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The expression of the human mu opioid receptor splice variants (hMOR-1A, hMOR-1O, hMOR-1X, and
hMOR-1Y) mRNA in peripheral blood lymphocytes (PBLs) was explored in opioid addicted, methadone
maintained, long-term abstinent, and control subjects. Real-time PCR showed that hMOR-1X and hMOR-1Y
are not expressed in PBLs. The hMOR-1A mRNA was 0.33 fold down-regulated in abstinent and 1.94 fold up-
regulated in methadone maintained subjects. The hMOR-1O mRNAwas down-regulated 0.39 and 0.53 fold in
abstinent and methadone maintained groups, respectively. Expression of both variants in addicted group was
not different from controls. It is concluded that expression of hMOR-1A and hMOR-1O variants measured by a
suggested peripheral marker can serve to identify people at risk for opioid addiction and also to evaluate the
successfulness of methadone therapy.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Opiate dependence is characterized by drug taking in a compulsive
manner and the emergence of withdrawal signs during cessation of
drug taking [1]. Opiates including morphine and heroin exert their
addictive effects mainly by binding to mu opioid receptors [2]. Brain
circuits of addiction are among the areas inwhichmu opioid receptors
are broadly expressed. The most important of these circuits is
mesolimbic pathway which originates from the ventral tegmental
area and projects to the nucleus accumbens [1].

Methadone was synthesized in the early 1960s for treatment of
opioid addiction. The drug possesses oral bioavailability and relatively
long half-life and is capable of diminishing the desire to self-
administer heroin. It can normalize physiological homeostasis of
immune and cardiovascular systems, among others [3].

Cloningof themuopioid receptor (MOR) [4,5],was amain step toward
understanding the actions of this receptor at themolecular level. Although
clinical and pharmacological evidence suggested the existence ofmultiple
MOR subtypes, only a single gene for this receptor has been identified [6].

Alternative splicing of the gene is responsible for production of several
human MOR variants which some of them are illustrated in Fig. 1. They
have the same exons 1–3 and the difference between them is in
downstream exons. Thus, the protein structure predicted from common
exons which include the N-terminus and all seven transmembrane
domains is identical in all of them. Different downstream exons encode
different carboxyl terminal tips of variantswhich containvariouspotential
phosphorylation sites for different kinases [7].

MOR is also expressed in tissues other than nervous system, such as
immune cells [8] which explains the modulatory effects of endogenous
and exogenous opioids in host defense and immunity [9]. There is a
hypothesis that the expression of neurotransmitter receptors in
peripheral blood lymphocytes (PBLs) parallels and may reflect their
expression in the brain. For example, elevated dopamine receptor
expression in PBLs of patients with schizophrenia has been shown
[10,11], which was correlated with clinical severity of the disorder [12].

The present study may be the first one investigating the mRNA
expression of four human MOR splice variants (hMOR-1A, hMOR-1O,
hMOR-1X, and hMOR-1Y) in PBLs. The human neuroblastoma cell line
BE(2)-C which expresses all four variants [7], was used as the positive
control of the study.We also have performed a cross-sectional study in
order to investigate the mRNA expression changes of these splice
variants in PBLs of opioid addicts, methadone treated subjects, and
long-term abstinent former opioid addicts in comparison to control
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