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Abstract

The sharing of injection needles among drug user is a leading cause for the spread of HIV/AIDS. Malaysia introduced
methadone as a management of heroin dependents to reduce HIV spread. Methadone has variable pharmacokinetics
and CYP3A4 has been implicated in its metabolism. The objective of this study therefore was to determine if
polymorphisms exist with CYP3A4 among opiate users in Malaysia. This study was approved by Ethics Committees at
University of Malaya and Universiti Sains Malaysia. Control subjects comprised blood donors, students and residents
of a village. Opiate-dependents were from methadone clinics and drop-in centers. They signed a written-informed
consent to participate and gave blood for DNA CYP3A4 genotyping. DNA was extracted using QIAgen DNA mini kit. A
nested two-step allele specific PCR method was developed to detect CYP3A4*1B, CYP3A4*3, CYP3A4*4, CYP3A4*5,
CYP3A4*6, CYP3A4*7, CYP3A4*8, CYP3A4*9, CYP3A4*10, CYP3A4*11, CYP3A4*12, CYP3A4*13, CYP3A4*14,
CYP3A4*15 and CYP3A4*16. Normal controls comprised Malays, Chinese and Indians but opiate-dependent subjects
were majority Malay males. Control subjects all carried the wild-type gene. Mutant CYP3A4*1B allele was found in
2.17% of opiate-dependent subjects. Our results revealed that CYP3A4 was not polymorphic among Malaysian Malays,
Chinese and Indians who were not opiate-dependent. To date, we are not aware of any study to associate CYP3A4
polymorphism and heroin addiction. It is conceivable that altered CYP3A4 function may contribute towards addiction
liabilities in subsets of individuals. We conclude that CYP3A4 is polymorphic among heroin-dependent individuals.
The mutation, CYP3A4*1B is not silent. This may have implications on heroin addiction liability as well as on dose
requirements for MMT and HAART.

of several drug metabolizing enzymes have been previously described
[19-26]. Although our earlier studies failed to detect polymorphism
at the CY3A4 locus, mutant alleles have recently been described in
Malaysia [27]. The objective of this study therefore was to determine
if polymorphisms exist with CYP3A4 among opiate users in Malaysia
given its role in endogenous metabolism and in the metabolism of
methadone.

Methods

Keywords: CYP3A4; Heroin addiction; Methadone; Anti-retrovirals;
Endogenous metabolism

Introduction

Heroin use and the sharing of injection needles among drug
users is a leading cause for the spread of HIV/AIDS in Malaysia and
several other South East Asian countries. In 2006, Malaysia introduced
methadone as a management of heroin dependents in an effort to break
the viscous cycles of heroin addiction and HIV/AIDS. Methadone is
taken orally and it prevents withdrawal and reduces illicit drug use.
It is a vital public health strategy for HIV/AIDS risk reduction [1].
Variability in methadone clearance, susceptibility to drug interactions,

Recruitment of subjects

The protocols for this study received the approval of the Ethics

and a long elimination half-life can however be major impediments
to optimal methadone use [2,3]. In in vitro drug metabolism studies,
CYP3A4 has been implicated in methadone metabolism [4]. Authors
have suggested dosing guidelines for methadone and warned about the
potential for CYP3A4-mediated interactions and suggested the need to
adjust doses accordingly [2,3,5-11].

CYP3A4 is the most abundant CYPs in human. Substrates of
CYP3A4 include methadone, anti-depressants, immunosuppressive
agents, macrolide antibiotics, benzodiazepines, calcium channel
blockers [12], and several antiretroviral [4,13,14] used in HIV/AIDS.
Also importantly, CYP3A4 is involved in the metabolism of endogenous
substances that include testosterone [15], progesterone [16], cortisol
[17], and 17p-estradiol [18], and this may be important in the patho
physiology of diseases including drug dependence. CYP3A4 exhibits
genetic polymorphism and as with other polymorphic enzymes, the
identification of molecular variants in the CYP3A4 gene is a major
focus of pharmaco genetic studies.

Malaysia is a multiethnic country where genetic polymorphisms

Committees at the University of Malaya in Kuala Lumpur and Universiti
Sains Malaysia in Kelantan. For the normal controls, subjects comprised
blood donors at Universiti Malaysia Medical Centre, Universiti Sains
Malaysia Hospital, students at the two universities and residents of a
Malaysian Indian community in Kuala Krai, Kelantan. For opiate-
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No. Primer Name Sequence (5’ to 3') the extracted DNA was determined on the spectrophotometer with
1. ProFw GTT CAG GGAAAC AGG CGT GGA measurements done at 260 and 280 nm.
g ELC;RF\\:V 222 gﬁ;m ?E(?:TACGCA(?:CSSACC A nested two-step allele specific PCR method was developed to
4 IntBRY GGT CAC TGG AAT AAC CCAACA G detect CYP3A4*1B, CYP3A4*3, CYP3A4*4, CYP3A4*5, CYP3A4*6,
5 Ex3Fw CCT CTAACT GCC AGC AAG CYP3A4*7, CYP3A4*8, CYP3A4*9, (CYP3A4*10, CYP3A4*11,
5. Ex3Rv GCATGC AGATTC CCATTG C CYP3A4*12, CYP3A4*13, CYP3A4*14, CYP3A4*15 and CYP3A4*16.
7 Ex7Fw GTT GCA TGC ATA GAG GAA GGA TGG The first PCR used the primers listed in Table 1 to isolate the CYP3A4
8 Ex7Rv GAT GAC AGG GTT TGT GAC AGG GG gene to improve on specificity. The products were used as templates for
9. Ex9Fw GAG CCATCT CAC ATG ATA GC three allele specific second PCR using primers also listed in Table 1 to
10. Ex9Rv CAAACATGT GTC GTT CTG C detect the alleles of interest. All PCR reactions were performed using
1. |Ex1Fw GCA CCA CCC ACC TAT GAT AC Bio-Rad MyCycler” Thermal Cycler.
12. ExT1Rv CTT GAACCAGGCTCGTTCAG In the first PCR, the reaction mixture consisted of 1X Biotools
13. Ex12Fw GTG GAA CCA GAT TCA CCAAG Reaction Buffer, 3.0 mM Biotools MgClz, 0.2 mM of each Biotools ANTP
12 Eﬂ;{:’ﬁm e EIEJ;TAZSCT(; ?;?'é i“rcc;:ﬁ ;IT G Mix, 0.2 pmol of each primer which were divided into two groups;
16. CYP3A41B Mt CTATTAAGT GGC CTC TOT CC Set A and Set B as listed in Table 4, 1.0 U Biotools DNA Polymerase,
17, CYP3A'E Wi GAA GAATGG AAG AGA TTA GO and 20-100 ng of DNA in a total volume of 25 uL. The cycle condition
18, CYP3AT'E Mt GAA GAATGG AAG AGA TTA GA consisted of pre-denaturation for 5 min at 94°C, followed by 10 cycles of
19, CYP3A4*15 Wi GGT GAG AAA TCT GAG GGG denaturation at 94°C for 45 s, annealing at 65°C for 45 s with touchdown
20. CYP3A4*15 Mt GGT GAG AAATCT GAG GCA from 65°C to 60.5°C (reduce by 0.5°C every cyle) and extension at 72°C
21, CYP3A4*5 Wi ATACTT ATT GAG AGAAAG AAT G for 30 s. This was followed by another 25 cycles of denaturation at 94°C
2 CYP3A4*5 Mt ATA CTT ATT GAG AGAAAG AAT C for 45 s, annealing at 60°C for 45 s and extension at 72°C for 30 s. A final
23. CYP3A4*9 Wt CTTACTCTTTCAAGG TGAC extension 72°C for 5 min was also included.
2. CYP3A4™9 Mt CTTACT CTTTCAAGGTGAT Subsequent to successful first PCR, the products were subjected
25. CYP3A4:13 we GCC TGAGAAGTT CCT CCC to two parallel allele-specific second PCR, one with wild-type specific
2. CYP3A4*13 “ GCCTGAGAAGTT CCT CCT primers and the other with mutation-specific primers, were carried
Z g:ggﬁj*;z l\vjl/tt gig Igg 222122 121 ggl 22 ou.t in separate PCR reacFif)ns. In this se.cond PCR, five set of reaction
2 CYPIAETT Vit GAC ATG GTG GTG AAT GAAAC mixtures and cycle condition were required to detect all the alleles as
30, CYP3ATTT Mt GAC ATG GTG GTG AAT GAA AT listed in Table 2 and Table 3. The predicted PCR products as listed in
a1, CYP3A4*14 Wi CAC CAG GCT GAC AGC CA Table 4 were analyzed on 2.5 % agarose gel in 1X TBE buffer run at 90
32.  CYP3A4*14 Mt CAC CAG GCT GAC AGC CG V for 75 min.
33. CYP3A4*6 Wt CCTTCAGCT GAT GATTGAC
34. CYP3A4*6 Mt CCT TCA GCT GAT GAT TGAAC \Set 1 \Set 2 \Set 3 \Set 4 \Set 5
35. CYP3A4*7T Wt TTGTTT CTC CTC CCA GGG Reaction Mixture (reaction volume — 25ul )
36. CYP3A4*7 Mt TTGTTT CTC CTC CCAGGA
37. CYP3A4*10 Wt GCC TGT CAC CTT GAAAG Reaction Buffer (10X)? 1.0 1.0 1.0 1.0 1.0
38.  CYP3A4*10 Mt GCC TGT CAC CTT GAAAC MgCI2 (50mM)? 20 20 20 |20 115
39. CYP3A4*12 Wt TAT TCC CAATTG CTATGA GAC
40.  CYP3A4*12Mt TAT TCC CAATTG CTA TGA GAT dNTP Mix (each) (10mM)* /0.2 02 02 02 02
41.  CYP3A43 WMt CCA GAAACT GCATTG GCAT DNA Polymerase (1U)° 15 10 10 10 |10
42. CYP3A4*3 Mt CCAGAAACT GCATTG GCAC
43.  CYP3A44 WMt CAT CCT CAG CTATAGAGAT Primers (each) (M) Refer Table 3
44. CYP3A4*4 Mt CAT CCT CAG CTATAGAGAC First-PCR product (L) 0.2 0.2 0.2 0.2 0.2

Table 1:Primer sequences used in nested two-step allele specific PCR of CYP3A4
allele.

dependent individuals, subjects were enrolled from several methadone
clinics and drop-in centres for drug users in Kuala Lumpur and in
Kota Bharu, Kelantan. They were given an explanation about the study
and were invited to participate if they were willing to sign a written-
informed consent. They were administered standard questionnaires
to obtain demographic data and to establish opiate dependence. Five
milliliter of blood was then obtained from them for DNA extraction
and CYP3A4 genotyping.

Isolation of DNA and PCR genotyping

Genomic DNA was extracted from subjects’ blood by using
QIAgen DNA mini kit (QIAGEN, Hilden) according to the protocols
recommended by the manufacturer. The quantity and quality of

Cycle Condition

Pre-denaturation (°C:min) 94:4 94:4 94:4 94:4 |94:4
Denaturation (°C:sec) 94:30 94:30 94:30 94:30 94:30
Annealing (°C:sec) 60°:30 5830 64:30 5830 58:30
Extension (°C:sec) 72:30 72:30 72:30 72:30 72:30

Number of cycles 16 16 15 16 15

Final extension (°C:min) 72:7 72:7 72:7 72:7 |72:7

Hold (°C:min) 20: 20: 20: 20:0  |20:

a Biotools Company (Spain)
b Touchdown from 60°C to 53.6°C (reduce by 0.4°C every cycle)
¢ Touchdown from 58°C to 52°C (reduce by 0.4°C every cycle)

Table 2: Reaction mixtures and cycle condition for allele-specific second PCR.
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Set 1 Conc. (pmol)
Pro Fw (5 pmol) 0.2

Int6 Rv (5 pmol) 0.2
CYP3A4*1B Wt/ CYP3A4*1B Mt (5 pmol) 0.15
CYP3A4*15 Wt/ CYP3A4*15 Mt (5 pmol) 0.2
CYP3A4*8 Wt/ CYP3A4*8 Mt (5 pmol) 0.3

Set 2 Conc. (pmol)
Ex7 Fw (5 pmol) 0.3

Ex11 Rv (5 pmol) 0.25

Ex5 Fw (5 pmol) 0.4
CYP3A4*9 Wt/ CYP3A4*9 Mt (5 pmol) 0.4
CYP3A4*5 Wt/ CYP3A4*5 Mt (5 pmol) 0.25
CYP3A4*16 Wt/ CYP3A4*16 Mt (5 pmol) 0.1
CYP3A4*13 Wt/ CYP3A4*13 Mt (5 pmol) 0.3

Set 3 Conc. (pmol)
Pro Fw (5 pmol) 0.20

Ex11 Rv (5 pmol) 0.25
CYP3A4*14 Wt/ CYP3A4*14 Mt (5 pmol) 0.15
CYP3A4*11 Wt/ CYP3A4*11 Mt (5 pmol) 0.30

Set 4 Conc. (pmol)
Ex3 Rv (5 pmol) 0.4

Ex9 Rv (5 pmol) 0.4

Int6 Rv (5 pmol) 0.3

Ex11 Rv (5 pmol) 0.2
CYP3A4*7 Wt/ CYP3A4*7 Mt (5 pmol) 0.25
CYP3A4*6 Wt/ CYP3A4*6 Mt (5 pmol) 0.25
CYP3A4*12 Wt/ CYP3A4*12 Mt (5 pmol) 0.2
CYP3A4*10 Wt/ CYP3A4*10 Mt (5 pmol) 0.3

Set 5 Conc. (pmol)
Ex12 Rv (5pmol) 0.15

Ex5 Fw (5pmol) 0.3
CYP3A4*3 Wt/ CYP3A4*3 Mt (5pmol) 0.15
CYP3A4*4 Wt/ CYP3A4*4 Mt (5pmol) 0.3

Table 3: Final concentration of each primers used for each Set in allele-specific
second PCR.

260
G C A|RICG A G

CYP3A4*1A/
CYP3A4*1B
genotype

e

516 bp
CYP3A4*8
310 bp
CYP3A4*1B

153 bp
CYP3A4*15

(1.2)

(1.1)

Figure 1: PCR products for amplification using primers in second PCR
(1.1) and sequencing chromatogram (1.2). In Figure 1.1, Lane 1is DNA
marker (100 bp) and Lane 2-3 are amplification of CYP3A4*8, CYP3A4*1B
and CYP3A4*15 alleles respectively and (a) for wild type and (b) for mutant
type. Lane 2 had shown heterozygous which produce specific band for wild
and mutant type for SNP CYP3A4*1B. This corresponds with sequencing
chromatogram in Figure 1.2. The chromatogram had shown two peaks at
position 262 which indicates heterozygous for sample in lane 2.

Upon successful PCR, three heterozygous samples were sent for
sequencing. The PCR products were purified using QIAquick PCR
Purification kit before being sent for DNA sequencing by standard kit
of ABI PRISM Big Dye Terminator. The sequencing results were verified

against the published sequence for CYP3A4 (Gene bank accession
number: AF185589).

Results

Subjects

Control subjects comprised 270 Malays, 172 Chinese and 174
Indians and their average age are 29.4, 30.2, and 26.1 respectively. The
control subject consist of 174 males and 96 females for Malays, 132
males and 40 females for Chinese and 123 males and 51 females Indian.
Opiate dependent subjects comprised 114 Malays with average age of
39.57. Out of the 114 subjects, 112 are males and 2 are females.

PCR genotyping

Figure 1.1 shows a gel picture from a successful Set 1 for second
PCR for two representative samples from two different subjects.
CYP3A4*IB was detected in five subjects who carried heterozygous
CYP3A4*1A/CYP3A4*1B genotype. The remaining subjects did not
carry any mutant allele. The heterozygous subjects then were validated
using DNA sequencing and the chromatogram is shown in Figure
1.2. Double peaks was produced at position 262 which indicates the

‘Forward ‘Reverse ‘Product size (bp)
First PCR
SetA ProFw ProRv 831
Ex5Fw Int6Rv 757
SetB Ex3Fw Ex3Rv 360
EX7Fw EX7Rv 447
Ex9Fw Ex9Rv 412
Ex11Fw Ex11Rv 276
Ex12Fw Ex12Rv 173
Allele-specific second PCR
Set 1 CYP3A4*8 Wt/ Int6Rv 516
CYP3A4*8 Mt
ProFw CYP3A4*1B Wt/ 310
CYP3A4*1B Mt
CYP3A4*15 WY/ Int6Rv 153
CYP3A4*15 Wt
Set 2 Ex5Fw CYP3A4*9 Wt/ 663
CYP3A4*5 Mt
Ex7Fw CYP3A4*5 Wt/ 221
CYP3A4*5 Mt
Ex7Fw CYP3A4*16 Wt/ 120
CYP3A4*16 Wt
CYP3A4*13 Wt/ Ex11Rv 73
CYP3A4*13 Wt
Set 3 ProFw CYP3A4*14 Wt/ 742
CYP3A4*14 Wt
CYP3A4*11 Wt/ Ex11Rv 234
CYP3A4*11 Wt
Set 4 CYP3A4*7 Wt/ Ex3Rv 261
CYP3A4*7 Wt
CYP3A4*12 Wt/ Ex11Rv 206
CYP3A4*12 Wt
CYP3A4*6 Wt/ Ex9Rv 178
CYP3A4*6 Wt
CYP3A4*10 Wt/ Int6Rv 117
CYP3A4*10 Wt
Set 5 Ex5Fw CYP3A4*4 Wt/ 242
CYP3A4*4 Wt
CYP3A4*3 Wt/ [Ex12Rv 101
CYP3A4*3 Wt

Table 4: Primer combinations for amplification of first and allele-specific second
PCR of CYP3A4.
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SNPs Observed genotype Predicted genotype
frequency (%) * 95% frequency (%) by Hardy-
Confidence Interval (Cl) Weinberg Law * 95%
Confidence Interval (Cl)
CYP3A4*1B
CYP3A4*1A/ *1A 95.65 + 2.82 95.70 + 2.80
CYP3A4*1A/ *1B 4.35+2.82 4.25+2.79
CYP3A4*1B/ *1B 0 0.05+0.30
n 115

Table 5: Genotype frequency according to Hardy-Weinberg equilibrium in opiate-
dependent patients.

presence of heterozygous CYP3A4*1A/CYP3A4*1B genotype.

The most common allele carried by subjects was CYP3A4*1A that
occurred at a frequency of 97.83%. CYP3A4*1B was found in 2.17%
of subjects and another fourteen alleles were not detected. In terms
of observed genotypes, 95.65 % were CYP3A4*1A/*IA and 4.35%
CYP3A4*1A/*1B. However in terms of predicted genotype frequency
by Hardy-Weinberg Law, 95.70 % were CYP3A4*1A/*1A, 4.25%
CYP3A4*1A/*IB and 0.05% CYP3A4*1B/*1B. Both observed and
predicted genotype frequency is shown in Table 5 with 95% confidence
interval.

Discussion

Malaysia is facing a double challenge of illicit drug use and a rapid
spread of HIV/AIDS. As a “harm-reducing” measure, the Malaysian
Government introduced Methadone Maintenance Therapy (MMT)
for heroin users in Malaysia. In our previous study in 52 Malay male
subjects given a single 8 mg dose of methadone, we found a wide
variability in its clearance, consistent with other studies previously
reported [28]. The variability in our 52 subjects could not be explained
by polymorphisms at the CYP2D6 locus, a very polymorphic gene
in our population [19-21], another enzyme implicated in methadone
metabolism [29]. This led us to investigate the genetic polymorphism
at the CYP3A4 locus among heroin drug users. Apart from being
involved in the metabolism of methadone, CYP3A4 is also involved
in the metabolism of several anti-retrovirals used in the treatment of
AIDS [13], thus our interest. We were also led to study this because
of the role of CYP3A4 in endogenous metabolism, especially involving
testosterone, as a possible contributing factor to heroin addiction.
Heroin addiction in Malaysia is a predominantly male disease. It would
therefore be interesting if an association can be found between altered
CYP3A4 testosterone metabolism and heroin addiction.

Our results revealed that CYP3A4 was not polymorphic among
Malaysian Malays, Chinese and Indians who were not opiate-dependent.
Many previous studies failed to show significant polymorphism at the
CYP3A4 locus. Rebbeck, et al. (1998) reported a 9.6% frequency for
CYP3A4*IB in healthy White subjects [30] but Lamba, et al. (2002)
reported a very low percentage among their healthy Caucassian, African
Americans, Mexican, Pacific Islander and Middle Eastern subjects [12].
Mutant alleles, with some exceptions, appeared to occur only at low
percentages. This probably implies an important role of CYP3A4 in
endogenous metabolism and therefore mutations would most likely
be selected out. It is assumed that evolutionary pressure acts against
coding polymorphisms and environment tends to wipe them out.

Heroin addiction is a complex disease. It probably results from
deleterious interactions between genes and the environment. Many
genes have been studied for potential roles in heroin addiction and to
date, we are not aware of any study to associate CYP3A4 polymorphism
and heroin addiction. It was interesting therefore to find a 2.17 %

frequency for CYP3A4*1Bamongour opiate-dependent subjects, against
the background of an absence of polymorphism among Malaysian
non-drug dependent subjects. P450 enzymes in liver microsomes
have been reported to play important roles in the metabolism of
steroids, fatty acids, fat soluble enzymes and prostaglandins [16] and
CYP3A4 has been shown to be a major form that catabolised steroids
in human livers. It is conceivable that altered CYP3A4 function may
contribute towards addiction liabilities in subsets of individuals, either
directly through altered metabolism of some putative, yet unknown
endogenous substance(s) or indirectly through its effects on steroid and
prostaglandin metabolism.

CYP3A4*1B allele is also known as CYP3A4-V and has an A—>G
substitution at position -392 on the 5 promoter region. It was first
identified by Rebbeck et al. in 1998 [30]. The functional significance
of CYP3A4*1B mutation has recently been reported. CYP3A4*1B/
CYP3A4*IB genotype has been reported to reduce the absorption of
indinavir in patients initiating Highly Active Anti-Retroviral Treatment
(HAART) naive patients [14]. This SNP has also been associated with
the more aggressive forms and advanced clinical stages of prostate
cancer in African-Americans but not in Portugese victims [31]. It
also linked to increase transcriptional activity. The finding of a 2.17%
frequency for CYP3A4*1B among our heroin using population was
therefore interesting and the functional significance of this mutation
may need to be elucidated. Future studies on its association should also
probably include family data to allow for a transmission disequilibrium
test to be performed. CYP3A4 is known to be involved in endogenous
metabolism of steroid hormones, both testosterone (2f3-, 6p-, or
15B-hydroxytestosterone) and estrogen (4- and 16a-hydroxylation)
[32-35]. As far as addiction is concerned, stress influences the
pathophysiology of addiction, to be linkages with drug dependence.

We conclude that CYP3A4 is polymorphic among heroin-
dependent individuals. The mutation, CYP3A4*1B is not silent. This
may have implications on heroin addiction liability as well as on dose
requirements for MMT and HAART.
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