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CYP2D6 Polymorphism of Opiate Addicts
and Contributions to Forensic Sciences

Opiyat Bagimlilarinda CYP2Dé6 Polimorfizmi ve
Adli Bilimlere Katkilari

ABSTRACT Objective: The CYP2D6 enzyme shows a wide range of polymorphisms. It is res-
ponsible for the metabolism of substances such as opiates that have a great importance in foren-
sic sciences. However, some mutations damage the activity of this enzyme and cause
interruption in metabolism of the drugs which may lead to unexpected adverse drug reactions,
even to death. Although many studies have dealt with CYP2D6 polymorphism, there is no
research concerning CYP2D6 enzyme polymorphism and opiate dependence in our country.
Material and Methods: We aimed to investigate the single nucleotide polymorphisms
of CYP2D6"3, *4 and *6 alleles. Forty nine opiate addicts and 34 control samples were studied
using tetra-primer polymerase chain reaction (PCR) technique in a single tube and by dividing
the protocol into two steps. Results: CYP2D6*4 and CYP2D6*6 alleles frequencies were
determined as 0.082 and 0.031, respectively, however no significant result was obtained
for CYP2D6"3. Allele and genotype frequencies of CYP2D6%4 and *6 for both opiate addicts
and control group were in concordance with the Hardy-Weinberg equation. Conclusion: We
suggest that detection of CYP2D6 polymorphism may clarify the sudden-unexpected deaths
due to intoxication of opiate addicts and some negative autopsy cases related to medical or illi-
cit drugs.

Key Words: Pharmacogenetics; cytochrome P-450 CYP2D6; opioid-related disorders;
drug toxicity

OZET Amag: CYP2D6 enzimi ¢ok cesitli polimorfizmleri gosterebilmektedir ve opiyatlar gibi ad-
li tip biliminde biiyiik 6nemi olan maddelerin metabolizmasindan sorumludur. Ayrica bazi mu-
tasyonlar bu enzimin aktivitesini bozar ve alinan ilaglarin metabolizmasini kesintiye ugratirlar ki
bu da beklenmeyen advers ilag reaksiyonlarina hatta 6liime yol agabilir. CYP2D6 polimorfizmi ile
ilgili bir¢ok ¢aligma olsa da bizim tilkemizde CYP2D6 enzim polimorfizmi ve opiyat bagimlilig
ile ilgili caligma bulunmamaktadir. Gereg ve Yontemler: CYP2D6"3, *4 ve *6 allellerindeki tek
niikleotid polimorfizmlerini arastirmay1 amagladik. 49 opiyat bagimlisi ve 34 kontrolden alinan
Ornek tetra- primer polimeraz zincir reaksiyonu (PCR) teknigi ile tek tiipte ve protokolii iki aga-
maya bolerek caligildi. Bulgular: CYP2D64 ve CYP2D6%6 allel sikliklar: sirasiyla 0.082 ve 0.031
olarak belirlendi, bununla birlikte CYP2D6"3 alleli ile ilgili higbir anlamh sonug elde edilemedi.
Hem opiyat bagimlilar1 hem de kontrol grubu i¢in CYP2D6*4 ve *6'nin allel ve genotip sikliklar:
Hardy-Weinberg denklemi ile uyum gostermektedir. Sonug: Biz CYP2D6 polimorfizminin saptan-
masinin opiyat bagimlilarinin zehirlenmelerine bagh ani ve beklenmedik 6liimleri agiklayabile-
cegini ve tibbi ve yasadis1 ilaglarla iliskili negatif otopsi olgularini agikliga kavusturabilecegini
dustndik.

Anahtar Kelimeler: Farmakogenetik; sitokrom P-450 CYP2D6; opiyat iligkili bozukluklar;
ilag toksisitesi
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he Cytochrome P450 (CYP450) multi-enz-
Tyme system plays a key role in the action

and elimination process of many drugs. In
clinical pharmacology, there are five important
CYP450 enzymes which are encoded by separate
genes. These enzymes are CYP1A2, CYP2C19,
CYP2D6, CYP2E1 and CYP3A4. CYP450, is differ-
ent for its amino acid composition, and so its subs-
trate characteristics. CYP2D6, the most commonly
investigated CYP450 enzyme, is the major enzyme
catalyzing the biotransformation of xenobiotics,
tricyclic antidepressants, most of selective seroto-
nin reuptake inhibitors (SSRIs), antiarrhythmics,
neuroleptics, beta-blockers and opioids.! Some
drugs metabolized by CYP2D6 enzyme and have
forensic importance are given in Table 1. Most of
them might be encountered in clinical and foren-
sic cases.? Polymorphisms of CYP2D6 gene alter the
activation of the enzyme function and also affect
the metabolisms of xenobiotics and drugs. Varia-
tions occur in genes of this enzyme and lead to dif-
ferent phenotypes that can be classified into four
groups as PM (poor metabolizer), IM (intermedia-
te metabolizer), EM (extensive metabolizer), and
UM (ultra rapid metabolizer).>>

CYP2D6is a polymorphic gene including nine
exons and eight introns (GenBank Accession No.
M33388).¢ Alleles may have one or more single nu-
cleotide polymorphisms (SNPs) such as deletions,
insertions, duplications and multi duplications.’
Approximately 5% of Europeans and 1% of Orien-
tals lack CYP2D6 activity and these individuals are
known as poor metabolizers.! Ninety five percent
of European poor metabolizers can be identified by
screening of CYP2D6"3 (2549 A>del), CYP2D6%4

(1846 G>A), CYP2D6*5 (CYP2D6 del) and
CYP2D6°6 (1707 T>del) alleles® !

Variability of a drug response in individuals is
a major problem because it leads to therapeutic fa-
ilure and adverse drug reactions (ADRs) in clinical
practice. Therefore, importance of CYP2D6 poly-
morphisms must be emphasized for forensic phar-
macogenetic.'? A case study carried out by Levo et
al. concerned with post-mortem SNP analysis of
CYP2D6 gene and revealed correlation between
genotype and opioid drug tramadol metabolite lev-
els in blood." Bailey et al. studied genetic polymor-
phism of CYP2D6 enzyme involved in the
metabolism of dextromethorphan which is com-
monly used as an indicator of CYP2D6 genetic
polymorphism. In this study, a toddler was found
dead after a therapeutic dose of dextromethorphan,
without any evidence of a systemic disease. Inten-
tional or unintentional overdose was not found
concerning the cause of death, which is a typical
example for forensic pharmacogenetics.'* Chiurillo
et al. investigated CYP2D6 variation in Venezuelan
population to conduct postmortem pharmacogene-
tic analysis in case of drug intoxications.” In au-
topsy cases such as death due to suspected
poisoning, authors reported that genotyping of va-
riant CYP-isoform gene could help to determine
the causes of death and to increase the accuracy of
forensic identification of the cadaver.'® In Sweden,
the groups of deaths caused by intoxication of phar-
maceuticals or illegal drugs were founded upon
CYP2D6 genotyping."’

Opiate addiction is one of the most important
issues of drug dependence in the forensic toxico-
logy in our country as well as all over the world.

TABLE 1: Some drugs metabolized by polymorphic CYP2D6 enzyme (Davies and Nutt 2004).

Drug Group Substrates

Antidepressants
CYP2D6 Antipsychotics
Miscellaneous

Paroxetine, Fluoxetine, Citalopram, Sertraline, Venlafaxine, Amitriptyline,

Clomipramine, Desipramine, Imipramine, Nortriptyline

Chlorpromazine, Haloperidol, Thioridazine, Zuclopenthixol, Perphenazine, Risperidone,
Buprapion, B-blockers, Propanolol, Metoprolol, Timolol, Dexfenfluramine, Ecstasy, Opioids,

Codeine, Hydracodone, Dihydrocodeine, Tramadol
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Most of drug overdose-related deaths are caused by
opioids such as morphine, codeine, dextromet-
horphan, ethylmorphine and tramadol. An opiate
addict with impaired CYP2D6 enzyme may show
unexpected ADRs with ordinary does that may re-
sult in death due to overdose.'®?

As mentioned above, poor metabolizers have
higher levels of a number of drugs in their plasma,
which may increase the risk of adverse and toxic
effects.

In this study, single nucleotide polymorphisms
of CYP2D6"3, *4and "6 alleles on opiate addicts we-
re investigated with allele-specific tetra primer
polymerase chain reaction (PCR).

I MATERIAL AND METHODS

The study groups consisted of 49 opiate addicts (32
males and 17 females) who admitted to Istanbul Ba-
likli Rum Anatolian Clinic for treatment of opiate
addiction (like morphine, opium gum, aldolane,
phentanyl) and 34 unrelated, non-addict volunte-
ers (11 males and 23 females), as the control group.
The study protocol was approved by the Ethics
Committee of The Institute of Forensic Science in
Istanbul University, and written informed consents
were obtained from the volunteers.

Five mL of venous blood samples were collec-
ted into EDTA tubes and DNA was isolated with
DNA extraction kit (QIAmp® Mini Kit QTAGEN,
Germany). The isolates were checked with 2% aga-
rose gel electrophoresis and stored at -20°C until
use. HPLC grade primers described by Hersberger
(Table 2) were purchased from Thermo-electron
GmbH (Germany).”! All PCR reagents and ladders
were purchased from Fermentas (Lithuanian), che-
mical reagents were purchased from Sigma-Aldrich
(Germany). The PCR amplifications were carried
out by Gold-plated GeneAmp®PCR 9700 system,
Applied Biosystems (Canada, USA).

The method previously described by Hersber-
ger et al. was used with some modifications to de-
termine the frequencies of CYP2D6"3 (2549
A>del), 4 (1846 G>A) and *6 (1707 T>del) alleles
with tetra primer PCR.2 The first pair of primers
(for example P; and P, via CYP2D6"3) amplified

1420
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TABLE 2: Primer sequences used in the study
(Hersberger 2000).
Allele Name of Primer 5'-3’ primer sequence
CYP2D6*3 P1 GCG GAG CGA GAG ACC GAG GA
P2 GGT CCG GCC CTG ACA CTC CTT CT
B3 TCC CAG GTC ATC CT
P4 GCT AAC TGA GCA CG
CYP2D6%4 P5 TCC CAG CTG GAATCC GGTGTC G
P6 GGA GCT CGC CCT GCA GAG ACT CCT
P7 TCT CCC ACC CCC AA
P8 CGA AAG GGG CGT CC
CYP2D6"6 P5 TCC CAG CTG GAATCC GGT GTC G
P6 GGA GCT CGC CCT GCA GAG ACT CCT
P9 GTC GCT GGA GCA GG
P10 TCC TCG GTC ACC CA

the first fragment which was the template of the
second pair of primers. The first amplicon was also
the control of the PCR. According to the mutati-
on, one of the second primers (P53 or P,) was com-
bined with one of the first step primers (P; or P).
The length of base pair was determined with aga-
rose and polyacrylamide gel electrophoresis.

In the final PCR mixture of CYP2D6"3, *4 and
*6 for tetra-primer PCR method in single tube, the
volume was 30 pL with 2.5 pL (10X) Taq buffer, 2.5
pL (25 mM) MgCl,, 1pL (1.25 mM) dNTPmix, 0.5
pL BSA, 1 pL primer (30 pmol) (for the first frag-
ment) per allele, 4 pL primer (for the second frag-
ment) per allele, 1 pL Taq (5 U/uL), 2.5 pL (762
ng/uL) template DNA and 10 pL distilled water.
PCR conditions were as follows; 10 min at 94°C,
and for the first 30 cycles, 0.5 min at 95°C, 0.5 min
at 63°C, 1 min at 72°C, for the second 30 cycles, 0.5
min at 95°C, 0.5 min at 53°C, 1 min at 72°C and the
reaction was finished with 7 min extension at 72°C.

On the other hand, the method of Hersberger
et al. was modified by dividing the PCR procedure.
Once the first pair of primer was used and the con-
trol fragment was generated in an individual step
with first 30 cycles under the same conditions, the
control fragment was used as template DNA for the
second annealing related under allele specific PCR
with the same PCR conditions for second 30 cycles.
In this modified method, the amounts of reagents
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and enzymes were the same as the method de-
scribed above.

Separation of PCR products was performed
with 4% polyacrylamide gel electrophoresis for 2h
visualized by AgNO; (for CYP2D6"3 allele) and 2%
agarose gel electrophoresis for 50 min visualized by
ethidium bromide under UV transilluminator (for
CYP2D64 and "6 alleles). Statistical analyses were
performed using Hardy Weinberg equation and
statistical significance of opiate addicts-control as-
sociations was evaluated using Fisher’s exact test.?
A p value smaller than 0.05 was considered as sta-
tistically significant.

I RESULTS

This study is the first one that determined the fre-
quency of CYP2D6"3, "4 and "6 alleles in opiate ad-
dicts in Istanbul, Turkey. Tetra primer PCR results
for three alleles and amplified fragments are given
in Figure 1. The frequency of CYP2D6"4 allele was
0.082 and CYP2D6%6 allele was 0.031 for opiate ad-
dicts, whereas they were 0.103 and 0.015 for then
control group, respectively (Table 3). There were
no mutant alleles result of for CYP2D63 in two
groups. In modified tetra primer PCR method in
single tube, both control fragments and allele-spe-
cific fragments were seen in the same PCR product.

i E wi'me

iiid 1

FIGURE 1: Analysis of alleles by 4% polyacrylamide (a) and 2% agarose gel
electrophoresis (b and c).

a. CYP2D673, 1106 bp is control, 553 bp is wt (wild type) fragment.

b. CYP2D6"4, 750 bp is control, 560 bp is wt and 217 is mutant fragment.

¢. CYP2D6"6, 750 bp is control, 421 bp is wt, 356 bp is mutant fragment.

On the other hand, in the first divided step of the
modified method, only control fragments were se-
en; in the second step, allele-specific fragments we-
re amplified and checked by electrophoresis. The
results showed the same genotypes with tetra pri-
mer PCR protocol. Allele and genotype frequenci-
es of CYP2D6*4 and "6 for both opiate addicts and
control group were parallel to the Hardy-Weinberg
equation. There was no significant difference bet-
ween cases and control subjects according to Fis-
her’s exact test. Observed and predicted genotypes
of study and control groups and p values are given
in Table 4.

TABLE 3: CYP2D6 allele numbers and frequencies of opiate addicts and control groups.

Allele Opiate addicts
Mutant allele /Total allele numbers

(n=98) Mutant Allele frequencies
*3 0/98
4 8/98 0.082
6 3/98 0.031

Control group

Mutant allele /Total allele numbers

(n=68) Mutant Allele frequencies
0/68
7/68 0.103
1/68 0.015

TABLE 4: Observed and predicted genotypes of subjects and p values of X2 test.

Subjects N Observed (expected)
CYP2D6 *4 genotypes
414 *4fwtd
Opiate Addicts 49 0(0.0) 8(8.86)
Control 34 0(0.0) 7(6.14)
p? 0.246

Observed (expected)
CYP2D6 *6 genotypes
wt/wt *6/*6 *6/wt wi/wt
41 (40.14) 0(0.0) 3(2.36) 46 (46.64)
27 (27.86) 0(0.0 1(1.64) 31(32.36)
0.443

2 degrees of freedom value: 1 (p< 0.05) ® wild type.
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DISCUSSION

Drug metabolizing enzymes show genetic variati-
ons leading to inter-individual differences in drug
response and consequently to ADRs, high or low
drug levels at and ordinary dose.”*?* Drug metabo-
lism may be affected not only by genetic variations
but also by metabolic drug interactions, enzyme in-
hibitions and inductions, drug-drug interactions,
age, renal or liver malfunction, diseases, alcohol,
smoking, diet, etc.>!®

Drug therapies are frequently associated with
great inter- and intra-individual differences in the-
rapeutic response because of the polymorphisms.
This variability may result in diminished clinical
response or conversely, increased incidence of ad-
verse drug reactions. Investigation of CYP2D6
polymorphism is important for the ability to pre-
dict drug response that would allow individualized
pharmacotherapy, maximize the chance of optimal
drug choice for each patient and consequently, co-
uld offer savings in both time and cost of case and
substantially improve the patient’s long-term prog-
nosis. Many drugs used clinically, such as cardio-
vascular and psychoactive (antidepressant,
neuroleptic) drugs and some of opiates are meta-
bolized by CYP2D6. The lack of CYP2D6 activity
in PMs may lead to excessively high plasma con-
centrations of drugs that are substrates for this CYP
enzyme. Consequently intoxication and death are
important problems for the forensic toxicology.
Most frequently, the overdose cases are caused by
opiates which might result in death. An opiate ad-
dict with impaired CYP2D6 enzyme may show un-
expected adverse drug reactions at an ordinary dose
that cause overdose death. Forensic toxicology can
contribute substantially to the interpretation and
determination of the causes and manner of death.
Most fatal intoxications are suicidal overdoses, but
recently, chronic high dose has attracted increased
interest. A high ratio between the parent drug and
the metabolite could be interpreted not only as an
overdose but could also be the result of a reduced
metabolism of the parent drug caused by enzymes
such as CYP2D6 and CYP2C19.19%°

Candiotti et al. showed that CYP2D6 UM ap-
pear to require less morphine in the acute postope-

1422

rative period compared to other CYP2D6 metabo-
lizer groups, and recommended further studies to
understand the role of the different CYP2D6 meta-
bolizers in endogenous morphine synthesis and pa-
in modulation.”

Eap et al. found a significant association bet-
ween therapeutic response and (R)-methadone blo-
od concentrations and reported that more studies
were needed to examine the influence of the ultra-
rapid metabolizer status.?

Levo et al. studied the effect of genetic varia-
tion of drug metabolizing enzymes on correlation
of parent drug (tramadol) to metabolite ratio in
postmortem blood. Authors determined two major
genetic rearrangements and 18 SNPs along the
CYP2D6 gene.'® Ogawa et al. determined the ge-
notype frequencies of CYP1A2, CYP2D6, CYP2E],
CYP2C9and CYP2C19in 196 Japanese individuals
to evaluate their forensic usefulness and carried out
forensic identification of cadaver by genetic infor-
mation of CYP-isoform genes.'® Riccardi et al. car-
ried out an investigation on the polymorphism of
CYP2D6°3, *4, "5, "6 alleles, emphasizing the use of
pharmacogenetic analysis on postmortem samples
for forensic purposes. Another utility of that rese-
arch was the medical liability to ADRs, fatal drug
and/or special pesticide poisonings.” Bailey et al.
reported death of a toddler after a therapeutic do-
se of dextromethorphan. The possible explanation
was PM for CYP2D6 according to redistribution
studies and autopsy results.!* Lack of functional en-
zymes and polymorphisms in the CYP2D6 gene ha-
ve been studied extensively, 95% of European PMs
can be identified by screening for the CYP2D673,
*4, 5, *6.11%1! Tamminga et al. carried out a retros-
pective study to assess the influence of polymorp-
hic drug metabolism in hospitalized psychiatric
patients in Netherlands, and the obtained results
for CYP2D6 were 2.5% for UMs, 8.3% for PMs.
Authors emphasized that indications for a higher
incidence of ADRs were observed in PMs and
pharmacy records might be useful to detect diffe-
rences related to polymorphic metabolism.” Scor-
do et al. determined genotypes of a random Italian
population in order to compare CYP2C9, CYP2C19
and CYP2D6 allele frequencies. They found 3.4%
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PMs and 8.3% UMs for CYP2D6.”’ Aynacioglu et
al. investigated CYP450 enzymes 2C19 and 2D6 in
Turkish and German population. CYP2D6"3 allele
was not found in any of 404 subjects and *4, "6 al-
lele frequencies were found as 0.113 and 0.007, re-
spectively.’® CYP2D6"3 allele was not found and
other two allele frequencies were different from
the present study. The difference of the frequenci-
es may be due to the different numbers of subjects.
Herken et al. carried out a study in Gaziantep, Tur-
key for psychiatric drugs metabolized by CYP2D6
enzyme. The result of the CYP2D6%4 frequency
was found as 0.081, which was similar with to our
results.®! Koseler et al. determined the most com-
mon mutated allele as CYP2D64 gene in a Turkish
population with 100 unrelated subjects living in
Bursa region. They reported 0.21 frequency for
CYP2D6" 4 allele which was much higher than the
data of the present study.* Aydin et al. investigated
the allele and genotype frequencies of CYPIA1"2A,
CYP2D6"3 and *4 in the Turkish population, and
report different frequencies compared to our study,
as 0.15 for CYP2D6*4 and 0.025 for CYP2D6"3 al-
leles.?

It can be concluded that all of these studies
carried out in our country show variations for alle-
le frequencies according to regions and number of
subjects. With regard to our study, the main aim
was to compare CYP2D6"3, "4 and 6 allele frequ-
encies between opiate addicts and a control group.

I CONCLUSION

In the present study, we used tetra primer single
tube PCR assay, the method reduced the risk for
handling errors and contamination, and facilitated
genotyping of CYP2D6 alleles except regulation
and optimization of primer concentrations. In con-
clusion, we presented a study for genotypes of
CYP2D6"3, "4 and "6 alleles for the first time in opi-
ate addicts in Turkey. It can be concluded that the
genetic polymorphism of CYP2D6 among opiate
addicts may cause sudden unexpected death or
overdose. We recommend a forensic pharmacoge-
netic investigation in unintentional intoxications
and/or some negative autopsy cases with licit or il-
licit drugs metabolized by CYP2D6 enzyme. Altho-
ugh there was no significant difference between
opiate addicts and the controls in this study, an-
other study may be contucted an a greater patient
population.
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