cases unavailable from )
therapeutic drug monitoring, molecular genetics could
produce information about why a patient may require a
different dose, drug or treattnent regimen prior to
therapy. Whether such clinical applications will come
to pass is unclear at this time. However, it is apparent
the pap between our ability to measure and the
practicality of defining genetic variability is narrowing.
Evenmally. molecular genetics may be applied to
clinical practice o speed attainment of therapeutic drug
levels, individualize dosing regimens, prevent toxicity,
avoid ipappropriate medications, and improve
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