Iran ] Psychiatry Behav Sci. 2019 June; 13(2):90236. doi: 10.5812/ijpbs.90236.

Published online 2019 June 9. Original Article

ABCBI1 Polymorphisms in High-Dose and Low-Dose Dependent
Patients Under Methadone Maintenance Treatment in an Iranian
Population

. * . . . .
Seyed Vahdat Hamraz', Seyed Abbas Mousavi >, Asghar Shayannia? and Mehdi Mirzaii *
'Student Research Committee, School of Medicine, Shahroud University of Medical Sciences, Shahroud, Iran
2Center for Health Related Social and Behavioral Sciences Research Shahroud University of Medical Sciences, Shahroud, Iran
®Department of Medical Biotechnology, School of Medicine, Shahroud University of Medical Sciences, Shahroud, Iran
“Department of Microbiology, School of Public Health, Shahroud University of Medical Sciences, Shahroud, Iran

"Corresponding author: Center for Health Related Social and Behavioral Sciences Research Shahroud University of Medical Sciences, Shahroud, Iran. Tel/Fax:+98-5138830262,
Email: mmm89099@gmail.com.

Received 2019 February 04; Revised 2019 April 18; Accepted 2019 May 14.

Abstract

Background: Drug abuse isa major problem in Iran with a huge social burden. Methadone maintenance treatment (MMT) s offered
as a harm reduction program to decrease the consequences of opioid drug dependence. Single nucleotide polymorphisms (SNPs)
in the ABCB1 gene, encoding P-glycoprotein, have shown associations with drug uptake in the central nervous system (CNS).
Objectives: We aimed to identify the frequency of ABCB1 SNPs and haplotypes in Iranian opioid-dependent patients and the link
between ABCBI haplotypes and P-glycoprotein function.

Methods: We randomly selected 400 patients undergoing methadone treatment from the MMT clinics in Shahroud, Iran. Of these,
320 people qualified for the study were sorted according to their dose requirement. Individuals with a dose of greater than 100
mg/day and less than 60 mg/day were selected and divided into two groups. Blood samples were taken from 83 high-dose dependent
(HDD) and 86 low-dose dependent (LDD) individuals. DNA was extracted and ABCB1 SNPs at the C1236T, C3435T, A61G, G1199A, and
G2677T loci were detected using polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP). The haplotypes
were obtained by the use of SNP analyzer version 2.0 software.

Results: No significant differences were observed in allele and genotype frequencies of the SNPs between HDD and LDD groups.
Eleven unique haplotypes were obtained, of which only the TTAGG haplotype showed a significant difference between the two pop-
ulations (P = 0.030557, x> = 4.678). Linkage disequilibrium was observed at 1199, 1236, and 3435 loci. There were no significant differ-
ences in methadone dose requirement between different haplotypes or genotypes.

Conclusions: Here, for the first time, we reported the frequency of ABCB1 SNPs in opioid-dependent people in Iran. Regarding the
results, it seems that the use of these SNPs is not beneficial to predict and optimize the amount of drug requirement in Iranian
society. However, further genotyping studies are required to decipher the impact of genetic variability on methadone dependence.
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1. Background

Drug abuse is an important national and social health
problem and a high-risk factor for other diseases (1). It
has been estimated that nearly 1.12 million Iranian peo-
ple have drug abuse disorder (2). Opioid dependence is
a chronic relapsing disorder (3). There are approximately
16 million illicit opioid-dependent individuals worldwide
(4). The opioid-dependent individuals deal with many dif-
ferent health problems including infectious diseases such
as HIV and hepatitis infection (5). Therefore, opioid substi-
tution treatment as a harm reduction program is offered

as an important strategy to decrease the consequences of
drug abuse, provide significant social benefits, and im-
prove public health.

Methadone is widely administered for opioid substitu-
tion treatment (6). The long-standing maintenance treat-
ment by methadone was endorsed by the World Health Or-
ganization (WHO), UNODC, and UNAIDS (Joint United Na-
tions Program on HIV/AIDS) in 2004 that argues a signif-
icant relationship between substitution therapy and sub-
stantial reductions in drug abuse, criminal activities, over-
dose, and conditions leading to a high risk of HIV infec-
tion (7). Methadone treatment success highly depends
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upon the optimal prescribed dosage (8). Therefore, to
achieve better long-term outcomes, personalized therapy
isrequired.

A few factors such as age, sex, and pathology have
shown a link to the methadone dosage requirement. Im-
portantly, genetic variability is now identified as a vi-
tal factor in determining optimal drug use and efficacy
(9). Broad pharmacogenomics research has shown ge-
netic variations in drug receptors, transporters, and me-
tabolizing enzymes such as cytochrome P450s (CYPs) (10).
P-glycoprotein is the product of the ABCB1 (MDR1) gene
that belongs to the membrane transporters superfamily
of adenosine triphosphate-binding cassette (11). It is an
efflux drug transporter with a wide range of substrates
that is widely expressed in different tissues including the
central nervous system (CNS) and contributes to drug ab-
sorption, distribution, and elimination (12). Moreover, P-
glycoprotein expression in the CNS modulates the opioids
penetration and access to their action in the blood-brain
barrier (13). The P-glycoprotein expression level and func-
tional integrity influence its kinetic interaction with ad-
ministered drugs and hence, play an important role in
drug treatment success (14).

ABCB1 s a highly polymorphic gene bearing at least 50
single nucleotide polymorphisms (SNPs) located in both
exonic and intronic regions of the gene. The most com-
mon polymorphisms identified in white populations are
found in exon 2 (A61G), exon 11 (G1199A), exon 12 (C1236T),
exon 21 (G2677T), and exon 26 (C3435T) (15). Although ev-
idence shows the effect of many SNPs in the ABCBI gene
on methadone response, because of a high interpersonal
variation of ABCB1 sequence (16), the haplotypes surround-
ing ABCB1 SNPs may be better predictors of P-glycoprotein
function. Despite many reports on the frequency of ABCB1
SNPs in white populations, to our knowledge, there is no
report of the prevalence of ABCBI genetic variability in Ira-
nian populations.

2. Objectives

Therefore, in the present study, we aimed to iden-
tify the frequency of ABCB1 SNPs and haplotypes in Ira-
nian opioid-dependent individuals and the relationship
between ABCB1 haplotypes and P-glycoprotein function.

3. Materials and Methods

3.1. Subjects

This cross-sectional study was conducted on 400 pa-
tients undergoing methadone treatment. They were ran-
domly selected from methadone maintenance treatment

(MMT) clinics in Shahroud, Semnan province, Iran. We
used a multi-stage method for randomized sampling in
which, the patients were selected by simple random sam-
pling from some of the clinics as random clusters using a
basket of numbered balls. From the selected clinics, 320
people who were under treatment for at least six months
and had received a constant dose in the last two months
with no underlying illness or other substance abuses were
sorted according to their doses. Individuals with a dose
of greater than 100 mg/day and less than 60 mg/day were
selected and divided into two groups. Finally, 169 opioid-
dependent individuals were enrolled and classified into
low-dose dependent (low-dose dependent (LDD), n = 86)
and high-dose dependent (high-dose dependent (HDD), n
=83) categories based on the daily methadone use of < 60
mg/day for the LDD group and > 100 mg/day for the HDD
group.

To calculate the sample size for comparing the averages
or ratios between several groups, we considered the mean
values obtained in previous studies, the power of 90%, and
the confidence limit of 95% to estimate the sample size of
40 people for each group. As the sample size is estimated
based on a quantitative variable that turns into a qualita-
tive variable and in order to take into account the dropout
rate, we approximately doubled the estimated sample size.
The demographic data such as sex, age, and ethnicity were
obtained for all participants as presented in Table 1. The
subjects with at least six months of MMT were recruited
from the MMT clinics in Shahroud, Semnan province, Iran.
All MMT subjects had reached a stable maintenance treat-
ment phase, the dosage of which had been separately op-
timized and was stable for more than two months. We
excluded individuals receiving drug treatment including
digoxin, fexofenadine, indinavir, vincristine, colchicine,
topotecan, rifampin, ritonavir, cyclosporine, verapamil,
erythromycin, ketoconazole, itraconazole, quinidine, or
clarithromycin. Moreover, the subjects with any other
chronic diseases were excluded from the study. Liver func-
tion tests were performed for all the enrolled individu-
als. The abnormal serum levels of SGOT, SGPT, and alkaline
phosphatase were considered as exclusion criteria. Par-
ticipants provided written informed consent before blood
sample collection. All stages, including designing, sam-
pling, laboratory tests, and data analysis, were conducted
between May and October 2018. This study was approved
by the Ethics Committee of Shahroud University of Medi-
cal Sciences under the code IR.SHMU.REC.1394.24.

3.2. Genotyping

Blood samples were taken from all opioid-dependent
subjects. DNA was extracted from the whole blood sam-
ples using a DNA extraction kit (Roche, Mannheim, Ger-
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Table 1. Clinical Characteristic and Demographic Data of the Subjects®

Characteristics HDD Group LDD Group PValue
Liver function test (SGOT) 25389 1 12.283 22.054 18331 0.080
Liver function test (SGPT) 17.551 + 13.475 15.938 + 11.705 0.475
Liver function test (ALK) 225.191+ 80.826 208.482 £ 59.085 0.193
Age,y 45.904 +10.862 46.779 1 11.840 0.06
Addiction duration, mo 12.518 == 7.456 13.130 & 9.290 0.638
MMT duration, mo 45.819 + 24.126 40.500 = 23.210 0.146
Cigarettes per day (CPD) 11.518 = 9.257 10.453 = 9.491 0.462
Gender, No. (women: men: unknown) 1:76:6 3:74:9 0.455

Abbreviations: HDD, high-dose dependent; LDD, low-dose dependent.
Values are expressed as mean = SD.

many). ABCB1 SNPs at the C1236T, C3435T, A61G, G1199A,
and G2677T loci were identified using polymerase chain
reaction (PCR)-restriction fragment length polymorphism
(RFLP).The primer sequences used in this study for PCRand
the size of the amplified fragments are shown in Table 2.

3.3. PCR-RFLP

PCR-RFLP for all the assays was performed in a 20-mL
mixture containing 100 ng extracted genomic DNA, 200
nmol/L of each primer, 200 mol/L dNTPs, and 1X PCR Mas-
ter mix (Cinagen, Iran). The PCR was run on a thermal cy-
cler in the following cycling conditions: 5 minutes at 95°C,
35 cycles of 30 seconds at 94°C, 40 seconds at 60°C, 1.5 min-
utes at 72°C, and a final extension step of 5 minutes at 72°C.
A negative control reaction was run to avoid any contami-
nation. Then, 2 uL of PCR products were run and visualized
on 1% agarose gel electrophoresis.

The amplified fragments were digested using restric-
tion endonuclease enzymes (Thermo Fisher Scientific, Mas-
sachusetts, USA): C1236T Eco 0109 (5U, 4 hours at 37°C and
then 20 minutes at 65°C), C3435T Dpn II (5U, 16 hours at
37°C and then 20 minutes at 65°C), A61G Taq I (1U, 2 hours
at 65°C), G1199A ACUI (2.5U, 16 hours at 37°C followed by
20 minutes at 65°C), and G2677T Banl (4U). After digestion,
the restriction fragments were visualized on a 2% agarose
gel electrophoresis, alongsidea DNAmolecular markerasa
reference. The lengths of the restriction fragments were as
follows: G1199A-wild-type, 206 + 52 bp and variant, 258 bp;
A61G-wild-type, 179 bp and variant, 146 + 33 bp; C1236T-wild-
type, 276 + 251 bp and variant, 527 bp; C3435T-wild-type, 145
+ 62 bp and variant, 207 bp; and G2671T-wild-type, 198 + 26
bp and variant, 224 bp.

3.4. Data Analysis

The chi-square test was used to determine if the geno-
types and alleles frequencies were in Hardy-Weinberg equi-
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librium. ABCB1 haplotypes of the two groups were ob-
tained using the SNP analyzer version 2.0 software. The
Fisher exact test and odds ratios were performed to de-
termine any variability in the SNPs alleles, genotypes, and
haplotype frequencies between LDD and HDD individuals.
Linkage disequilibrium coefficients (D) among the vari-
ants for both groups were calculated using the SNP an-
alyzer 2.0. The association of haplotypes and genotypes
with daily methadone dose was tested with Kruskal-Wallis
and Dunn multiple comparisons and ANOVA tests, respec-
tively. Data are represented as means =+ SD with a P value
of < 0.05 as significant (Table 3).

4. Results

4.1. ABCB1 SNP Allele, Genotype, and Haplotype Frequencies

The frequencies of ABCB1 SNPs at each locus, regard-
ing alleles and genotypes, showed no significant differ-
ence between the LDD and HDD groups and they were in
Hardy-Weinberg equilibrium. In total, 11 haplotypes were
observed in the groups by combining the individual ABCB1
SNPs into the haplotypes. The frequencies of haplotypes
had no significant differences between the two groups ex-
cept for haplotype 1 (P = 0.030557, x* = 4.678) as analyzed
by the odds ratio and Fisher exact test performed for indi-
vidual haplotypes (Table 4).

4.2. Linkage Equilibrium

Linkage disequilibrium analysis was performed using
the SNP analyzer 2.0. In the HDD group, we observed link-
age between C3435T and A61G, A61G and G2677T, G1199A and
G2677T,C1236T and G2677T,and C1236T and A61G (Figure 1A).
Moreover, a strong linkage was observed between C1236T
and C3435T, C3435T and A61G, and A61G and G1199A in the
LDD group (Figure 1B).
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Table 2. Features of the Primers Used in the Study

Primer Name Primer Sequence Amplicon Size, bp

G1199A 258
F* 5 CAGCTATTCGAAGAGTGGGC 3
R 5 CCGTGAGAAAAAAACTTCAAGG 3

A61G 179
F* 5 AGGAGCAAAGAAGAAGAACTTTTTTAAACTGATC 3
R 5 GATTCCAAAGGCTAGCTTGC 3

C1236T 527
F* 5 CAGCTATTCGAAGAGTGGGC 3
R 5 ATCCTGTCCATCAACACTGAC 3

C3435T 207
F* 5 TTGATGGCAAAGAAATAAAGC 3
R 5 CTTACATTAGGCAGTGACTCG 3

G2677T 224
F* 5 TGCAGGCTATAGGTTCCAGG 3
R 5 TTTAGTTTGACTCACCTTCCCG 3

4.3. Relationships of ABCB1 Genotype and Haplotype with
Methadone Dosage Requirements

The average methadone doses were 127 £ 2.33 and
42.14 + 12.74 in the HDD and LDD groups, respectively. In
order to see the effect of haplotypes on the methadone
dosage requirement, we analyzed the methadone dose in
the HDD and LDD groups carrying h1 haplotype with a
significant difference in haplotype frequency between the
two groups. However, the methadone dose received by the
h1 haplotype carriers was not significantly different from
the dose received by the h1 non-carriers in the HDD group
(126.95 4= 32.36 vs. 127.16 = 22.77, respectively; P = 0.8922).
Moreover, no significant difference in the methadone dose
was observed between hi carriers and non-carriers in the
LDD group (41.72 £ 13.10 vs. 42.44 = 12.58, respectively; P
= 0.88). In addition, we compared the methadone dose
requirement between different haplotypes in the whole
sample; however, no significant difference was detected by
pairwise comparison of the haplotypes (Table 4).

To test the effect of different SNPs at different loci on
the methadone dosage requirement, we compared the
mean methadone dose between different genotypes in the
whole sample using the ANOVA test. None of the SNPs
showed significant differences in the daily methadone
dose between different genotypes. The mean methadone
doses were 79.5 + 46.86, 83.47 4= 47.99, and 87.64 + 48.87 at
C1236T locus for CC, CT, and TT genotypes, respectively (P =
0.71),73.41% 47.55,87.94 +43.87,and 86.68 £ 50.2at C3435T
locus for CC, CT, and TT, respectively (P = 0.27), 84.38 £4 8.2

and 69.17 & 35.84 at A61G locus for AA and AG, respectively
(P=0.44),82.88 - 47.51,92 + 50.31,and 88 £ 57.73 at G1199A
locus for GG, GA, and AA, respectively (P = 0.76), and 89.91
+ 45.96, 81.79 + 50.8, and 79.15 = 45.12 at G2677T locus for
GG, GT, and TT, respectively (P = 0.49).

5. Discussion

It is estimated that there are approximately 16 million
opioid-dependent people worldwide, a situation related to
the intense morbidity and mortality from overdose and in-
fections such as hepatitis, tuberculosis, and HIV (17). Illicit
drug use imposes social costs in terms of public health,
crime, and productivity. Methadone has been approved by
the WHO as the main maintenance treatment for opioid
dependence (7). It dramatically decreases HIV and hepati-
tis infections, crimes, and overdose mortality (18). How-
ever, due to the high genetic variability among individu-
als, personalized dosing is required to achieve the optimal
outcomes for methadone treatment.

P-glycoprotein, a protein encoded by the ABCBI gene,
transports methadone at the blood-brain barrier (BBB) in
the CNS. Genetic polymorphisms in this gene may affect
the expression or functional activity of P-glycoprotein re-
sulting in the methadone uptake in the CNS (19). We aimed
to investigate the relationship between the ABCBI gene
variability and methadone dose requirement in Iranian
opioid-dependent people.

The five most frequently reported ABCB1 SNPs (C1236T,
C3435T, A61G, G1199A, and G2677T) (12) were selected and
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Table 3. Allele and Genotype Frequencies of ABCB1 SNPs in the HDD (N = 83) and LDD (N = 86) Groups®

LDD Group (N=86) HDD Group (N=83) Total (N=169) Chi-Square PValue
C1236T
Genotype 0.7399 0.691
cC 23(26.7) 18(21.7) 41(24.3)
CT 38(44.2) 37(44.6) 75 (44.4)
T 25(29.1) 28(33.7) 53(31.4)
Allele 0.8026 0.370
C 84 (48.8) 73(44.0) 157 (46.4)
T 88(51.2) 93(56.0) 181(53.6)
C3435T
Genotype 2.765 0.251
cc 26(30.2) 16 (19.3) 42(24.9)
CT 23(26.7) 27(32.5) 50(29.6)
T 37(43.0) 40 (48.2) 77(45.6)
Allele 2.295 0.130
C 75(43.6) 59(35.5) 134 (39.6)
T 97(56.4) 107 (64.5) 204 (60.4)
A61G
Genotype 0.6197 0.431
AA 82(95.3) 81(97.6) 163 (96.4)
AG 4(4.7) 2(2.4) 6(3.6)
Allele 0.6085 0.435
A 168 (97.7) 164 (98.8) 332(98.2)
G 4(2.3) 2(1.2) 6(1.8)
G1199A
Genotype 0.2739 0.872
AA 3(3.5) 2(24) 5(3.0)
GA 7(8.1) 8(9.6) 15(8.9)
GG 76 (88.4) 73(88.0) 149 (88.2)
Allele 0.01337 0.908
A 13(7.6) 12(7.2) 25(7.4)
G 159 (92.4) 154 (92.8) 313(92.6)
G2677T
Genotype 1.422 0.491
GG 25(29.1) 31(37.3) 56(33.1)
GT 38(44.2) 34(41.0) 72(42.6)
T 23(26.7) 18 (21.7) 41(24.3)
Allele 1.515 0.218
G 88(51.2) 96(57.8) 184 (54.4)
T 84(48.8) 70 (42.2) 154 (45.6)

Abbreviations: HDD, high-dose dependent; LDD, low-dose dependent; SNP, single nucleotide polymorphisms.
#Values are expressed as No. (%).
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Table 4. The Frequencies of ABCB1 Haplotypes in the HDD and LDD Groups

ID Haplotype LDD Group HDD Group x? PValue OR 95% CI
h1 TTAGG 55 72 4.678 0.030557 1.629 1.045-2.539
h2 CCAGT 40 35 0.231 0.631006 0.882 0.527-1.474
h3 CTAGT 16 15 0.007 0.93245 0.969 0.463-2.028
ha CCAGG u 7 0.795 0.372553 0.644 0.244-1.704
hs TTAGT 10 6 0.906 0.341125 0.608 0.216 -1.711
hé TCAGG 8 7 0.038 0.846311 0.903 0.32-2.547
h7 CTAGG 7 7 0.005 0.945905 1.038 0.356-3.026
hs TCAGT 8 4 1.239 0.26557 0.506 0.149 -1.714
h9 CCAAT 3 3 0.136 0.712795 1.037 0.206-5.212
hio TTAAT 1 3 0.29 0.590035 3.147 0.324-30.566
hn CTAAG 2 2 0.218 0.640254 1.037 0.144 -7.446

Abbreviations: CI, confidence interval; HDD, high-dose dependent; LDD, low-dose dependent; OR, odds ratio.

included in our study for investigation. The C3435T SNP
showed the highest frequency in both LDD and HDD pop-
ulations (43.0% and 48.2%, respectively). However, in line
with previous studies on white populations (20, 21), we did
not find any significant difference in the allele and geno-
type frequencies between HDD and LDD subjects.

In addition, haplotype analysis showed a combination
of 19 ABCB1 haplotypes for these five SNPs, of which 11 were
unique. The results showed that only had the TTAGG hap-
lotype a significantly higher frequency in the HDD popula-
tion than in the LDD group (86.74% vs. 63.95%, respectively;
P =0.030557, x* = 4.678), indicating a higher risk (OR=1.6,
95% CI =1.045 - 2.539) of methadone use in HDD subjects.
There was no significant difference in other haplotype fre-
quencies between the two populations. These results un-
derlie no link between the variability in the ABCB1 gene and
drug dependence. Previous reports have shown linkage
disequilibrium between C1236T, G2677T, and C3435T SNPs
(15, 22, 23). Our linkage analysis results showed a strong
linkage at the 3435, 61, and 2677 loci in the HDD population
and at1236, 3435, 61,and 1199 loci in LDD subjects. However,
no variant was observed at the 61 locus indicating that its
linkage is unlikely to be real.

There are only a few reports of the frequency of ABCB1
haplotypes in different white populations. However, the
haplotype analysis results in our study are comparable to
thereports of previous studies. Kim et al. (23) previously re-
ported that the C1236T and C3435T SNPs were linked and oc-
curred with a frequency of 62% in healthy European Amer-
icans and 13% in healthy African Americans. They reported
afrequency of 35% for the wild-type haplotype. In addition,
an intermediate frequency of 15% (16 from abc) and 28.3% -
30.8% (Abc ref) for the wild-type haplotype was previously

observed in different white populations. In addition, previ-
ous studies have found a higher frequency for AGTTT vari-
ant haplotype (25.8% -35% (24),32% (15),and 27% (23)) than
our study (7.22% -11.62%). We suggest the differences in hap-
lotype frequencies could be probably due to the number of
SNPs investigated in previous studies. Of note, in our study,
the wild-type haplotype carriers were more than variant
haplotype carriers while in previous studies, fewer individ-
uals carried the wild-type haplotypes. Furthermore, the ob-
served differences in the haplotypes may also be due to the
different ethnicity of the study populations.

Moreover, the possible impact of the ABCB1 haplotypes
on the methadone dose requirement was tested. However,
no significant difference was detected in the methadone
dose requirement between haplotype 1 carriers and haplo-
type 1non-carriers in both populations. In addition, the in-
vestigation of the ABCB1 genotypes on the methadone dose
received by the whole population identified no significant
difference between different genotypes of the SNPs. Con-
sistent with our findings, Lotsch et al. reported that G2677T
and C3435T variants had no effect on the drug uptake and
distribution in healthy individuals (25).

In contrast, Coller et al. found that subjects carrying
two copies of the wild-type haplotype received a higher
dose of methadone than those with only one or no copy of
wild-type haplotype (24). In comparison, first, their study
included a smaller number of subjects than our study,
which could influence the frequency of haplotypes in the
population. Second, their study was conducted in a popu-
lation of opioid-dependent subjects and healthy controls
while our study included HDD and LDD subjects. In ad-
dition, because we recruited our subjects from the Ira-
nian population, ethnicity may be a possible factor in mak-
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Figure 1. Pairwise linkage disequilibrium coefficients measured for the SNPs in
opioid-dependent people. The redder color, the stronger linkage between the SNPs.

ing differences. Another study conducted by Wang et al.
demonstrated that the C3435T variant affected mRNA sta-
bility and decreased P-glycoprotein expression leading to
a lower methadone dose requirement (26). However, we
did not find any difference in methadone dose require-
ment between subjects carrying the C3435T variant and
non-carriers. This could be due to the small number of sub-
jects in our study.

Although our study is limited by the number of sub-
jects, this is the first report of genetic variability of ABCB1
in Iranian opioid-dependent individuals. However, further
studies with larger sample sizes are required to achieve a

Iran ] Psychiatry Behav Sci. 2019;13(2):e90236.

more accurate frequency of the reported SNPs and their
impact on daily drug use.

5.1. Conclusions

In conclusion, we identified eleven unique haplotypes
of ABCB1 SNPs in HDD and LDD subjects. We observed a
strong linkage between the SNPs in the two populations.
Thus, it seems that the use of these SNPs to predict and op-
timize the amount of drug in Iranian populations is not
beneficial. However, to gain a better understanding of the
impact of genetic variability on the optimal drug dose re-
quirement, large-scale haplotyping studies are required
that could provide optimal treatment and decrease social
costs.

Acknowledgments

We gratefully acknowledge the contribution of all par-
ticipants in the present study. The present study was sup-
ported by Shahroud University of Medical Sciences as a
Ph.D. thesis. We hereby acknowledge the Research Deputy
of the University for granting the study (No. 9412).

Footnotes

Authors’ Contribution: Seyed Vahdat Hamraz, Seyed
Abbas Mousavi, and Asghar Shayannia studied the con-
cept and designed the manuscript. Seyed Vahdat Ham-
raz, Asghar Shayannia, and Mehdi Mirzaii analysed and
interpretated thedata. Seyed Vahdat Hamraz drafted the
manuscript. Seyed Abbas Mousavi, Seyed Vahdat Hamraz,
and Asghar Shayannia has done the critical revision of
the manuscript for important intellectual content. Asghar
Shayannia and Seyed Vahdat Hamraz has done statistical
analysis.

Declaration of Interest: None.

Ethical Approval: This research has been approved
by the Ethics Committee of the Shahroud Medi-
cal University with number IR.SHMU.REC.1394.24
(http:/[ris.shmu.ac.ir/main/cartable.action#).

Funding/Support: The present study was supported by
Shahroud University of medical sciences as a Ph.D. Thesis.
the research deputy for grant No. 9412.

References

1. UNODC. World drug report 2016. New York: United Nations; 2016.

2. Mojtahedzadeh V, Razani N, Malekinejad M, Vazirian M, Shoaee S,
Saberi Zafarghandi MB, et al. Injection drug use in Rural Iran: In-
tegrating HIV prevention into Iran’s rural primary health care sys-
tem. AIDS Behav.2008;12(4 Suppl):S7-12. doi: 10.1007/s10461-008-9408-
y.[PubMed: 18521737].


http://dx.doi.org/10.1007/s10461-008-9408-y
http://dx.doi.org/10.1007/s10461-008-9408-y
http://www.ncbi.nlm.nih.gov/pubmed/18521737
http://ijpsychiatrybs.com

Hamraz SVet al.

10.

1.

12.

14.

15.

. Degenhardt L, Whiteford HA, Ferrari A], Baxter AJ, Charlson FJ, Hall

WD, et al. Global burden of disease attributable to illicit drug use and
dependence: Findings from the Global Burden of Disease Study 2010.
Lancet. 2013;382(9904):1564-74. doi: 10.1016/S0140-6736(13)61530-5.
[PubMed: 23993281].

. Anderson P. Global use of alcohol, drugs and tobacco. Drug Al-

cohol Rev. 2006;25(6):489-502. doi: 10.1080/09595230600944446.
[PubMed: 17132569].

. De Maeyer ], Vanderplasschen W, Broekaert E. Exploratory study on

drug users’ perspectives on quality of life: More than health-related
quality of life? Soc Indic Res. 2008;90(1):107-26. doi: 10.1007/s11205-
008-9315-7.

. Farrell M, Ward |, Mattick R, Hall W, Stimson GV, des Jarlais D, et

al. Methadone maintenance treatment in opiate dependence: A re-
view. BMJ. 1994;309(6960):997-1001. doi: 10.1136/bmj.309.6960.997.
[PubMed: 7950725]. [PubMed Central: PMC2541312].

. World Health Organization. Guidelines for the psychosocially assisted

pharmacological treatment of opioid dependence 2009. Geneva: Switzer-
land Google Scholar; 2015.

. Wilder CM, Hosta D, Winhusen T. Association of methadone dose with

substance use and treatment retention in pregnant and postpartum
women with opioid use disorder. ] Subst Abuse Treat. 2017;80:33-6. doi:
10.1016(j.jsat.2017.06.005. [PubMed: 28755770].

. Buhler KM, Gine E, Echeverry-Alzate V, Calleja-Conde ], de Fonseca

FR, Lopez-Moreno JA. Common single nucleotide variants underly-
ing drug addiction: More than a decade of research. Addict Biol.
2015;20(5):845-71. doi: 10.1111/adb.12204. [PubMed: 25603899].

Stingl ], Viviani R. Polymorphism in CYP2D6 and CYP2C19, mem-
bers of the cytochrome P450 mixed-function oxidase system, in the
metabolism of psychotropic drugs. | Intern Med. 2015;277(2):167-77.
doi: 10.1111/joim.12317. [PubMed: 25297512].

Wilkens S. Structure and mechanism of ABC transporters. FI000Prime
Rep. 2015;7:14. doi: 10.12703/P7-14. [PubMed: 25750732]. [PubMed Cen-
tral: PMC4338842].

Pontual Y, Pacheco VSS, Monteiro SP, Quintana MSB, Costa MJM,
Rolla VC, et al. ABCBI gene polymorphism associated with clini-
cal factors can predict drug-resistant tuberculosis. Clin Sci (Lond).
2017;131(15):1831-40. doi: 10.1042/CS20170277. [PubMed: 28572401].

. Bauer M, Wulkersdorfer B, Karch R, Philippe C, Jager W, Stanek J, et al.

Effect of P-glycoprotein inhibition at the blood-brain barrier on brain
distribution of (R)-[(11) C]verapamil in elderly vs. young subjects.
Br | Clin Pharmacol. 2017;83(9):1991-9. doi: 10.1111/bcp.13301. [PubMed:
28401570). [PubMed Central: PMC5555869].

Romermann K, Fedrowitz M, Hampel P, Kaczmarek E, Tollner K,
Erker T, et al. Multiple blood-brain barrier transport mechanisms
limit bumetanide accumulation, and therapeutic potential, in
the mammalian brain. Neuropharmacology. 2017;117:182-94. doi:
10.1016/j.neuropharm.2017.02.006. [PubMed: 28192112].

Kroetz DL, Pauli-Magnus C, Hodges LM, Huang CC, Kawamoto M,
Johns ], et al. Sequence diversity and haplotype structure in the hu-
man ABCB1(MDR1, multidrug resistance transporter) gene. Pharmaco-

16.

18.

19.

20.

21

22.

23.

24.

25.

26.

genetics. 2003;13(8):481-94. doi: 10.1097/01.fpc.0000054113.14659.b9.
[PubMed: 12893986].

Gregers ], Green H, Christensen IJ, Dalhoff K, Schroeder H, Carlsen
N, et al. Polymorphisms in the ABCB1 gene and effect on outcome
and toxicity in childhood acute lymphoblastic leukemia. Pharmacoge-
nomicsJ. 2015;15(4):372-9. doi: 10.1038/tpj.2014.81. [PubMed: 25582575].
[PubMed Central: PMC4762905].

. Cranford JA, Boyd CJ, McCabe S. Prevalence and correlates of recov-

ery from drug dependence. Drug Alcohol Depend. 2017;171. e47. doi:
10.1016/j.drugalcdep.2016.08.142.

McLinden T, Moodie EEM, Hamelin AM, Harper S, Rossi C, Walmsley
SL, et al. Methadone treatment, severe food insecurity, and HIV-HCV
co-infection: A propensity score matching analysis. Drug Alcohol De-
pend. 2018;185:374-80. doi: 10.1016/j.drugalcdep.2017.12.031. [PubMed:
29544189).

Breitenstein B, Bruckl TM, Ising M, Muller-Myhsok B, Holsboer F,
Czamara D. ABCBI gene variants and antidepressant treatment out-
come: A meta-analysis. Am | Med Genet B Neuropsychiatr Genet.
2015;168B(4):274-83. doi: 10.1002/ajmg.b.32309. [PubMed: 25847751].
Marzolini C, Paus E, Buclin T, Kim RB. Polymorphisms in human MDR1
(P-glycoprotein): Recent advances and clinical relevance. Clin Phar-
macol Ther. 2004;75(1):13-33. doi: 10.1016/j.clpt.2003.09.012. [PubMed:
14749689).

Cascorbi I, Gerloff T, Johne A, Meisel C, Hoffmeyer S, Schwab M, et al.
Frequency of single nucleotide polymorphisms in the P-glycoprotein
drug transporter MDR1 gene in white subjects. Clin Pharmacol Ther.
2001;69(3):169-74. doi: 10.1067/mcp.2001.114164. [PubMed: 11240981].
Hoftfmeyer S, Burk O, von Richter O, Arnold HP, Brockmoller ], Johne A,
et al. Functional polymorphisms of the human multidrug-resistance
gene: multiple sequence variations and correlation of one allele with
P-glycoprotein expression and activity in vivo. Proc Natl Acad Sci U S A.
2000;97(7):3473-8. doi: 10.1073/pnas.050585397. [PubMed: 10716719].
[PubMed Central: PMC16264].

Kim RB, Leake BF, Choo EF, Dresser GK, Kubba SV, Schwarz Ul,
et al. Identification of functionally variant MDR1 alleles among
European Americans and African Americans. Clin Pharmacol Ther.
2001;70(2):189-99. doi: 10.1067/mcp.2001.117412. [PubMed: 11503014].
Coller JK, Barratt DT, Dahlen K, Loennechen MH, Somogyi AA. ABCB1
genetic variability and methadone dosage requirements in opioid-
dependent individuals. Clin Pharmacol Ther. 2006;80(6):682-90. doi:
10.1016/j.clpt.2006.09.011. [PubMed: 17178268].

Lotsch ], Skarke C, Wieting ], Oertel BG, Schmidt H, Brockmoller ], et
al. Modulation of the central nervous effects of levomethadone by
genetic polymorphisms potentially affecting its metabolism, distri-
bution, and drug action. Clin Pharmacol Ther. 2006;79(1):72-89. doi:
10.1016/j.clpt.2005.09.010. [PubMed: 16413243].

Wang D, Johnson AD, Papp AC, Kroetz DL, Sadee W. Multidrug
resistance polypeptide 1 (MDR1, ABCB1) variant 3435C>T affects
mRNA stability. Pharmacogenet Genomics. 2005;15(10):693-704. doi:
10.1097/01.fpc.0000178311.02878.83. [PubMed: 16141795].

Iran ] Psychiatry Behav Sci. 2019;13(2):e90236.


http://dx.doi.org/10.1016/S0140-6736(13)61530-5
http://www.ncbi.nlm.nih.gov/pubmed/23993281
http://dx.doi.org/10.1080/09595230600944446
http://www.ncbi.nlm.nih.gov/pubmed/17132569
http://dx.doi.org/10.1007/s11205-008-9315-7
http://dx.doi.org/10.1007/s11205-008-9315-7
http://dx.doi.org/10.1136/bmj.309.6960.997
http://www.ncbi.nlm.nih.gov/pubmed/7950725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2541312
http://dx.doi.org/10.1016/j.jsat.2017.06.005
http://www.ncbi.nlm.nih.gov/pubmed/28755770
http://dx.doi.org/10.1111/adb.12204
http://www.ncbi.nlm.nih.gov/pubmed/25603899
http://dx.doi.org/10.1111/joim.12317
http://www.ncbi.nlm.nih.gov/pubmed/25297512
http://dx.doi.org/10.12703/P7-14
http://www.ncbi.nlm.nih.gov/pubmed/25750732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4338842
http://dx.doi.org/10.1042/CS20170277
http://www.ncbi.nlm.nih.gov/pubmed/28572401
http://dx.doi.org/10.1111/bcp.13301
http://www.ncbi.nlm.nih.gov/pubmed/28401570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5555869
http://dx.doi.org/10.1016/j.neuropharm.2017.02.006
http://www.ncbi.nlm.nih.gov/pubmed/28192112
http://dx.doi.org/10.1097/01.fpc.0000054113.14659.b9
http://www.ncbi.nlm.nih.gov/pubmed/12893986
http://dx.doi.org/10.1038/tpj.2014.81
http://www.ncbi.nlm.nih.gov/pubmed/25582575
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4762905
http://dx.doi.org/10.1016/j.drugalcdep.2016.08.142
http://dx.doi.org/10.1016/j.drugalcdep.2017.12.031
http://www.ncbi.nlm.nih.gov/pubmed/29544189
http://dx.doi.org/10.1002/ajmg.b.32309
http://www.ncbi.nlm.nih.gov/pubmed/25847751
http://dx.doi.org/10.1016/j.clpt.2003.09.012
http://www.ncbi.nlm.nih.gov/pubmed/14749689
http://dx.doi.org/10.1067/mcp.2001.114164
http://www.ncbi.nlm.nih.gov/pubmed/11240981
http://dx.doi.org/10.1073/pnas.050585397
http://www.ncbi.nlm.nih.gov/pubmed/10716719
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC16264
http://dx.doi.org/10.1067/mcp.2001.117412
http://www.ncbi.nlm.nih.gov/pubmed/11503014
http://dx.doi.org/10.1016/j.clpt.2006.09.011
http://www.ncbi.nlm.nih.gov/pubmed/17178268
http://dx.doi.org/10.1016/j.clpt.2005.09.010
http://www.ncbi.nlm.nih.gov/pubmed/16413243
http://dx.doi.org/10.1097/01.fpc.0000178311.02878.83
http://www.ncbi.nlm.nih.gov/pubmed/16141795
http://ijpsychiatrybs.com

	Abstract
	1. Background
	2. Objectives
	3. Materials and Methods
	3.1. Subjects
	Table 1

	3.2. Genotyping
	Table 2

	3.3. PCR-RFLP
	3.4. Data Analysis
	Table 3


	4. Results
	4.1. ABCB1 SNP Allele, Genotype, and Haplotype Frequencies
	Table 4

	4.2. Linkage Equilibrium
	Figure 1

	4.3. Relationships of ABCB1 Genotype and Haplotype with Methadone Dosage Requirements

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Declaration of Interest: 
	Ethical Approval: 
	Funding/Support: 

	References

