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The increase in opioidergic tone by the central adminis­
tration of morphine, which binds to the mu opioid recep­
tor, is associated with pruritus. Pruritus is a symptom 
of cholestasis, which appears to result, in part, from in­
creased opioidergic tone; a central mechanism has been 
proposed. The single nucleotide polymorphism Al18G in 
exon 1 of the opioid receptor mu 1 (OPRM1) gene, which 
codes for the mu opioid receptor, has been associated 
with alterations in functions mediated by the endogenous 
opioid system. In this study we found A118G in hetero­
zygosity in 29% of the DNA samples from patients with 
primary biliary cirrhosis from the USA and from Italy 
with and without pruritus. A118G was 1.5 times more fre­
quent in the samples from patients without pruritus from 
the USA than in the rest of the samples. The possibility 
of protection from pruritus associated with A118G sup­
ports the study of genetic polymorphisms of the OPRM1 
gene in patients with cholestasis. Key words: pruritus; mu 
opioid receptor; primary biliary cirrhosis; A118G.
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Pruritus is a complication of cholestasis, including 
that secondary to primary biliary cirrhosis (PBC) (1). 
Fifty-five to 70% of patients with PBC are reported to 
experience pruritus, which can be severe (2, 3). Some 
patients with PBC, however, do not report pruritus over 
the course of their disease, suggesting that a patient-
specific characteristic (i.e. genetic make-up) may protect 
them from pruritus. 

Increased central neurotransmission via the endoge-
nous opioid system can result in pruritus. The classic 
example of this phenomenon is the pruritus that results 
from the central (e.g. intrathecal) administration of 
morphine (4–6). Morphine binds to opioid receptors, 
in particular to the mu opioid receptor, to exert its ef-

fect (7, 8). Opiate antagonists (e.g. naloxone) can ef-
fectively relieve morphine-induced pruritus, supporting 
the theory that the pruritus is opioid receptor-mediated 
(4–6). In laboratory animals the central administration 
of morphine is associated with scratching behavior, 
which has been interpreted to result from pruritus in the 
animals (9–11). Behavioral studies have revealed that 
the morphine-induced scratching behavior in animals 
is mediated by the activation of the mu opioid receptor 
(11–13). In addition, studies from single-unit recordings 
in superficial lumbar dorsal horn neurons in rats have 
revealed that the intrathecal administration of morphine 
facilitated or depressed the response of some units to 
the intracutaneous injection of histamine, a known 
pruritogenic substance, and in some, the effect was na-
loxone-reversible, suggesting an involvement of opioid 
receptors in a pruritus-inducing stimulus (14). 

There is evidence to suggest that the pruritus of 
cholestasis is mediated, at least in part, by increased 
opioidergic tone (15). Patients with cholestasis, inclu-
ding those with PBC, can experience an opiate withdra-
wal-like syndrome after the administration of opiate 
antagonists; this reaction suggests that in cholestasis 
there is increased central opioidergic tone (16–18). It 
was hypothesized that increased opioidergic tone in 
cholestasis mediates the pruritus; a central mechanism 
was proposed (15). The amelioration of the pruritus of 
cholestasis by opiate antagonists supports this hypo-
thesis (16–24). In this hypothesis, the pruritus would 
be analogous to the pruritus that results from the phar-
macological increase in opioidergic tone by the central 
administration of morphine, which is mediated by the 
activation of the mu opioid receptor (4–6). Accordingly, 
there is a rationale to study any changes that may alter 
the activation of this receptor by its ligand(s). 

In this study, we explored the presence of a single 
nucleotide polymorphism (SNP), Al18G, in exon 1 of 
the OPRM1 gene, which predicts an Asn (asparagine) 
to Asp (aspartic acid) change in amino acid residue 40 
in the extracellular domain of the receptor (25), at a 
putative N-glycosylation site.  
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MaterialS and methods

Patients
The question of itch was addressed as a yes or no answer. The 
degree of pruritus, as measured subjectively, was not recorded. 
Samples from 101 patients with PBC from Italy, 40 (63.5%) of 
which were from patients with pruritus, and samples from 74 
patients with PBC from the USA, 47 (63.5%) of which came 
from patients who had pruritus, were studied. 

The study was approved by the local ethics committee in Italy 
and by the Western Institutional Review Board in the USA.

Analysis of MOR1
Genomic DNA extraction. DNA was prepared from blood 
samples using a DNA Isolation Kit from Gentra Systems (Min-
neapolis, MN, USA) following manufacturer’s protocols.

Exon 1 amplification
Exon 1 sequences of the human mu opioid receptor gene were 
PCR amplified with forward and reverse primers specific to 
exon 1. The following oligonucleotide primers: (forward, 
5’-GTC-AGT-ACC-ATG-GAC-AGC-AG-3’; and reverse,  
5’-GTA-GAG-GGC-CAT-GAT-CGT-GAT-3’) were used to 
amplify exon 1 sequences of OPMR1(GenBank® No. L25119) 
(29). The PCR reaction mixtures contained 100 ng of genomic 
DNA, 200 nM exon 1 forward and reverse primer each, and 
Platinum PCR SuperMix High Fidelity solution from Invitrogen 
Corp., Carisbak, CA (Cat. No.12532-016). The PCR conditions 
followed the manufacturer’s protocols. Tubes containing the 
reaction mixture were incubated at 94ºC for 30 sec on Gene-
Amp PCR System 9700 from PE Applied Biosystems (Foster 
City,CA), to denature the template and to activate the enzymes. 
Thirty-five cycles of PCR amplification were performed as  
follows: denaturing at 94ºC for 30 sec annealing at 55ºC for 30 
sec, and extension of the amplified product at 68ºC for 1 min.

Exon 1 sequencing
Exon 1 PCR amplification product’s purity was determined 
by resolution on an ethidium bromide stained 2% agarose gel. 
The pure exon 1 PCR products were sent to Genewiz, Inc. (NJ, 
USA) for clean up with ExoSAP-IT Kit (USB Corp., Cleve-
land, OH) and DNA sequencing with ABI BigDye Kit (Applied 
Biosystems). The sequencing data were analyzed with Vector 
NTI® Advance TM 10 Software and the User’s Manual from 
Invitrogen Corp.

Statistical analysis
The percentage of samples displaying the mutation was cal-
culated. Fisher’s exact and χ2 test were used, as appropriate, 
to determine statistical significance.

Results 

The sequencing the exon 1 of the MOR1 gene revea-
led the SNP A118G in 51 of 175 samples (29%) in 
heterozygosity (Fig. 1, bottom) and in homozygosity,  
in one sample from a patient without pruritus from 
Italy (0.5%). All other samples revealed homozygo-
sity for the common wild type sequence (Fig. 1, top). 
A118G was found in 24 (27.6%) samples from the 
group of patients with pruritus, and in 27 (30.6%) 
from the group of patients without pruritus (p = 0.7). 
In the samples from Italy, 11 of the 40 (27.5%) from 
patients with pruritus and 16 of the 61 (26.2%) from 
patients without pruritus revealed A118G (p = 0.9). In 
the samples from the USA, A118G was found in 13 of 
the 47 (27.6%) samples from the patients with pruritus 
and in 11 of the 27 (40.7%) from the patients without 
pruritus (p = 0.3) (Table I).

The proportion of samples that had A118G was simi-
lar in the samples from the group of patients with and 
without pruritus; A118G was more common, although 
not significantly, in the samples from the patients with
out pruritus from the USA. 

Discussion

A SNP at position 118 (A118G), predicting an amino 
acid change from Asn to Asp was found in 29% of 
samples from a group of patients with PBC. The fre-
quency of A118G was similar in the samples from pa-
tients with and without pruritus; however, A118G was 
more prevalent in the group of samples from patients 
without pruritus from the USA. 

Genetic polymorphisms in association with changes 
in the behavioral effects that result from the stimula-
tion of the mu opioid receptor have been reported. In 
this context, in subjects of Asian extraction, the SNP 
A118G of the mu opioid receptor gene was found to be 
more prevalent in patients with heroin dependence than 
in control subjects (26). Treatment with naltrexone in 
alcoholic subjects who displayed the SNP A118G was 

Figure 1

Fig. 1. Expected sequence of exon 1, codon 118, of the opioid receptor 
mu 1 (OPRM1) gene (top) and the heterozygous nucleotide substitution 
(bottom) (arrows). The sequencing of exon 1 of the OPRM1 gene revealed 
a substitution of A118G in codon 118. The A118G nucleotide exchange 
predicts an Asn (asparagine) to Asp (aspartic acid) change in amino acid 
residue 40 of the receptor.
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associated with prolonged abstinence from alcohol as 
compared to those who did not have this SNP (27).  
Accordingly, it is conceivable that A118G has an  
impact on whether pruritus is perceived in patients 
with PBC. 

In cholestasis, it is believed that increased opioider-
gic neurotransmission contributes to the pruritus (15). 
Plasma concentration of some endogenous opioids are 
increased in cholestasis (30, 31); furthermore, at least 
one endogenous opioid, Met-enkephalin, is expressed 
in the liver in cholestasis and, indeed, there are data 
that support the theory that the cholestatic liver can 
make endogenous opioids de novo (32, 33). In addition, 
transporters, of which opioid peptides are substrates, are 
expressed in the hepatocyte (34) and in the brain (35), 
supporting the existence of a pathway through which 
peripherally derived opioids can reach the brain, thus 
increasing opioidergic tone. These possibilities would 
require an interaction between pruritogenic substances 
(e.g. opioids) and the mu opioid receptor, through  
which it has been shown that opiate-induced itch is 
mediated. In addition, central sensitization for pruritus, 
which would not allow nociceptive stimuli to inhibit itch 
but to facilitate itch, would also require an interaction 
between endogenous opioid ligands, and the mu re-
ceptor. Thus, a SNP that may alter the effect resulting 
from the activation of the mu opioid receptor may be 
relevant. In this context, studies on the binding of beta-
endorphin, one of the endogenous opioid peptides, were 
conducted in a cell line transfected with the OPMR1 
with the Asn40Asp or with the wild-type sequence. It 
was reported from these studies that the affinity of beta-
endorphin for the A118G variant receptor was 3 times 
higher than that for the wild-type, and that the binding 
of beta-endorphin to the A118G variant receptor was 
also 3 times stronger than the binding to the common 
variant. In support of the idea that A118G changes the 
effect of receptor activation is the report of a patient he-
terozygote for A118G who did not respond as expected 
to the effects of morphine (36). Furthermore, patients 
expressing A118G had a heightened activation of the 
hypothalamic pituitary adrenal axis in association with 
an opiate antagonist than the subjects carrying the wild-
type (37). Taken together, these data tend to suggest that 
A118G may have an impact on the behavioral expres-
sion of functions mediated by opioid neurotransmission. 
Thus, it can be speculated that the activation of the mu 
opioid receptor containing the Asn40Asp sequence by 

endogenous ligands (e.g. an endogenous pruritogen, or 
in opioid-mediated central sensitization to itch) may not 
be associated with pruritus, as suggested by the higher 
frequency of this SNP in the samples from patients with 
PBC without pruritus from the USA.

The sample size of this study limits the interpretation 
of these findings, as it may not have allowed for the 
detection of the true prevalence of this SNP in patients 
with PBC; however, these results suggest that A118G in 
the mu opioid receptor gene may protect patients with 
PBC from pruritus. A large sample size is necessary 
to explore further the frequency of A118G in patients 
with PBC with and without pruritus; these studies may 
provide some insight into the reason for the absence or 
presence of pruritus in patients with PBC.
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