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This study aimed to determine the effects of nine OPRM1, OPRD1 and OPRK1 polymorphisms on plasma BUP and
norbuprenorphine (norBUP) concentrations and various treatment responses in a sample of 122 patients
receiving BUP/naloxone. Plasma concentrations of BUP and norBUP were detected by LC-MS/MS. PCR-RFLP
method was used to genotype polymorphisms. OPRD1 rs569356 GG had significantly lower plasma norBUP
concentration (p = 0.018), dose- (p = 0.049) and dose/kg-normalized norBUP values (p = 0.036) compared with
AA. Craving and withdrawal symptoms were significantly higher in OPRD1 rs569356 AG+GG relative to AA.
There was a statistically significant difference between the OPRD1 rs678849 genotypes in the intensity of anxiety
(13.5 for CT+TT and 7.5 for TT). OPRM1 rs648893 TT (18.8 + 10.8) was significantly different to CC+CT (14.82

+ 11.3; p = 0.049) in view of the intensity of depression. This current study provides the first data on a
prominent effect of the OPRD1 rs569356 variation on BUP pharmacology due to its metabolite norBUP.

1. Introduction

Buprenorphine (BUP) is co-formulated with naloxone to discourage
parenteral administration and is administered sublingually when used as
a maintenance medication for OUD (Brown et al., 2011; Fihlman et al.,
2018; Kreek et al., 2019; Segui et al., 2020). BUP is metabolized via
cytochrome P450 (CYP) 3A4/5-mediated N-dealkylation and its major
and active metabolite norbuprenorphine (norBUP) is produced. Both
BUP and norBUP are excreted in urine after conjugating to their 3-glucu-
ronides by the UDP-glucuronosyl transferases (UGT), mainly UGT2B7,
UGT1A1 and UGT1A3 (Fihlman et al., 2018). The pharmacological
properties of BUP are complex and unique due to being a partial
mu-opioid receptor agonist (Martin et al., 1976), delta- and
kappa-opioid receptor antagonist and nociceptin receptor agonist
(Leander et al., 1987; Negus et al., 2002). It is believed that not only BUP
but also its metabolite norBUP may influence the pharmacological
profile of BUP due to their high affinity for mu-, delta- and kappa-opioid
receptors. Huang et al. (2001) examined the similarities and differences

between BUP and norBUP in terms of their efficacy at opioid receptors
using Chinese hamster ovary cells and found that norBUP had moderate
efficacy at mu- and kappa-opioid receptors, while BUP had low efficacy.
At delta-opioid receptors, norBUP was a full agonist, but not BUP
(Huang et al., 2001). Additionally, Negus et al. (2002) showed that BUP
had low efficacy at delta-opioid receptors despite its high affinity for this
receptor in rhesus monkey brain membranes.

BUP is an FDA-approved drug in the treatment of opioid use disorder
(OUD) (FDA, 2002). Although the long-term treatment of OUD with
opioid agonists and/or antagonists is effective (Panlilio et al., 2019; Taqi
et al., 2019), the rate of treatment failure is high among opioid users
(Crist et al., 2018; Randesi et al., 2020; Wang et al., 2019) due to a
number of parameters such as environmental and physiological factors
including age, gender, weight, severity of disease, concomitant disease,
and pharmacogenetics (Clarke et al., 2014; Yiannakopoulou, 2015).
Individual genetic differences in genes encoding metabolism (Ettienne
etal., 2017; Ettienne et al., 2019; Kaya-Akyiizlii et al., 2022a) or cellular
drug targets (Imai et al., 2020; Kranzler et al., 2021; Randesi et al.,
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2020) could significantly explain the variability in BUP response among
individuals. Therefore, understanding the effect of genetic background
on BUP pharmacology is essential to boost the effectiveness of treatment
and reduce the high rates of drop-out (Crist et al., 2018; Randesi et al.,
2020).

To date, little is known about pharmacodynamics variants that
would affect the efficacy of the sublingual BUP/naloxone combination
in individuals with OUD. A limited number of papers examined some
polymorphisms on opioid receptor genes including OPRM1 (Crist et al.,
2018; Imai et al., 2020; Randesi et al., 2020), OPRD1 (Clarke et al.,
2014; Crist et al., 2013; Crist et al., 2019; Kranzler et al., 2021), and
OPRK1 (Gerra et al., 2014; Randesi et al., 2020). Imai et al. (2020)
suggested that OPRM1 A118G polymorphism could affect the pharma-
cological action of mu-opioid receptor in a study with 10 healthy men
received a single intravenous dose of buprenorphine hydrochloride.
Crist et al. (2018) demonstrated that OPRM1 rs10485058 AA genotype,
a non-coding transcript variant, was associated with less opioid-positive
urine drug screens relative to AG+GG genotypes in the methadone
treatment group, but not in the buprenorphine group. Randesi et al.
(2020) reported that no significant main effects of gene variants
(OPRM1 A118G, PDYN VNTR and rs910080, and OPRK1 rs6473797) on
receiving first dose or last dose in a study comparing daily sublingual
BUP/naloxone and monthly extended-release naltrexone injection in
non-Hispanic Caucasians. OPRD1 rs678849 was found to be associated
with buprenorphine efficacy in African-Americans (Crist et al., 2013 and
2019) and in European-Americans (Kranzler et al., 2021) treated for
OUD. To date, only two studies examined the effect of OPRKI gene
variants (rs1051660 or rs6473797) on the buprenorphine treatment
outcome such as early drop out, continuous use of heroin, severe
behavioral or psychiatric problems, misbehavior or receiving first dose
or last dose and no significant effects of these OPRK1 polymorphisms on
buprenorphine pharmacological action were reported (Gerra et al.,
2014; Randesi et al., 2020). Due to these inconsistent results, the effect
of these 3 pharmacodynamic genes (OPRM1, OPRD1 and OPRK1) on
BUP treatment responses remains unclear. Therefore, except OPRDI
rs678849 and OPRK1 rs6473797, the contribution of 8 new variants that
were associated with drug response previously in OPRM1, OPRD1 and
OPRK1 genes on BUP pharmacology by measuring plasma BUP and
norBUP levels were examined for the first time in the current study.

Additionally, researchers have been investigating whether chronic
depression and anxiety as well as negative craving and opioid with-
drawal are correlated with the treatment failures of individuals
receiving maintenance treatment such as buprenorphine and methadone
(Kaya-Akytizlii et al., 2022b; Panlilio et al., 2019). Thus, in the present
study, we also explored the effect of OPRM1, OPRD1 and OPRK1 poly-
morphisms on the intensity of depression, anxiety, craving and with-
drawal symptoms, whereas the prior published studies did not.

2. Patients and methods
2.1. Study population and sample collection

Subjects (n = 122) in this study were individuals who fulfilled the
criteria for opioid use disorder according to The Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-5) diagnostic criteria and who
had been receiving suboxone (sublingual BUP/naloxone combination)
treatment at Ankara Training and Research Hospital in Ankara. The
sample was composed of both inpatients and outpatients admitted to the
AMATEM clinic for the OUD treatment. Inclusion criteria were as fol-
lows: (i) at least 18 years of age, (ii) fulfilled the criteria for opioid use
disorder according to The Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) diagnostic criteria, (iii) at least 10 days of suboxone
treatment for the steady-state plasma BUP concentrations, (iv) no acute
health problems impairing renal or hepatic function. Subjects (i) with
active drug addiction during BUP management therapy, (ii) with sub-
stance use disorders other than heroin and nicotine dependence such as
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other opioids, alcohol and/or benzodiazepines, (iii) with clinically sig-
nificant comorbid psychiatric illness (any psychotic disorders, schizo-
phrenia, mental retardation, bipolar disorder and severe depression)
were not eligible for inclusion in the cohort. Furthermore, subjects who
have been receiving any drugs (for example rifampicin, phenytoin, sa-
quinavir, cimetidine, fluoxetine, ketoconazole, atazanavir, ritonavir)
that might interact with the metabolism of BUP were excluded from the
study. These drugs are inhibitors or inducers of CYP3A4 which metab-
olizes BUP. When one of these drugs is given with BUP, the metabolism
of BUP may be inhibited or increased.

The institutional ethics committee approved the study design
(Approval No: 16-385-21 in 2021). Written informed consent was ob-
tained from each participant who was eligible for the study. Samplings
were performed in accordance with the principles of The Declaration of
Helsinki. Additionally, A small questionnaire used to gather de-
mographic information on age, marital, education and employment
status, age at onset of dependence, quantity of heroin consumed (g/day),
family history of drug abuse and times and doses of sublingual BUP/
naloxone was given to all subjects.

Four mL venous blood sample from each individual with OUD was
collected into tubes with ethylenediaminetetraacetic acid (EDTA) after a
minimum 10 days of continuous sublingual BUP/naloxone treatment
and before taking daily BUP dose to measure the plasma buprenorphine
level. Two mL of venous blood was also taken from each patient another
tube with EDTA for DNA isolation. All samples were stored at — 20 °C
until analysis.

2.2. Determination of Plasma Buprenorphine and Norbuprenorphine
Levels

Plasma buprenorphine and its metabolite norbuprenorphine levels
were measured by Liquid Chromatography Tandem Mass Spectrometry
(LC-MS/MS). A triple quadrupole SCIEX 5500 Qtrap (AB Sciex, Darm-
stadt, Germany) was used. Substances were separated by a Shimadzu
Prominence system with a RRHD Eclipse Plus C18 (95 /o\, 1,8 pm, 2,1
x50 mm, Zorbax, USA) column and detected by mass spectrometer (AB
Sciex). For liquid-liquid extraction, “Abuse Drugs in Blood by LC/MS”
(Eureka Lab Division) was used as previously described (Ferrari et al.,
2018). The retention times for BUP and norBUP 6.52 min and 4.53 min
with the LOD and LOQ for BUP and norBUP were 0.02 ng/mL and 0.125
ng/mL, respectively. Precision of the method was evaluated with the
intra- and inter-day variations which were < 10% for both compounds.

2.3. Determination of the OPRM1, OPRD1 and OPRK1 polymorphisms

Genomic DNA was extracted from whole-blood samples collected in
EDTA tubes using the QIAamp DNA blood-kit (Qiagen, Hilden, Ger-
many) as recommended by the manufacturer. Genotyping of OPRM1
(rs648893, rs540825, rs510769), OPRD1 (rs678849 and rs569356) and
OPRK1 (rs997917, rs12548098, rs6473797 and rs963549) poly-
morphisms was carried out using polymerase chain reaction (PCR) fol-
lowed by restriction fragment length polymorphism (RFLP). For the
indel in the promoter region in the OPRK1 (rs35566036), only PCR assay
was applied to the isolated DNA samples. All PCR amplifications were
conducted on a Techne Tc 512 PCR System in a 25-pL reaction mixture
containing 0.16 mM of dNTPs, 10 pmol each of the forward (F) and
reverse (R) primers, 1,25 U of Taq DNA polymerase (Ampliqon,
Denmark), 10 xPCR buffer (Ampliqon, Denmark) and 50 ng of genomic
DNA. Then, the PCR products were digested in a reaction containing 5 U
of restriction enzyme. Primer sequences, PCR conditions, restriction
enzymes, and restriction fragment lengths are given in Supplementary
Table S1. The undigested and digested PCR products were separated by
gel electrophoresis on a 3% agarose gel, visualized by ethidium bromide
staining under an UV illuminator, and then scanned and photographed
using the Syngene Monitoring System.
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2.4. Measurements

To measure craving, opioid withdrawal, the intensity of depression
and anxiety, and the severity of addiction, individuals with OUD were
assessed by Substance Craving Scale (SCS), Clinical Opiate Withdrawal
Scale (COWS), Beck Depression Inventory-II (BDI-II), Beck Anxiety In-
ventory (BAI) and Addiction Profile Index (API), respectively. The val-
idities and reliabilities of a Turkish version of these scales were
demonstrated by Evren et al. (2011); Canan et al. (2015); Hisli et al.,
1989; Ulusoy et al. (1998); Ogel et al. (2012), respectively.

2.5. Statistical analysis

The Statistical Package for Social Sciences (SPSS) version 21.0 soft-
ware for Windows was used for the statistical analyses. The normality of
numerical variables was examined by the Kolmogorov-Smirnov test.
Data were presented as the mean and standard deviation (SD) or median
and the interquartile range (IQR) according to the normality of the data.
For categorical data, numbers, percentages and 95% confidence interval
(CD) were given. The frequencies of the OPRM1 (rs648893, rs540825,
rs510769), OPRD1 (rs678849 and rs569356) and OPRK1 (rs35566036,
15997917, rs12548098, rs6473797 and rs963549) alleles and genotypes
were obtained by direct count, and the departure from the Hardy-
Weinberg equilibrium (p2 + 2pg+q2 =1) was evaluated by the chi-
square test. Plasma BUP and norBUP levels were given as ng/mL. BUP
values were normalized by adjusting with patients’ weight and daily
dose. Dose-normalized BUP concentrations (BUP/D) and dose/kg-
normalized BUP concentrations (BUP/D.kg’l) were calculated using
the following equations: BUP concentration (ng/mL)/BUP daily dose
(mg/day) and BUP concentration (ng/mL)/BUP daily dose per body
mass kilogram (mg/kg/day). The metabolite-to-parent drug ratios (in-
dividual metabolic ratios-MR) were calculated using the following
equation: metabolite concentration (ng/mL)/parent drug concentration
(ng/mL). The patients’ BUP concentrations and dose- and dose/kg-
normalized plasma BUP concentrations among different OPRMI,
OPRD1 and OPRK1 functional genotypes were compared using Mann
Whitney test or Kruskal-Wallis test, as appropriate. The relationships
between scores of measures and BUP or norBUP concentrations and
dose- and dose/kg-normalized BUP or norBUP values were analyzed by
the Spearman correlation test. Bonferroni post-hoc test was also used to
locate the origin for any significant difference in plasma norBUP levels
as well as total scores of measurements between genotypes. Linkage
disequilibrium (LD) and haplotype analysis were performed using
SHEsis-Plus software to evaluate the combined effect of all poly-
morphisms (Li et al., 2009; Shi and He, 2005). Haplotypes with fre-
quencies < 3% were omitted. Linkage disequilibrium was followed by
the D’ statistic, and a D’ value of > 0.8 indicated that related SNPs
formed one block. p < 0.05 was considered as statistically significant.

3. Results
3.1. Characteristics and demographics of subjects

There was a total of 122 individuals with OUD receiving sublingual
BUP/Naloxone treatment in the cohort, and of them, 114 were males
(93.4%) and 8 were females (6.6%). The median age of all subjects was
29.0 years (Interquartile range (IQR): 26.0-34.0 years). All subjects
were smokers. The characteristics of the subjects regarding weight,
height, marital, education and employment status (n = 122) were pre-
sented on Table 1.

Daily doses of BUP ranged from 1.0 mg/day to 8.0 mg/day (median
6.01 mg/day; IQR: 4.0-8.0 mg/day). The median steady-state serum
concentration of BUP was 0.061 ng/mL (IQR:0.04-0.11 ng/mL). After
normalized by dose and by dose/body weight, they were changed to
0.011 ng/mL per mg/day and to 0.74 ng/mL per mg/kg/day, respec-
tively. The median plasma norBUP level was 1.54 ng/mL
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Table 1
The characteristics of the individuals with OUD.
Variable Median Mean IQR S.D.
Age (years) 29.00 - 26.00-34.00
Weight (kg) 70.5 - 63.00-75.00 -
Height (cm) - 174.30 - 7.29
Variable n (% frequency)
(95% CI)
Education Primary Secondary High School Under-
24 (19.6%) 55 (45.1%) 35 (28.7%) graduate
(12.6-26.6) (36.3-53.9) (0.21-0.37) 8 (6.6%)
(2.2-11,0)
Occupation Not working Working
57 (46.7%) 65 (53.3%)
(37.8-55.6) (44.4-62.2)
Marital status Married Single Widow/divorced
37 (60.3%) 79 (64.8%) 6 (4.9%)
(22.1-38.5) (56.3-73.2) (1.1-8.7)
Gender Female Male
8 (6.6%) 114 (93.4%)
(57.6-74.4) (0.89-97.8)
Prison Yes No
74 (60.7%) 48 (39.3%)
(52.0-69.4) (30.6-50.0)
Disciplinary Yes No

action at school 23 (18.9%)

(11.9-25.8)

99 (81.1%)
(75.9-86.3)

IQR: Inter Quartile Range, S.D.: standard deviation, n: sample size, CI: Confi-
dence interval

(IQR:0.93-2.82 ng/mL). Plasma norBUP level was also normalized by
dose and dose/body weight. Dose-normalized norBUP and dose/body
weight normalized norBUP values were 0.31 ng/mL per mg/day
(IQR:0.14-0.57) and 20.29 ng/mL per mg/kg/day (IQR: 10.01-39.85),
respectively. Additionally, the median norBUP/BUP value representing
the metabolic activity of BUP to norBUP conversion was 23.65 (IQR:
13.4-42.5).

The median SCS score was 8 (IQR: 4-12) with a minimum of zero and
a maximum of 27. The median withdrawal instance was 4 (IQR: 2-6),
with a minimum of zero and a maximum of 13 instances. The median
BAI and API scores were 13 (IQR: 6.0-20.25) and 11.18
(IQR:9.05-13.12), respectively. The mean BDI-II score was 17.01 +
11.17, with a minimum of zero and a maximum of 45. In addition, a
significant and positive correlation was found between depression and
anxiety (’=+0.468, p = 0.001), between depression and craving
(P=+0.223, p = 0.014), between opioid withdrawal and depression
(=+0.186, p = 0.04), withdrawal and anxiety (r2:+0.381,p =0.001)
and withdrawal and craving (P=+0.372, p = 0.001). Moreover, there
were significant and positive correlations between the severity of
addiction and addiction (72:+O.248, p = 0.006) and craving
(*=+0.330, p = 0.001).

3.2. Genotype distribution of the OPRM1, OPRD1 and OPRK1
polymorphisms

OPRM1, OPRD1 and OPRK1 SNP’s information, major and minor
allele frequencies and Hardy-Weinberg equilibrium (HWE) of these
polymorphisms among individuals with OUD were presented in Table 2.
Except OPRD1 rs569356 and OPRK1 rs35566036, the genotype fre-
quencies of the polymorphisms genotyped in this study in all samples
were consistent with Hardy—Weinberg equilibrium (p > 0.05).

For each polymorphism, homozygote wild type, heterozygote and
homozygote variant type were compared in view of plasma BUP and
norBUP concentrations, BUP/D, BUP/D.kg’l, norBUP/D, norBUP/D.
kg~! values, MR, total scores of measures (craving, depression, anxiety,
withdrawal, and the severity of addiction) and characteristics of heroin
use such as duration of heroin use (years), age at onset of dependence
(years), quantity of heroin consumed (g/day).
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Table 2
SNPs information, major allele, and the frequencies of minor alleles among individuals with opioid use disorder.
Gene SNP SNP position OUD (n=122)
Major Minor allele Minor allele frequency HWE
allele p-value
OPRM1 15648893 6:154117494 A G 0.72 0.11
1s540825 6:154093311 A T 0.71 0.07
1s510769 6:154040884 C T 0.25 0.50
OPRD1 1s569356 1:28810174 A G 0.13 0.001
15678849 1:28818676 C T 0.43 0.27
OPRK1 1s35566036 INDEL L S 0.59 0.03
1s997917 8:53239818 T C 0.45 0.31
156473797 8:53240422 T C 0.40 0.30
1512548098 8:53242895 T C 0.23 0.15
15963549 8:53229264 C T 0.19 0.14

OUD: Opioid use disorder, HWE: Hardy-Weinberg Equilibrium

3.3. BUP and norBUP plasma concentrations and dose- and dose/weight-
normalized BUP and norBUP values, across OPRD1 rs569356 genotype

subgroups

There was a statistically significant difference between OPRDI
1s569356 genotype subgroups with regard to median plasma norBUP
concentration, dose normalized norBUP (norBUP/D) and dose/kg-
normalized norBUP (norBUP/D.kg’l) values as determined by
Kruskal-Wallis test (Fig. 1). As it was seen in Table 3, Bonferroni’s Post
hoc test showed differences in plasma norBUP concentration, values of
norBUP/D and norBUP/D.kg™! comparing subjects with typical gen-
otypes— AA:AG, AG:GG, and AA:GG. Statistically significant differences
were found in plasma norBUP levels (GG:AA, p = 0.027; GG:AG, p =
0.017), in norBUP/D value (GG:AG, p = 0.05), and in norBUP/D.kg’1
value (GG:AA, p = 0.04; GG:AG, p = 0.043). On the other hand, the
median plasma concentration of BUP, BUP/D and BUP/D.kg ™! values
and norBUP/BUP ratio did not differ significantly among three OPRD1
1s569356 genotype subgroups; although the median values of BUP,
BUP/D and BUP/D.kg ! was lower in GG genotype subgroup compared
with the AA and AG subgroups (Table 3). In addition to that, the median
norBUP/BUP value representing the metabolic activity of BUP to
norBUP conversion was highest in AG genotype subgroup compared to
AA and GG subgroups. OPRM1 and OPRK1 polymorphisms genotyped in
the current study had no statistically significant effects on plasma BUP
and norBUP levels and dose- and dose/kg-normalized BUP and norBUP

values according to co-dominant (Supplementary Tables S2 and S3),
wild-type recessive and wild type-dominant models (data not shown) (p
> 0.05).

3.4. The total scores of SCS, COWS, BDI-II, BAI and API, across OPRM1
15648893, OPRD1 rs569356 and rs678849 genotype subgroups

The intensities of craving and withdrawal, depression and anxiety as
well as the severity of addiction were also compared according to the
OPRD1 rs569356 genotype subgroups and were presented in Table 4.
Kruskal-Wallis test revealed that there was statistically significant dif-
ference between OPRDI rs569356 genotype subgroups in view of the
intensity of craving according to the co-dominant model (p = 0.048)
(Fig. 2). Bonferroni’s Post hoc test showed a significant difference in the
total score of SCS comparing subjects with AA:GG genotypes (p = 0.05).
Additionally, according to the A-recessive model (AG+GG vs. AA), the
median SCS and COWS were statistically higher in OPRDI1 rs569356
AG+GG (9, IQR: 3.5-20.5; 5, IQR:2.5-8.5, respectively) as compared to
AA subgroup (7, IQR:4.0-10.5; 4, IQR:2.0-5.0, respectively) (Fig. 2).

Mann-Whitney U test showed that there was a statistically significant
difference between the OPRD1 rs678849 genotype subgroups in median
BAI score, with a median BAI score of 13.5 (IQR:7.0-22.25) for CT+TT
genotype and 7.5 (IQR:4.5-14.25) for TT genotype (Table 4). No sig-
nificant associations were found between other scales such as SCS,
COWS, BDI-II and API and OPRDI1 rs678849 genotype subgroups
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10,000 e 5,000 250,000
— 9
c 1.9 : 4 i': *
o] 8,000 045 E 4000 2' 200,000
= % £
© o3 12 S < 12
E P 36 @ g’ x
8 6,000 o ° 2- 3,000 *11 2 _— 150,000
c £ s o
8 o I
c >
% 4,000 ‘m’ 4,000 -, - 100,000 ki
) S 8 g‘o S
— © 45 o
g S g o ®
© =200 P s 1,000 = E E 50,000 2
E E ° S g o
w
& = € S %
A = oo e ™ c € 000
AA AG GG AA AG GG AA AG GG
(n=97) (n=18) (n=7) (n=97) (n=18) (n=7) (n=97) (n=18) (n=7)

OPRD1 rs569356 genotypes

OPRD1 rs569356 genotypes

OPRD1 rs569356 genotypes

Fig. 1. OPRD1 rs569356 genotypes and plasma norBUP concentrations and, dose-normalized and dose/kg-normalized norBUP values. (A) Distribution of median
plasma norBUP concentration, (B) dose normalized norBUP and (C) dose/kg- normalized BUP values in patients with TT, TC and CC. X axis: OPRD1 rs569356
genotypes with patient numbers; Y axis: median plasma norBUP concentrations (A), median values of dose-normalized (B) and dose/kg-normalized norBUP (C).



D. Kaya-Akyiizlii et al.

Table 3

Comparison of individuals with OUD according to the OPRD1 rs569356 and
rs678849 genotypes in view of plasma BUP- and norBUP-related concentrations.

SNP ID Genetic N Median (IQR) p-value
Model
Plasma BUP levels (ng/mL)
OPRD1 Co-dominant
rs569356 AA 97  0.066 12 =26
(0.036-0.11) p=0.28
AG 18  0.059
(0.041-0.18)
GG 7 0.036 (0.03-0.05)
G-dominant
AG+GG 25  0.052 (0.04-0.15) U=1161.0, Z =
AA 97 0.066 —0.327
(0.036-0.11) p=0.74
OPRD1 Co-dominant
15678849 CC 36 0.062 x2 =0.900
(0.035-0.11) p =0.64
CT 66  0.066 (0.04-0.1)
TT 20  0.041 (0.03-0.16)
Plasma norBUP levels (ng/mL)
OPRD1 Co-dominant
1s569356 AA 97  1.56 (0.96-2.84) x2=7.99
AG 18 2.12 (1.12-2.8) p=10.018
GG 7 0.71 (0.69-0.99)
G-dominant
AG+GG 25 1.51 (0.78-2.6) U=1114.0,Z =
AA 97 1.56 (0.96-2.84) —-0.625
p=0.53
OPRD1 Co-dominant
15678849 CcC 36 1.56 (1.05-2.97) x2 =0.208
CT 66  1.497 (0.94-2.61) p=0.90
TT 20  2.13(0.68-2.99)
BUP/D (ng/mL per mg/day)
OPRD1 Co-dominant
1s569356 AA 97  0.011 ¥2 =181
(0.006-0.03) p =0.40
AG 18  0.012
(0.007-0.03)
GG 7 0.005
(0.005-0.024)
G-dominant
AG+GG 25  0.009 U=11285,Z =
(0.006-0.03) —0.533
AA 97  0.011 p=0.59
(0.006-0.03)
OPRD1 Co-dominant
15678849 CcC 36 0.0105 x2 =0.287
(0.006-0.02) p=0.87
CT 66  0.011
(0.006-0.029)
TT 20  0.0105
(0.004-0.04)
BUP/D.kg~! (ng/mL per mg/kg/day)
OPRD1 Co-dominant
1s569356 AA 97  0.74 (0.44-2.35) x2=1.97
AG 18 1.034 (0.47-1.91) p=0.37
GG 7 0.36 (0.28-1.48)
G-dominant
AG+GG 25  0.73(0.37-1.62) U=1149.5,Z =
AA 97 0.74 (0.44-2.35) —0.400
p=0.69
OPRD1 Co-dominant
15678849 CcC 36 0.68 (0.43-1.54) x2 =0.705
CT 66  0.76 (0.45-2.01) p=0.70
TT 20  0.67 (0.29-2.18)
norBUP/D (ng/mL per mg/day)
OPRD1 Co-dominant
1s569356 AA 97  0.31(0.16-0.57) ¥2=16.03
AG 18  0.31 (0.24-0.62) p=0.049
GG 7 0.12 (0.09-0.12)
G-dominant
AG+GG 25  0.26 (0.11-0.52) U=1088.0, Z =
AA 97  0.31(0.16-0.57) —0.79
p=0.43
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Table 3 (continued)

SNP ID Genetic N Median (IQR) p-value
Model
OPRD1 Co-dominant
rs678849 CcC 36  0.28 (0.13-0.65) 72 =0.015
CT 66  0.30 (0.15-0.57) p=0.99
TT 20  0.36 (0.12-0.56)
norBUP/D.kg ! (ng/mL per mg/kg/day)
OPRD1 Co-dominant
rs569356 AA 97  20.75 72 = 6.66
(10.95-41.16) p=0.036
AG 18  22.03 (16.8-43.5)
GG 7 8.00 (6.37-8.46)
A-recessive
AG+GG 25  19.28 (7.46-36.6) U=1083.0, Z =
AA 97  20.75 -0.821
(10.95-41.16) p =041
OPRD1 Co-dominant
rs678849 cC 36 18.04 72 =0.015
(9.76-52.55) p =0.99
CT 66  20.29 (10.9-39.7)
TT 20  22.6 (7.73-35.96)
norBUP/BUP (metabolic ratio)
OPRD1 Co-dominant
1s569356 AA 97 23.14 72=1.07
(13.7-44.03) p =0.59
AG 18 29.56
(10.74-54.18)
GG 7 23.5 (9.44-24.8)
G-dominant
AG+GG 25 23.8 (10.45-41.4) U=1195.0,Z =
AA 97 23.14 -0.111
(13.7-44.03) p=0.91
OPRD1 Co-dominant
rs678849 cC 36 22.88 72 =0.089
(12.07-44.65) p=0.95
CT 66 24.52
(12.05-42.2)
TT 20 2287
(15.26-56.14)
(p > 0.05).

OPRM1 rs648893 variation showed a trend association with
increased intensity of depression (p = 0.08), with a mean BDI-II score of
11.93 + 7.6 for CC genotype, 15.07 + 12.2 for CT genotype and 18.8
+ 10.8 for TT genotype. According to the C-dominant model (TT vs.
CC+CT), independent t-test revealed that OPRM1 rs648893 TT sub-
group (18.8 +10.8) was significantly different to CC+CT subgroup
(14,82 + 11,3; p = 0.049) (Table 4). There were no significant associ-
ations between OPRM1 (rs540825, rs510769) and OPRK1 (rs35566036,
1s997917, rs6473797, rs12548098, rs963549) variations and measure-
ments such as SCS, COWS, BAI and API (p > 0.05) (Supplementary
Tables S4 and S5).

3.5. Haplotype Analysis

Fig. 3 showed the patterns of LD in the OPRM1, OPRD1 and OPRK1
genes, with their |D’| and r2 values. The LD test for all pairs of markers in
OPRM1 and OPRK1 showed strong LD (r2>0.8) for rs540825 and
rs510769 and for rs997917 and rs6473797, respectively. Our results
indicate that these two SNPs of OPRM1 and OPRK1 genes were in one LD
block with a defined haplotype frequency. For our study population,
haplotypes of the OPRM1, OPRD1 and OPRK1 genes with frequencies
> 3% were given in Table 5.

Haplotypes of the OPRM1, OPRD1 and OPRK1 genes studied in the
present study were also compared in terms of plasma BUP and norBUP
levels as well as total scores of SCS, COWS, BDI-II, BAI and API. No
significant associations were found between plasma BUP and norBUP
levels and OPRM1, OPRD1 or OPRK1 haplotypes (p > 0.05). COWS
scores of the OPRD1 CC haplotype were significantly higher than that of
the TC and TT haplotypes (p < 0.05). In addition, API total score of the
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Table 4 Table 4 (continued)
Comparison of individuals with OU]? ac.cordmg to the OPRM1 rs648893, OPRD1 SNP ID Genetic Median (I0R) pvalue
1569356 and rs678849 genotypes in view of total scores of measurements. Model
SNP ID Genetic N  Median (IQR) p-value AGLGG 25 18.92 + 12.59 t— 0.955
Model (0.00-43.00) p=0.342
Substance Craving Scale AA 97 16.53 +10.79
OPRM1 Co-dominant ) (0.00-45.00)
rs648893 GG 13 8.41 (4.5-13.0) 72 =2.403 OPRD1 Co-dominant
AG 42 6.5 (2.25-10.0) p =0.301 rs678849 CcC 36 15.42 +9.87 F=0.527
AA 67 8.0 (4.0-13.0) (0.0-36.00) p=0.592
C-dominant CT 66 17.77 +12.11
GG+AG 55 8.41 (4.0-11.0) U= 1698.5, (0.0-45.00)
GG 13 8.41 (4.5-13.0) Z=-0.743 T 20 17.40 +£10.31
p =0.457 (0.0-36.00)
OPRD1 Co-dominant C-dominant
rs569356 AA 97 7.00 (4.0-10.5) 72 = 6.063 CC+CT 102 16.94 £ 11.34 t=-0.167
AG 18 8.21 (3.0-17.25) p=0.048 (0.00-45.00) p=0.868
GG 7 14.00 (9.0-23.00) TT 20 17.40 +10.31
A-recessive . (0.0-36.00)
AG+GG 25 9.00 (3.5-20.5) U=909.5, Beck Anxiety Inventory
AA 97 7.00 (4.0-10.5) Z=-1.928 OPRM1 Co-dominant
p=0.05 rs648893 GG 13 14.4 (8.0-15.5) 72 =1.156
OPRD1 Co-dominant AG 42 10.0 (5.75-18.25) p=0.561
rs678849 CC 36 6.00 (0.5-12.00) 72 =1.371 AA ) 67 14.0 (6.0-22.0)
CT 66 8.00 (4.75-11.25)  p = 0.504 C-dominant
TT 20 8.71 (3.5-14.00) GG+AG 55 11.0 (7.0-17.0) U= 1653.0,
C-dominant GG 13 14.4 (8.0-15.5) Z=-0.976
CC+CT 102 7.5 (4.00-12.00) U= 909.5, ) p=0.329
TT 20 8.71 (3.5-14.00) Z=-0.767 OPRD1 Co-dominant
p—0.443 1s569356  AA 97 11.00 (6.00-18.00) 72 = 2.606
Clinical Opiate Withdrawal Scale AG 18 14.39 (9.25-23.75)  p =0.272
OPRM1 Co-dominant GG 7 20.00 (9.00-27.00)
rs648893 GG 13 4.0 (2.0-5.0) 22 =0.807 A-recessive
AG 42 4.0 (1.75-6.0) p = 0.668 AG+GG 25 14.40 (9.5-26.5) U=961.0,
AA 67 3.0 (2.0-5.0) AA 97 11.00 (6.00-18.00) Z=-1.596
C-dominant ) p=0.110
GG+AG 55 4.0 (2.0-6.0) U= 1670.0, OPRD1 Co-dominant
GG 13 4.0 (2.0-5.0) Z=-0.892 rs678849 CC 36 13.00 (4.25-18.00) 22 =5.462
p=0.372 CT 66 14.19 (7.00-23.25) p = 0.06
OPRD1 Co-dominant T ) 20 7.5 (4.5-14.3)
rs569356 AA 97 4.00 (2.00-5.00) 12 =6.707 C-dominant
AG 18 4.00 (2.00-5.00) p =0.8035 CC+CT 102 13.5(7.00-22.25)  U=715.0,
GG 7 8.00 (5.00-11.00) TT 20 7.5 (4.5-14.3) Z=-2111
A-recessive . . p=0.035
AG+GG 25 5.00 (2.5-8.5) U= 892.5, Addiction Profile Index
7 = —2.041 OPRM1 Co-dominant
p=0.041 rs648893 GG 13 11.28 (11.0-14.03) 2 =4.795
AA 97 4.00 (2.00-5.00) AG 42 10.9 (8.6-10.03) p=0.09
OPRD1 Co-dominant AA 67 11.83 (9.1-13.7)
rs678849 cc 36 4.00 (2.00-5.75) 72=0.116 C-dominant
CT 66 3.5 (2.00-6.00) p=0.944 GG+AG 55 11.06 (9.02-12.3) U=1617.0,
TT 20 3.5 (2.00-5.00) GG 13 11.28 (11.0-14.03) Z=-1.161
C-dominant ) p=0.246
CC+CT 102 4.00 (2.00-6.00) U=981.5, OPRD1 Co-dominant
TT 20 3.5 (2.00-5.00) Z=-0.268 rs569356 AA 97 11.14 (9.04-13.2) 72 =0.142
p=0.789 AG 18 11.24 (9.3-12.9) p=0.931
Beck Depression Inventory-II GG ) 7 11.07 (7.9-12.7)
OPRM1 Co-dominant A-recessive
rs648893 GG 13 11.93 £ 7.6 F=2.575 AG+GG 25 11.22 (9.1-12.6) U=1165.5,
(0.0-22.0) p=0.08 AA 97 11.14 (9.04-13.2) Z=-0.298
AG 42 15.7 +12.19 p=0.766
(0.0-41.0) OPRD1 Co-dominant
AA 67 18.8 +10.8 rs678849 CC 36 11.8 (9.0-13.27) 72 = 2.893
(0.0-45.0) cT 66 11.06 (8.7-12.8) p=0.235
C-dominant TT 20 12.4 (11.1-13.6)
GG+AG 55 14.82 +11.3 t=-1.993 C-dominant
(0.0-41.0) p=0.049 CC+CT 102 11.07 (8.7-13.1) U= 794.5,
AA 13 1193+ 7.6 TT 20 12.4 (11.1-13.6) Z = -1.560
(0.0-22.0) p=0.119
OPRD1 Co-dominant
rs569356 AA 97 16.53 + 10.79 F=1.247
(0.00-45.00) p=10.291 OPRK1 CAGT haplotype (10.3) was significantly higher than that of
AG 18 20.67 +10.50 TAAC (11.27; p=0.04), CGAC (11.69; p=0.016), CGAT (11.7;
GG . ﬁi‘;—fi%o;g p =0.025) and CGGC (11.27; p = 0.05) haplotypes. There was also a
© 0043 0(')) significant difference between OPRKI CGGC (3.0; IQR: 1.0-4.0) and

A-recessive

CAGT (5.0; IQR: 4.0-6.0) haplotypes in view of the total score of COWS
(p = 0.038).
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Fig. 2. OPRDI rs569356 genotypes and total scores of Substance Craving Scale and Clinical Opiate Withdrawal Scale. (A) Distribution of median total score of
Substance Craving Scale in patients with TT, TC and CC, (B) in patients with TC4+CC and TT, and (C) total score of Clinical Opiate Withdrawal Scale in patients with
TC+CC and TT. X axis: OPRD1 rs569356 genotypes with patient numbers; Y axis: median total scores of Substance Craving Scale (A and B), median total score of
Clinical Opiate Withdrawal Scale (C).
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Fig. 3. Linkage disequilibrium (D) and correlation coefficient ) of gene variants in OPRM1 (A) and OPRK1 SNPs (B). D'> 0.08: red; 0 < D'< 1: shades of red; 2
> 0.08: red; 0 <r?<1: pink and shades of red.
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Table 5
The frequencies of the OPRM1, OPRD1 and OPRK1 haplotypes according to
SHEsis-Plus software.

Haplotypes

OPRM1 (rs540825, rs510769, rs648893) n % frequency 95% CI
ACG 65 26.6 20.9-32.2
TTA 57 23.3 17.9-28.7
TCA 116 47.5 41.2-53.8
OPDR1 (rs569356, rs678849)

AC 96 48.7 41.7-55.7
AT 79 40.1 33.20-46.9
GC 21 10.7 6.4-15.0
OPRK1 (rs997917, rs6473797, 1rs1258098, rs963549)

TTTC 90 33.0 27.4-38.5
CCTC 68 24.9 19.8-30.0
CCTT 37 13.6 9.5-17.7
CCcC 32 11.7 7.9-15.5
TTCC 30 11.0 7.3-14.7
CTCT 15 5.5 2.8-8.2

n: sample size, CI: Confidence interval
Figure Legends

4. Discussion

To the best of our knowledge, this is the first study showing the effect
of OPRD1 rs569356 polymorphism on plasma norBUP level and dose-
and dose/kg-normalized norBUP values in individuals with OUD
receiving sublingual BUP/naloxone treatment. Existing studies have
indicated that OPRD1 rs678849 was associated with opioid use disorder
treatment (methadone or buprenorphine) outcome in African Americans
(AA) (Crist et al, 2013 and 2019) and with the response to
extended-release subcutaneous buprenorphine treatment of OUD in
European Americans (EA) (Kranzler et al., 2021). Clarke et al. (2014)
reported that two intronic OPRDI polymorphisms (rs581111 and
rs529520) may predict treatment outcome only in females. Few previ-
ous studies indicated that OPRD1 gene variations could affect the
treatment responses in OUD patients by an unknown mechanism.
Although the effects of buprenorphine at mu- and kappa-opioid re-
ceptors have been well-characterized, its activity on delta-opioid re-
ceptors has been less known. Negus et al. (2002) showed that
buprenorphine had high affinity for, but low efficacy at delta-opioid
receptors as compared to mu- or kappa- opioid receptors in rhesus
monkeys. In addition, it has been suggested that opioid receptors can
function as heterodimers such as MOR-DOR or KOR-DOR heterodimers
and these heterodimers could increase the binding of their individual
ligands (Valentino and Volkow, 2018). It has been shown that
delta-opioid receptor agonists modulated the mu-opioid receptor
derived analgesia in the central nervous system (Traynor and Elliott,
1993). Unlike BUP, Negus et al. (2002) suggested that BUP’s major
metabolite norbuprenorphine may have high efficacy at delta-opioid
receptors (Negus et al., 2002). Additionally, Huang et al. (2001)
showed that norBUP is a full agonist at the delta-opioid receptor distinct
from BUP with no agonist activity. Thus, it seems that the mechanism
action of BUP at delta-opioid receptors could be through its active
metabolite norbuprenorphine. In the current study, we contributed this
hypothesis by showing that OPRDI rs569356 variation affected the
plasma norBUP concentration and the values of dose- and dose/kg-
normalized norBUP.

OPRD1 gene is the first human opioid receptor gene to be cloned and
is located at chromosome 1 (1p36.1-p34.3) (Uhl et al., 1994). OPRD1
gene, having a conserved coding sequence, has only two polymorphisms
in the coding sequence (T921C in exon 3 and G80T in exon 1) (Gelernter
and Kranzler, 2000; Mayer et al., 1997). Beside these two exonic poly-
morphisms, rs569356 was the only identified variant in the promoter
region of the OPRD1 and is 1968 bp upstream to the transcription start
site. In a study by Zhang et al. (2010) examining the functional signif-
icance of the OPRDI rs569356, the minor G allele was found to be
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associated with greater expression levels of luciferase as compared to the
major A allele. Additionally, Zhang and co-workers suggested that this
SNP is situated in the binding site of the transcription factors according
to the results of the electrophoretic mobility shift assay. In parallel line
with Zhang’s findings, statistically significant differences in plasma
norBUP levels (GG:AA, p = 0.027; GG:AG, p = 0.017), in norBUP/D
value (GG:AG, p =0.05), and in norBUP/D.kg’l value (GG:AA,
p=0.04; GG:AG, p=0.043) were found between OPRD1 rs
569356 genotype subgroups in the present study. Based on the findings
of Zhang and ours, it is feasible to suggest that the increased binding of
norBUP to delta-opioid receptors due to the increased expression levels
of delta-opioid receptors in OUD patients with minor G allele as
compared to major A allele could result in decreased circulating norBUP
level of OUD patients with GG. However, more research is necessary to
determine this effect of OPRD1 rs569356 variant on BUP pharmacology.
Furthermore, significant associations between OPRDI1 rs569356 and
opioid craving and withdrawal were found in the present study
(p < 0.05). OUD patients with at least one G allele (AG+GG) had higher
craving and withdrawal as compared to those with A allele due to most
likely lower plasma norBUP concentration. Additionally, the median
daily amount of heroin consumed per day was significantly higher in
OUD patients with OPRD1 rs569356 AG+GG genotypes (x=3,6 g/day;
IQR: 3.0-5.0) than in those with AA genotype (x=3 g/day; IQR:
2.0-4.25) before treatment with buprenorphine (p = 0.045). It might be
speculated that greater expression levels of delta-opioid receptors due to
the minor G allele could cause the increased use of heroin to see the
desired euphoric effect.

No significant associations were found between rs678849, the other
OPRD1 SNP examined in the current study, and plasma BUP and norBUP
concentrations (p > 0.05), which was not consistent with previous
studies showing the effect of OPRD1 rs678849 on buprenorphine
treatment responses in AA and EA (Crist et al., 2013 and 2019; Kranzler
et al., 2021). On the other hand, it was found that there were differences
between OPRD1 rs678849 genotypes (CC+CT vs. TT) in view of dose-
and dose/kg-normalized norBUP values (0.29 vs. 0.36 and 19.43 vs.
22.6, respectively), suggesting the effect of this polymorphism on BUP
pharmacology via its major metabolite. Crist and et al., (2013, 2019)
reported that individuals receiving buprenorphine treatment with
CT-+TT were less likely to have positive opioid drug screens as compared
to CC genotype. However, they did not measure the plasma BUP or
norBUP levels. Crist’s studies and our findings could indicate that C
allele could be a risk factor for opioid craving due to the low levels of
norBUP in the plasma as compared to T allele. Thus, opioid-positive
urine tests were common in individuals with OUD having at least one
C allele while they were in buprenorphine treatment. Gelernter et al.
(2007) also supported this speculation by showing that increased risk of
relapse were associated with the OPRD1 rs678849 CC genotype relative
to TT genotype. Furthermore, the OPRD1 rs678849 CC+CT genotypes
significantly had a higher anxiety total score than TT genotypes in the
current study. Anxiety could be associated with the desire to use sub-
stances having euphoric properties. The involvement of the delta opioid
receptor system in the regulation of anxiety was shown in studies on
delta opioid receptor knockout mice exhibiting anxiogenic-like pheno-
type (Filliol et al., 2000; Perrine et al., 2006). Altogether, all existing
studies including ours reported that rs678849 is associated with
buprenorphine treatment efficacy in different populations by an un-
known mechanism. It is thought that OPRD1 rs678849, an intronic
polymorphism, could affect alternative splicing (Piltonen et al., 2019).
Therefore, this genetic variation could be a good candidate pharmaco-
genetic marker.

We further investigated the interaction between OPRDI rs569356
and rs678849 in the intron and observed a non-linkage disequilibrium
between them using SHesis-Plus software (r2<0,8), which is consistent
with Nelson et al. (2012). In the current study, OPRD1I haplotypes with
frequencies > 3% were C-C, T-C and T-T. No significant difference be-
tween these haplotypes in terms of plasma BUP and norBUP
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concentrations was found. On the other hand, there was a significant
association between OPRDI haplotypes and the intensity of opioid
withdrawal (p < 0.05). The OPRD1 rs569356 and rs678849C-C haplo-
types significantly had a higher intensity of opioid withdrawal symp-
toms relative to T-C and T-T haplotypes in the current study while C
allele of these 2 intronic polymorphisms had no effect on COWS total
score alone, showing that haplotypes of gene polymorphisms could
affect the gene function regardless of the one-by-one polymorphisms.
Gong et al. (2020) showed that there is a positive relationship between
craving and withdrawal symptoms in individuals with OUD receiving
methadone treatment. Additionally, craving and withdrawal symptoms
are factors that may increase the risk of relapse in individuals with OUD.
Therefore, our findings regarding the effects of haplotypes on opioid
withdrawal could be useful for treatment failures of individuals who
experience greater opioid withdrawal due to their OPRD1 rs569356 and
rs678849C-C haplotypes.

OPRM1 rs648893 variation showed an association with increased
intensity of depression (p = 0.049), with a mean BDI-II score of 18.8
+10.8 for TT genotype and 14.82 &+ 11.3 for CC+CT genotype. This
finding suggested that OPRM1 rs648893 TT genotype may be a risk
factor for drug-seeking behavior in OUD patients due to the increased
intensity of depressive symptoms. Mu-opioid receptor is distributed in
the brain, mainly in globus pallidus, thalamus and caudate putamen. It
has high affinity for both endogenous (beta-endorphin and enkephalin)
and exogenous (morphine, heroin and buprenorphine) ligands. It is
responsible for opioidergic effects such as euphoria, analgesia and
opioid withdrawal. OPRM1 gene encoding mu-opioid receptor has more
than 250 single nucleotide polymorphisms (Ding et al., 2013). Among
these, OPRM1 rs648893 is an intronic polymorphism (Zhang et al.,
2006). Intronic sequences could be involved in alternative DNA splicing
and a total of ten human OPRM1 splice variants have been identified so
far (Bare et al., 1994; Pan et al., 2005). Although these splice variants
producing mu-opioid receptor subtypes contained exon 1, 2 and 3 as in
original human OPRM1, they have different amino acid sequences due to
the splicing downstream from exon 3 (Bare et al., 1994). However, their
potency and efficacy were different among splice variants according to
the adenylyl cyclase and [35 S]GTPgammaS binding assays, suggesting
that this differentiation could explain the wide range of opioid responses
(Pan et al., 2005). In the current study, the significantly increased
depressive symptoms in OUD patients with TT as compared to CC ge-
notype could be the result of varying activation patterns of hMOR-1
splice variants. If this relationship between splice variants and drug ef-
ficacies could be proven, different effectiveness of the maintenance
treatments among opioid patients could be explained, which might
provide new insights into the treatment strategies.

In the current study, the influence of four different OPRK1 poly-
morphism (rs997917, rs12548098, rs6473797 and rs963549) on plasma
BUP and norBUP concentrations as well as the total score of SCS, COWS,
BDI-II, BAI and API was also analyzed. According to the single locus
analyses, no significant effect was found (p < 0.05). Haplotype analysis
with SHesis-Plus software showed that OPRKI1 haplotypes with fre-
quencies > 3% were CTCT, TTTC, CCTC, CCTT, CCCC and TTCC in our
population. There was not a significant difference between these six
haplotypes in view of plasma BUP and norBUP concentrations and total
score of measurements (p > 0.05). However, when these haplotypes
were compared in pairs, individuals with CTCT had significantly lower
total score of API as compared to those with TTTC, CCTC, CCTT, CCCC
or TTCC. Additionally, a significant difference was found between
OPRK1 CCCC and CTCT haplotypes in view of the intensity of opioid
withdrawal. To the best of our knowledge, this is the first report showing
the candidate OPRK1 1s997917-rs12548098-rs6473797-rs963549
haplotype was associated with the severity of addiction or opioid
withdrawal. Only one of four SNPs (rs6473797) was previously reported
to be significantly associated with the severity of alcohol craving in a
Korean population (Park et al., 2020). Contrary to our results for the
OPRK1 haplotypes, Karpyak et al. (2013) detected no evidence for
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associations of OPRK1 haplotype containing
1$6473799-rs7836120-1s6985606-1s963549-1s1691894 SNPs with
negative craving, alcohol dependence or depression related phenotypes.
We further investigated the interaction between these OPRKI poly-
morphisms and observed a strong linkage disequilibrium between
1s997917 and rs6473797 using SHesis-Plus software (r2 >0,8), which is
consistent with Yuferov et al. (2022) and non-consistent with Albonaim
et al. (2017). These inconsistent findings indicated that more studies in
larger sample size are required with other populations.

In conclusion, the current study indicated for the first time a prom-
inent effect of the OPRDI rs569356 gene variation on sublingual
buprenorphine pharmacology due to its major metabolite norbupre-
norphine. Our finding regarding the effect of OPRDI haplotype con-
taining rs569356-rs678849 SNPs on opioid withdrawal could be useful
for treatment failures of individuals who experience greater opioid
withdrawal during the maintenance treatment. Future genome-wide
association studies of OPRD1 rs569356 comprising different popula-
tion groups will require to verify the contribution of this variation on
BUP pharmacology, and thus, to identify the patients with OUD who are
less likely to respond to treatment. Additionally, to the best of our
knowledge, this is the first report showing the candidate OPRK1
1s997917-rs12548098-rs6473797-rs963549 haplotype was associated
with the severity of addiction or opioid withdrawal. For OPRM1, single
SNP and candidate haplotype analyses investigating the association with
plasma BUP and nor BUP concentrations and the severity of depression,
anxiety, craving, withdrawal and addiction showed no significance.
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