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A B S T R A C T   

OPRM1 gene encoding mu-opioid receptor (MOR) is the primary candidate gene for buprenorphine (BUP) 
pharmacogenetics. OPRM1 undergoes alternative splicing leading to multiple MOR subtypes. Thus, in the current 
study 2 SNPs (rs1799972 and rs562859) were selected due to evidence for their contribution to alternative 
splicing of OPRM1. 

The effects of 2 SNPs of OPRM1 gene on plasma buprenorphine and norbuprenorphine levels in a sample of 
233 OUD patients receiving BUP/naloxone were examined. Polymorphisms were analyzed by PCR and RFLP. 
BUP and norbuprenorphine concentrations in plasma were measured by LC–MS/MS. 

OPRM1 rs2075572 GC + CC (0.12 ng/ml) had significantly higher plasma BUP level compared to GG (0.084 
ng/ml) (p = 0.043). Although there was not a statistically significant difference between OPRM1 rs562859 
genotypes (p = 0.46), patients with OPRM1 rs562859 CT + TT had higher plasma BUP and BUP-related values as 
compared to those with CC. 

In conclusion, the effect of OPRM1 rs2075572 on BUP levels in opioid users’ plasma was shown in a Caucasian 
population for the first time. On the other hand, OPRM1 rs562859 seems not to influence the BUP pharmacology.   

1. Introduction 

The consequences of the opioid epidemic that has affected human 
beings since nearly the 1950 s are devastating since more than fifty 
thousand people die due to overdose annually and there is a huge 
number of patients (approximately 7 million in 2014) with opioid use 
disorder (OUD) needed to receive medical care [1]. As OUD is a re
lapsing disorder, long-term treatment is needed and the best long-term 
medication-assisted treatment is provided by opioid substitution medi
cations such as methadone and buprenorphine/naloxone combination 
currently [2]. The aim of the replacement treatment of OUD is to enable 
individuals to replace illicit opioid drugs with clinically controlled 
opioids [3,4]. Both methadone (full agonist) and buprenorphine (partial 
agonist) exert their effects by decreasing craving and drug seeking and 
reducing the intensity of depression and anxiety [2]. Although the ef
ficacy of these pharmacotherapies is high, a significant percentage of 

individuals with OUD still sustain illicit opioid use since they could not 
complete the maintenance treatment [5,6]. For example, most patients 
with OUD can be treated with 16 mg/day buprenorphine sublingually 
daily (which is the FDA target dose), whereas others could require 
higher dosing (24–32 mg) [7], which shows that the bioavailability of 
medication-assisted treatment is highly intervariable [2]. This inter- 
individual variability in human responses to opioids could be attrib
uted partially to gene variations in genes encoding receptors, trans
porters, or enzymes [8]. Pharmacogenomics could explain this 
individual variability [9], and thus, treatment outcomes can be 
improved, and various side-effects can be reduced by optimizing phar
macotherapies according to individuals’ genetic make-up in the future 
[8,10]. Genetic testing can assist clinicians to drive medication selection 
decisions and to adjust the dose of medications, thus therapeutic efficacy 
can be maximized [9,11,12]. There are more than 300 drugs including 
some opioids such as codeine and tramadol that have 

☆ The content of this manuscript was partially presented in the 7th International Conference on Innovative Studies of Contemporary Sciences, April 21–23, 2023 / 
Tokyo, Japan orally. 

* Corresponding author. 
E-mail addresses: selin.ozkan@ahievran.edu.tr, selin.ozkan11@alumni.imperial.ac.uk (S. Özkan-Kotiloğlu).  
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pharmacogenomics information in their FDA-approved drug labeling 
[13], whereas the labeling for buprenorphine does not still include 
pharmacogenomics information since most of the pharmacogenetic 
studies of buprenorphine have not been replicated and have a modest 
sample size [12]. Thus, as suggested by Meaden et al. [12] and Wiseman 
et al. [14], evidence in the field of buprenorphine pharmacogenetics are 
urgently needed for the clinical applicability of pharmacogenomics 
information. 

Genes encoding opioid receptors found in neurons of the reward 
pathways are good candidates to demonstrate the effect of genetic var
iants on treatment responses since opioid drugs including buprenor
phine mediates its analgesic or euphoric effects by means of opioid 
receptors including mu-opioid receptor (MOR), delta- (DOR) and kappa- 
opioid receptor (KOR) [8]. Amongst, it is considered that MOR is the 
main action site of buprenorphine. Norbuprenorphine, one of the me
tabolites of Phase I metabolism of buprenorphine, is a MOR and DOR 
agonist and KOR antagonist partially [15]. OPRM1 gene encodes MOR, 
and the variations on this gene could have the potential to change the 
receptor function. The most studied variation in OPRM1 gene is 
rs1799971 (Asn40Asp/A118G) in the coding region of exon 1 causing an 
alteration in the N-terminal of MOR [16]. Hitherto, it has been shown 
that the G allele has an effect on the mRNA levels, morphine-induced 
analgesia, binding capacity of MOR for agonists and receptor avail
ability [17–20]. However, there is a growing interest in intronic 
sequence involving in alternative splicing of the single gene resulting in 
different isoforms of OPRM1 gene [21,22], which results in different mu 
receptor subtypes with distinct binding affinity for the opioids [23]. To 
date, several human OPRM1 splice variants (MOR-1A-1F and MOR-1Y, 
MOR-1O and MO-1X) have been identified [22–26]. Many splice vari
ants contained alternative fourth exon such as exon 0 or exon X in their 
carboxyl terminus in addition to exons 1–3 found in the original OPRM1 
[22]. OPRM1 rs562859 is in the alternative exon X [21]. The exact 
functions of rs2075572 are not still well understood, but existing evi
dence supports the role of OPRM1 rs2075572 in affinity of transcrip
tional factors to the intronic sequences [27]. Furthermore, their 
associations with tramadol response have been reported in the ClinVar 
(RCV001029119.2 and RCV001029075.2). Based on this background, 
we explored the effect of two intronic OPRM1 SNPs (rs2075572 and 
rs562859) on buprenorphine pharmacology in individuals with OUD in 
a Caucasian ancestry due to both their potential influence on gene 
expression and their population frequencies (>10 %) for the first time. 

2. Patients and methods 

Patients with OUD according to the DSM–5 criteria (n = 223), who 
had administered to AMATEM Clinic in Ankara as outpatients for the 
opioid treatment with sublingual BUP/naloxone combination (trade 
name: Suboxone). Subjects (i) who had been receiving at least 10 days of 
OUD treatment with BUP/naloxone combination for the steady-state 
plasma BUP concentrations, (ii) who were over 18 years of age, and 
(iii) without any acute health issues were included in the study by cli
nicians. Patients (i) with active drug addiction throughout treatment, 
which was confirmed by routine urine analysis in the AMATEM labo
ratory, (ii) with any psychotic disorders, mood disorders, or severe 
depression, and (iii) who had been receiving any other drugs inducing or 
inhibiting the metabolism of BUP were excluded in the current study. 

The institutional ethics committee approved the study design 
(Approval No: I6-385–21 in 2021). Each subject signed the written 
informed consent. Samplings complied with the principles of “The 
Declaration of Helsinki”. Sociodemographic information including age, 
education, martial and employment status, and doses and times of BUP 
therapy was gathered by the help of a small questionnaire completed by 
all participants. 

Blood sample (4 ml) was taken into tubes with ethyl
enediaminetetraacetic acid (EDTA) from each individual with OUD for 
the determination of the OPRM1 rs2075572 and rs562859 

polymorphisms. Simultaneously, in another tube with EDTA, 4 ml whole 
blood sample was taken to measure the concentrations of plasma 
buprenorphine (BUP) and norbuprenorphine (norBUP). All blood sam
ples were collected before taking the daily BUP dose. To detect the 
steady-state BUP level, continuous sublingual BUP (suboxone) for at 
least 10 days was waited. Blood samples were kept at − 20 ◦C till genetic 
and analytical analysis. BUP and norBUP levels in human plasma were 
measured by LC–MS/MS (Liquid Chromatography Tandem Mass Spec
trometry), as described by Kaya-Akyüzlü et al. [28]. 

DNA was isolated via Thermo GeneJET Genomic DNA Purification 
Kit (USA), as described in the handbook of the kit and isolated DNA was 
kept at − 20 ◦C until genotyping. Genotypes of OPRM1 rs2075572 and 
rs562859 SNPs were determined via PCR-RFLP method, as previously 
optimized by Ding et al. [29] and Smith et al. [30], respectively. PCR 
mixture contained genomic DNA (50 ng), primers (forward and reverse) 
(10 pmol), Taq DNA polymerase (1,25U; Ampliqon, Denmark), 10 ×
PCR buffer (Ampliqon, Denmark), dNTPs (0.16 mM). The cycling pro
tocol was (i) 94 ◦C, 5 min, (ii) 35 cycles of 94 ◦C, 60 ◦C, and 72 ◦C (1 min 
each), (iii) 72 ◦C, 10 min. After PCR amplification, 241-bp PCR product 
for rs2075572 and a 362-bp fragment PCR product for rs562859 was 
digested with 5 U of restriction enzymes (HinfI and DdeI, respectively) in 
1 h at 37 ◦C. The PCR amplicons and the digested PCR products were 
also identified in agarose gel (3 %) with EtBr. 

The SPSS software (version 25.0) was utilized to perform analyses 
statistically. Genotype and allele frequencies of the OPRM1 rs2075572 
and rs562859 were calculated by direct count. The chi-square test was 
used to assess the departure from the Hardy-Weinberg equilibrium (p2 
+ 2pq + q2 = 1). Plasma BUP and norBUP levels were given as ng/ml. 
BUP and norBUP values were adjusted with BUP daily dose and in
dividuals’ weight, as previously described by Kaya-Akyüzlü et al. [28]. 
Dose-normalized BUP and norBUP values were given as ng/mL per mg/ 
day and dose/kg-normalized BUP and norBUP values were given as ng/ 
mL per mg/kg/day. The Kolmogorov-Smirnov test showed whether 
numerical variables were in normal distribution. All non-normal 
distributed numerical data were shown as median (interquartile 
range). For categorical data, numbers with percentages and 95 % con
fidence intervals were given. Genotypes were compared according to 
three different genetic models (co-dominant, dominant, and recessive). 
Mann Whitney test or Kruskal-Wallis test, as appropriate, was used to 
compare the genotypes in terms of BUP and norBUP levels in plasma, 
values of BUP/D (dose-normalized BUP concentration), BUP/D.kg− 1 

(dose/kg-normalized BUP concentration), norBUP/D (dose-normalized 
norBUP concentration), norBUP/D.kg− 1 (dose/kg-normalized norBUP 
concentration) and MR (metabolic ratio, norBUP/BUP). p < 0.05 was 
accepted as significant. 

3. Results 

A total of 233 OUD patients on BUP maintenance treatment was 
included in the current study, and of them, 18 were females (7.7 %) and 
125 were males (92.3 %). The characteristics of patients were given on 
Table 1. Daily doses of buprenorphine/naloxone combination were in 
the range of 1.0–10.0 mg/day. The median daily dose of BUP was found 
as 6.0 mg/day (IQR:4.0–8.0 mg/day). The median steady-state plasma 
concentrations of BUP and norBUP were 0.106 ng/mL (IQR: 0.05–0.23 
ng/mL) and 0.72 ng/mL (IQR: 0.37–1.59 ng/mL), respectively. After 
normalized by dose and dose/body weight, values of BUP/D and BUP/D. 
kg− 1 were 0.022 ng/mL per mg/day and 0.136 ng/mL per mg/kg/day, 
respectively. Median values of norBUP/D and norBUP/D.kg− 1 1.45 ng/ 
mL per mg/day and 9.65 ng/mL per mg/kg/day, respectively. The 
norBUP/BUP value (metabolite-to-parent drug ratio) was calculated as 
7.57 (IQR: 1.62–24.67). 

The allele and genotype distributions with frequencies and 95 % 
confidence interval was presented in Table 2. Hardy–Weinberg equi
librium (HWE) of the rs2075572 and rs562859 SNPs of OPRM1 in 223 
Caucasian individuals was also given in Table 2. The frequencies of 
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rs2075572 genotypes were 21.5 % for GG (homozygous wild type), 43.3 
% for GC and 35.2 % for CC (homozygous variant). The frequency of the 
G allele was 43.1 % (n = 201) and of C allele was 56.9 % (n = 265). For 
OPRM1 rs562859 SNP, the genotype frequencies were 11.6 % for ho
mozygous wild type (CC; n = 27), 41.6 % for heterozygote (CT; n = 97) 
and 46.8 % for homozygous variant (TT; n = 109). The frequencies 
rs562859 alleles were 32.0 % for C and 68.0 % for T. For each poly
morphism, the distribution for the genotypes were in HWE (p > 0.05). In 
addition, no statistically significant differences between neither OPRM1 
rs2075572 nor rs562859 genotype subgroups in view of gender distri
bution, age, body height and weight, daily dose of BUP (mg/day), except 
gender for rs562859, were found (Table 3). 

Table 4 showed the comparison of OPRM1 rs2075572 genotype 
subgroups in view of plasma buprenorphine and norbuprenorphine- 
related concentrations in the codominant, G-dominant and G-recessive 

models. The effect of rs2075572 on plasma BUP concentration did not 
reach a statistically significant level but showed a trend towards asso
ciation (p = 0.08). A statistically significant difference in buprenorphine 
concentration between rs2075572 genotype subgroups was found ac
cording to the G-dominant model comparing GC and CC vs GG (refer
ence), with a median plasma buprenorphine concentration of 0.08 ng/ 
mL for GG genotype and 0.12 ng/mL for GC + CC genotypes (p = 0.04). 
There was not a statistically significant difference between these geno
types in view of plasma norbuprenorphine concentration, and dose- and 
dose/kg-normalized BUP and norBUP values (p > 0.05). Additionally, in 
the codominant and G-recessive models no statistically significant as
sociation was found. However, as seen in Table 4, the median values of 
dose- and dose/kg-normalized norBUP and norBUP/BUP were higher in 
GG compared with the GC + CC (0.17 vs 0.13 ng/mL per mg/day, 11.4 
vs. 9.96 ng/mL per mg/kg/day and 9.31 vs 6.53, respectively). 

The comparison of OPRM1 rs562859 genotype subgroups in terms of 
buprenorphine and norbuprenorphine-related concentrations in the 
codominant, G-dominant and G-recessive models were also shown in 
Table 5. No significant differences between genotype subgroups in terms 
of the plasma BUP (p = 0.46) and norBUP (p = 0.24) concentrations, 
dose- or dose/kg-normalized BUP (p = 0.81, p = 0.84) and norBUP (p =
0.16, p = 0.11) values, and norBUP/BUP (p = 0.34) were found. 
Nevertheless, patients with CT + TT had higher plasma BUP and BUP- 
related values as compared to those with CC. However, patients hav
ing CT + TT had lower plasma norBUP and norBUP-related values as 
compared to those having CC. 

4. Discussion 

The association of OPRM1 rs2075572 and rs562859 genotypes with 
BUP pharmacology in OUD patients receiving BUP/naloxone sub
lingually was investigated for the first time in literature. MOR is the 
main action site of opioids. The gene variations in OPRM1 gene that 
encodes MOR can affect structure and density of the receptor, which 
contributes to inter-individual variability in development of tolerance 
throughout the long-term maintenance treatment [31]. Among SNPs in 
the OPRM1 gene, the most analyzed variation is rs1799971 since it re
duces the affinity for opioids by changing the receptor glycosylation 
[29]. However, increasing evidence has suggested that the distinct ac
tions of various mu-opioid receptors are also mediated by splice variants 
created during alternative splicing [23]. Hitherto, several OPRM1 vari
ants due to alternative splicing have been identified and all could affect 
the MOR activity by changing in the C-terminal of this receptor in terms 
of amino acid sequence [22–26]. Furthermore, the number of studies 
showing the functional significance of the SNPs in intronic sequences 
involving alternative splicing have been increased [27,32–38]. But none 
of them examined the effect of SNPs in intron involving in alternative 
DNA splicing on BUP pharmacology. Thus, in the current study, OPRM1 
rs2075572 and rs562859 SNPs located in intron 2 were selected. The 
other reason is that both SNPs are associated with tramadol, a synthetic 
MOR agonist used for the management of pain response in the ClinVar of 
dbSNP. 

OPRM1 rs2075572 is located within intron 2. It is located at 691 bp 
downstream of exon 2 [39]. It has been suggested that this genetic 
variation could alter the regulation of the expression of OPRM1 gene 
[31,39]. In literature, the exact role of this SNP on OPRM1 expression 
levels has not been delineated. OPRM1 rs2075572 is in high linkage 
disequilibrium with rs9479757 [29,35]. Xu et al. [33] suggested that 
OPRM1 rs9479757, at 31 bases downstream of exon 2, could modulate 
exon 2 splicing through heterogeneous nuclear ribonucleoprotein H 
(hnRNPH)-mediated splicing regulation. This modulation may cause 
alterations in expressions of hMOR-1 proteins. Thus, it is plausible to 
suggest that OPRM1 rs2075572 could be functional due to the nearly 
complete LD with rs9479757. In the current study, we showed that 
patients with rs2075572 GC + CC genotype (0.12 ng/ml) had signifi
cantly higher plasma BUP concentration compared to those with GG 

Table 1 
The characteristics of the individuals with OUD.  

Characteristics OUD 
(n ¼ 233) 

Age (years) Median (IQR) 28.00 (25.00–33.00) 
Weight (kg) Median (IQR) 70.0 (60.00–76.5) 
Buprenorphine dosing(mg/day) Median  

(IQR) 
6.0 (4.0–8.0) 

First age of opioid use (years) Median (IQR) 21.6 (19.0–26.0) 
Education n % Frequency (95 % CI) 

Primary 42 18.0 (13.01–22.9) 
Secondary 107 45.9 (39.5–52.3) 
High School 72 30.9(25.0–36.8) 
Under-graduate 12 5.2 (2.35–8.05) 
Occupation   
Not working 93 39.9 (33.6–46.2) 
Working 140 60.1 (53.8–66.4) 
Living  
Alone 11 4.7 (2.0–7.4) 
With a partner 5 2.1 (0.3–3.9) 
With husband/wife 58 24.9 (19.3–30.5) 
With a family 159 68.3 (62.1–74.5) 
Marital status   
Single 145 62.2 (55.9–68.4) 
Married 68 7.7 (4.28–11.1) 
Widow/divorced 12 5.2 (2.35–8.05) 
Gender   
Female 18 7.7 (4.3–11.1) 
Male 215 92.3 (88.9–95.7) 

n: sample size, OUD: Opioid use disorder, IQR: Inter Quartile Range, CI: Confi
dence interval. 

Table 2 
Genotype and allele frequencies of rs2075572 and rs562859 polymorphisms in 
OPRM1 in OUD patients.  

Allele 
rs2075572 N 

(466) 
% Frequency 
(95 % CI) 

rs562859 N 
(466) 

% Frequency 
(95 % CI) 

G 201 43.1 
(38.6–47.6) 

C 151 32 
(27.8–36.2) 

C 265 56.9 
(52.4–61.4) 

T 315 68 
(63.8–72.2) 

Genotype 
rs2075572 N 

(233) 
% Frequency 
(95 % CI) 

rs562859 N 
(223) 

% Frequency 
(95 % CI) 

GG 50 21.5 
(16.2–26.8) 

CC 27 11.6 
(7.4–15.8) 

GC 101 43.3 
(36.9–49.7) 

CT 97 41.6 
(35.1–48.1) 

CC 82 35.2 
(29.1–41.3) 

TT 109 46.8 
(40.3–53.3) 

HWE 
p-value 

χ2 = 3.16 
p = 0.08 

HWE 
p-value 

χ2 = 0.58 
p = 0.44 

HWE: Hardy-Weinberg Equilibrium, n: sample size, CI: Confidence Interval, 
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(0.08 ng/ml), which indicated that this polymorphism could cause a 
decreased binding of BUP to MORs in individuals with at least one 
variant allele as compared to those with wild type allele. Beneficial 
clinical outcomes of BUP depends on the occupancy of MORs through its 
both agonist and antagonist effects. Opioid craving and withdrawal is 
decreased owing to its agonist effect, whereas it blocks the reinforcing 
effects of exogenous opioids due to its antagonist effect. According to 
Nasser et al. [40] 68–75 % MOR occupancy is required for opioid craving 
and abstinence. On the other hand, if the affinity of MORs to BUP could 
decrease due to OPRM1 rs2075572, the efficacy of BUP treatment would 
reduce even if enough BUP is present in the plasma. Based on this 
knowledge, it is plausible to suggest that the decreased binding of BUP to 
MORs due to the decreased expression levels of mu-opioid receptors in 
OUD patients with minor C allele as compared to major G allele could 
result in increased circulating BUP level of OUD patients with GG and 
they could require higher BUP doses to engage more mu-opioid re
ceptors. In consistent with this hypothesis, patients with rs2075572 GC 

+ CC took higher daily doses of BUP related to those with GG (6 mg/day 
vs. 4.8 mg/day). Similarly, Wang et al. [41] reported that patients car
rying rs2075572 G allele required a lower methadone dose as compared 
to C allele. Altogether, our findings supported the previous studies 
regarding the relationship between buprenorphine plasma concentra
tions, brain MOR occupancy [42]. In addition, patients with rs2075572 
GC + CC took higher doses of BUP daily related to those with GG (6 mg/ 
day vs. 4.8 mg/day). It is plausible to suggest that the decreased binding 
of BUP to MORs due to the decreased expression levels of mu-opioid 
receptors in OUD patients with minor C allele as compared to major G 
allele could result in increased circulating BUP level of OUD patients 
with GG and they could require higher BUP doses to engage more mu- 
opioid receptors. Consistent with Wang et al. [41] reporting that pa
tients carrying rs2075572 G allele required a lower methadone dose as 
compared to C allele. 

The results of previous studies analyzing the effect of OPRM1 
rs2075572 on substance use disorder or maintenance treatment 

Table 3 
Characteristics of participants according to OPRM1 rs2075572 and rs562859 genotypes.  

Characteris-tics OPRM1 rs2075572 P 
value 

OPRM1 rs562859 p value 
GG 
(n = 50) 

GC 
(n = 101) 

CC 
(n = 82) 

CC 
(n = 27) 

CT 
(n = 97) 

TT 
(n = 109) 

Age (years) 
Median 
(IQR) 

28 
(23–31.5) 

28 
(26–34) 

28 
(25–32) 

0.393 
χ2 = 1.870  

31.3 
(26.0–35.0) 

29.8 
(26.0–33.0) 

29.7 
(25.0–32.0) 

0.699 
χ2 = 0.717 

Gender 
(males/ 
females) 

48/2 93/8 74/8 0.484 27/0 93/4 95/14 0.018 

Body height (cm) Median 
(IQR) 

174 
(170–180) 

174 
(168.5–179.5) 

176 
(170–180) 

0.183 
χ2 = 3.397 

175.2 
(170.0–181.0) 

173.5 
(170.0–180.0) 

174.6 
(170.0–180.0) 

0.593 
χ2 = 1.047 

Body weight (kg) Median 
(IQR) 

70 
(62.75–80) 

67 
(60.5–74.5) 

70 
(60–80) 

0.283 
χ2 = 2.522 

71.6 
(63.0–80.0) 

67.1 
(60.5–74.5) 

70.2 
(60.0–80.0) 

0.217 
χ2 = 3.053 

Drug dosage (mg/day) 
Median 
(IQR) 

4.82 
(3.5–8) 

6 
(4–8) 

5.82 
(4–8) 

0.239 
χ2 = 2.865  

5.22 
(2.0–8.0) 

5.91 
(4.0–8.0) 

5.52 
(4.0–8.0) 

0.238 
χ2 = 2.867 

n: sample size; IQR: Inter Quartile Range. 

Table 4 
BUP and norBUP concentrations according to the OPRM1 rs2075572 genotypes using different models in OUD patients.  

OPRM1 rs2075572 / Co-dominant model  

Geno- 
types 

BUP  
(ng/ml) 

norBUP 
(ng/ml) 

Dose-normalized BUP Dose/kg 
normalized BUP 

Dose-normalized norBUP Dose/kg 
normalized norBUP 

Metabolic ratio 

GG 
(n = 50) 

0.08 
(0.04–0.17) 

0.72 
(0.44–1.57) 

0.017 
(0.01–0.05) 

1.1 
(0.6–3.5) 

0.17 
(0.07–0.36) 

11.4 
(5.3–25.3) 

9.96 
(2.0–25.8) 

GC 
(n = 101) 

0.12 
(0.06–0.26) 

0.71 
(0.35–1.63) 

0.03 
(0.01–0.06) 

1.7 
(0.7–3.4) 

0.13 
(0.06–0.33) 

8.71 
(4.1–21.3) 

7.57 
(1.22–21.7) 

CC 
(n = 82) 

0.11 
(0.05–0.24) 

0.75 
(0.32–1.57) 

0.017 
(0.01–0.08) 

1.28 
(0.6–5.1) 

0.14 
(0.08–0.32) 

9.7 
(4.8–21.0) 

5.48 
(1.66–27.1) 

Kruskal-Wallis test χ2 = 4.981 
p ¼ 0.08 

χ2 = 0.098 
p = 0.952  

χ2 = 1.574 
p = 0.455 

χ2 = 1.288 
p = 0.525 

χ2 = 0.852 
p = 0.653 

χ2 = 1.299 
p = 0.522 

χ2 = 1.776 
p = 0.441 

G-recessive model   
GC + CC 

(n = 183) 
0.12 
(0.06–0.26) 

0.72 
(0.34–1.61) 

0.024 
(0.01–0.07) 

1.55 
(0.7–4.3) 

0.13 
(0.07–0.32) 

9.31 
(4.25–20.8) 

6.53 
(1.4–24.5) 

GG 
(n = 50) 

0.08 
(0.04–0.17) 

0.72 
(0.44–1.57) 

0.017 
(0.01–0.05) 

1.1 
(0.6–3.5) 

0.17 
(0.07–0.36) 

11.4 
(5.3–25.3) 

9.96 
(2.0–25.8) 

Mann-Whitney U test U = 3722.0 
p ¼ 0.04 
Z = -2. 02  

U = 4449.0 
p = 0.765 
Z = -0.298  

U = 4112.0 
p = 0.27 
Z = -1.096  

U = 4175.5 
p = 0.34 
Z = -0.95  

U = 4222.0 
p = 0.403 
Z = -0.836  

U = 4147.5 
p = 0.312 
Z = -1.012  

U = 4071.0 
p = 0.233 
Z = -1.193  

G-dominant model 
GG + GC 

(n = 151) 
0.106 
(0.05–0.23) 

0.71 
(0.37–1.61) 

0.025 
(0.01–0.06) 

1.55 
(0.68–3.4) 

0.14 
(0.07–0.35) 

9.65 
(4.8–22.9) 

8.20 
(1.5–24.5) 

CC 
(n = 82) 

0.11 
(0.05–0.24) 

0.75 
(0.32–1.57) 

0.017 
(0.01–0.08) 

1.28 
(0.6–5.1) 

0.14 
(0.08–0.32) 

9.7 
(4.8–21.0) 

5.48 
(1.66–27.1) 

Mann-Whitney U test U = 6142.5 
p = 0.92 
Z = -0.09  

U = 6177.5 
p = 0.98 
Z = -0.027  

U = 6122.0 
p = 0.88 
Z = -0.14  

U = 6085.5 
p = 0.83 
Z = -0.215  

U = 6171.5 
p = 0.968 
Z = -0.04  

U = 6145.0 
p = 0.925 
Z = -0.094  

U = 6147.5 
p = 0.929 
Z = -0.089   
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responses have been conflicting. Zahari et al. [27] reported that OPRM1 
rs2075572 CC genotype had an opposing role in pain tolerance in Malay 
opioid user males during methadone maintenance treatment (MMT). 
Zahari et al. [37] showed that OPRM1 rs2075572 was not associated 
with better sleep quality alone although patients with GG genotype had 
lower the Pittsburgh Sleep Quality Index score. However, diplotype 
analysis of the two OPRM1 SNP (rs1799971 and rs2075572) showed the 
significant effect of AC/AG diplotype on sleep quality in opioid users 
receiving MMT. Zahari et al. [38] also analyzed the effect of OPRM1 SNP 
rs1799971 and rs2075572 heterozygous genotype on sleep quality in 
opioid-naïve individuals and found that GC/AG diplotype was associ
ated with poorer sleep quality. Wang et al. [41] suggested that OPRM1 
rs2075572 may affect the side effects such as change-in-libido in a MMT 
cohort from Taiwan. Xie et al. [43] found that rs2075572 has an effect on 
maximal pain intensity and patients with GG complained more serious 
pain. On the other hand, there have been studies that could not show the 
functional effect of OPRM1 rs2075572 on respiratory or cardiac arrest 
[44], on methadone level in plasma [41], on methadone-induced fatigue 
or withdrawal [40], on levels of morphine and glucuronide-conjugates 
in plasma [45], on opioid dose requirements [46]. These inconsistent 
findings indicated that more studies in larger sample sizes are required 
with other populations. 

Human OPRM1 gene is located on chromosome 6 (6q24–25) [47]. It 
was identified initially as having four coding exons (1–4) separated by 3 
introns. Although there is only a single-copy OPRM1 gene, divergent 
responses to mu opioids among individuals due to the various MOR 
subtypes can be explained by the formation of splice variants with 
different mechanisms such as alternative 5′ or 3′ splicing, exon skipping, 
alternative promoters and poly(A) sites [48]. Among the genes coding 
opioid receptors, only OPRM1 undergoes extensive alternative splicing 
that is important functionally. Three major types of splice variants in 
humans are as follows: (i) the full-length 7- transmembrane variants 
having exons 1–3 encoding the N-terminus. Exon 4 is formed by 
replacing of alternative exons at the C-terminus), (ii) truncated 6-TM 
variants (involving exon-11 associated variants with no exon 1 
because of exon skipping), (iii) truncated variants with a single TM [49]. 
The first identified OPRM1 splice variants are MOR-1A (human) and the 

MOR-1B (rat) [25,26]. Among the identified OPRM1 splice variants so 
far, MOR-1X contained exon as the alternative fourth exon as the other 
all full-length 7-TM variants in addition to exons 1–3 found in the 
original OPRM1 gene of human [22]. Their intracellular C-terminal tails 
with various numbers of amino acids are different from the original mu- 
opioid receptor. The functional significance of full-length 7-TM variants 
in MORs has been analyzed using various cell models. It was found that 
these receptors differ in their desensitization, internalization and 
agonist-selective receptor phosphorylation, [50–52], G protein coupling 
[22–24,33,53], and post-endocytic sorting [54]. OPRM1 rs562859, the 
second SNP examined in the current study, is on the alternative exon X of 
the OPRM1. This polymorphism arises from a T to C substitution that 
leaves a Leucine in the C-terminus of the hMOR-1X receptor. Although it 
does not lead to a modification of the MOR amino acid sequence [21], 
there have been evidences showing the association of the rs562859 
polymorphism and OUD, MMT, treatment response for OUD with 
diazepam and naltrexone and for citalopram in major depressive dis
order [30,55–58]. Some of these priori studies indicated that rs562859 
could be functionally effective. For example, Peng et al. [57] reported 
that individuals receiving MMT with T allele would have a better 
compliance rate compared to C allele. In the current study, the differ
ence between genotypes in view of BUP and norBUP levels in plasma 
cannot reach the significance level. OPRM1 rs562859 CC genotype 
subgroups had lower plasma BUP concentration and, BUP/D, BUP/D. 
kg− 1 values, but higher plasma norBUP concentration and, norBUP/D, 
norBUP/D.kg− 1, values as compared to CT + TT genotype. This finding 
could indicate that the effect of OPRM1 rs562859 may be substrate- 
specific. It seems that further studies are needed to understand the in
fluence of OPRM1 rs562859 on BUP pharmacology. 

The limitation of the present study is that the effects of CYP3A4 
polymorphisms on buprenorphine pharmacology was not examined due 
to the fact that CYP3A4 is the main metabolizing enzyme for bupre
norphine. Second, it cannot be established a causality with the results of 
the current study since they are descriptive and correlational. Even 
though it has limitations, this study contributes additional evidence 
suggesting the effects of OPRM1 polymorphisms on BUP pharmacology. 
Our results warrant to repeat with a larger sample in different ethnic 

Table 5 
BUP and norBUP levels according to the OPRM1 rs562859 genotypes in OUD patients.  

OPRM1 rs562859 (Co-dominant model)  

Geno-types 
BUP (ng/ml) norBUP 

(ng/ml) 
Dose-normalized BUP Dose/kg 

normalized BUP 
Dose-normalized norBUP Dose/kg 

normalized norBUP 
Metabolic ratio 

CC 
(n = 27) 

0.07 
(0.04–0.17) 

1.22 
(0.44–2.59) 

0.015 
(0.01–0.06) 

1.05 
(0.6–4.85) 

0.21 
(0.07–0.39) 

13.3 
(5.09–35.4) 

17.5 
(1.6–41.7) 

CT 
(n = 97) 

0.12 
(0.06–0.23) 

0.61 
(0.35–1.38) 

0.025 
(0.01–0.06) 

1.55 
(0.68–3.43) 

0.11 
(0.06–0.28) 

7.94 
(4.1–18.8) 

6.07 
(1.2–21.9) 

TT 
(n = 109) 

0.105 
(0.05–0.26) 

0.77 
(0.39–1.63) 

0.023 
(0.01–0.07) 

1.51 
(0.7–4.43) 

0.15 
(0.08–0.35) 

10.3 
(5.5–23.4) 

6.61 
(1.8–26.2) 

Kruskal-Wallis test χ2 = 1.54 
p = 0.46 

χ2 = 2.88 
p = 0.24 

χ2 = 0.43 
p = 0.81 

χ2 = 0.35 
p = 0.84 

χ2 = 3.65 
p = 0.16 

χ2 = 4.47 
p = 0.11 

χ2 = 2.17 
p = 0.34 

C-recessive model   
CT + TT 

(n = 206) 
0.11 
(0.05–0.23) 

0.7 
(0.36–1.56) 

0.023 
(0.01–0.06) 

1.53 
(0.67–3.9) 

0.13 
(0.07–0.31) 

9.32 
(4.68–21.00) 

6.57 
(1.57–23.9) 

CC 
(n = 27) 

0.07 
(0.04–0.17) 

1.22 
(0.44–2.59) 

0.015 
(0.01–0.06) 

1.05 
(0.6–4.85) 

0.21 
(0.07–0.39) 

13.3 
(5.09–35.4) 

17.5 
(1.6–41.7) 

Mann-Whitney U test U = 2381.0 
p = 0.224 
Z = -1.22 

U = 2373.5 
p = 0.216 
Z = -1.23 

U = 2572.0 
p = 0.526 
Z = -0.635 

U = 2603.5 
p = 0.59 
Z = -0.539 

U = 2353.5 
p = 0.194 
Z = -1.298  

U = 2315.5 
p = 0.158 
Z = -1.413  

U = 2392.0 
p = 0.238 
Z = -1.181 

C-dominant model 
CC + CT 

(n = 124) 
0.106 
(0.05–0.23) 

0.71 
(0.36–1.54) 

0.02 
(0.01–0.06) 

1.43 
(0.7–3.4) 

0.12 
(0.06–0.33) 

8.72 
(4.27–21.6) 

7.7 
(1.3–24.3) 

TT 
(n = 109) 

0.105 
(0.05–0.26) 

0.77 
(0.39–1.63) 

0.023 
(0.01–0.07) 

1.51 
(0.7–4.43) 

0.15 
(0.08–0.35) 

10.3 
(5.5–23.4) 

6.61 
(1.8–26.2) 

Mann-Whitney U test U = 6667.5 
p = 0.86 
Z = -0.176 

U = 6412.5 
p = 0.501 
Z = -0.673  

U = 6573.0 
p = 0.719 
Z = -0.360 

U = 6 543.5 
p = 0.676 
Z = -0.418 

U = 6308.0 
p = 0.381 
Z = -0.877  

U = 6245.0 
p = 0.318 
Z = -0.99 

U = 6358.5 
p = 0.67 
Z = -0.428   
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populations and with other genetic factors influencing BUP pharma
cology. If they could be confirmed, clinicians would decide the right 
drugs at right dose according to pharmacogenetics testing rather than 
the trial-and-error method, which will increase the efficacy of BUP 
treatment. 

In conclusion, this study indicated for the first time a prominent 
influence of the OPRM1 rs2075572 gene variation on plasma BUP con
centrations in individuals on maintenance treatment with buprenor
phine. However, OPRM1 rs562859 had no significant effect on plasma 
BUP and norBUP levels. If our results are adequately replicated in an 
increased number of individuals with different ethnic backgrounds, the 
functional effects of OPRM1 rs2075572 could be clinically actionable. 
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