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ABSTRACT The emerging application of
pharmacogenomics in the clinical trial setting
requires careful comparison with more traditional
phenotyping methodologies, particularly in the drug
metabolism area where phenotyping is used
extensively. The research objectives of this study
were 1) to assess the utility of cytochrome P450
2D6 (CYP2D6) genotyping as an alternative to
traditional phenotyping as a predictor of poor
metabolizer status; 2) to identify issues for
consideration ~ when  implementing CYP2D6
genotyping in clinical trials; and 3) to outline the
advantages and disadvantages of CYP2D6
genotyping compared with phenotyping. DNA
samples obtained from 558 previously phenotyped
individuals were blindly genotyped at theCYP2D6
locus, and the genotype-phenotype correlation was
then  determined. @ The  CYP2Dé6genotyping
methodology successfully predicted all but 1 of the
46 poor metabolizer subjects, and it was determined
that this 1 individual had a novel (presumably
inactive) mutation within the coding region. In
addition, we identified 2 subjects with CYP2D6
genotypes indicative of poor metabolizers who had
extensive metabolizer phenotypes as determined by
dextromethorphan/dextrorphan ratios. This finding
suggests that traditional phenotyping methods do
not always offer 100% specificity. Our results
suggest that CYP2D6 genotyping is a valid
alternative to traditional phenotyping in a clinical
trial setting, and in some cases may be better. We
also discuss some of the issues and considerations
related to the use of genotyping in clinical trials and
medical practice.
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Introduction

Cytochrome P450s comprise the major enzymes
involved with Phase I metabolism of xenobiotics.
One of these enzymes, cytochrome P450 2D6
(CYP2D6), processes about 20% of all commonly
prescribed drugs, and many compounds currently in
clinical development are known to be CYP2D6
substrates. This enzyme has a wide range of activity
within human populations, with interindividual rates
of metabolism differing more than 10 000-fold (1-4).
This variation poses a challenge to drug development
as it results in difficulty in predicting dosing, safety,
and efficacy. Most individuals are able to metabolize
CYP2D6 substrates extensively(extensive
metabolizers [EMs]), whereas 7% to 10% of
Caucasian individuals produce no functional
CYP2D6 enzyme and are forced to use an alternative
metabolic pathway (poor metabolizers [PMs]). A
small percentage of individuals exhibit either a rate
of metabolism between that of EMs and PMs
(intermediate metabolizers [IMs]) or an ultrarapid
rate of metabolism (ultrarapid metabolizers [UMs]);
ultrarapid metabolization may be a result of multiple
tandem copies of the

CYP2D6 gene in one individual. Because of such
large potential differences in pharmacokinetics,
clinicians are at an advantage if they know the
metabolic status of the subjects enrolled in clinical
studies for drugs known to be metabolized by
CYP2D6, and often attempts are made to determine a
subject’s metabolic status before administration of a
drug in clinical trials. Better decisions regarding drug
dosing, safety, and efficacy can be made with
knowledge of the subject’s CYP2D6 status.
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CYP2D6 metabolic status has traditionally been
determined by administering a probe drug that is
known to be a CYP2D6-specific substrate, such as
dextromethorphan or debrisoquine. Urine samples
are then collected at a certain time point, and the
ratio of unchanged drug to metabolite is determined
by high-performance liquid chromatography or gas
chromatography (5, 6). Although this phenotyping
methodology is reliable, some problems are
associated with it. Intraindividual variability may be
significant, and the length of time it takes to
determine metabolic status delays administration of
the test drug. Careful drug screens must be used
because there may be significant drug-drug
interactions with CYP2D6 inhibitors or inducers that
can lead to inaccurate metabolic measurements (7,
8). Finally, the rate of metabolism of the probe drug
may not be a reflection of that of the test drug.

Several studies have shown that much of the
interindividual variation found in CYP2D6 metabolic
activity is a result of genetic polymorphisms within
the CYP2D6 gene (1, 4, 9-18). Alleles that result in
increased, decreased, or no enzyme activity have
been identified, characterized (9, 10, 12, 19, 20), and
used to support studies investigating the use of
genotyping to predict the metabolic status of an
individual (3, 21-24). Genotyping could have major
advantages over phenotyping in that intraindividual
variability is not an issue and results can be obtained
more quickly. Current genotyping methodologies are
simple polymerase chain reaction (PCR)-based
assays that require only a small amount of whole
blood from a patient, and the techniques used are
easily adaptable in any molecular biology laboratory.

Table I

With the emerging interest in the field of
pharmacogenomics, we feel that CYP2D6genotype-
phenotype correlation could serve as an early
validation of the increasingly important role that
human genetics will play in the clinical development
and marketing of therapeutics (15). We assessed the
utility of CYP2D6 genotyping as an alternative or
replacement to the traditional.6 phenotyping methods
by genotyping 558 patients who had previously been
metabolically characterized through phenotyping.

Materials and Methods

Genomic DNA was isolated from whole blood from
each of the 558 subjects, and the CYP2D6 genotype
was determined using a modified version of the
methodology described by Sachse et al (3) (see
Appendix 1). The methodology uses several PCR
assays to screen for single nucleotide
polymorphisms within the CYP2D6 gene as well as
gene duplication and deletion (25) and pseudogene
hybrid formation (19). Results from the individual
assays were used to determine the ultimate CYP2D6
genotype. Table 1 shows the mutations that were
screened for and their presence in each of the
established CYP2D6 alleles, of which at least 18 are
known. To determine the CYP2D6 genotype, data
from each of the assays were examined collectively
and compared with Table 1. Some of the alleles
share several point mutations, and therefore each
individual mutation detected was accounted for. It
was important to distinguish between heterozygotes
and homozygotes, as homozygotes have two
identical mutations, one on each chromosome
strand, whereas heterozygotes have the mutation on
only one strand. For example, the alleles *2, *10,

Defined genotypes of 18 known alleles of the CYP2D6 gene.

Dl 1795 319344 | G186 T | S1546 4 | Del AZGST | HSED6]] [ C188T | G212A | IwT236 | A30233C | G971 C |0 | C2038T | G4268C | G 1749 C | 16 hybeid | D6 dup
*#1
*2 X X X
#3 X
#q X X X X
#5 X
i X
7 X
3 X b b b
#j X X
10 X b b
#11 X X X X
*12 b b b b
#14 X X X X
*15 X
*16 X
a2 X
] X X X X
a2 X X X X X

#0 iz defined as a deletion of nucleotides A2T01-A2703 or G2702-A2704
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and *4 share the point mutations G4268C and
G1749C, and *10 and *4 share CI88T. Thus, a
patient sample that had detected mutations of
G1934A, C188T, C4268C, C2938T, and C1749C
would have a genotype of *2/*4, while a patient
sample that had detected mutations of CI88T,
C4268C, C2938T, and C1749C would have a
genotype of *2/*10. The ultimate CYP2D6
genotype, which is the combination of the two
alleles (one on each chromosome) detected in the
sample, can be represented by a classification
system that considers the number of functional
alleles in the genotype when making phenotypic
predictions (3). One could possess 0, 1, 2, or 3+
functional alleles depending on the genotype, as in
Figure 1. In this classification system, functional
alleles include *1, *2, *9, *10, and *17.
Nonfunctional alleles include *3, *4, *5, *6, *7, *8,
*11, *12, *13, *14, *15, *16, and *4XN.
Individuals with a *IxN or *2xN could be
considered to possess additional functional alleles
dependent on the number of tandem copies of the
gene.

Figure |.
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An arbitrary cutorm of 0.3 for DM/DX separates extensive metabolzers (EMs), in which

PIMITYX <00, 3, from poor melabolize rs (PMs), in which DINUTYX >0 3

The PM, EM, UM, and IM groups are not well
defined for either phenotype or genotype. Typically,
the arbitrarily placed cutoff between EM and PM is
0.3 for the plasma ratio of dextromethorphan
substrate to the dextrorphan metabolite and 12.6 for
the debrisoquine/4-hydroxydebrisoquine plasma ratio
(26). There 1s, however, no arbitrarily defined cutoff
for UM/EM, EM/IM, and IM/PM phenotype borders.
Thus, we have loosely termed phenotypes in the
range of <0.001 to 0.08 as EM, 0.08 to 0.3 as IM,

and >0.3 as PM for dextromethorphan/dextrorphan;
and <0.05 to 6 as EM, 6 to 12.6 as IM, and >12.6 as
PM for debrisoquine/4-hydroxydebrisoquine. We
chose not to include UM as a category at this time. In
most cases, an EM or PM distinction would probably
suffice, but we were also interested in investigating
the utility of the IM category..8

Results and Discussion

Each of the 558 subjects whom we genotyped had
been  previously phenotyped using either
dextromethorphan or debrisoquine, thereby allowing
us to investigate genotype/phenotype correlation and
ability to predict metabolic status from genotype. All
but 2 of the subjects who had a

CYP2D6 genotype containing no functional alleles
had a PM phenotype. These 2 exceptions were
confirmed by DNA sequencing to have *4/*4 and
*3/*4 genotypes, which are indicative of PMs, yet
the DM/DX ratios were 0.062 and 0.1078,
respectively. This suggests an inaccurate measure of
phenotype because no functional CYP2D6 enzyme
would be present in these individuals. Each of the
patients with one or more functional alleles, with 1
exception, had an EM or IM phenotype. This 1
exception had a calculated genotype of *2/*3 (1
functional allele) and a PM phenotype of metabolic
ratio equal to 1.962. Each of the CYP2D6 exons and
exon-intron boundaries from this patient were
sequenced, and a novel polymorphism was detected.
Because this polymorphism results from a nucleotide
insertion in exon 9, we suspect that it contributed to
the PM status of the patient (manuscript in
preparation).

Table 2 shows the polymorphisms that were
interrogated and whether they were detected in any
of the 558 patients analyzed. Several of the PM
alleles (*7, *8, *11, *12, and *14) were not detected
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Table IT
Polymorphism of the Cyp2D6 gene screened for and detected in 558 patients

Polymorphisms Enzyme in 558 Asgociation with
screened for Activity in vivo samples? 2D6 alleles
Del T1795 none b G
G19344 nane ¥ *a A
G154aT nong N *3
G18464 none N *14
Del 42637 nong i *3
206 gene deletion nane Y *5
ci13aT reduced W ded #10 % 4 *dxb
GZ124 nong N *1z
Ins T226 nong L *15
430230 nane M *7
GA7IC nong N *11
Del 42701-42703 or
G2T02-42704 slightly reduced ¥ *9
*2,H5,%9,%11,
C2938T slightly reduced Y *12,%14,%2xN
*2 k%8 %10,
G4z680 slightly reduced ¥ *11,%12,%14,
#P M4 kg R0,
G1749C slightly reduced ¥ *12,x2uN, AN
206/ 2D7P hybrid none ¥ *16
W

206 gene duplication  enhanced or none HxN,H 2N, MW

Table ITTA and B
{A) CYP2D6 genoty pe distribution among poor metabolizer subjects in 222
Pfizer clinical patients and 336 Humboldt patients (alone and combined).
There were 46 PM subjects total.
(B} CYP2Ds allelic contribution to the poor metabolizer genotypes

A. Genotype Distribution Among Poor Metabolizer Subjects
Genotype M, Pfizer (freq) M, Humboldt (freq) N, combined Cfreq)

] 11 (0.58) 19 (0.70) 30(0.652)
#4 K5 4(0.21) 4 (0.15) S 00.174)
K KT EJURTS oo I (0.065)
#4 R oo 2 (0.07) 2 (0.043)
#4/%15 oo 1 (0.04) 1 (0.022)
#3 kg oo 1 00.04) 1 (0.022)
*3 novel 1 (0.05) oo 1 (0.022)

B. Allelic Contribution to Poor Metabolizer Genoty pes

Freqin 19 PM Freq in 27 PM Freq in 46 PM

Allele subjects (Pfizer)  subjects (Humboldt)  subjects (combined)

*Z 01052 0.oes 0054z

*d 0.Ee242 08519 07826

*3 01242 0.0741 01196

HE a 0.0z anz17

*15 a 0.oes anoe
novel 0.0263 [u] 00109

in any of the 558 samples (1116 chromosomes).
Table 3A outlines the genotype distribution among
PM subjects, and Table 3B details the allelic
contribution to PM genotypes. The PM alleles *3,
*4, and *5 accounted for more than 95% of the
contribution to PM genotypes, but the extended
screen that included the less common PM alleles
(those with a frequency of less than 0.001) was able
to detect an additional 4 PM subjects who would
have been missed if we had performed genotyping
for only the most common alleles. The extended
screen did not, however, detect the novel
polymorphism in exon 9 of one subject, which
presumably contributed to that subject’s PM status.
Finally, one of the PM alleles, *16, was not found in
any of the PMs, yet it was detected in 1 EM subject
with a genotype of *1/*16. It is important to note that

a rare PM allele, when present, may not necessarily
contribute to a PM phenotype as long as it is paired
with a functional allele, as PM status is a recessive
condition.

The ability of molecular genetics to correlate with
drug exposure is an early validation of the emerging
field of pharmacogenomics. In this study and others
3, 23),

CYP2D6 genotyping has proven to be a valid
alternative  to  traditional = phenotyping  for
determination of poor metabolizer status. Given the
correlation between CYP2D6 genotype and
phenotype, we believe that CYP2D6 genotyping
should be used in the clinical trial setting. In our
study we identified two individual phenotypic
measurements that were predictive of subjects who
would have exhibited an extensive metabolizer status
yet were genotyped as poor metabolizers, which was
then confirmed by DNA sequencing of genomic
DNA from the subjects. Therefore, in the context of
these clinical development studies, traditional
phenotyping did notoffer 100% specificity. This
discrepancy could have resulted from sample
handling or data reporting errors or assay failure. We
were unable to go back to the individual subjects to
reanalyze the phenotype.

Genotyping methodologies can be easier to use than
biochemical measurements in a clinical setting.
Genotyping requires only a single sample, whereas
biochemical measurements often require various
body fluids and/or tissue biopsies taken at multiple
time points. Often a very small amount of material,
such as blood from a single finger prick or a buccal
swab, is all that is needed to complete genotyping
assays. Genotyping results can often be obtained
more quickly than phenotyping results, and future
technologies may offer rapid "bedside" assessment.
For assessment of CYP2D6 status, samples for
genotyping can be obtained at the screening visit,
and results can be obtained before the wash-out
period is over; phenotyping usually cannot be
performed until after the wash-out period. Because
an individual’s DNA sequence does not change over
time, genotyping for a particular gene needs only to
be performed once, whereas biochemical
measurements may need to be taken numerous times.
Finally, genotyping is likely to be less expensive,
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especially as new high-throughput technologies
become available.

CYP2D6  genotyping methodology is well
documented and should be easy for any molecular
biology laboratory to adapt. Genotyping should
yield the same results across different laboratories,
thus making it ideally suited to a diagnostic
application (30); in contrast, phenotyping may yield
more variable data between laboratories and at
different time points for the same patient.
Intraindividual variation does not exist in genotype
data; on any given day a patient’s genotype will be
exactly the same. This constancy does not apply to
CYP2D6 phenotypes because other factors, such as
certain foods, tobacco wusage, and drug-drug
interactions, can act as CYP2D6 inducers or
inhibitors and thus give an incorrect measure of
CYP2D6 metabolic rate upon administration of the
probe drug. This fact could be particularly
important in clinical trials of neurotrauma drugs in
which the patient may be unconscious. The nature
of these compounds and their ability to penetrate the
blood-brain barrier make them susceptible to
CYP2D6 metabolism, and if the patient is
unconscious, a physician may have no knowledge
of drugs that the patient may have been taking that
are CYP2D6 inducers or inhibitors (Table 4). Even
though in such cases genotyping would give an
accurate prediction of metabolic status (while
phenotyping might not), a physician still needs to be
aware of other factors that can introduce variability
in CYP2D6 metabolism.

CYP2D6 genotyping is also a flexible methodology
in that one can decide which alleles to interrogate
depending on the needs of each particular study. The
advantage of screening for all known alleles is to
increase our ability to safely test new therapeutic
entities. However, screening for the most common
PM alleles (*3, *4, *5) will typically identify about
95% of the PMs in a sample set. There are, however,
several other PM alleles that result in a complete loss
of enzyme activity, some of which are extremely
rare. For example, *13, which was not included in
this study because we had no positive control group,
may have an allele frequency as low as 0.0001 (19).
Not including a screen for rare alleles may result in a
missed PM. In addition, screening for alleles that

Table IV
Drugs that interact with CYP2D6 enzyme activity in vive

Therapeutic Category Drug Type Drug Name
Antiarrhythmics Tywpe 14 quinidine
disopyramide
procainamide
Type 1B mexiletine
Type 1C encainide
flecainide
propafenone
Non-tricyclic buprapion
maprotiline
trazodane
Tricyclic amitriptyline
amoxapine
clomipramine
desipramine

#ntidepressants

doxepin
irniprarmine
nortriptyline
protriptyline
trimipramine
S5RI fluoxeting
nefazodone
paroxetine
sertraling
venlafaxine
Analgesics Narcotics codeing
hydrocodo ne
dihwdrocodeine
propoxy phene
tramadol
prochlarperazine
pramethazine
chlorpromazine
thioridazine
Other risperidong
Other haloperidol
carbamazepine
phenmytain
gabapentin
#ntihistamines Tricyclic loratadine
antihypertensive Agents Beta-Blockers metoprolol
pindalol
praopanalal
timaolol
Stimulants Surmpathorimetic methamphetaming
Other medications cimetidine
metoclopramide
dextrometharphan
capsaicin

Antipsychotics Phenothiazines

(neuroleptics)

Anticonvulsants

result in a decreased enzyme function (particularly
*10), as opposed to no enzyme function, may be
beneficial. For example, Asian populations are
known to have a higher allelic frequency of the *10
allele (27-29), which could help explain the overall
lower capacity of Asian patients to metabolize
CYP2D6 substrates. Although the genotypic
prediction of IM status was correlated with an IM
phenotype only 10% of the time in our study, the use
of the IM category can be quite useful in Phase I
trials in which the safety and efficacy windows are
unknown. In addition, some alleles share several
polymorphisms, thereby offering a quality check on
the determined genotype. For example, the *4 allele
has not only G1934A, but also shares CI88T,
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G4268C, and G1749C with *10. Thus, if G1934A is
the only mutation detected, one might hesitate to
claim that the genotype contains a *4 allele. One
strategy for increasing genotyping efficiency might
be to develop a protocol that includes an initial
screen for the more common PM alleles (*3, *4, *5,
*6, and *16) and, in cases where none of these alleles
are detected, a screen for the less common PM alleles
and IM alleles.

CYP2D6 genotyping may be helpful in drug-drug
interaction studies of novel therapeutics. In such
studies where there is interpatient variability in safety
or efficacy, one might conclude that there is some
kind of relevant interaction between the two
administered drugs and that this interaction is
responsible for the observed variability. However,
examination of the CYP2D6 genotype (and/or those
of other drug-metabolizing enzymes) may reveal that
the variability was attributable to poor metabolizer
status in those patients in whom variability was
observed. We have used CYP2D6 genotyping in
several drug-drug interaction studies in which a test
drug was co-administered with dextromethorphan or
paroxetine, two drugs known to be metabolized by
CYP2D6, and concluded that the interpatient
variability observed was indeed attributable to poor
metabolizer status.

Prospective CYP2D6 genotyping for enrollment
purposes may be extremely useful in Phase I first-in-
human (FIH) studies where safety and efficacy
profiles are essentially unknown. For safety
purposes, a clinician may initially choose to enroll
only subjects with 2 active alleles. Genotype can be
compared with data on pharmacokinetic variability,
adverse events, and drug response to aid in the
decision-making process for subsequent studies for
the compound, eventually including PM individuals.
This information is important for all drugs in
development, no matter which metabolizing enzymes
are involved, as it could help make clinical trials
safer with respect to drug metabolism. In clinical
trials in which significant variability in drug response
or pharmacokinetic data are observed, retrospective
genotyping is probably easier to use and more
informative than retrospective phenotyping. A
further benefit of genotyping is that the comparison
of genotype and pharmacokinetic data is likely to

indicate an individual’s rate of metabolism for a
particular drug, whereas the rates of metabolism of
probe drug and test drug may be significantly
different in a phenotype screen.

CYP2D6 genotyping is likely to assist clinicians in
finding drug doses that are safe and efficacious for
both EMs and PMs, or perhaps in tailoring drug
dosage to an individual’s needs, with EMs and PMs
receiving differential dosing.

Although genotyping has many advantages over
phenotyping in a clinical trial setting, it also has
some limitations. First, the described PCR-RFLP
methodology has some technical shortcomings. For
example, some of the assays are prone to false
negatives because they rely on the presence or
absence of a PCR product. In addition, the RFLP
banding patterns and band intensities may be
confusing (see Appendix 2). Using this
methodology, one could potentially miss some PMs
because a rare polymorphism or a novel functional
polymorphism was not screened for. This illustrates
one major limitation of

CYP2D6 genotyping by the methodology described.
By screening only for known CYP2D6
polymorphisms, PMs with novel or rare
polymorphisms that result in no enzyme activity
could be missed. However, in screening 1116
chromosomes we identified only one novel allele that
contributed to a PM phenotype; therefore, the PCR-
RFLP methodology should be reliable more than
99.5% of the time. Second, even though genotype is
an excellent predictor of CYP2D6 poor metabolizer
status, it is probably not an absolute predictor of
catalytic function (22). Patients of a single common
genotype have DX/DM ratios over a 1000- to 10
000-fold range, yet there is a significant gene-dose
effect for both debrisoquine and dextromethorphan
for all PM-IM-EM-UM differences (Figure 1). The
precise reason for this range is unknown but is
probably due to diet, differential expression of the
CYP2D6 gene, inherent backup metabolism systems,
significant interlaboratory and intraindividual
variability in phenotype data, and possible
combinations of other minor undetected genetic
polymorphisms in the CYP2D6 gene (28). CYP2D6
genotyping could, therefore, be challenging for
therapies with narrow therapeutic indices, as
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intermediate  metabolizers cannot be readily
identified. Third, specific drug-drug interactions can
convert extensive metabolizers to poor metabolizers.
While this is a minor issue in the clinical trial setting
where concombinant medicines can be carefully
screened, drug-drug interactions in a traditional
medical care setting can have extremely important
consequences because patients can be far more
difficult to monitor. CYP2D6genotyping would be of
little use in such cases where it is a drug-drug
interaction, not metabolic status, that is problematic.
A final limitation of genotyping is the ethical issue
surrounding anonymous and non-anonymous
genotyping. Patients may feel that genetic studies are
an invasion of their privacy, and some may worry
that employers or insurance companies could get
access to genotype data. However, genotyping of the
drug-metabolism genes may present fewer ethical
issues because, generally, these genes have not been
associated with increased risk for disease. Still, for
legal and ethical reasons, genotyping in clinical trials
requires new consent forms and institutional review
board approval.

While genotyping may become an integral part of
clinical development, its future in medical practice is
less certain. The field of pharmacogenomics will
provide an explosion of genetic data that could
potentially have an enormous impact on drug
development from discovery research through
postmarketing. Discovery research in
pharmacogenomics can enhance our ability to
establish the therapeutic relevance of novel candidate
genes in humans through genetic association studies
that reveal novel associations with particular human
phenotypes. In early clinical development, the
assessment of polymorphic drug-metabolizing
enzyme genotypes in all Phase I studies will aid in a
comprehensive understanding of pharmacokinetic
variability. Additionally, the investigation of
therapeutic target variation early in development will
better define patient subpopulations and potentially
enhance our understanding of efficacy and safety. In
Phase III studies, large patient populations will allow
the possible identification of those subpopulations
where efficacy and safety issues are imperative for
drug  approval.  Similarly, issues arising
postmarketing  could be  addressed  with

postmarketing collection of DNA samples and
subsequent pharmacogenomic analyses.

How the pharmaceutical industry will use this wealth
of information is uncertain. Private companies and
regulatory agencies alike will have to determine the
value of pharmacogenomics in the marketplace as
opposed to in the clinical trial setting. From a drug
metabolism standpoint, genetic data may never be as
informative as drug level monitoring, but if the
purpose is simply to prevent poor metabolizers from
pursuing a particular therapy due to safety issues, a
simple diagnostic genotyping assay may be required
for prescriptions to be written. Although a push for
diagnostic genotyping would likely complicate drug
development issues, we should strive to maintain the
same high standards in the marketplace that we do in
the clinical trial setting. The choice of whether to use
genotyping in diagnostic assays will probably
initially be made on a case-by-case basis and will be
driven by the sensitivity and specificity of the genetic
diagnostic, the cost/benefit of such a diagnostic, and
the perceived need.

Conclusions

In conclusion, CYP2D6 genotyping is a valid
alternative to traditional phenotyping, and in many
cases genotyping is uniquely well suited to the
clinical trial setting. Pharmacogenomics is a rapidly
evolving area with many technological advances that
will increase throughput and decrease costs for
genotyping assays. In many respects the

CYP2D6 gene represents a challenge for genotyping
because the numerous polymorphisms are not only
single nucleotide in nature, but are also gene
deletion, duplication, and pseudogene derivatives.
Yet this genetic information promises to optimize
drug therapy by potentially decreasing the number of
adverse events through individualized dosing
dependent on a patient’s CYP2D6 genotype. Future
technologies that might be used for CYP2D6
genotyping in the patient setting include TagMan
allelic discrimination (eg, PerkinElmer-Applied
Biosystems, Wellesley, MA) DNA chip-based assays
for specific alleles (eg, Affymetrix, Santa Clara,
CA), or MALDI-TOF mass spectrometric methods
(eg, Sequenom, San Diego, CA). All of these
technologies, however, have the limitation that they
can only detect known single nucleotide
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polymorphisms. Given the large amount of genetic
diversity at the CYP2D6 locus, it is likely that there
are more novel mutations that result in a loss of
enzyme activity. Ideally, the emerging genotyping
technologies will be able to detect these rare
mutations so that no poor metabolizers would be
missed. The ideal CYP2Dé6genotyping technology
would be a high-throughput sequencing platform that
allows an individual’s entire CYP2D6 gene to be
rapidly  sequenced. @ The  establishment of
pharmacogenomic service laboratories associated
with CROs will greatly facilitate the incorporation of
genotyping in clinical trials. One can imagine a day
when the use of genotyping to determine CYP2D6
metabolic status, as well as the status of other
important polymorphic drug-metabolizing enzymes,
may be an integral part of patient care and
therapeutic management.
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Appendix 1. CYP2D6 Genotyping Methodology
Subjects and Methods
Subjects

All the studies in which whole blood was obtained
were approved by the appropriate institutional
human experimentation committees in accordance
with all applicable regulations. Three hundred thirty-
six unrelated Caucasian German individuals
described previously (3) and 222 patients from
various Pfizer clinical trials (primarily unrelated
Caucasian males) were studied for CYP450 2D6
metabolic status with appropriate informed consent.

Phenotyping Methods

Each of the 558 subjects was phenotyped for their
CYP450 2D6 metabolic status. Of the German
individuals, 302  were  phenotyped  with
dextromethorphan and 34 with debrisoquine, as
described (3). Each of the Pfizer subjects was
phenotyped with dextromethorphan (6).

Genotyping Methods.

Genomic DNA was isolated from whole blood from
each of the 558 subjects using either the QIAmp
Blood Kit (QIAGEN, Valencia, CA) (Pfizer
samples) or the method of Sambrook et al (31)
(German samples). The 336 German samples were
first genotyped in Berlin as described (3) and then
genotyped using a modified methodology described
below at Pfizer in Groton, CT, for a cross-
laboratory comparison of CYP450 2D6 genotyping
methodology. The 222 Pfizer samples were also
genotyped using this modified methodology.

Minor modifications were made to the established
methodology of Sachse et al (3). All PCR reactions
were performed in PerkinElmer MicroAmp Optical
plates (96 well) using either Perkin Elmer
GeneAmp PCR  System 9600 or 9700
thermocyclers. All PCR reagents were from Perkin-
Elmer. Restriction enzymes were from New
England BioLabs (Beverly, MA), except for Maell,
which was from Boehringer Mannheim. SeaKem
GTG and MetaPhor agarose for gel electrophoresis
were both from FMC BioProducts (now a
subsidiary of Cambrex, East Rutherford, NJ). Table
5 outlines the CYP2D6 genotyping methodology
used at Pfizer.

Results from the individual assays were used to
determine the ultimate CYP2D6 genotype. Table 1
shows the mutations that were screened for and
their presence in each of the established CYP2D6
alleles. To determine the CYP2D6 genotype, data
from each of the assays were examined collectively
and compared with Table 1. It was important to
distinguish between heterozygotes and
homozygotes, as homozygotes have two identical
mutations, one on each chromosome strand,
whereas heterozygotes have the mutation on only
one strand. Some of the alleles share several point
mutations, and therefore each individual mutation
detected was accounted for. For example, the alleles
*2, *10, and *4 share the point mutations G4268C
and G1749C, and *10 and *4 share C188T. Thus, a
patient sample that had detected mutations of
G1934A, C188T, C4268C, C2938T, and C1749C
would have a genotype of *2/*4, while a patient
sample that had detected mutations of CI88T,
C4268C, C2938T, and C1749C would have a
genotype of *2/*10.

Sequencing of Exons and Intron-Exon Boundaries

Initial amplification product was used as a template
for nested PCR amplifications in which the products
spanned exons and intron-exon junctions. Nested
primers were tagged with M 13 universal primers for
ease of direct cycle sequencing. Primer sequences
are shown in Table 6. Each 100 pL reaction
contained 1X PCR Buffer II, 2.5 mmol/L MgCI2,
0.2 mmol/L dNTPs, 0.2 umol/L primers, 2.5 units
of AmpliTaq Gold, and diluted initial amplification
product. Cycling parameters on the 9600 were
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95° for 10 minutes and 35 cycles of 95° for 30
seconds, 63° for 45 seconds, and 72° for 1 minute.
PCR products were gel purified, and 5-10 ng were
Sequencing

reaction.
Samples were run on either ABI373 or ABI377, and

used in

sequences

each DyePrimer
(PerkinElmer-Applied

AutoAssembler software.

Cycle

BioSystems)

were analyzed using Factura and

Appendix 2. Example of RFLP Diagnostic
Fragments for CYP2D6 Genotyping.

A major cause of genotype discrepancies is miscalled
RFLPs at point mutations, namely CI88T and
G1934A. Figure 2 shows the results of the Reaction

Table V

1 BstNI digests of 44 samples. Example 1 is A1934A
(homozygous mutant), and example 2 is G1934G
(homozygous wild type). Example 3 has bands
indicative of both G and A at 1934 and is
heterozygous. However, example 4 also has bands
indicative of both G and A at 1934, but the larger
molecular weight band is much less intensely stained
than the lower molecular weight bands; hence, there
is some confusion about what the true genotype at
that position is. We hypothesize that the reason for
this phenomenon is unequal PCR amplification of
the two strands that results in one strand being more
abundant in the final product. Sequencing of exon 4
can quickly reveal the true genotype.

Outline of CYP206 genotyping methodobogy.

Remclion Delecied Primers {5 o 3} Templale DHA PCR Enzyms Cycling Condilions PCR Produst Lunglh {bp} Reslriction Digest Agaruse gel lype ic Fragment Pallerns Reforance Paper
Initinl [ CCALAMGCTTTCOAGELTTEA qoNs o L 9% for 15 aneands S kn [ 01 B feakem GT7. [ 0
ACTGAGLCCTGOGAGGTAGGTA (7100 ng) 4 units) G2 for 5 minutes
(25 cyelea)
nubsertena for | S secands
(10 eyelea)
Heactinn 5 704 gere deletinn ALTHGGCACCTRTACTECTCA qoNa T Nl 94° or 14 sacasds 755 kb if 8618100 18 iresent [ 0L 3% tieakem GI13 [ 31
GCATGAGCTAMGGCACCCAGAD (=100 ng) L2 units) BE™ for & minutes
T20cycles)
AUBATTEN T0r 1% secands
(12 eyelea)
Reaction 12 206 gene multiplication GOCACCATGETGTCTTTGCTTTC ghNa r e ML 4 for 15 seconds 10 kb, if multiplication is presest LECY 0.6 Sekem GTG LI 30
ACCEGATTCLAGL T GEGAMNTG (100 iyl £ unite) E5" fur B minutes
(20 oycles)
auboerctend for 15 seconds
(15 eyelea)
Resclion 11 206/ 2089 hybrid TOGEGCCTAMGLAGGEACT 1) AmpliTey S for 30 secoeds 1A kb if baybrid is presest Nis 1% Seskem GTG Nid 13
TCLTCACLL TCAACCTACLLL (100 ng) (2.5 unita} £6° for 10 seconds
72 for 90 seconds
L85 eypelea)
Reaction 1 Del Tat 1795 CETGOACAMGAAGTCGETGGACTAG initial 95" for 10 minules 353 bp BiHl 2.5% MetaPhor T/T-190,163 3
{neated) GAGACTCLTEGOTCTETED product (2.5 unita} 94" for 30 seconds Dol T/0el T- 190,139,235
i luted) BI° or 10 sacnsds 17081 T-190,165,159, 25
12" for 60 sscurds
[HEFET) £35S cycles) Bathl GAG-190 163
AT 5
GAA-ALE 190 1RE
C1846T ur A Mapl G/G-278,75
Tor A/Tor A-353
Gi T or - 55,7 70,75
Pas:tion i el h2637 COLCTTORCCMECACTCCE initial 95" fur 1 0 minules B35 by Haell 2.5% MatsPlur hfh=-382 329 154 32
COETEAC TEALTOC A TCATAL product (2 & unita) 9% fur 30 aneands el &/0el A- 67 05 154,26
Adiluted) 56 for 10 saconds ASDel A-352 320 303 154,26
Cneated 727 for 60 sacands
135 oycles)
Reoction 4 L1887 TEARLALACLAGLTTCA initial 95° for 1 0 minutes 4330p Hphl 25T MetePhor LiC-362,71 3
{nested) CTGTGETTTCACCCACT product £2.5 wnits) S4° for 30 seconds T/T-262,100,71
{dilutad) 52° for 10 saconds L/T-362,262,100,7)
2 tnr I aseands
G212k (35 eyelea) apl G/G-242,141,50 -1
Aif-242,191
Gia-242 191,141 .50
[T Hapml LA 187,156, 120 0
ANEBuUTfer 27 I T/insT-278,156
TilneT-278,157,156,120
Reactinn & ARZA LG ICIGITIGAL TATE initinl amplificatinn AmpliTag Lald 52 0P 101 manutes 18 By Fakl 2 B, Metalhar ASA-1745026 0
{ested GOGCTCACGCTGEACATCAGSA product £2.5 units) S for 30 secoeds C/C-12463
{diluted) 60° for 10 seconds AL 1246357 26
72 for 60 seconds
L85 eyelea)
Reaclion 6 G971C TECTCACTCCTGETAGCE initial 95" for 10 minules 256 bp Pstl 2.5% MetaPhor G/G-114.10636 3
L neabed} AGCATCTGCGTGATCLOLA product (2.5 unita} 94° for 30 seconds CAL-142,114
i luted) S6° for 10 saensds GAC-142, 114, 106,56
12" for 60 sscurds
£35 cycles)
Reaction 7 L2938T MHEGLLTTEC TRELAGNAAT GG initial 95° for 10 minutes 386 bp Expiil ¢ Mboll 2.5F MataPhor £/C-230,124,32 3
{nestad) LI TGCAC T TTITAGA product (2 S units) 94° Sor 50 sacasds (HEButter #) 141- 554,57
Adilubed} 60" for 10 smcurals C/T-354,230,124,.32
72° for 60 secands
Dl 42701-02703 (35 eyelea) 0o d8l/no del- 230,124,353 3
ur Dol /Del-262 124
Del G2702-A2704 o0 del fDel - 262,230, 124,32
Reaction 8 GAZBEL LGTCTAGTOOLGAGNCANNG initial 95° for 1 0 minutes 881 0p Banll 2.5% MatsPhor G/G-420,235,107,101,18 3
(neated) CTCAGLT TCAG T AT product (2 % unita) 94° Sor 50 sacasds C/C- 470, 556,107,108
Adiluted) 60" for 10 secoeds G/C-420,336,235,107.101,18
72° for 60 secands
{35 pelea)
Teactinn o G174 TAATGICT ICATGATALTIT: initinl amplificatinn AmpliTag Lald 52 0P 101 manutes 467 Bp Hamal 2 B, Metalhar GG 511,156 0
{ested CAGACTCCTCGETCTCTCG product £2.5 units) S for 30 secoeds C£/C-209,156,102
{diluted) 60° for 10 seconds G/C-511,209,156,102
72 tor 60 sacands
L85 eyelea)
Fesction 124 GOCACCATGETGICTTTGCTTTC Reaclion 12 95" for 10 minules 26d bp Ban Il 25% MetaPlor *IXN-231,33 3
(nested - 123 Al %2, or *dallale LCTCAGLLTCAMGTACLLCT product (2.5 unita} 94° for 30 saconds AN 264
ity S or 101 saracds -0
12" for 60 sscurds
£35 cycles)
Reaction 128 TCAMCACAGCAGGTTCA Reaction |2 957 for | 0 minutes 433 bp Hphl 2.5% FataPiar A IAN-362 7| T
(nested - 12) *1, %, or M allele LG TEALTTALL product (2 % unita) 94° Sor 50 sacosds =W 6E, 71
Adilubed} $2° for 10 secueds *LH-262,100,71
72° for 60 secands
(35 celes)

10
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Table VI

Sequences of primers tageed with M 13 universal primers for sequencing the exons of the CYP20s cene.

mmqmm.p.wm—ng

Forward Pomer
TGTAAAACGACGLGCCAGTGAGCCCATT TGO TAGT GAGGLALD
TGTAAAACGACGLGCCAGTCTGLET TEACAAGAGGCCCTGALT

TGTAASACGACGLLCAGTCACGCGLACGTGLCCGTCCCAL
TGTAAAACGACGGCCAGTAGGCGACCCCTTACCCGEATCTCC
TGTAAAACGACGGLCAGTAGGAGGGAT TGAGACCCCGTTCTER
TETAAAACGACGGCCAGTCGTTCTGTCCCCAGTATGCTCTCG
TETAAAACGACGGLCAGTGCTGACCCATTLTOLLLACGCATG
TGTAAAACGACGLGCCAGTCAGTCCCCACTCTCACCCTGLATE
TGTAAAACGACGLLCAGTAGCCAGGCTCACTGACGCCCCTCC

11

Reverse Prinver
CAGGAAACAGCTAT CACCCCTCTGCCGCCCTCCAGGACT
CAGGAAACAGCTATCACCCOGAAATCTGTCTCTGTCCCCALCT
CAGGAAACAGCTATCACCAGTTCCCGCTTTGTGCCCTTCTGE
CAGGAAACAGCTATCACCCCTGLAGAGACTCCTCGLTCTCTE
CAGLAAACAGCTATGACCCCACCOTGLCAGCCACTCTCALCT
CAGGAAACAGCTATCACCCTCGGCCCCTGLACTGTTTCCCAG
CAGGAAACAGCTATCACCTOCTGAGCTOLLLTGAGGAGGGLG
CAGGAAACAGCTAT CACCGAAGGGLACAGGLAGCCGLLLTLC
CAGLAAACAGCTATCACCTGATCCCAACGAGGLLLTGAGLAG



